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Client CI notice June 22, 200 1

L ..lA/v-'~~1

June 21, 2001

To: Clients of the UCL Olympic Laboratory

Regardig: Carbon Isotope Ratio measurements, Update 3

Th letter is tó updae you on our cabon isotope ratio method and to explai the wordig we use in our
curnt report.

DIOL ASSAY

Reqests: Cuntly when you request a eIR anysis we peiform the "Diol" assay. The procedur is to
request a CIR anysis by fa or ema and to provide th samle numbe. We wil check the ongi data on
the sale and determe if the anysi is liely to be successfu. If not, we wi advie you th we do not
believe the analysis wi be succsful iid we may suggest an alteatve approach In orde to enhce our
unersdig of the anysis we also ask th you give us al saple numbers ofpnor sample"s from the

same athete that were anyzd at UCL

The ''Diol'assa detees the carbon istope ratio (delta value) of two diol metalites of testosteone
which we refer to as Ml and M2, an one metalite of a testostne precuor (Fdiol). (See the metabolic"
map atthed.) Th assay deteres the rato of 13C/12C for eah oftbese thee stids. The unts are
usuay caled "delta unts"." In addition to the delta values for these steroids two other tyes of
meemens are calculate. The fit is the ratio of the metabolites to the precuror. Two ratios ar
calculated: Ml/Pdiol and M2IdioL. The second is the dierence betwee th metabolites and the Pdiol: M1
Pdiol and M2-PdioL.

Endo¡enous refernce compound: The Pdiol seres as an endogenous reference compound (Ee). Since it

is a metabolite of a precurr (see map) in the tesosterone metabolic scheme" its delta value does not chage
when testosterone is aPmere In the tyica positive cae, the delta values ofM! and M2 are low and
th delta value ofPdiol is with the noim rage. In negative caes, al th diols have sim delta
values. The reportg termology wil be: Positive, Negative, or Indetermte.

A PO SIT report mea tht the delta values for both M1 aI M2 ar at leat th standad deviation
(SD) unts less th the mea (average) of a group of73 norm maes, and the delta value for Pdiol is with
3 SD of the mean of norm maes. In addition the two ratios (M1IPdiol and M2diol) and the two .
dierences (MI-Pdiol and M2-Pdiol) are more th 3 SD frm the rage of norm values. These critera ar

very conservtive because al must be met for the saple to be declard positive.

A NEGATI report mea th al th delta vaues, the two dierence scores, and the two ratios are
with the norm rage. "
An INETEATE report mea tht we were not a,le to obta de:ftive data The most common
reasons for th are inufcient saple volume and low concentrtions of the steroids. Since ther are'

severa cnteria for a positive rePort 1t is also possible that a sample wil have one ratio and one dierence
score that are normal and the other ratio and dierence score wil be abnormal. Oth combinations of
results ar possible. Based on our curent underdig of the ~ underlyig eIR measurents, we
believe th in thse mied cases tht we classify as indeterate, some of the molecules ofM1 or M2 are

derved frm phaceutica testosterone (or another exogenous steroid which is metabolied to

j
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In This Book..

Fundamentals of GC

This book contains information for using your gas
chromatograph eGC) effectively.

1 What Gas Chromatography Is

This chapter describes gas chromatography-its effects and its
uses-and the chromatographic hardware.

2 Injecting Samples

This chapter describes the most common ways of getting the
sample into the GC.

3 Separating Components

The column separates the sample into components. This
chapter tells how this works and how to use it.

4 Detecting Components

This chapter describes three common GC detectors.

5 Interpreting Chromatograms

The final chapter discusses how to identif peaks and how to
determine the amounts of each component.

3
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What Gas Chromatography Is

A Separation in Time 10
The System 11

The gas source 12
The inlet 12

The column 14
The detector 14

Data reduction 15

Instrument control 15

Gas chromatography eGC) is a laboratory technique that
separates mixures into individual components. It is used to
identif components and to measure their concentrations.

...:-::~... Agilent Technologies 9
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1 What Gas Chromatography Is

A Separation in Time

10

Rather than a physical separation esuch as distilation and

similar techniques), GC creates a time separation.

It does this by passing the vaporized mixure (or a gas) through
a tube containing a material that retards some components
more than others. This separates thc components in time. Mter
detection, the result is a chromatogram eFígure 1), where each
peak represents a different component of the original mixre.

The appearance time can be used to identif each component;
the peak size eheight or area) is a measure of the amount.

Figure 1 A typical chromatogram

Fundamentals of GC
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What Gas Chromatography Is 1

The System

A gas chromatographic system consists of:

· A regulated and purified carrier gas source, which moves the
sample through the GC

· An inlet, which also acts as a vaporizer for liquid samples

· A column, in which the time separation occurs
· A detector, which responds to the components as they occur

by changing its electrical output

· Data interpretation of some sort

This is summarized in Figure 2.

Sample

Figure 2 A chromatographic system

Fundamentals of GC 11
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1 What Gas Chromatography Is

The gas source

The carrier gas must be pure. Contaminants may react with the
sample or the column, create spurious peaks, load the detector
and raise baselines, and so on. A high-purity gas with traps for
water, hydrocarbons and oxygen is recommended. See Figure 3.

Tank valve

I

Two-stage regulator

On/off valve

Moisture trap

(r=CO=-~ -
Hydrocarbon trap

Oxygen trapBl ~Tank

: I
U

Figure 3 The gas source.

When a house gas supply, rather than separate tanks, is used,
have traps for each GC and place them as close to the back of
the instrument as possible.

The inlet

The inlet introduces the vaporized sample into the carrier gas
stream. The most common inlets are injection ports and
sampling valves.

12 Fundamentals of GC
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What Gas Chromatography Is 1

Injection ports

Handle gas or liquid samples. Often heated to vaporize liquid
samples. Liquid or gas syringes are used to insert the sample
through a septum into the carrier gas stream. The principle (not
a real design) is shown in Figure 4.

Syringe

To column

Septum

From gas source

Needle

Figure 4 Injection port

Sampling valves

The sample is flushed from a loop which is mechanically
inserted into the carrier gas stream. Different valves are used

for liquids and gases, because sample volumes are usualy quite
different. The principle enot a real design) is shown in Figure 5.

Figure 5 Sampling valve

Fundamentals of GC 13
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1 What Gas Chromatography Is

The column

The detector

14

Sample valves are often connected to an inlet, especially the
split/splitless inlet in the split mode.

The separation happens here. Because the column tye is

selected by the user, many different analyses can be performed
using the same equipment.

Most separations are highy temperature-dependent, so the
column is placed in a well-controlled oven. See Figure 6.

Column

Oven

Figure 6 The column and oven

The gas stream from the column, which contains the separated
components, passes through a detector. The output from the
detector becomes the chromatogram. See Figure 7.

From column u~ ~

Chromatogram

Figure 7 The detector

Fundamentals of GC
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What Gas Chromatography Is 1

Several detector tyes are available, but all perform the same
tasks:

· Produce a stable electrical signal ethe baseline) when pure
carrier gas eno components) is in the detector.

· Produce a different signal when a component is passing
through the detector.

Data reduction

Measurement

The chromatogram leaves the detector as an electrical signaL. It
can be:

· Recorded on a strip chart recorder
· Processed by a digital integrator
· Processed by a computer-based data system

A strip chart recording must be measured to determine the
peak times and sizes. Integrators and data systems perform
these measurements directly. They are strongly recommended
because of their reproducibilty and sensitivity.

Calculation

The list of times and sizes must be converted to component
names and amounts. This is done by comparison to times and
responses of known samples ecalibration samples). This can be
done manually, but for speed and accuracy, a data system is
best.

Instrument control

Some data systemjGC combinations also provide direct control
of the GC by the data system computer. This allows the creation
of stored methods, which are invoked as needed, and permits a
high degree of analysis automation.

Fundamentals of GC 15
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1 What Gas Chromatography Is
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Liquid samples 25

Some samples are already gases esuch as room or outside air,
heating gas, etc.) and can be injected directly using either a gas
syringe or a gas sampling valve.

Most samples are liquids and must be vaporized in order to be
analyzed by gas chromatography. This is usually done with a
heated injection port in combination with either a liquid
syringe or liquid sampling valve.

'. : .

.);~:.. Agilent Technologies 17
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2 Injecting Samples

Injection Ports

Packed port

18

The design and choice of injection ports depends on the column
diameter and tye. The column tyes, packed and capilary, are
described in the next chapter.

Packed columns and wide-bore capilary columns use the

packed port; narrow-bore capilary columns use the
splitlsplitless port.

The packed port was developed for packed columns. Removable
liners adapt it for the specific column diameter, usually either
1/8- or 1/4-inch. A tyical design is shown in Figure 8.

When wide-bore capilary columns appeared, liners were
created to allow their use with the packed port. These columns
have sample capacities similar to packed columns.

Inlet
flow
control

Septum nut
with septum

Septum
purge
control

-
To column

Figure 8 Packed injection port

The sample is injected with a syringe inserted through the
septum into the carrier gas stream. The heated port vaporizes it
(if it is a liquid) and the carrier gas sweeps it into the column.

Fundamentals of GC
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Injecting Samples 2

Split/Splitless port

The splitjsplitless port, used with capilary columns, has two
operating modes.

Split mode

Capilary columns have low sample capacities. Very small
sample sizes, usually much less than a microliter, must be used
to avoid overloading the column.

It is very difficult to handle such small sample sizes. The split
mode provides a way to inject a normal-size sample, vaporize it,
and then transfer only part of it to the column for analysis. The
rest is vented to waste.

A tyical splitjsplitless port in split mode is shown in Figure 9.

Inlet
flow
control

Septum nut
with septum

Septum
purge
control

Figure 9 Split mode

Fundamentals of GC 19
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2 Injecting Samples

The split valve is open and remains that way. The sample is
injected into the liner, where it vaporizes. The vaporized sample
divides between the column (high flow resistance) and the split
vent eadjustable flow resistance).

Splitless mode

This mode is particularly well suited to low concentration
samples. It traps the sample at the head of the column while
venting residual solvent vapor in the inlet to waste.

Two steps are involved:

1 Sample injection

Close the split valve. The carrier flow divides between the
septum purge and the column. The pressure at the head of
the column, and therefore the flow through it, is set by the
split vent control.

Inject the sample. The solvent, the major component, creates
a saturated zone at the head of the column which traps the
sample components.

20 Fundamentals of GC
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Injecting Samples 2

Figure 10 shows the flows at injection in the splitless mode.

Inlet
flow
control

Septum nut
with septum

Septum
purge
control

Liner Split
valve
(closed)

Figure 10 Splitless mode at injection

2 Inlet purge

Mter the sample has been trapped on the column, open the
split valve. The residual vapor in the inlet, now mostly
solvent, is swept out the vent.

The flows are now the same as in the split mode eFigure 9).

Raise the oven temperature to begin moving the components
through the column.

Tliis works well for components with boilng points higher than
that of the solvent. The solvent peak will be large. The oven
temperature profie is used to separate peaks of interest from
the solvent.

Fundamentals of GC 21

GDC00558



2 Injecting Samples

Splitless mode steps

A successful splitless injection consists of these steps:

1 Vaporize the sample and solvent in a heated inlet.

2 Use a low column temperature to create a solvent-saturated
zone at the head of the column.

3 Use this zone to trap and reconstitute the sample at the head
of the column.

4 Mter all, or at least most, of the sample has transferred to
the column, discard the remaining vapor in the inlet by
opening the split vent valve.

5 Raise the oven temperature to release the solvent and then
the sample from the head of the column.

Starting values

You must experiment to find the optimum parameters. Table i
contains some suggested starting values:

Table 1 Splitless mode inlet parameters

Parameter Suggested starting value
Oven temperature 10°C below solvent boiling point

Oven initial time ~ Split vent valve open time

Split vent valve open time Liner volume x 2 / Column flow rate

Injection technique

Each peak begins as part of a region of vaporized sample
surrounded by carrier gas. This width of this region broadens
by diffusion while the peaks are in the column. No peak can be
narrower than the initial region.

22 Fundamentals of GC
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Injecting Samples 2

Since it is much easier to separate narrow peaks than broad
ones, the width of the initial region must be minimized. The
ideal injection is:

1 Fil the syringe and adjust the amount.

2 Push the needle through the injection port septum as far as it
will go eport designers assume that you wil do this).

3 Press the syringe plunger quickly.

4 Immediately withdraw the needle from the port.

The important parameter is speed. Any hesitation leads to
increased region width.

A skilled operator can achieve 3 to 4% repeatabilty in sample
size, provided he uses the technique described. Mechanical
devices that limit the syringe plunger travel can improve on this.

Avoid techniques in which the sample is trapped between two
air bubbles. This requires you to make two estimates and
doubles the error in sample size.

Benefits of automatic injection

Automatic injectors provide a solution to the injection problem.
They make highly reproducible injections. Because of this, they
often permit a simpler calculation of peak amount e external
instead of internal standard).

If part of an automatic sampler e equipped with a sample tray
and connected to a data system), fully automated analyses
become possible.
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2 Injecting Samples

Valves

24

Gas sampling

Liquid sampling

A gas sampling valve consists of a sample loop and a means of
shifting it in and out of the carrier gas stream.

A common form of the mechanism is shown in Figure 1 i.

Carrier in

To column

Sample in

Sample out
Loading the loop

Figure 11 Gas sampling valve

Injecting the sample

Sample size is determined by the sample loop. This is
replaceable, so that a single valve can provide a variety of highly
reproducible sample injection sizes.

The principle is the same as for a gas sampling valve. Because a
liquid sample requires a much smaller volume, the "loop" is part
of the valve structure and is not replaceable.

To change sample size, you must replace the entire valve.

Fundamentals of GC
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Inlet Temperature

Gas samples

For gas samples, the inlet does not have to vaporize anything so
the inlet does not have to be heated.

However, most chromatographers prefer to heat the inlet to
ensure that nothing condenses in it. A temperature of LOO°C is

often used.

Liquid samples

Liquid samples require. a heated inlet. The temperature must be
high enough to vaporize the sample but not so high that
degradation occurs.

Hot enough Start with the solvent boilng point and examine
the peaks. If they are all about the same shape ethe sizes wil
düfer), the inlet is probably hot enough. If the later peaks show
excess broadening, raise the inlet temperature about lOoC to
see ü the shapes improve.

Too hot If you have more peaks than components and Ü they
are poorly formed, suspect degradation problems.

Degradation in the inlet creates peaks whose size depends
strongly on inlet temperature. To detect this, make a second
analysis at a slightly lower temperature. Compare the peak
sizes; any significant change could indicate degradation in the
inlet.
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The separation of a mixure into individual components occurs
in the column. Many columns are available to separate
mixtures. The choice depends on the nature of the mixure and
the kind of information desired. However, all columns function
using the same basic mechanism.
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3 Separating Components

How a Column Separates Components

This is a cross-section of a column containing a two-component
injected sample (the colored dots). There is no packing or
coating; the column is just an empty tube (Figure 12).

Q. ... Q .
Q . Q.

Carrier gas flow

..

Figure 12 An uncoated column

If we look again a few seconds later, the appearance has
changed (Figure 13).

9

.. ... .;¡ ..

Figure 13 A few seconds later

The "sample" has moved to the right because of the carrier gas
flow. It has broadened because of the concentration difference
between the sample and the pure carrier gas surrounding it.

The components are stil mixed.

Now we add a thin coating of a high-boilng substance on the
inside surface of the column and repeat the experiment
(Figure 14).

~
1& $ 1&

. 11 ..
I

Carrier gas flow

.. ~
Figure 14 A coated column
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Separating Components 3

We can use any coating we wish. In this case, we select one that
dissolves the blue-dot component but not the yellow-dot
component.

The blue-dot component distributes itself between the coating
and the gas. The yellow-dot component stays in the gas phase.

When we examine the column a few seconds later, we find this:
Figure 15.

"'"._-~ __M~ mm=m

. .. .
GO 1&

-=
Figure 15 A few seconds later

The yellow-dot component is not attracted to the coating. It
moves through the column at the speed of the carrier gas and
wil emerge first.

The blue-dot component divides its time between the stationary
coating and the carrier gas. It travels through the column at a
slower speed and will emerge later.

The sample has begun to separate into two peaks.

The basic principles of chromatography

. When a vaporized component is presented with a gas phase
and a coating phase, it divides between the two phases
according to its relative attraction to the two phases.

· The "attraction" can be solubilty, volatilty, polarity, specific
chemical interaction, or any other property that differs from
one component to another.

· If one phase is stationary (the coating) and the other is
moving (the carrier gas), the component wil travel at a speed
less than that of the moving phase. How much less depends
on the strength of the attraction.

· If duferent components have different "attractions", they wil
separate in time.
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Column Types

Capilary columns

A capilary column is an open tube with the stationary phase
coated on its inside surface. There is no packing.

These columns range from about 0.1 to 0.5 mm inside diameter.
A tyical column length is 30 m. See Figure 16.

Coating on inside surface

Figure 16 A capillary column

Capilary columns produce very narrow peaks. This allows the
separation of very complex mixures. For example, a tyical
automobile fuel yields between 400 and 500 peaks.

These columns, when made with fused silca tubing, are very
inert. Duficult samples such as mercaptans, which tail severely
on metal or glass columns, separate to the baseline on such
columns.

Capilary columns require smaller samples than packed
columns. A special inlet, see "Split/Splitless port" on page 19,
allows a convenient-sized sample to be divided before it enters
the column.

Packed columns

In a packed column, the stationary phase is coated on a
finely-divided inert material to maxmize its area and minimize
its thickness. The coated material is then packed into a metal,
glass, or plastic tube. See Figure 17.
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Most metal packed columns are either 1/8- or 1/4-inch outside
diameter. Glass columns are generally 1/4-inch outside
diameter, but the inside diameter varies to produce the
equivalent of the two metal column sizes.

Coating on packing

Figure 17 A packed column

Packed columns have high sample capacity, a necessity with
older, less sensitive detectors. However, with modern
high-sensitivity detectors, this advantage has vanished. Packed
columns are stil useful for gas samples, but capilary columns
offer better resolution for most liquid samples.

Possible tubing materials include:

· Stainless steel-durable, but a relatively reactive surface may
cause component loss or peak tailng.

· Glass-fragile, and usually requires treatment to deactivate
the surface.

· Fused silca-used only in capilary columns, inert and
robust, the preferred material for most uses.

31

GDC00568



3 Separating Components

Column Characteristics

The purpose of a column is to produce narrow, well-separated
peaks from a multi-component sample. These two purposes are
not entirely separate.

Column efficiency

A high-efficiency column produces narrow peaks. See Figure 18.

Low efficiency

Figure 18 Column efficiency

High èfficiency

Efficiency is determined by the column construction (small
tubing diameter and thin stationary phase layer is best) and by
the carrier gas flow rate.

See Table 2 for recommended flow rates.
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Table 2 Recommended carrier flow rates

Carrier flow rate. mLlmin

Type

Packed

Diameter Hydrogen Helium Nitrogen

1 18-inch od 30

60

30 20

Packed

Capillary

1/4-inch od 60 50

0.05 mm id 0.2 to 0.5

0.3 to 1.0

0.1 to 0.3 0.02 to 0.1

Capilary O.lmm id 0.2 to 0.5 0.05 to 0.2

Capilary 0.2 mm id 0.710 1.

1.2 to 2.5

2 to 4

5 to 10

0.5 to 1.2

0.7 to 1.

1.2 to 2.5

0.2 to 0.5

0.3 to 0.6

0.4 to 1.0

Capillary

Capillary

0.25 mm id

0.32 mm id

Capillary 0.53 mm id 3to 7 1.3 to 2.6

In each range, the lower value is close to optimum for the
carrier gas and column combination. The higher value speeds
the analysis without sacrüicing very much efficiency.

Even higher flows, above the range given, can be used when
separation is great or a shorter column is used. Flows below the
range given increase analysis time and may cause an abrupt loss
of efficiency.

Flow in packed columns is usually controlled using mass flow
controllers. Capilary columns, because of the very low flow
rates, are usually pressure-controlled.

Some GCs provide electronic pneumatic control (EPC). Such
instruments allow setting flows from a keyboard and reading
them on a display.
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Column resolution

A high-resolution column separates peaks down to the baseline.
This is much easier if the peaks are narrow (the column is
effcient).

A small change in flow rate can have an appreciable effect on
resolution.

Combining the mathematical definitions of efficiency and
resolution yields an important result:

Column resolution is proportional to the square root of
column lengt.

This means that increasing column length is not an effective
way to improve resolution. Doubling the column length doubles
the analysis time (and the column cost) but only increases
resolution by about 40%.

Column selectivity

This is a less clearly defined property of the stationary phase.
Essentially, it is how well a phase duferentiates between two
compounds. Low selectivity-they elute together. High
selectivity-the peaks separate.
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Separating Components 3

Both have their places. Here are some of the considerations.

· Gas analyses are usually done using packed columns. They
have the sample capacity to accommodate the rather large
gas samples. Common packings for gas analysis include:

· Molecular sieve-oxygen, nitrogen, helium, hydrogen, CO2,

CO, methane, etc.

· Alumina-propane and up.
. Porapaks-ethane, butane, CO2, etc.

Some, but not all, of these can be used in capilary columns.

· Capilary columns have higher resolution than packed
columns. Even with little selectivity, an adequate separation
is often obtained.

· One capilary column can perform a variety of analyses that
might require a collection of several packed columns to
achieve.

· Useful stationary phases for both capilary and packed
columns include:

. Methyl silcones-non-polar to moderately polar

· Phenyl methyl silcones (5 to 50% phenyl)-olefins,
aromatics, to moderately polar

· Carbowax (polyglycol)-acids, very polar
· The high resolution of capilary columns often permits

trading resolution for time. Since resolution depends on the
square root of length, an excellent capilary column can be
cut into two very good capilary columns with only a minor
loss in resolution. Analysis time is reduced to one-half
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Column Temperature

Isothermal oven

36

The stationary phase (coating) in the column has a preferred
temperature range.

· The minimum temperature is usually a melting point. Below
this, you are doing gas/solid chromatography; above it, you
are performing gas/liquid chromatography. Results can be
quite düferent.

· The maximum temperature is usually related to a boilng or
degradation point.

Columns are mounted in a temperature-controlled oven because
separations are highy temperature dependent.

The oven temperature can be isothermal or programmed. See
Figure 19.

Temperature Programmed

Isothermal

Time

Figure 19 Oven temperature

This is the simplest way to run the oven. The oven remains at
the same temperature throughout the analysis. It has
advantages:
· The oven is always ready for a sample analysis.

· There is no recovery time between analyses.

Fundamentals of GC
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And disadvantages:

· Samples with a wide range of component times take a long
time to run.

· Because peaks broaden with time, later peaks may be
düficult to detect or measure.

Programmed oven

The oven temperature changes, usually upward, during the
analysis. The advantages are:

· Analysis time is reduced.

· Peak shapes are constant throughout the run, making
detection and measurement easier.

The disadvantages are:
· Components are subjected to higher temperatures than with

an isothermal oven. This could cause degradation of sensitive
components.

· The oven must cool to the starting temperature between
runs. This cancels part of the time gained.
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The three detectors described in this chapter do most of the GC
work. They are augmented by others (see Table 3), mostly
element-specific or mass-selective, which are not described in
detaiL.

Table 3 Some other detectors

Name Uses
Nitrogen-Phosphorus Detector (NPD) Nitrogen- and phosphorus-containing

compounds

Flame Photometric Detector (FPD) Sulfur- and phosphorus-containing
compounds

Atomic Emission Detector (AED) Tunable for many elements

Mass Selective Detector (MSD) Identify components from mass

spectra; when combined with GC. the
most powerful identification tool
available

......... ....

..... Agilent Technologies 39

GDC00576



4 Detecting Components

Thermal Conductivity (TCD)

All gases conduct heat, but hydrogen and helium are, by far, the
best thermal conductors (see Table 4). When either of these is
used as the carrier gas, anything else that may be present
causes a decrease in the thermal conductivity of the gas stream.

This change can be measured and used to create a
chromatogram.

Table 4 Thermal conductivities of gases relative to hexane

Gas Relative thermal conductivity
Carbon tetrachloride 0.44

Benzene 0.88

1.00Hexane

Argon 1.04

Methanol 1.10

Nitrogen

Helium

1.50

8.32

Hydrogen 10.68

Since the TCD operates on thermal conductivity düferences, it
is clear that hydrogen or helium are the preferred carriers.

How it works

When a voltage is applied to a fiament, it heats up. The
steady-state temperature depends on the applied voltage, the
resistance of the fiament, and the rate at which the fiament
loses heat to its surroundings.

If a fiament is immersed in a gas stream, any change in the
thermal conductivity of the gas causes a change in fiament
temperature. This changes the resistance of the fiament.
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Filament

Reference gas -

Makeup gas-

Column

Figure 20 Thermal conductivity detector
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Early TCD designs used four fiaments connected as a

Wheatstone bridge. The column effuent flowed over two
opposite fiaments; pure carrier gas (the reference) flowed over
the other two. When a component appeared, the bridge became
unbalanced.

A modern TCD design is shown in Figure 20.

Vent

S'iitching
valve

o~
This detector uses a single fiament. A rapid switching valve
causes it to sample the carrier effluent and a reference gas
alternately. If the two gas streams are identical-no component
present-the fiament resistance does not change when the

gases switch.

However, when a component enters the detector, the fiament
temperature drops when the column flow is switched in arid
then recovers when the reference gas is switched in. The
electronics senses this change and adjusts the power to the
fiament to keep the temperature constant.

The power demand curve amplitude depends on the thermal
conductivity difference between the column flow (when a
component is present) and the reference gas.
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Flame Ionization (Fin)

How it works

An air/hydrogen flame creates very few ionized particles.
However, if a carbon-containing material enters the flame, ion
production increases.

The carrier gas from the column mixes with hydrogen and is
burned in air. The FID uses two electrodes, one of which is often
the jet where the flame burns, and a polarizing voltage to collect
the ions from the flame.

When a component appears, the collected current rises. After
amplification, the current creates the chromatogram.

The FID responds to anything that creates ions in a flame,
which is essentially all organic compounds (there are a few
exceptions).

A general FID design is shown in Figure 21.

Air
Electrode

Flame

Hydrogen -

Makeup gas-

Figure 21 Flame ionization detector
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Electron Capture (ECD)

How it works

Detecting Components 4

The electron capture detector has found wide use in
environmental work because of its very high sensitivity to
halogen-containing components, which include most herbicides
and pesticides.

A radioactive isotope, usually 63Ni, in the detector cell emits
beta particles. These collde with carrier gas to create showers
of low-energy free electrons. Two electrodes and a polarizing
voltage collect the electrons as a current.

Some molecules can capture low-energy electrons to form
negative ions. When such a molecule enters the cell, some ofthe
electrons are captured and the collected current decreases.
Afer processing, this signal creates the chromatogram.

One form of the ECD is shown in Figure 22.

Anode gas -

Vent

63Ni plating

Makeup gas-

()
Figure 22 Electron capture detector
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The ECD is quite specüic, responding strongly to anything that
captures electrons and poorly to everything else. Some relative
responses are listed in Table 5.

Table 5 ECD sensitivities to selected compounds

Compound Response relative to benzene = 1
Benzene

Toluene 3
Acetone 8
2,3-Butanedione 800,000

n-Butanol 17
Chlorobenzene 1,200

Bromobenzene 7,600

1-Chlorobutane 17

1-Bromobutane 5,000

1-lodobutane 1.500,000

1.000,000Chloroform

Carbon tetrachloride 6,600,000
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5 Interpreting Chromatograms

46

The chromatograph produces a signal that varies with time.
When plotted, it produces the familar chromatogram
(Figure 23).

r-

~
,

Figure 23 A typical chromatogram

The chromatogram can be converted into a list of peak times
and sizes by either manual or electronic means.
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Peak Measurements

Retention time

Peak size

Fundamentals of GC

Interpreting Chromatograms 5

Two basic measurements can be made on a peak:

· The time after injection when the peak is detected

· The size of the peak

The appearance time, measured from injection to detection, is
the sum of two parts:

· The plumbing time-how long it takes for the carrier gas to
pass through the column. It is measured by injecting air or
some other non-interacting substance.

· The retention time-the additional time caused by the

component's interaction with the stationary phase in the
column.

For most purposes, the plumbing time is ignored and the
retention time is taken as the appearance time.

Size can be measured either as peak area or peak height, both
measured relative to a constructed baseline.

The baseline under the peak cannot be measured directly. It
must be constructed from the baselines on either side of the
peak.

This is simple with well-separated peaks. It is much more
düficult when peaks are merged, on the trailng edge of a
solvent peak, or otherwise less than ideaL. For this reason, time
spent improving the peak separation is time well spent.

Peak height

This is the simplest measurement, requiring only a ruler. It is
the vertical distance from the top of the peak to the baseline.
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Peak area

This is the area enclosed by the peak signal and the baseline
under it. It is best measured by electronic means.

The two size measurements are shown in Figure 24.

Measured baseline

Figure 24 Measuring a peak

Integrators and data systems

Integrators excel at measuring peak areas or heights and peak
retention times. They make the conversion of a curve (the
chromatogram) into a table (of times and sizes) very simple and
reproducible.

Data systems offer the same advantages and considerably more.

· A software integrator is more flexible than that in a
hardware integrator.

· Data can be reprocessed using different integration and
calculation parameters without re-injecting the sample.

· Systems perform the fundamental calculations described in
this chapter, often with more sophisticated features.

· Systems produce user-designed formatted reports.
· Peak calibration becomes a very simple process.

· Both single- and multi-level calibrations are possible.

· Raw and processed data can be archived for later use.

· Systems process data from multiple GCs at the same time.
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Because many compounds may elute at the same (or nearly
same) retention time, gas chromatography by itself does not
usually provide identification of a totally unknown sample.

However, it is a very powerful tool when the problem is more
constrained. GC patterns can be compared to identify samples
that have a high probabilty of being the same. For example,
crude oil from a tanker can be compared to an oil slick on the
ocean to determine ü that tanker was responsible for the spil.

GC is quite useful for eliminating possibilties. If you know
from previous experiment that iso-octane appears at
1.9 minutes, then the unkown peak at 1.5 minutes is definitely
not iso-octane. But what is it?

Fortunately, you do not have to consider the entire universe of
chemical compounds. Sample information limits the list of
possibilties. For example, you would not expect to find
streptomycin in a paint sample.

When a tentative peak identüication has been made, it should
be confirmed by repeating the analysis using a column that
separates on a different basis. If a component has the right
retention time on a boilng point column (methyl silcone) and
on a polarity column (polyglycol), the identification is probably
correct.

GC is especialy useful in problems where the expected
components are known and quantitation is required. GC wil
also usually detect the presence of unexpected components (as
extra peaks).

Finally, GC can be connected to mass spectrometers or other
selective detectors to provide additional data needed for
positive identification of unknown components.
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Component Amount

Uncalibrated calculations

A detector produces a signal while carrier gas is passing
through it. If there is no component at the moment, the signal is
the baseline. When a component appears, the signal increases.

The area between the projected baseline and the signal, while
the component is passing through, is the peak area. The
maxmum vertical distance between the signal and the
projected baseline is the peak height.

An integrator or data system handles the sometimes very
difficult task of drawing the projected baseline, then measures
the peak areas and heights. The results are the Measured
Responses (MR).

Area and height percent

Each peak is expressed as a percent of the total measured area
or height in the run.

The detector is assumed to be equaly sensitive to all
components. Equation 1 shows the calculation.

Amount of peak n =

(MR of peak n / Sum of all MRs in the run) x 100 (1)

Advantages

· Fast setup, since no calibration is needed.
· Moderate sample size variation does not affect results.

Disadvantages

· All peaks must be detected.

· Any peaks not detected or not flushed from the column
reduce the sum of MRs. This causes overestimation of all
measured peaks.
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Uncalibrated calculations do not correct for component
sensitivity differences. This tends to overestimate the early
peaks.

Common uses

· Generating a list of responses and retention times for
building a calibration table.

· Analyses where the purpose is fast, reproducible results to be
compared with preset limits.

· Useful in process monitoring, product release testing, etc.
· Not useful when absolute accuracy is important.
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Calibrated calculations

52

If Area% and Height% are not adequate, the calibrated
calculations use data from standard analyses to create
individual peak calibrations.

The simplest calibration is the Response Factor, which is
calculated by dividing the known amount of a component by the
size of the peak it produces.

Graphically, it is the slope of a plot of component amount versus
peak size, as shown in Figure 25.

Peak A

Component
amount

Peak size

Figure 25 Response factors

Response Factors can be determined by analyzing a single
standard mixure containing all of the components to be
calibrated.

However, the Response Factor approach makes two important
assumptions:

· The amount/size line passes through the origin.
· The amount/size line is straight.

For a trustworthy calibration, both assumptions must be
demonstrated experimentally. If the line is really straight and
really does pass through the origin, then the response factor is
valid.
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In Figure 25, Response Factors can be used for peaks A and B,
but not for peak C. The two forms of calibration correction are
shown in Equation 2 and Equation 3.

For Peaks A and B:
CR of peak = MR of peak x Response Factor of peak (2)

For Peak C:

CR of peak = C:Response Curve amount~ of MR of peak(3)

Peak C can only be corrected by using the entire calibration

curve. This is laborious by hand, but is easily done using a data
system.
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Normalization

54

The normalization percent is similar to Area% and Height%, but
uses Corrected Responses instead of Measured Responses, as
shown in Equation 4.

Amount of peak n =

(CR of peak n / Sum of all CRs in the run) x 100 (4)

Advantages

· This calculation corrects for component sensitivity
differences, which yields more accurate results for early
peaks.

· Moderate sample size variation does not affect results.

Disadvantages

· The method must be calibrated.

· All peaks must be detected. Any peaks not detected or not
flushed from the column wil reduce the sum of CRs. This
causes overestimation of all measured peaks.

· All peaks must be identified and calibrated to achieve the
highest accuracy. Unknown (and therefore uncalibrated)
peaks reduce the absolute accuracy of the calculation.

Common uses

· Provides very accurate results if there are no high-boilers to
worry about.
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External standard

The great advantage of external standard is that only the peaks
of interest need to be calibrated. The calculation is very simple;
see Equation 5.

Amount of peak n = CR of peak n (5)

Advantages

· Only the peaks of interest must be calibrated.
· Only the peaks of interest must be eluted and measured.
· Each calibrated peak is computed independently.

Disadvantages

· Peaks of interest must be calibrated.

· The calculation assumes that instrumental drift is negligible.
Known check samples must be run regularly to confirm this.

· Constant sample size is essential, since this is an absolute
(rather than relative) calculation. This is very difficult to
achieve using manual injection. In practice, a gas or liquid
sampling valve or an automatic liquid sampler is a necessity.

Common uses

Gas analyses using a sampling valve. As instrument stabilty

improves, and with the help of automatic injection devices to
ensure constant sample size, ESTD is takng over many analyses
that formerly required ISTD.
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Internal standard

56

Internal standard provides independent calculation of each
calibrated peak. It also corrects for variation in sample size,
instrument drift, and other factors.

ISTD is considered the most accurate chromatographic
calculation, although ESTD with modern equipment is rapidly
improving.

The basic calculation is shown in Equation 6.

Amount of peak n =

(CR of peak n / CR of 1810 peak) x Amount of 1810peak (6)
The quantity Amount of 1810 peak is a known amount of the
internal standard compound that is added to each sample
before analysis.

This is generally considered to be the most accurate of the
calculations.

Advantages

· Only the peaks of interest must be calibrated.

· Only the peaks of interest must be eluted and measured.
· Each calibrated peak is computed independently.
· Minor variation in sample injection size does not affect

results.

· Minor instrumental drüt does not affect results.

Disadvantages

· Peaks of interest must be calibrated.

· A known amount of an internal standard substance must be
added to every sample.

Common uses

Liquid sample analysis where high accuracy is required.

Fundamentals of GC
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Note

The term internal standard has come to have two slightly
düferent meanings:

1 ISTD was originally developed to compensate for differences
in manual sample injection size. To do this, the internal
standard was added to the ready-to-inject sample after any
sample workup (distiling, extracting, etc.) was completed.
The main requirements for the internal standard were that it
not be present in the original sample and that it produce a
well-defined peak that is well resolved from the sample
peaks. It did not have to be chemically similar to the sample
components.

2 In many biochemical and related applications, the internal
standard is added to the raw sample before sample workup.
In this case, it must be chemically similar to the sample so
that it wil be affected by the workup steps in much the same
way. Now the internal standard is being used to correct for
two different things: variation in percent recovery during
workup and sample size differences in the injection. This is
not possible with a single standard. By precisely controlling
the sample workup process and experimentally confirming
that percent recovery is highly reproducible, that source of
error can be reduced to an acceptable leveL.

Fundamentals of GC 57
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Commonly Practiced Quality Control and Quality Assurance
Procedures for Gas ChromatograpbylMass Spectrometry

Analysis in Forensic Urine Drug-Testing Laboratories

REFERENCE: Goldberger BA Huests MA. Wilkns DO: Commonly practiced quity contrl and quality
assurance procedurs for gas chromatography/mass spectrometr analysis in forensic urine drg-testing laborato-
ries; Forensic Sci Rev 9:59; 1997.

ABSTRCT: Forensic urine drug-teting laboratones operate in a precrbe scientific an administrative maner
10 ensure accurate te results. All specimens positive by an initial immunoassay test must be confrmed by gas
chromatography/mass spectrometr (GeIMS). To provide adquate contrl and verification of these analytical
process, laboraories must implement appropriate policies and proceures to be used in routine practice. Tl
review desbes the following topics regarding GCJS anyses: method validation, instrument perfonnance,
assay calibration. quality contrl, crteria for designating a positive test reult, sample and batch acceptace criteria.
and GC/S data review.

KEWORDS: Accuracy, calibration, carover, gas chrmatography/mass spectrmetr, GCS, internal sta-
dard, laboratory certcation, limit of deteation, Iiuut of quantitation, linearty, precslon, qualty assurce,
quality contrl, sensitivity.

INTRODUCTION

Labratories accredited by the National Laboratory

Certificaton Prgram of the United States Substance .
Abuse and Mental Health Services Administration
(SAMSA, forerly the National Institute on Drug Abuse,
NIA), Deparment of Health and Human Services (HH)
and th College of American Pathologists (CAP) must
perfonn urine drug testing in a prescribed scientific and
administrative marner. Testing of speimens under the
CAP and HHS Guidelines requires initial teting by an
immunoasay, followed by confirmation of all positive
intial test reults by gas chromatography/mass spctrm-
etry (GCIM) (70,72).

To provide adequate control and verification of the
analytical process, laboratories must implement appropri-
ate policies and proedure regarding GCS analysis.
This review is intended to discuss th following topics:
method valdation, instrment perfonnance, assay cali-
bration, quality control, criteria for designating a positive
test result, specimen and batch acceptance criteria, and
GCIMS data review. Although this review focuses upon
those aspects of quality control and quality assurance

pertnentto the regulated drug-testing laboratory, many of
the components specifed below are directly applicable to
any laboratory performing drg testing in biological speci-
mens. Indeed, many of the guidelines reviewed below
have been adapted from recommended practices for phar-
maceutical methods from the Food and Drug Adnunistr-
tion (FA) and the United States Pharmacopoeia (USP),

as well as recommendaiions resulting from a 1988 Ad Hoc
Committee Report to the American Academy of Forensic
Sciences (Toxicology Section) and a 1995 Mass Spec-
trometr and Good Laboratory Practices Workshop orga-

nize by the American Society for Mass Spectrmetr
(9,69,73,74,80).

I. METHOD VALIDATION

A. Asy Characterization

Method development is a process of documenting or .
proving that an analytical method is acceptable for its
intended purpse. For analytical methods to be imple-
mented in laborator-based regulatory drug-testing pro-
gras, the laboratry must be able to demonstrate that the

chosen analytical method has the abilty to provide accu.
rate and reliable data. These data can then be used to
identiy drg presence in a urine specimen according to

pre-established administrative reportng limits (cutoff
concentrtions). Threfore, it is criti cal that the laboratory
identify the key assay charcteristics which it wil validate

prior to implementation of the method into routne use.
Also, the laboratory must clearly define the evaluation
criteria for each of the key assay characteristics it has
selected as part of its validation. It has been suggeste that
at a lInimum, the key assay characteristics to be estab-
lished and evaluated should include: the accuracy, preci-
sion, linearty, specificity, sensitivity, carrover poten tial,
and ruggedes ofthe analytical method (29). Additional
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charcteristics to be evaluated may include: the stabilty
of the analyte under varous analytical and storage condi-
tions,identification an concentraton of the internal
standard(s) for the method, validation of use of paral
(diluted) sample volumes, and estimated recovery of the
analyte from the matrx (18).

Specific evaluation cnteria for method validation
generally accepted by the scientific community for an
analytical method can var depending on the partcular
technique used (i.e., HPLC, GCJS, LCIMS), as well as
its parcular application. Much of the available published
infonnatioo with respect to details of validation protocols,
such as the number of batches to be evaluated, the number
of replicates, and specific acceptabilty criteria. is bas
upon cbemical analyses perfonned on autoanalyzers, or
HPLC systems, rather than GC/M systems (2,18,38,41,
78). Therefore, th application of quality control prin-
ciples to GC/M analysis of urine specimens has been
based largely upon professional consensus, or "generally
acepte laborator practce" in the drug-testing commu-

nity. Ths is in some contrast to a fonnally and expenmen-
taly developed, literature-based approach to implementa-
tion of quality contrl principles to a specific technology.
Neverteless, as individual GCIM methods for drgs of
abuse in urine matrces have been develope and pub-
lished in the literatur, quality contrl principles have
ben selected and applied in a varety of ways to assist in
the validation of methods and increase confidence in the
data that ar obtained.

B. Accuracy and Precision of the Analytical Method

Two of the most important assay charcteristics to be
determned durng methd validation are accuracy and
preison. Together, accuracy and precision detenmne the

error of an analytica measurement. Accuracy alid preci-
sion ar frquently considered together becauselhey are

interdependent in assessing the acceptabilty of a method.
. The accuracy of a method, as used in biopharmaceutical
or drug-testing analysis, refers to the closeness of the
measurd value to the tre value for the sample. More
specificaly, it is a measure of the degree to which a mea
obtaedfroma seris of exprimental observations agrees
with .the "true" or "accepted" value of the quantity to be
measurd. Precision, on the oter hand, refers to the
varabilty of measurements within a set. It is most often
used to demonstre scatter or dispersion between nu-
meric values in a set of measurements that have ben
determined under the same analytc parameters.

The accuracy and/or precision of an assay can be
detennined by comparng test results utilzing laboratory-
prepared standards and controls with those obtained with
an established reference method and/or by analysis of
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standard referece materials, such as those available fr

the N aûonal Insûtuteof Standards and Technology (NSn
and CAP (3,17,22.23.66). Seconda checks may involve
reanalyses of performance test speimens and comparson
of laboratory results with taget means obtained via alter-
nate methods already known to be accurate. (Reanalysis
of performance test samples, however, may be prohibited
unless the laboratory has obtained prior approval frm the
submittg agency.)

Accuracy is generally expressed as the percentage
difference from the actual value (%DFA) as shown below:

%DFA = ((Mea - Spiked) I Spiked) x 100

An alternate way to determne accuracy is to deter-
rIne whether the measured mean value is statistically
different frm the actual value using a t-test at 95%
confidence (37). The assessment of accuracy must be
carred out on mean values which have been calculate

from replicate measurements of reference materials con-
taining. known concentration of analyte. At a minmum,
triplicate measurements are necessar to establish a single
mean value and standard deviation (SD) for any single
target concentration. Durig validation of the assay, it is
generally accepted practice to assess accuracy at two to
three different concetrations of analyte.

The specific concentrtions used for the accuracy

evaluation are selected to test accuracy across the range of
the standard curve (calibration curve) of the assay. It has
recntly been recommended that accuray be assesse

using a minimum of9 determnations over a minimum of
three concentrtions (e.g., 3 concentrations with 3 repli-
cates each) (65,68). Other authors have recommended a
minimum of 36 determnations over a minimum of 6
concentrations (e.g.. 6 concetrations with 6 replicates
each) (78).

As stated earlier, the aceptabilty critera for accu-

racy and precision for an assay should be preselecte by
the laboratory. Generally, accurcy accptabilty ranges
in forensic urne drg-testing laboratories do Dot excee
20% (by convention) of the target concentration. Many
laboratores routinely use lower rages, such as 10%. It
should be noted that the acceptable accuray range se-
lected for initial method validaton may differ fr that
selected for routine use (batch accptance criteria). For
example, a laboratory may reuire that accuracy be within
10% of the known concentration during method valida-
tion, and then choose to increase the acceptale range to
20% for routine daily analysis to accommodate both
random and systematic err (38).

Precision of an analytical method is usually assessed
in two ways: analysis of multiple measurments dwing a
single analytical ru (within-run precision) ami analysis
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of single, or mean, measurements over many runs (be-
tween-run precision). Precision is expressed as the per-
centagerelative standard deviation (%RSD), also referrd
to as the coeffcient of vanation (CV), as shown below;
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the dependent varable is respnse (Y), i.e., the vàlue
determined by the value of the independent varable.

Recommendations for linearty studies ar noted below;
issues with respect to acceptability of daily assay calibra-
tion (range) are considered in a subsequent section of this
paper.

In practice, linearty should be established via visual
evaluation of a plot of signals (response) as a function of
anlyte concentration. If a linear relationship appears

probable by inspec tion of such a plot, test results should be
evaluated by an appropóate statistical method, such as the
method of least squares regression (6,7,29). Other statis-
tical approaches must be clearly justified by the labora-
tory. Data from the. regression line, such as the corrlati on
coffcient (r), coffcient of detennination (R2), slope,

and residual sum of square, can also provide usefu
mathematical estimates of the degree oflneanty obtained
with the analytical method. In addition, since it is not
uncommon to expet an incrase in variance as a fucton
of concentrtion, it may be more appropriate to pedorm a
weighted (rather than unweighted) regression analysis to
improve accuracy at the lowest concentrtions studied (8~.

Durig initial method validation, the laboratory typi-
cally analyzes a series of standards (calibrators) that have
been prepard at known concentrations of anlyte. Data
are plotted and analyzed as just described to determne the
uppe and lower boundaries oflnearty. A frquently used

critenon for determning the upper and lower boundar
limits in the pharaceutical industr is the point at which
the slope of the line deviates from the overall slope by not
more than 5% (20). However, this recmmendation is not
originally based upon GClS analysis. An alternative is
to "reverse calculate" th individual concentratons of
each standard using the generated regression line an
detennne whether each is in compliance with the accep-
tace criteria established for evaluation of qualty contrl
samples (e.g., such as :t0% of the target value). Outliers
may be identified as those concentrtion of analyt at

either extrme (high or low) which ar outside the 20%
criterion. Acceptable linearty, therefore, is demonstrated
when the correlation ooeffcient exceeds a defined value,
SUCR as 0.990, and quantitative ooncentrationof each polit

falls within :t20% of the target value. Th discussion
regarding evaluation criteria for linearty can be found in
Section II.

The laboratory uses this infonnation to establish the
range, or concentraton interval, which will routinely be
used for analysis of samples. Validating the method over
a wider range than that used in daily practice provides
increased confdence that the routine stadard concentra-
tions ar well removed from nonlinear response concen-

trations. If the laboratory elects to perfonn the lineanty

%RSD = (Standard deviation I Mean) x 100

Withn-run precision can be considered a measure of
the preision of an analytcal method under optimal con-

ditions. The beween-run precision, however, is likely to
be a better representation of the precision one might
observe during rotine pedomiance of the assay because
these data ar generally subjected to a grater number of
sources of variability. The lower the calculated CV. the
greater the prision of the assay. Precision of an assay at

concentrations below, at, and above the assay cutoff

concentration can be detennned by repeated analyses of

qualty control samples on ~ within- iid betwe~-~atch
basis. One approach to assessmg between-run preision of
the method is to perform triplicate measurements on thre
separate concentrations of analyte, across three separate
analytical bathes. Subsequently, the laboratory evaluates
the acceptabilty of the precision of the method using a
criterion selected a priori. Generaly, within-run and
between-run coeffcient of variation values of .:15% are
considered acceptable (2, 18,29,33,78). However. because

greater varabilty is to be ex.peted as analyte concentr~-

tions approach the limit of detecion (LOD) ofthe analyti-
cal method, the laboratory might choose to increase the
acceptabilty criterion to 20% at its lowest measurd
concentrions (37).

Finally, an additional technique for evaluation of
between-run precision data is to apply a one-way analysis
of varance (ANOV A) oftbe data to ensure that results do
not signficantly differ between analyses (37,42).

C. Linearity of the Anytcal Method

The full rae of linearty of a method should be

established durig initial assay characterization and peri-
odicaly therefter with specimens containing drg anytes
over awiderange of concentrations. Further, the practical
range of lineaty, referrd to here as the daily linear rage,
should be documented with every batch based upon data
obtaned with standads and/or contrls (29,65). Accep-
tace criteria for evaluating linearty data must include

review of chromatographic apperance, retention time,
and ion ratio or full-scii spectra matching criteria, for
example. Although some analytical procedures may ~-
quire nonlinear calibration, it is con ventionaJ for forensic
urine drg-testing laboratories to utilze a lin~ar mod~l
and univariate regresson for GC/.MS analysis. In this
model, the independent variable is concentration (X) and
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assessment on more than one occasion, a statistical test of
linearty can be perfonned for each standard curve sepa-

rately using a weighted ANOV A (8,42).

D. Specificity of the Analytical Method - Interfer-
ence Studies

Specifcity refers to the ability of the analytical method
to accurately measure an analyte response in the presence
of all potential sample components. All methods should at
a minimum be investigated for potential interference by
endogenous matii components, as well as common com-

pounds that ar structuraly similar to the analyte of
interest. A complete review of interference studies pub-
lished regarding forensic urine drg-testing analytes is
beyond the scope of this paper; however, some examples
ar provided below to ilustrate general principles.

The potential interferece of endogenous urine com-
ponents with the assay is most frequently assessed by
evaluation of wine specimens from several sources (do-
nors) that are known to be drg-free for the analyte of
interest. Assessment of interference frm strcturally
reLated compounds can be determined by fortfication of
urne with high concetrations (e.g., i mglmL) ofpoten-
tially interfering analytes and cutoff concentrations of
taret analytes, or with conentrations of analytes tbat are
expeted under therapeutic conditions. For example, pos-
sible interference with th measurement of amphetamine
and methamphetamine may occur due to th presence of
sympathomimetic amines such as ephedne, pseudo-

ephedrne, phenylpropanolamine, and phentermine (32).
Furter, intenerence with the measurement of morphine

and codeine due to the presence of opiate metabolites and
synthetic 6-ketoopioids such as dihydrdeine, hydro-
morphone, hydrocodone, oxymorphone, and oxycodone
has also ben described (25).

The determnation of potential intederents that ar
not stncturaUy relate to the analyte of interest is more
diffcuLt to establish. However, the urine drug-testing
laboratory may consider evaluating the potential interfer-
ence of common over-the-counter products, as well as
frequently encountered componds which produce frag-
ment ions also produced by the analyte of interest. In
addition, the laboratory may refer to literature reports for
interfernces experenced by other investigators and as-
. sess their method with the potential interfering substances
(34,59,67,79). Althugh a labortory cannot be expecte
to anticipate all potential interferents with its analytical
method, it should make its best effort to' characterize them
whenever feasible.

The problem ofinterfenng substances may be ad-

dressed by employing mor selective extrction methods,
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chromatographic separations, or detection methods. For
example, to eliminate potential-false positive amphet-
aminelethamphetamine results due to the presence of
other sympathomimetic amines, aliquots of speimens
can be treated with a solution of 0.035 M sodium¡ienodate
at room temperature, then subjected to extraction. In the
presence of periodate, a-hydroxyamines undergo oxida-
tive cleavage removing the potential interferant (24).
Recentevidence indicates that period ate oxidation should
be conducted at pH 7 or lower to prevent possible fora-

tion of low levels of amphetamine from extremely high
levels of methamphetamine that may be present in the
specimen (57). In addition, lowering the injection port
temperare of the gas chromatogrph, coupled with other
preventative measures, eliminates arifactual prouction
of methamphetamine in the presnce of high concentra-
tions of ephedrine and/or pseudoephedrine (24,57,67). It
should be noted that some reported interferences may be
method-speific and thus will need to be evaluated by the
laboratory on an individual basis, as appropriate.

E. Sensitivity or the Analytical Method - Relation-
ship to Limit of Detection and Quatitation

An analytical method is determined to be sensitive if
small changes in concentration cause large changes in
analytical response. Itis directly related to, and frequently
defined as, the slope ofthe standard curve (38). However,
ths definition does not account for the varabilty of a

measurement. The limit of detection (LD) and limit of

quantitaion (LOQ) ar tenns which are used to express
the abilty of the assay to detect small concentrations of
analyte, as well as attempting to account for variabilty of
measurement.

The limit of detection of a method is the lowest analyt
concentron that produces a respónse detectable above
the noise level of the system. The limit of quantitation is
the lowest concentration of analyte that can be accuraely
and precisely measured. The LOD and LOQ of a method
are dependent upon several factors, such as the electron
multiplier voltage, the volume of specimen analyzed, the
detector threshold, the type and condition of the chro-
matographic column, the concentration of aDalyie the
amount and typ of internal standard, the extraction
effciency, and the individual.instrument (54). A signfi-
cant change or modifcation to any of these factors wil
reuire reassessmentoftheLOD andLOQ for the method.

There ar several approaches for establishing the
LOD and the LOQof an analytical method (1,44,48,65);
at least two ofthese are routinely used in forensic urine
drug-testing laboratories. Recent publications have de-
fined issues of concern regarding LOD and LOQ detenn-
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naûoD methods, and have described and compared the two
most commonly use methods (1,44).

The first approach to establishing the LaD and LOQ
of an assay is based on the measurement of the magnitude
of analytical background noise. nis performed by analyz-
ing an appropriate number of blank (drug-free) samples
and calculating the stadard deviation of these responses.

In practice, detenniiúng LaD using this approach in-
volves the analysis of negative urine specimens (obtained
frm at least ten different donors) over time. In this
paradigm, the LOD is calculated as the mean of the
detected amount or signal intensity plus three standard
deviations (X+ 3 SD) (48); where 3 is a factor for a 99.9%
level of confdence. Similarly. LOQ is calculated as the
mean of the deteted amount or signal intensity plus ten
standard deviaûons (X + lOSD). An obvious limitation of
this approach is that while this may be an adequate
measure of the theotical LOD of a metod. actual
cocentrtions of analyteín biological samples measured

at this calculated LaD would be indistinguishable from
zero measurements by a large probabilty (38).

The second commonly employed approach for the
detenninaton ofLOD and LOQ is based on a signal-to-
noise comparson (65). Detennination of the signal-to-
noise ratio is performed by comparng measured signals
from samples with low concentrations of analyte with
those of blank samples and establishing the minmum
concentration at which the analyte can be reliably de-
tected. In ths context, a minimum of a signal-to-noise
ratio of 3: 1 or greater is generaly agree to be acceptable
for LaD assessment; a signal-to-noise ratio of 10:1 or
grater is generaly ageed to be acceptable for LOQ
assessment. In practice. this approach involves analysis of
a series of samples containing low concentrations of
analyt.

For GClS analysis in urine drug-testing labrato-
ries, SAMSA defines the lowes analyt concentration
that meets signal-to-noise, chromatogrphic, retention
time, and ion ratio or full-scn matching criteria, as the
LOD. The lowest concentration, that meets all of the
above criteria and quantitates within :f0% of the taget
concentraton and measures within a speified coeffcient

of varaton, is designated as the LOQ.
The first two approaches described above ar rou-

tinely utilzed in laboratories perfonning regulated urine
drg testing, although the second approach is preferred

over the firs approach since it is based upon measurement
of an actual analyte response. rather than the absence of a
response. A third apprach to detennnation ofLOD and
LOQ values is based on the standard deviation of the
8nalyte response and the slope of the standard curve. In
this case, the LOD is expressed as 3.3 times the standard
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deviation of the response divided by the slope (S) of the
calibration curve (3.3 x SOLS). The LOQ is expressed as
10 times the standard deviation of the response diVided by
the slope of the caibration cuive (i 0 x SD/S). The slope
is estimated from the standard curve of the analyte. and the
standard deViation is estimated by analysis of blank speci-
mens. as described for the first approach. Alternatively,
the residual standard deviation ofa regression line or the
standard deviation ofy-intercepts of regression lines may
be used as the standar deviation. It has been recom-

mended that if the detection linut of an assay has been
estimated by calculation or extrpolation, such as with the

first or third apprach described above. this estimate
should be subsequently evaluated and validated by the
independent analysis of a suitable number of samples
known to be prepared near or at the detection limit (65).

The LOD is an importt assay parameter due to the
use of this value to evaluate retest results. The LOQ is
important for defi ning the minimum accurate quantitative
value of the assay. For ex.ample, dilutions that produce
results less than cutoff but equal to or grater than the
LOQ may be utilize with the appropriate dilution factor
to calculate test results if the LOQ control included in the
batch is found to be acceptable. Dilutions that produce
results below the LOQ are not aceptable; specimens
must be reassayed at a lower dilution. At least one publi-
cation (18) recommends that the assessment of the LOQ
be obtained using LOQ samples that ar prepar inde-

pendently from that included in the standard curve be-
cause the LOQ standard that is included in the standard
curve influences the regrssion equation (and thus is no
longer an independent measure). Also. since the LOD and
WQ values ar influenced by a varetyoffactors, such as
the individual instrument or detecor, it may be advisable
for the laboratory to assess these paraeters on each
instrmentused for a partcular assay, although a genera
consensus on this issue has not yet been reached.

Interestingly, there are no requirements and few spe-
cific recommendations regarding the number of analyses
or analytica runs to be evaluated for LOD and LOQ
detennnation. Suggested numbers of replicates of any
single blank or standard range from i 0 to greater than 20
(19,55,56). However, from a statistical stadpoint it may
be advisable to perform these replicate measurements of
each blank or standard, in three separate batches, followed
by t-tests or one-way ANOV A to determne if the calcu-
lated LOD and LOQ values differ significantly over time.
A tWClway ANOV A IDay be used to detenn ne if a bias is
present between instruments.

Finally. in an effort to reduce interlaboratory LOD
and LOQ variation. and to introduce a sample that as-
sesses minimum perfonnance in each confinnation batch,
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SAMHSA suggested that the LOQ achieved by the labo-
ratory must be II value equal to or less than 40% of the
assay cutoff concentration (71). To ensur acceptable
performnce, it is desirable to challenge the limit of
sensitivity in each batch by including a quality control
sample at this concentration to monitor day-to-day instru-
ment and assay variance.

F. Carryover

The tenn "carover" is used to refer to the contami-
naton of a sample by a sample analyzed immediately

prior to it (35,63). In the urine drug-testing laboratory, the
term "carover limit' is used to delineate the concentr-
tion of analyte in a sample above which contamination
may reasonably be expected to occur. There is at least one
common appach to performng such studies that in-
volves the analysis of standards prepard at increasingly
higher concentratons of analyte, preferably reflecting the
highest concentrations which a laboratory typically en-
counters during routine analysis of samples. Each sta-
dar should be injecte separtely, fonowed by injection
of a blank or solvent to deermne if a signal (response)
charcteristicofthe analyte is present in the sample above

a pre-established limt (typically the LOn of the analyti-
cal protocol). Once the concentration at which carrover
occurs is determined, the laboratory establishes its
carover limit at the next lowest concentration which
does not have evidence of carover in the blank or

solvent. More preisely, upon completion of caover
studies, a laboratory should define the rage of analyte
concentrations at which carover does not occur.

The laboratory should also ensure that the quantita-
tive value for the canover limitestablisli in the carover
study fals withn the linearity of the assay to ensur that
the quantitative value is accurate. It is also advisable to
evaluate carover of an assay on each instrment system,
including autosamplers, on which the. method is to be
performed, although there is no general consensus on this
issue. This is to ensur thatthe established carrover limi t
is propely applied to data obtained on each system

routinely used in the laboratory.
To minimize potential carrover, one or more of the

fonowing approaches can be utilized:

1. Use extensive solvent wash procedures between injec-
tions.

2. Inject solvent between aU subject specimens.

3. Dilute the specimen prior to extrction.

4. Periodically determine or ressss the minimum
caover concentration.

S. Assay specimen extrcts in ascending concentration
order (according to initial immunoassay test results).

6. Reinjec aU highly concentrated specimens followed
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by solvent bla or negative qualty control samples.

7. Assy a carover standard followed by a solvent

blan or negative quality control sample with each

batch to assess carover at the time oftesting.
8. Frequently monìtorthe level of solvent available in the

rinse vial for the autosarnpler to ensure that a suffcient
qua:ûty is available for the entire run.

It is important that criteria be established for evaluat-
ing the acceptabilty of solvent blanks or negative quality
control samples that have been insertd to assess possible

carryo,ver (80). If carrover is suspected, a potentially
contaminate specimen should be re-extrcted, rather
than reinjected, because the extract vial may have aleay
been contamnated.

G. Other Factors

Other factors, such as selection of a derivatizing
reagent, selection of the internal standard(s) for the assay.
selection of ions to monitor for selected-ion monitoring or
full-scan analysis, stabilty of the analyte under various
storag conditions, estimation of reovery of the analyte
frm the matri, and evaluation of the ruggedness of the

analytical protocol, should also be ditermne during the
validation of an analytical method (10,18,29,37,38,78).

Selection ora suitable derivative is a critical compo-
nent of assay development and method validation. There
are at least thre major reasons for using a derivatized
compound. First, the analyte can often be madesuff-
ciently volatie to allow its introduction to the mass

spectrometer by gas chromatography, permtting optial

separation of the analyte from possible interfering sub-
stances. This, intum. usually increases the specificity,
precision, and sensitivity of the assay. Second, th stabil-
ity of the analyte during storage, isolation, and thermal
volatilization caD be enhanced via formation of the
derivatIzed product. Thrd, the increae in molecular mass
resulting frm derivatization may be beneficial, provid-

ing ions which, by virtue of their higher mass, ar more
specific for the analyte (28,43). In cases where two or
more dervatives are possible, each should be tested to
assess its stabilty, chromatogrphic peak shape, and mass
spectrl propertes in th biological matrx. The ideal

derivatization procedure should be convenient and rapid
to pedorm, fomi a consistent and stable product in high
yield, reuire small volumes, be selective for the analyte
of interest, be safe to handle, and should not form by-
products that interfere with the analysis (4,5,39,40,52).

The selection of a suitable interrl standard is highly

linked to the appropriate selecion of a derivative for the
assay (if necessar), as well the paricular ions to be
monitored for analyte identification andquantitation. An

Goldbeger, Huestis, and Wilkls' Quallty.Contr I'rocediires for GC/S Forensic Urine Drug Testing

GDC00603



Mar 19 2007 5: 24PM

ideal internal standard behaves identically to the analyte
throughout the extration, chromatographic separation,
and ionization processes. Stable isotope internal stan-
das appear closest to meeting these criteria. The isotope
label exerts only a slight effect on the physical properties,
yet the higher mass of the isotope-labeled ions of the
internal stadard permts them to be readily distinguished
fromanalytions by the mass spectrometer (l6,26,50,58).
Deuterium-labeled analogs (2H)are most frequently used
as internal standards in urine drug-testing laboratories;
other isotope-labeled anlogs. such as 13C or I~N, are not

commonly used.
Several factors are importt to consider when select-

ing the deuterium-labeled internal standard to be used in
an assay. Th isotope should not undergo exchange under
any ofthe conditions under which it wil be used, such as
the extraction, denvatization, or chromatographic separa-
tion procedures, as well as at the mass spectrometer's ion
source (26). In addition, the isotope must be stable under
routine storage conditions, so that exchange of deuterium
and hydrogen does not occur (50). The isotopic variant
selected should have a molecular weight three or more
mass units grater than the unlabeled compound because
the naturally ocurrng heavy isotope content of organic
compounds in genera produces ions of significant inten-
sity at one or two mass units above each carbon-contain-
ing compound in the analyte' s mass spectrm (26,45-41).
It is therefor critcal that the isotopic variant is of high

purty (::99%) to prevent interference with the analyte of
interest durng the analysis. Also, the labeling should be
in such a manner that the isotopic atoms are loced in
prope molecular strcture so that, afterthe fragmentaon
or ioiuzation process, a sufficient number of high-mass
ions that retan the label ar present in signifcant intensi-
ties and wil not interfere with the intensity measurment
of the corrsponding ions derived from the analyte (46).

The laboratory must carefully evaluate the concentra-
tion of internal standard used in its assay to ensure that
there is no contribution to analyte signal itself. In effect,
the substance ratio of internal standard material to analyte
should be selected to give the least imprecision of qUán-
titative analysis and to afford equal ion signal responses
durng mas spectrmetric analysis of the analyte. Under
certain conditions, improved sensitivity may be observed
by the addition of a large excess of isotopicaly labeled
anlogue to reduce adsorptive losses ("carier effect").
However, this approach is not generlly preferrd in urne

dnig-testing laboratories, where a specific administrative
cutoff value must be applied. When excess deuterated
internal stadard is used, analytical precision usually

suffers (43), which would notbe desirable when a specific
quantitative cutoff is needed. Therefore, it is recom-
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mended tbatthe laboratory eliminate or minimize adsorp-
tive losses, rather than add excessive amount of internal
standard.

The choice of ion or ions to be innitored for GCIM
assays has an importt influence on analytical specific-
ity. Geerally, ions of high, even mass-to-charge ratios
have fewer possible origins and ar therefore more likely

to be charcteristic of a paricular analyte. The laboratory
initially perfonns a preliminary ion selection based on
full-scan mass spectrometric analysis. Io.ns of high mass-
to-charge ratios ànd good intensity ar the first choice for
use in routine asays. It is recommended that laboratories
using selected-ion monitorig utilize at least three charac-
teristic ions for the analyte of interest, and a minimum of
two characteristic ions for the internal standard (72).

Laboratories using full-scan GClS must identify
those ions with suffcient signal intensity and high-mass
to use for qualtative identification of the compound
("matching crteria"). The laboratory should be able to
demonstrate that the full-scan spectra it achieves, and
plans to use on a routine basis, is stale and reliable over
time. Furter consideration of these requirements is dis-
cussd in Section V.

While most forensic urine dmg-testing laboratones
are using electrn impact onization (EI) for GCS
assays, chemical ionization (CI) MS may also be utilized
as the mode of detection to improve assay sensitivity and
specificity. Chemical ionization MS typically produces
an intense molecular ion and only a few fragmnt ions;
therefore, one or two analyte ions may be monitored. A
furter discussion of these two methods of ionization ar
beyond the scope of this paper; however, the use of CI is
acceptable only ¡fthe selectivity, accuracy, and precision
of the CI process and method have been fuly evaluated
(26,811.

Another important parameter to assess during the
method validation phase is that of stabilty of the analyte.
Tbisincludes stabilty of stock solutions ofanalyte as well
as stabilty of the analyte in biological matrx. Stabilty
studies will typically be perormed to assess stabilty
under different temperaturs (storage conditions) and

different lengths of time (in-proess stabilty and 1008-

tenn stabilty). Stabilty of the analyte can be assessed at

room temperature, refrigerated, and frozen storage condi-
tions. The length of time under each storage condition to
be evaluated can range from days to weeks. It is recom-
mended that the laboratory at least establish analyte
stabilty under its own anticipated storage and proessing
conditions. Although there are many different approaches
to the performance of stabilty studies, a common ap-
proach is to use quality control materials prepard at
known concentrations to asses stabilty (18).
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Recovery of the analytefrom a biological matrix must
be determined to 'ensure that it is adequate and consistent.
It is recommended that recover studies be perfonned
across the range of the standard curve, preferably at the
lowest, mid-range, and highest concentrations encom-
passed bytbecurve (18,61,78). Typicaly, a set of samples
of known concentrations is prepared in triplicate at three
different concentrations, internal standard is added, and
the sample then extracted, derivatized, and analyze by
the GCIM procedure. A second set of samples is als
concurrently analyzed; however, the internal standard is
not added unti just prior to derivatization. Recovery is
then calculate by comparng the calculated concentra-
tions of the two sets of samples and expressing tota
recvery of the method as a percnt. Intermediate points
in the extraction prcess may also be evaluated.

The ruggedness and reliability of the assay should be
estalished. Critical assay steps need to be identified,
including assessing the importce of pH, solvent mix-
tures, derivatizing reagents, and temperature and incuba-
tion times utilzed durng the hydrolysis and derivatization
processes. In addition, the level of expertise reuired to
perform the analysis needs to be assessed. It must be
determined whether the assay can be stopped and re-
startd. and how long the deri v8ti:rd analytes ar stable.
A system for monitoring assay performnce varables
such as the number of rejected batches, calibration curve
parameters (including slope, y-intercept, and corrlation
coeffcient), and quality control results must be estab-
lished (42,65,78J.

II. INSTRUMENT PERORMNCE

A. Instrument Checks

In addition to developing validated assays for the
purpose of identifying and quantitating drgs in urine. it
is anessentialqualty assurance component that the labo-
ratory monitor iind document that all analytical instru-
ments involved in the analysis are maintained and oper-
ated properly. The laboratory must establish that the
instrent used for a paricular analysis is operating

adequately and within expected performance specifca-
tions. Prior to the sta of an assay, the condition of the GCI
MS system must be evaluated. The GClS operator
should check the injection port, detector and oven tem-
peratures, and carer gas pressure, and perform routine
maintenance, as needed, such as clipping of the GC
column and replacemnt of the injector septum and liner.
In addition, on a periodic basis, or when a new column is
installed, the carier gas flow rate should also be mea-
sured.
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Routine maintenance should be performed at least as
often as recommended by the manufacturer. Additional
maintenance and instrument check schedules should be
developed by the laboratory according to its worloadand
type of assay performed. For example, the laboratory may
choose to routinely replenish or replace vacuum pump oil
on a quarterly basis. Or, the laboratory may choose to
replace injection port liners daly. Other types of maite-
nance procedures include replacement offiaments, clean-

ing of the ion source, and replacement of electron multi-
plieror ion gauge. The speific schedule develope by the
laboratory wil be dependent upon the type of GCIMS
instrument used (e.g., trditional quadrupole. ion-trp), as
weII as the nature of the extracts analyzed on a paricular
system. The GC/M laborator must maintain reords of
all routine and nonroutIne maintenance perfonned prior
to analysis of speimens, as well as wrtten standard

operating procures for the performance of these tasks
(9,26,31,53.80). Record keeping for maintenance proce-
dures is vitally importnt to demonstratetbe validity of the
analysis (31).

B. Instrument Performance Evaluation an Tunin

On a daly basis, it is a good practice to check the
pressure in the ion source and in the analyzer, as well as
the GC column head pressure to assure that no major
system leas have occurred. For quadrupole operation, a
pressure of I ~ torr or better is required so that significant
interation between the ion beam and residual gas mol-

ecules does not occur (which causes scattring of the ion
beam and loss of scnsitivi ty). For GClS, an even lower
pressure of i o-S torr is necessary to reduce residual gas in
order to prevent signficant distorton of mass spectr and
reduce backgroundintederence. Chemical ionization MS
typically requires higher source pressure than EI MS.

Following this initial pressure check, the laboratory
should veriy that there are no signifcant air/water leak
in the system by monitoring the intensity of the following
ions: mlz 28 (N2+), 32 (02+), 40 (Ar+). and 44 (CÛ2+). If
these peaks are abnormally large, an air leak may be
indicated. In addition, evaluation of water vapor in the
system can be checked by monitoring m1z 18 (H2o+) and

19 (H3O+). Appropriate instrument maintenance must be
conducted before analysis is permitted to proceed.

A GC/MS "tuning procedure" ensurs that appropri-
ate mass-to-charge assignments and abundances of spe-
cifc ions have been established, as well as indicating the
need for instrument preventati ve maintenance. In order to
verify proper calibration and operation of the mass spec-
trometer, the instruent must be tuned daily with an
appropriate tuning compound (e.g., perfuorotrbutyl-
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amine, PFfA) for proper unit resolution and mass
assignmnt "Resoliition" refers to baseline separation
between conseutive integral mass peak. In mass spec-
trmetr, relution and sensitivity ar inversely related.

Tuning should be performed at the operating temperature
of the ion source.

Autotune procedures typically utilize a preselected
set of criteria across a range of mass-to-charge ratios (e.g.,
mlz 69 to 502 for PFBA) to optimize source and quadru-
pole potentials. Alternatively, manual tunes can be used to
increase sensitivity over a naower mass range. Autotune
procedures, or optimization of tunig parameters across a
wide mlz range using a manual tune, are most useful for
analysis of unkown speimens. Narow-range manual
tunes can be useful for some low-level taget compound
analyses. In .this cae, either of the abundant ions at mlz
219 or 414 can be used to optimze source potentials,
dending on which is closest to the analyte and interal
standar ions that wil be monitored. Manual tuning is

acceptable as long as the MS operator is appropriately
trned, the lune procedure is fully documented, and the

laboratory's standard operating proceure (SOP) manual
describes the task clearly and accurately. It is most com-
mon, however, for urne drg.testing laboratories to per-
form an autotune acros the entire mass range (e.g., m/ 69
to 502) at approximately 10 e V (9.26,31,43).

All tune report should be reviewed thoroughly by the
operator before testing is initiated to support compliance
with manufactuer and laboratory specifications. Accept-
able limits should be established for the ion focus, ion
apperance and peak width, abundance of selected ions.
isotope ratos, and mass slope, as appropriate for the OCt
MS instrment. Critical tune values should be monitored
on a regular basis, and all tune reports, including unac-
ceptable ones, should be archived as importnt supportirig
forensic documents. Autotune, or manulÙ tune, informa-
tion should be available dunng review of the batch to
ensure that instrments were perfoming as expected
prior to analysis of specimens. These records may be fied
with the pernent batch, or fied in a manner to permt easy
retreval (12).

C. Chromatographic Performance

The chromatographic perfonnance of an assay should
also be assesse before the analysis of specimens. This is
achieved readily by the injection of an unextracted perfor-
mance standard including analyte(s) and internal
standar(s). Use of an unextracted stadard removes

sourcs of varation due to the extraction procedure and

matrx interferences. In addition to permitting eVlÙuation
of the quality of the chrmatographic system, the analysis

(352) 331-3892 p. 10

68

of an unextracted standard serves to verify that the
analyte(s) of interest elute at the expected retèntion time,
that all MS acquisition windows ar appropriately set, and
that no unexpeted adsorptive system losses have oc-
curred. Evaluation criteria in the SOP manual should
include a thorough descrption of peak shape, resolution,
and signal abundance requirements. .

One approach to evaluation of acceptable chromatog-
raphy for a single specimen and/or an entire batch of
specimens may be defined and assessed by the following
criteria:

I. The analyte of interest is present at the correct reten-
tion time.

2. The peak: of interest obtaned from the tota ion chr.

matogrm and each individual ion chromatogra is
inspete visually for geometric symmetr.A gaussian
peak shape (see Figure 1) is reqired and shal have no
greatr than 50% taling using the following proce-
dure:

a. Draw a vertical line from the apex. through the

center of the peak to the baseline.
b. Draw a lie parlel to the baseline at 10% of the

pe height.
c. Measure th distance "a" from the leading edge to

the centerline.
d. Meare the distace ub" from the centerline to

the tailng edge.

e. Calculate the ratio of distance "a" and distce
Ub~'.

f. If the ratio is greate than 2 or less than 0.5,

performance is unacceptable.

3. The peak of interest is inspected visually for the
presence of unrsolved pes. The maximum allow-
able valle)' between two adacent peaks must not
exceed 10% of the analyte peak height.

4. Abundance or sign-to-noise levels of the internal
standard ions must meet established minimum crite.
ria.

Failure to meet any of these crteria may provide
cause for reinjection or reextraction of a specimen. A
complete review of methods for evaluation of chromato-
graphic performance is beyond the scope of ths paper;
however. acceptable altemati ve criteria for evaluation of
chromatographic acceptabilty can be found in many
textbooks and other reference materials (30.36,49,51,60.
63). Some instrument softwar designers are also devel-
oping programs for automated evaluation of chromatog-
raphy.

In addition to daily chromatographic checks prior to
batch analysis, penonnance of the chromatographic col-
umn should be evaluated upon installation and periodi-
cally thereafter. This can be accomplished by the analysis
of a variety of "test mixtures," sucb as a Grab's Test Mix
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(30), to assess column peiformance. These mixtures gen-
eraly contain several compounds (e.g., early and late
eluters) which are selected to evaluate certin aspets of

chromatographic performance, including peak shap and
sensitivity. From a practical perspective, the forensic
urine drug-testing laboratory may also choose to evaluate
acceptable chromatographic performance for selected
drug analytes (e.g., amphetamine, phencyclidine. 6-
acetyl morphine, codeine) after column installation. Dete-
rioration in performance can then be followed by com-
parson of the initial chromatogram with subsequentchro-
matographic data.-

il. ASSAY CALmRA TION

The term "assay calibratin" refers to the process of
developing a mathematical model that attempts to predict
the value of an independent varable (e.g., concentration)
based on the value of the dependent varable (e.g., peak
height, pe area ratos). Calibration has sometimes been

referrd to as inverse prediction or discnminatIon. This is

in contrt to the tenn "regrssion," which was descnbed
earlierin thi s paper with respect to linearty of the analyt-
cal method. Regression. refers toa functional relationship

between two or more correlated vanables (6,21). In foren-
sic unne drug-testing laboratones, assay calibration is
necessar to determine whether an analyte is present in an
unknown sample at or above a pre-estabJished adminis-
trative cutoff value, as well as to determine the accurate
quantitative concentrtion of the analyte under certn
cirumstances (72). Currntly, it is most common to
calibrate the assay for quantitative measurement using a
single, abundant ion fragment that is characteristic of the
analyteof interest. Additional ions, refeired to as qualiry-
ing ions, ar used to support the qualitative identifcation
of the analyte in the unknown sample.

Three approches to assay calibration are commonly
utilize in forensic urine drug-testing laboratories: multi-

point calibration curves, single-point calibration curves,

I
h

J

c = 0.1 h

Figure 1. Theoretical chromatogrphic peak.
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and historical calibration curves. The first and probably
the most widely employed method of calibration is the
preparation of a multi-point calibration cure. Experi-
mentally derived multi-point calibration curves are used
to cover the concentration range of the samples to be
measured, thereby improving the confidence limits asso-
ciated with the calibration itself. Calibration samples
(standads) are prear from mixtures of differet amounts
of known concentration of analyte with a fixed amount of
internal standard. Speific ion-abundances are measured
for the analyte and internal standar, a ratio calculated,
and a calibration curve generated using a simple least
squars regression model, for example. If th laboratory
elects to use a multi-point calibration curve, it must
include calibrators that bracket the cutoff concentration.
Although many laboratories include a calibrator at the
cutoff concentration, it is not required (72).

The calculated concentration of all standards utilized
to construct the calibration curve should be wi thn:l 20%
of their respective target concentratiDns. If more than
thee standards are utiized to constrct a calibration
curve, it is permissible to delete one calibrator for cause
(e.g., por recovery) provided it is not a calibrator at the
cutoff concentration. It is not acceptable to eliminate a
calibration point solely in order to bring the quality

control results within range, although there is some dis-
agreement on this issue since one might expect that the
probabilty of detecting/obtaning an "outlier" wil in-
crease as the number of calibrators analyzed in a batch
increases (15,72).

Evaluation criteria for linearty of the multi-point

caübration curve include the correlation coeffcient (r),
coefficient of deterr nation (R 2), the slope (m), y-intercept

(b), and quantitative value of each data point. The corre-
lation coeffcient is a measur of the intensi ty of associa-
tion between t'l'o variables, X and Y. In calibration, the
corrlation coeffcient ranges from 0 to 1; 0 indicates no
correlation and i indicates a perfect corrlation. A corre-
lation coefficient may indicate a high degree of relation
between varables, but the generated modl (regrssion
equation) may give an inadequate fit for the data. In
contrast, the coeffcient of determination is a meaur of
"goodness of fit" and is the proportion of variation in the
data explained by the regression modeL. It also ranges
from 0 to I, with 0 indicating a complete lack of fit and i
indicating a perfect fit. Generally accepted criteria for
acceptable linearity using deuterated internal standads
for calibration include a correlation coeffcient and/or
coeffcient of determnation of at least 0.990, and a
y-intercpt close to zero, although slightly positive or
negative y-intercept values at also acceptable. Because
ofthe potential for negative and positive bias. y-intercept
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values should be monitored on a regular basis and tracked
for development of trends.

Forassay caibration, the laboratory must also estab-

lish whether the regrssion line wil be forced thugh the
origin (8 "no-intercept" model) or wil not be forced
through the origin (an "intercept" model). I" the intercept
model, R2 is the proportion of variance explained by the
modeL. In contrast, R2 produced by the no-interceptmodel
is a measure of the degree of dispersion around zero and
describes th proporton of varance around zero ex-
plained by the model (7). Most GelMS softwar pro-
grams allow for the user to select between these two
approaches. The selection of the approprate model to be
used for a parcular assay wil depend on several factors,
including the type and sensitivity of instrment, the ana-
lytical method, the method of ionization, the required
analyt detection, and reporting limits. As a general rule,
it has been suggested that one should assume that an
interpt model is correct until proven otherwise via
statistical testing of the intercept (6-,14). If statistical
testing of the intercept indicates that itis not different from
zero (e.g., b = 0), then the no-intercept model is appropn-
ate and should be used. However, selection of a no-
intercept model implies that the assay limit of detection is
zero, which is not the case for GelMS urine drug-testing
assays due to instrument and matrix background effect.
Therefore, in most instances regression through the origin
should not be used in assay calibration.

The second most commonly employed approach to
assay calibration is asingle-point calibration. In this case,
a single stadard containing analyte at the assay cutoff
concentration is used to establish the cutoff concentration
in order to determine whether a specimen Is pOSitive or
negative. Laboratories then include quality control mate-
rials at concentrations below, at, and abve the cutoff
concentration to demonstrate linearity. The quantitative
results for the quality control samples used in single-point
calbration must fall within :t0% of their respective
taget concentrtions.

The third apprach to assay calibration uses construc-
tion of a historical multi-point calibration curve. The
laboratry establishes the calibration (as above) and ver-
fies that the calibration has not changed between batches
via analysis of contrl samples, one of which is at the
cutoff concentration. Use of historical calibration curves
is acceptable. only if the laboratory has demonstrated
linearty and precision of the calibration curve over time.

If shifts in response ratios are observed or new internal
standard materials are employed, a new standard curve
must be prepard. In addition, all batches must include at
a minimum a blank and two controls, one at or near the
cutoff.
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During assay calibration, the laboratory also estab.
Iishes acceptance ranges for retention time and ion ratios.
Thes acceptace ranges are then used to evaluate each
calibrator, control, and unknown speimen in the batch
(see Section V). For single-point cabration assays, the
acceptable limits are determined from the calibrator at the
cutoff. For multi-point or historical calibration curves,
acceptable limits may be determned from either the
calibrator at the cutoff or from the average of all the
calibrators analyzed. If historical calibration curves ar
used, verification of corrct retention time and ion ratios
is performed by examination of the "at or near cutoff
quality control sample. In this case, the retention time and
ion ratios of this sample must fal withn the ranges
established by the historical curve, or the assay must be
recalibrated (72). Any of the approaches for determining
retention time and ion ratio criteria discussed above ar
considered aceptable; however, th laboratory must ap-
ply the acceptable ranges consistently to all calibrators,
controls, and speimens in th batch.

IV. QUALITY CONTROL

A. Required Quality ControJ Samples

Each assay batch must include a minimum total of
i 0% open and blind positive and negative qualty contrl

samples in an appropriate urine matrx (70). External
blind quality contrl samples are not required, but ar
Highly recommended. Quality control samples may be
purchasd commercially or prepared from a different
source or lot of standard material other than that used to
prepare calibrators. The use of different sources and lot
numbers is recommnded in order to eliminate systematic
quantitative bias in the GClS assay that may otherwise
go undetected. However, at a minimum, quality contrl
materials should be prepared using stadar material

prepared from a different weighing or vial of soure

material other than that used to prepare the calibrators.
The target concentration of at least one contrl must be
within approximately 125% of the cutoff concentration;
othr contrls should be prepared at appropriate concen-

trations in order to regularly assess accuracy below and!
or above the assay cutoff concentration. It is reom-
mended that a highly concentrated control sample be
diluted in a simila roalUer as diluted specimens during
aJiquoting in order to verify the accuracy of the dilution
technique, if one is routinely used to prepare presumptive

positive specimens for confnnation (72).
In order to evaluate the efficiency of tle hydrolysis

pross, cannabinoid and opiate control samples contan-

ing conjugated i l-nor-.19-tetrahydrocannabinol-9-car-
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boxylic acid and morphine, respetively, should be as-
sayed. Negative unne samples spiked with these refer-
ence materials can be prepared, or as an alternative,
hydrolysis control samples can be prepared from a com-
bined urine pool of previously confirmed specimens. (Itis
not acceptble to use regulated specimens for this or any
other purpose until after completion of the required stor-
age time.)

Finally, it is highly recommended, but not required,
that the laboratory use quality contrl materials that

include the addition of potentially interfering substances
in its GClS assays. These might include compounds

that are structurally related to the analyte of interest, or
closely eluting compounds. For example, the laboratory
may choose to include a control containing hydrocodone,
hydromorphone, or oxycodone in its opiate assay to
demonstrate that codeine and morphine ar corrctly

identified and acurately quantitated in the presence of
potential interferents. Another example is that of the
inclusion of a control containing phenylprpanolamne,
ephedne, phentermne, and/or pseudoephednne in Gel
MS assays that utilize a periodate procedure.

B. Verification of Quality Control Materials

Pror to the use of reference materials to prepar

calibrator, control, or internal standard material in the
laboratory, the laboratory is require to verify, indepen-
dently from the supplier, that its chemical identity is
corrct and that it is of acceptable purty and concentra-
tion. The laboratory may perform this verfication itself,
or may refer it to another laboratory. At a minimum, most
laboratories perform a full-scan GCIMS analysis to veriy
the chemical identity and purity of the material wid

compar the obtaned spectra with that ofavai lable librar
spetra to determne that significant impurties are not
present in the material which might interfere with the
method. The appropriate derivatization procedur for the
analyte of interest is employed, as well as the GC condi-
tions routinely used for the assay.

The isotopic purity of the internal standard can also be
verified with the sam procedure described above. In
addition to full-scan analysis, the laboratory may also
evaluate the deuterated internal standard in selected-ion
monitoring (SIM) mode prior to use.

Additional methods for verification ofchetncal iden-
tity and purity may involve measurement of physical
constats, such as melting point or refractive index, as
well as use of other analytical techniques (HPLC, IR,
NMR, TLC, or UV NIS) 10 detectnonpolar or nonvolatile
impurities (63). Verification of concentration is most
often evaluated indirectly by preparation of calibrators or
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controls at known concentrations and analysis in routine
batches.

The laboratory must establish specific evaluation
criteria for reference materials, such as spetr match
requirements, percent isotopic purity reuired, and quan.
titative results. The laboratory must retain documentation
of all verification procedures performed (72). The labora-
tory may then use the reference material to prepare cali-
brators for controls for routine use. Ot' course, these new
calibrators and centrals must then be themselves vali-
dated for concentration (e.g., :120% of the taget concen-
tration) prior to routine use.

C. Evaluation of Quality Control ResultS

There are two major approches to evaluation of
quality control results applied to urine drug testing. The
first approach is the use of a fixed-cnterion quantitative
acceptance rage. In this case, the measured concentr-
tion of control samples must be within 1:20% of the taget
concentration. A more detailed discussion of th rationale

underlying this crtenon has already been discussed in
Setion I-B.

The second approach is to use modifications of
Westgard Quality eontrl Rules to evaluate results. In
this approach, the laboratory establishes waring limits
and out-of-comral limits for the assay based upon the
validated mean and standard deviation for the contrl

sample. A thorough description ofWestgar rules may be
found in several sources (15,35,36,75-77). Westgard

rules are usually not directly applicable to GCIMS foren-
sic testing due to the linuted number of quality contrl
data points obtained in a batch, the large numbe of
independent variables associated with GelMS systems,
and the acceptance of potentially out-of-range data. How-
ever, if coupled with a fixed quantitative accuray re-
quirement of :120% for control matenals, the roles can be
extremely useful for the purpses of evaluating the GC
MS assay for development of trends and systemaii c biases

. (38). Also, other approaches to the evaluation of qualty
control data, includig an ANDV A approach, have ben
described (37,42).

The laboratory's SOP manual must thoroughly de-
scribe the quality contrl evaluation criteria to be used and
must include a policy for the required course of correcive
action if quality control sample results fail to meet accep-
tance criteria. In ord to assess laboratory performance,
all control data, including out-of-linut data, should be
recorded in the quality control Jog in Levey-Jennings or
Shewart char format (15,27,62,72,75-77). Out-of-limit
data should include documentation of reuire corrctive

action. It may be acceptable to reinject a quality control
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sample one additional time. If the results are stil unac-
ceptable, other minimally acceptable protocols include:

1. Reinjection of calbrators, followed by reprocessing

of all quaity control samples and rotin speimen
data against the new calbration, if the time since the

lat injection is not excessive aid the instnrnent has
not been retUned;

2. Reinjecon of all calbrators, quality control samples,
and routine specimens; and

3. Acceptance of negative test results that are Jess than
the LOD and reextraction of all other specimens in the
batch,

V. CRITERIA FOR DESIGNATING A
POSITIV TEST RESULT

A. Chromatograpbic Criteria

eriteria for designating a positive test result include
chrmatographic and spetral identification. ehromato-
grahic identification of an analyte reuir companson
of the retetion time of the speimen with that of a
calibrator at the cutoff or the average of multiple calibr-
tors (either aproach is considered acceptable). Gener-
ally, the retention time of the analyte should be within
:l% of the retetion time as established by thecalibrator(s)

(11-13,72).

B. Ion Ratios

Fuher, identificaton of an analyte requires compari-
son of ion ratios or full spetra data of the unknown with
prestablished ion ratios or full-scan mass spectra, respec-
tively. Acceptable ion ratios for the analyte and its corre-
sponding internal standard are usually calculated using
ion abundance data obtained for the standar prepared at

the cutoff concentration or by determining the mean ion
ratos for all calbrators. It has been demonstrated statis-
tically that while full-scan mass spectrometrc data pro-
vide the maximum confidence for analyte identification,
a minimum of the strcturally significant ions generated
under electrn ionization conditions appear to provide

adequate information for an identification (12,64). If the
regulated urine drug-testing laboratory uses EI, it is cur-
retly reuired to use a uulÙmum of two ion ratios for
identification of the analyte and at least one ion ratio for
the internal standard (72). Of course, CI-generated spec-
tra do not always meet the the-ion criteria because less
extensive fragmentation is generally observed with this
technique. However, this limitation is offset by the pro-
duction of high m/ ions characteristic of the analyte and
increaed specificity with selection of appropriate reagent
gases (11,12,26,81).
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The ion ratios for the analyte and its corrsponding
internal stadard obtaned for the unknown should not
differ by more than :1% of the target ion rato and
acceptace criteria must be unifonnly applied to all speci-
mens withn the batch (72). The establishment of this 20%
acceptace criteria for ion abundance ratios has be
detennned to be appropriate based on ion statistics (i 1-
13,64). Different ion rato criteria cannot be applied to
different specimens. calibrators, or controls within thebatch. .
c. Mass Spectral Match

To ensure adequate mass spectrl match quality for
laboratories utilzing full-scan acquisition, unknown mass
spectr must be compared with reference spectra, and fit
or match qualty values must be computed. The laboratory
should determne allowable limits of acceptabilty in
accordance with laboratory studies and manufacturer's

. reoommendations (e.g., 950 or greater out of a scale of
1,000). It is known that reference spectra in spectra
Iibranes may at times differ frm that obtained from
analysis of actual specimens. This may be due to the type
of instrument used, the parcular algorithms used to
generate a match, the number of ions used to establish a
match, typ of regent gas, electron energy. or tye of
derivatization employed. among other factors. Therefore,
the laborator may consider establishing its own spetral
library for an alytes of interest, providing that
manufacturer's specificatons continue to be met and that
generated spectra do not differ signifcantly from pub-
lished referece sources.

In addition to spectral match requirements, the

signal-to-noise ratio at the apex of the integrated peak of
the analyt and its internal stadard should be equal to or
greater than a minimum of 10:1 at the assay's LOQ.

D. Quantitative Result

Regardless of the detection technique, in order to be
designated as positive, the measured concentration of a
specimen must be equal to or exced the established assay
cutoff concentration. Quantitative results around the cut-
off must be trncated, rater than rounded up to the

nearest whole number. so that the statistical bias is towar
a "negative" result. .

Specimens directed for GCIMS retest analyses ar not
subject to cutoff concentrations and are reported as reon-
firmed jf the concetration is equal to or greater than the
LOD of the method. The specimen retest must also meet
all other cntena for designating a positive test reslt

Quantitative reports should be provided only upon writtn
request of the Medical Review Offcer.
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If the speimen concentration exceeds the linearity
limits of the assay and the specimen was not diluted
accordingly, the report must state: "the concentration of
. analyte' is grater than . the established linearity limit' ."
Also, all criteria for designating a positive test result must
be satisfed including chromatographic .perfonnance, ion
ratios, and retention time data.

VI. MISCELLANEOUS FACTORS

A. Data Prntation

Although presentation of GClS data is highly vari-
ableamong laboratories, pritou ts for all speimens (cali-
brators, controls, and positive. and negative specimens)
must include specimn identification informtion, total
ion chromatogram ilustmting entire acquisition window,
individual selected ion chrmatograms drawn to an ap-
proximate O.5-minute window, mass spectrum (if appli-
cable), spetral data including abundance and ion ratios or
spectrl match, retention time data, and concentraion of
analyte. In addition, data fie name, date and time of
injection, and MS operator name ar highly desirable.
Figure 2 and 3 iJustrate tyical GeIMS reports for
confirmation of benzoylecgonine in urine using the
Hewlett-Packard Mass Selective Detector and the
Finnigan-MAT Ion Trap Mass Spectrometer, respe-
tively. Furher, a summar sheet presented in tabular
formt including injection sequence and specimen identi-
fication information, spectral data, and quantitative re-
sults should be prepad for ease of batch review (see
Figure 4).

B. Dilution Protocols

Dilution protocols may be developed based upon the
relationship of the immunoassay response and the quan-
titative result Specimens may be diluted with GCIM
verified negative urine (or possibly purfied water) prior
to GClS confinnation in order to avoid carover,
prevent chromatographic overload, and to obtain accept-
able chromatographic results. It is reommended that a
quality contrl sample be diluted in the same manner as
any routine specimen to assess the accuracy of the dilu-
tion.

A retest spcimen may be tested by an immunoassay
procedure in order to detennine the need for dilution prior
to GelMS analysis. If dilution protocols are routinely
applied by the laboratory, these procedures should be
clearly described in the laboratory's SOP manual (72),
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C. Reinection of Extracts

Reinjection of specimen extracts may be necessary
due to a failed injection or chromatographic overload. The
laboratory must stipulate the number of aceptable rein-
jections (in regulated laboratories, more than one reinjec-
tion is generally considered unacceptable) and the max-
mum time after the end of the batch that reinjection is
acceptable. If the reinjection is necessary due to column
overload, the labratory may elect to establish a policy
whereby additional reonstitution solvent is added to the
extraction vial prior to reinjection. However, such han-
dling must be clearly recorded on laboratory documents,
and the laboratory must establish minimum criteria for
internal standard signal-to-noise and ion abundance to
ensure that results continue to be reliable.

It is unacceptable to continue to renject or reextract
a speimen in order to "force" anegative or positive reult.
If a specimen fails acceptance criteria it can be reinjected
one time and scheduled for re-extraction one time. How-
ever, if it continues to fail to meet criteria for the same
reason, the specimen must be rejXrted as negative. When
reinjections ar perfonned, it is necessar to reinject at
least one standard and/or control in order to verify assay
performnce at the time of the reinjection. All initial and
reinjection data, including failed or unacceptable data,
must be mai ntained. Finally, retuning prior to reinjection
is not permtted (72).

VIL REVIEW AND EV ALVA nON OF
GC/S DATA

All data must be thoroughly reviewed by a minimum
of two individuals to verify compliance with the methods
specified in the laboratory's procedure manual and to
identify clerical and/or analytical errors. Batch acce
tance criteria include within-range stadards and controls
and acceptable MS tune, chromatographic performance,
ion abundance (adequate signal-to-noise ratio), and ion
ratios or mass spectral match quality. Also, the laboratory
may choose to monitor the consistency (reprducibilty)

of the ion abundance for the interal standar to ensure

that it has been added appropriately, and at the correct
concentration, to each calibraor, contrl, and unknown in
confrmatory analyses. Furtermore, an acceptable cali-
bration curve must be obtained, a lack of carover must
be demonstrated, and chain-of-custody documentaion
must be in order.

The SOP must also address the handling and reportng
of results when duplicate extrcts are assayed, or diluted
and undiluted extracts are analyzed. Acceptance criteria
for duplicates must specify minimum corrlation of quan-
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QUANTITATION REPORT
Data File
Tune File Name
Tune Date
Acq Method Name
Sample Name/Barcode
Acq date/Exp.Barcode

FOR BE ON : 5972 - MS
C: \HPCHEM\1 \DATA\C5AUG96A.iOA\006CUOOS. D
C: \HPCHEM\i \5972\ATUNE. U
5 Aug 96 9: 42 am
BEDRL.M Calib date: 05 Aug 96 1:24 pm
150 NG/ML
5 Aug 96 11:43 am 1

Retention Time
Retent ion Time
R.R.T. 1.001

3.B5 BE +/- 1.00% 3.e13.85D3-BE +/- 1.00% 3.81-
Unknown target ion l ISTD target ion

3 . B 9 min
3 . 89 min

0.75
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=;. 240.0 = 528009 361.0 = 183619 256.0 89775=:: 243.0 = 707972 364.0 = 244509 259.0 95708
=:: 351.0/240.0 '" 34.8 +1- 20.0t rel 27.8 - 41.8=:: 256.0/240.0 17.0 +1- 20.0% rel 13.6 - 20.4=:: 364.0/243.0 34 _ 5 +1- 20.0% rel 27.6 41.4
"':: 259.0/243.0 = 13.5 +1- 20.0" rel 10.8 - 16.2

BE
BE
03 - BE
D3-BE

Concentration
Cutoff limit
un ance

11000000 ~i I, i, 0
t! ime - -;. 2. 50
Tgt m/z 240.0
un ance
400000 ~

144.84 ** CUTOFF CAIBRATOR **
150.00 NGlML

3.85

3.00 3.50 4.00 4.50
4 .95 5 si:aa
5.00

3.70

200000 ~

ance
400000

6
6
.9

Q1 mlz 361.0 BE

200000

o "
ime--::3.70 3.92

o
ime- -::3. 7Q 3.92
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un ance

D3-BE

,

500000 _I

j
I
1, JI J. 0

~ime--::3.70 3.91

3't5

1\
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3. 5 3. 5
500000

o
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3.

71

100000

o
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BE
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4. 00 min

Page 11 Printed on : 05 Aug 96 1: 24 pm

Figure 2. GeIMS repor for confirmation of benzylecgonine in urine using the Hewlett-Packard Mass Selective Detector.
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BENYL ECGONINE SIA~ARD REPORT
LabDraLor~ NaMe: Herftann HospitaL An.l~sls File: BESB0329
lnstruftent T~pe: nS111 NnNESS 2 Ana l!:sls Date: Mai-3e-l9"l
Operator Naftc: KENT JOHNSON Ana I~sis liMe: 2 :51 af
COMMent: STD 158 NC/ML :BENZYLECG OR CONF 3ML :SP£-PFPAOH :1uL

TIC' INI STD: I.S ~ DIFLUOROBE37781f III ,"ROE1' BENOYL £Cl0E377Bir

l.",~~",. ~,;'''".,.
-1 ,~ - ~"" .',,". '.".', '" ,l.., "'" ",.,J ~l", '. '" ,.",1."."" ""J
DaLa ...s. 5.a 5.5 '~32 Data...5 5.iI 5.5 6.8 22J3

141"""" """ ,11(, '."","" ,J ~"i,,,,i,.,,,,,,,,,,,,,.,,~,,,1 ,I, .,."",,,','.Reil .

Uw,,,,, ''''''" "too,,, T''' ,JniB 2ae 3EI 408

Ref"

CALIBRATION CURVE CALIBRAJION REPORT

N.¡e o-f C. Ii File: BEB391

p CaU Fi Ie Updated: May-21-1993
..a Cali Spec Upated: No-l-1991k
A Corre latian Coelf: LeBO
..e Lower Ca.1 i AMount: 75 . Be IlCALa

Ca LCH Ia.ted AMount: 13 .76 NCML
Upper Cai II Aflunt : 12Ð8 .88 NGt'IiL

Calibration A"out

Na.Me of COMpound

i. S. D IFWOROBE
BENOYL ECGONINE

~
457
421

QUANTIJATION REPRTExpRT ~ ~
S.18 5.16 B.4 x
5.13 5.41 B.4 Yo

Min FIt

858
950

Act Fit

99B
996

Pe-ii Area
2727
lZ35

STANDARD CRITERIA
NaMe cl Conpoul1d Concentra-ticn LiMits Ai()n t ~
BENZOYL ECGHJNE 158 NC/HL 128 - 188 NG;1 139.76 NC;,HL PASS

~POUnd = IlENZOYL ECGNINE ArDunt: 138.76 NGIM

Figure 3. GeIMS report for confirmaton of benzoylecgonine in urine using the Finngan-MAT IonTrap Mass
Spectrometer. (Courtesy of Kent Johnson of Hennnn Hospita: Houston, TIC)
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Batch Summary Report
TOXICOLOGY LAB

AculsHlon Date: 816196 10:4lAM
Drug Class: ÐENZOVLE.CGONINE.

Balch Name: 05AUGi6A.10..

Oriinal Method Fie: C:\HPCHEM\l\METHODSlEDR.M
Dat Path: C;\HPCHEM1\DATA\05AUG96A.1OA

Run
No.

1

2

3

4

5

6

7

8

9
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BE

BE

BE

BE

BE

BE

BE

End of Balch

Balch Olr.: 06AUG96A.10A

Instrument Name: 5912. MS02

Operator: B. GOLDERGER

p. 18

Ion Ratio Range: +/-20%

Retention Time Range: +/-1%

POSITive
Blank

No ISro

Good Neg.

Calib
Cutof

Calibll
Siank

POSIT
Blank
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Blank

Negativ
POSITIVE

00U0.0
File
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001 SPO1.0
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D03NE000
D0NEOO3.0

005CAOO.0

D0U005.0
007CAC06.D

008Bl.0
009SP007.0
010BLOO.0

011 SP008.D

012BLOO.O

013SP009.D

014SP010.D

Sample Narn

150 NGlL

155.98

0.00

0.00
0.00

74.45

144.84

100.12
0.00

270.22

0.00
135.59

0.00
0.00

188.58

Sample Nam

UNEXTRTEO sm
SOLVENT BLANK

BLANK

BLK + IS
75 NGlL STO
150 NGL 8m
1000 NGL STD
SOLVENT BLANK

R!l-OOD 1'5
SOLVENT BLANK

R9~OD2.5
SOLVENT BLANK

QC NEGATIVE

QC POSITIVE

33.97

0.00
0.00

33.45

33.62

34.54

34.87
0.00

35.34
0.00

35.34

0.00

35.81

34.6E

Figure 4. GCMS Batch Summary Review fonn.

titative results, usually :t20% ifbotli results fall within the
assay's linear range. In addition, both of the results must
be equal to or grter than the mandated cutoff concentra-
tion, although use of the lowest value is reommended.
The averaged results or a single value, diluted or undi-
luted, may be reported if both results meet acceptance
criteria, and SOP requirements are consistetly applied.

Re view of specimen data should include comparison
of the initial immunoassay response with the GC
result, an evaluation of chromatographic pedormance
including prsence of interfering or extraneous peaks,
retetion time, minimum ion abundance, ion ratios or
mass spectrl match quality, quantitation, extraction eff-
ciency, potential for carryover, and chain-of-custody

documentation.
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Figure. Seru luteinizing hormone (mean :l SEM) prior to and during the administration
of testosterone enanthate (100 mg 1M q week) to seven normal men. The dotted line
represents the lower limit of the normal range. Note that 4 weeks of testosterone
administration are required to suppress seru luteinizing hormone release from the
pituitar to abnormally low levels (Amory et aI, manuscript in preparation).
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Abstract Anabolic androgenic steroids (AAS) are

doping agents that are mostly used for improvement of
strength and muscle hypertrophy. In some sports, ath-
letes reported that the intake of AAS is associated with
a better recovery, a higher training load capacity and
therefore an increase in physical and mental perfor-
mances. The purpose of this study was to evaluate, the
effect of multiple doses of AAS on different physiologi-
cal parameters that could indirectly relate the physical
state of athletes during a hard endurance training pro-
gram. In a double blind settings, three groups (n = 9,8
and 8) were orally administered placebo, testosterone
undecanoate or 19-norandrostenedione, 12 times dur-
ing 1 month. Serum biomarkers (creatine kinase,
ASAT and urea), serum hormone profiles (testoster-
one, cortisol and LR) and urinary catecholamines

(noradrenalin, adrenalin and dopamine) were evalu-
ated during the treatment. Running performance was
assessed before and after the intervention phase by
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means of a standardized treadmil test. None of the
measured biochemical variables showed significant
impact of AAS on physical stress leveL. Data from
exercise testing on submaximal and maximal level did
not reveal any performance differences between the
three groups or their response to the treatment. In the
present study, no effect of multiple oral doses of AAS
on endurance performance or bioserum recovery
markers was found.

Keywords Anabolic androgenic steroids' Doping'
Recovery' Endurance training' Running

Introduction

The main aim of each professional or amateur athlete
is to reach his maximal performance. To succeed, ath-
letes need to balance between training loads (intensity
and volume) and recovery periods which allow them to
optimise their physiological and psychological capaci-

ties. Thus, training programs and specially recovery
phases have to be well defined in order to avoid a pro-
longed imbalance that could lead to overreaching and/
or overtraining (RaIson and Jeukendrup 2004; Rug
et al. 2003; Kuipers and Keizer 1988; Lehmann et al.
1993; Petibois et al. 2002). In increasing the recovery
capacities of the organism, the training volumes and
intensities can be amplified thus reducing the risk to
reach an overtraining state.

Recently, in endurance sports like cycling and athlet-
ics, some athletes reported anonymously the use of ana-
bolic steroids, like testosterone and nandrolone, as an
effcient exogenous aid to recover more rapidly follow-
ing intense physical efforts (Rartgens and Kuipers 2004).

~ Springer

GDC00621



330 Eur J Appl Physiol (2006) 98:329-340

The discovery of testosterone has given rise to the
synthesis of multiple anabolic steroids (Kenyon et al.
1938). Rapidly, these products as well as testosterone

have been used for doping purposes even if their per-
formance-enhancing properties were largely inconclu-
sive for many years (Haupt and Rovere 1984).

Nevertheless, since 1980 some authors reported evi-
dences that anabolic androgenic steroids (AAS) are
effective in increasing muscle mass and improving
strength (Bhasin et al. 1996; Friedl et al. 1991; Hart-
gens and Kuipers 2004) but the research done on the
recovery rate in humans is too limited to draw definite
conclusions yet. As recuperation is a physical and men-
tal concept that is quite diffcult to measure directly,
the few research done in this context studied indirect
parameters, like heart rate and serum lactate levels,
creatinine, creatine kinase (CK) and aspartate amino-
transferase (ASAT), associated with recovery time.
Based on these criteria, some authors reported benefi-
cial effects of AAS (Boone et al. 1990; Keul et al. 1976;
Rozenek et al. 1990; Tamaki et al. 2001) whereas oth-
ers found no consequence of AAS on recuperation
(Jakob et al. 1988;Urhausen et al. 1989). Through
experiments on birds, Alway and Starkweather (1993)
suggested that the increased rate of protein synthesis

due to AAS administration could be at the origin of a
faster recovery from training load. An extrapolation
was done from birds to humans without any scientific
proofs.

As AAS are stil at the origin of the major adverse
analytical findings in the world antidoping laboratories

(W ADA 2005), the aim of the present study was to
investigate more precisely the effect of multiple oral
doses of testosterone undecanoate, 19-norandrosten-

edione or placebo on physical stress in male volunteers
during a period of endurance training. Regarding ergo-
genics effects, the two investigated AAS can not be
compared with others main AAS like metandienone or
stanozolol which effects on muscle development and
lean body mass have been clearly proven (Broeder
2003; Hartgens and Kuipers 2004).

Furthermore, we hypothesised that exogenous AAS
intake could affect several blood and urinary parame-
ters. Then some biological markers were analysed
through the whole protocol in order to detect a poten-
tial typical profile of AAS doped athletes versus pla-
cebo. Hypothalamus-pituitary axis hormones

(testosterone, cortisol, LH, hCG and SHBG) were
measured to assess the effect of the administered AAS
on blood hormones profile. Cardiac and muscular
markers (Troponin I, Myoglobin, ALA T and Creatine
Kinase) as well as inflammatory cytokine (IL-6) and

catecholamines have been assessed to evaluate the

~ Springer

physiological effects of strenuous exercise in treated
and placebo volunteers.

At the same time, running performances were mea-
sured through treadmil tests at the beginning and at
the end of the protocol in order to put forward a posi-

tive global effect of testosterone and/or 19-norandros-
tenedione on physical adaptations to training.

Materials and methods

Selection of volunteers

The study was conducted at the Swiss Antidoping Lab-
oratory, in Lausanne (Switzerland), after the approval
of the protocol by the ethics committee from the Fac-
ulty of Medicine (University of Lausanne). Partici-
pants were healthy male volunteers from Caucasian

origin, aged between 20 and 30, mainly from the Insti-
tute of Sports Sciences and Physical Education (Uni-
versity of Lausanne, Switzerland). All subjects

practiced sports on a regular base with weekly training
times ranging within 4 and 12 h. Thirty volunteers pro-
vided informed consent for the participation in the
study. These students were not physically dependant
on drugs and were instructed not to take any nutri-
tional supplements or steroids 1 year before and during
the study, which could affect their metabolism and ste-
roidprofile. Volunteers who were prone to hormonal
dysfunction, cardiovascular disease, or have used con-
trolled substances or any medication known to affect
steroid metabolism were excluded from the study. Par-
ticipants were evaluated medically (anamnesis and
ECG at rest) and psychologically at the beginning of
the study, before the treatment period, and at the end
of the study in order to monitor their health. The

anthropometrical characteristics of the participants as
well as their physical level are summarized in Table i.
The fat percentage was determined with a four site (tri-
ceps, biceps, subscapular and suprailiac) skinfold mea-
surement (Pongchaiyakul et al. 2005).

Exercise testing

The trial was divided in three phases. During the first
part, all subjects performed a medical inclusive test and
a running exercise test 1 month prior to the beginning
of the treatment period. The exercise test was done on
a ELM2 treadmil (Woodway, Weil am Rhein, Ger-
many) where velocity was increased incrementally
until subjective exhaustion of the tested subject. The
initial workload was 6 km/h and running velocity was
increased by 2 km/h at 3 min intervals. Blood lactate
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Table 1 Mean anthropometries values and physical performance (:l SD) of the three groups at the beginning and at the end of the study

Placebo 19- Norandrostenedione Testosterone

Before After Before After Before After

Age (years) 24.2 :l 2.3 22.9 :l 2.0 24.1 :l 1.6

Weight (kg) 75.7 :l 8.4 74.2 :l 8.0 77.3:l 7.6 77.5 :l 6.9 76.6 :l 9.5 76.2 :l 9.1

Height (cm) 182.4 :l 4.5 182.4 :l 4.5 183.4 :l 5.9 183.4 :l 5.9 182.7 :l 6.6 182.7 :l 6.6
Fat mass (%) 12.6 :l 3.6 12.4 :l 3.6 12.6:l 1.7 12.7 :l 1. 12.5 :l 3.4 12.5 :l 2.7
Free fat mass (kg) 66.0 :l 6.1 64.9 :l 5.6 67.5 :l 6.8 67.6 :l 6.1 66.9 :l 6.8 66.6 :l 6.9
Body mass index 20.7 :l 2.0 20.3 :l 1.8 21.0 :l 1.5 21. :l 1. 21.0 :l 2.2 20.8 :l 2.0
Running speed at IAT (kml) 13.3 :l 1.9 14.4 :l 1.8 12.7 :l 1.5 14.0 :l 0.7 13.6 :l 0.7 14.7 :l 1.2

concentrations at the different running velocities was

measured with a Lactate Pro (Arkray, Kyoto, Japan) in
capilary blood obtained during a 20 s-break after each
stage from the hyperaemised earlobe. Heart rate was
registered continuously using surface ECG during the
last 30 s of each step of the protocol.

Training program

A special software (Ergonizer, Freiburg, Germany)
was used for investigator-independent calculation of
lactate threshold based on an equalizing SPLINE inter-
polation procedure (Roecker et al. 1998). As demarca-
tions of intensity, heart rate at the lactate threshold

(LT) and the so-called individual anaerobic threshold
(IAT) were determined. The LT was taken from the
original definition introduced by Wassermann et al.
(1999) at the workload that corresponds to the start of
the blood lactate concentration increase. IAT was set
as the point at a net lactate increase of 1.5 mmol/l

above L T (Dickhuth et aL. 1991). Four individual train-
ing zones for each volunteer were defined based on the
heart rate at the IA T as proposed by Roecker et al.
(2002). Zone 1 (83-100% of LT) was used as exercise
intensity for recovery or warm-up training. Zone 2 and
3 (100% of LT-95 % of IAT for zone 2 and 95-101 % of
IAT for zone 3) determined the training intensity to
improve aerobic performance. Training in zone 4 (99-
107% of IAT) was used to increase the lactate toler-
ance (Roecker et aL. 1997).

In order to level the performance of all participants,
volunteers had to run four times a week at a low inten-
sity included in the first or second training zone,

2 weeks before the first treatment. To manage their
training during the protocol, a heart rate monitor (Fit-
watch, Sigma Sport, Germany) was lent to the subjects.

Study medication

The second part of the study consisted in the oral
intake of 12 placebo, 19-norandrostenedione or testos-

terone undecanoate pils on Monday, Wednesday and
Friday between 6.30 and 8 am for 4 weeks (day 1-28).
The subjects were randomly distributed in the three
groups of ten individuals. The pils were composed of
300 mg of mannitol for placebo group (P group),
100 mg of 19-nor-4-androstenedione and 127 mg of
mannitol for 19-norandrostenedione group (N group),
80 mg of testosterone undecanoate and 115 mg of man-
nitol for testosterone group (T group). Testosterone
undecanoate (Dynapharm Distribution, Meyrin, Swit-
zerland) and 19-nor-4-androstenedione (Sigma, St.

Louis, MO, USA) were analytical tested by the Phar-
macy of the University Hospital (CHUV, Lausanne,
Switzerland) that also prepared the pils.

During the same time period, the volunteers were
subjected to a strict individual training program

(Fig. 1) aimed at improving endurance performance
and causing fatigue and designed by expert staff. Mean-
while, all the subjects had to fill in the short version of
POMS (Profile of Mood State) in order to assess the
psychological profiles (data submitted for publication).

Spot urines were collected before the first pil
intake, during the second week of the training period
before and after the running sessions, on day 24 before
treatment, 4, 8 and 24 h after and 13 days after the last
pil intake (Fig. 1). Urines were kept at 4°C until their
delivery to the laboratory and then each urine sample
was divided into 20 ml flasks and stored at -20°C until
extraction and analysis at the laboratory.

Blood analysis

Blood collections consisted in three tubes, one EDT A
2.7 ml and two serum 4.9 and 5.5 ml (Sarstedt AG &
Co., Nümbrecht, Germany) withdrawn before the
administration of the pil on day 1, 5, 8, 10, 12, 19, 26
and 29 in fasting conditions. The last tube was collected
on day 38, i.e. 10 days after the end of the training pro-
gram. The tubes were kept at 4°C (maximum 2 h) until
the arrival at the laboratory. Hemograms were analy-
sed on the EDT A tubes with a Sysmex XT 2000i
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Fig. 1 Schematic representation of the main part of the protocol.
The pil intakes are shown by the asterisks. The daily training pro-
gram is detailed with the different training zones (box with dots,
zone 1; light grey shaded box, zone 2; dark grey shaded box, zone
3 and black box, zone 4). The schedule of sampling is depicted on
the right side (B, blood; U, urie; U24H: uries durg 24 h)

(Sysmex Corporation, Kobe, Japan). These samples
were then centrifuged 10 min at 1,700 g and plasma dis-
tributed in 3 ml polypropylene tubes and stored at -
20°C until further analysis.

Serum tubes were directly centrifuged 10 min at
1,700 g and the plasma collected in 3 ml polypropylene
tubes and stored at -20°C until analysis. Serum endo-
crinology parameters (cortisol, testosterone, LH, hCG,
SHBG), muscle and cardiac biomarkers (Creatine
Kinase, Troponin I, Myoglobine) and inflammatory

markers (Interleukine-6) were measured with an
Immulite 2000 (DPC Diagnostic Products Corporation,
Los Angeles, CA, USA).

Aspartate, alanine aminotransferase (ASAT,

ALA T) and urea were obtained from Dade Behring
Diagnostics (Düdingen, Switzerland), runned on.
Dimension(I RXL.

Catecholamines analysis

The subjects were asked to collect all their urines dur-
ing 24 h on day 4, 17,25 and 32 (U24H, see Fig. 1). Ten
mililitres of HCI 5 N (Merck, Darmstadt, Germany)
were added in the 3 i containers (Becton Dickinson
BD, Franklin Lakes, USA) to stabilize the urines. Two

~ Springer

aliquots were taken in 10 ml urine monovette (Sarstedt
AG & Co., Nümbrecht, Germany) and kept frozen at-
20°C until analysis. Adrenalin, noradrenalin and dopa-
mine were measured using high performance liquid
chromatography (HPLC) with fluorescence detection
(LC 240, Perkin Elmer, Boston, MA, USA).

Statistical analysis

All statistical analysis were performed on Matlab(I ver-
sion 6.1.0, with Statistics Toolbox version 3.0. Since dis-
tributions of the concentrations under study here are
not necessarily normally distributed, a non-parametric
one-way analysis of variance (Kruskal-Wallis
ANOV A) was used for comparing means or medians
between two groups of data. A (-test was also used to
compare the sample average to a given constant. A sig-
nificance level of P = 0.05 was considered.

Results

General considerations

Thirty male individuals were recruited to take part to
this triaL. Because of the vigorous training program
imposed on the volunteers, five of them retired from
the study due to physical problems (articulations and
muscles soreness). The values measured on these indi-
viduals were not included in the analysis. The final
repartition of subjects was 9, 8 and 8 individuals for P,

T and N group, respectively. The anthropometries val-
ues (Table 1) showed no statistical difference
(P ;: 0.05) between the three groups before and at the
end of the protocol.

The spot urines collected during the protocol were
analysed for the detection of the endogenous urinary
steroids. Isotope ratio mass spectrometry and gas chro-
matography coupled to mass spectrometry were used
to detect variations of the testosterone metabolites

compounds (Baume et al. 2006). Nandrolone metabo-
lites (19-norandrosterone and 19-noretiocholanolone)
stemming from the metabolism of 19-norandrostenedi-
one (Bricout and Wright 2004) were also quantified in
order to support previously published results (Baume
et aL. 2004) on the nandrolone metabolites pharmaco-
kinetics (manuscript in preparation).

Physical performance

Three weeks before the first study medication, speed,
heart rate, serum lactate concentration and exhaustion
were determined during standardized treadmil test.
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No statistical difference was found between the groups
except for lactate IAT and maxal speed between Nand
T groups (PNT = 0.02 and 0.03). Statistical analysis were
done on the same parameters established followig a sec-
ond treadmil test performed 10 days after the end of the
training program. The results revealed no difference
between the three groups (P ;: 0.05).

To put forward a potential beneficial effect of
numerous oral doses of AAS on performance, the
same physiological parameters were used. The intra-
group differences between the post and the pre-treat-
ment treadmil test values were calculated. As depicted
in Fig. 2, a significant increase was observed for maxi-
mal speed (Amax speed) in all groups (t-est for mean = 0;

Pp, PN and PT 0( 0.05) and for the speed at the IAT

(Aspeed IAT) for the N group. A noteworthy decrease
was noted for the serum lactate concentration at the
IAT (Alactate IAT) for P and N groups (Pp and
PN 0( 0.05).

Blood analysis

Several serum endocrinology parameters were mea-
sured. The time course of cortisol, total testosterone,
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Fig.2 Individual differences (1\) between post and pre-treatment
speed, heart rate (HR) and lactate values at the individual anaer-
obie threshold (IA T, left part of the chart) and at exhaustion (max,
right part of the chart) for the three groups placebo, 19-norandr-
ostenedione and testosterone. P values indicate the probability of

LH, T/LH and T/cortisol ratios along the protocol is
depicted in Fig. 3. Comparison (Kruskal-Wallis analysis
of variance) of values from the first and the last blood
samples showed a significant decrease of cortisol for P
and N groups (P = 0.0007 and P = 0.0046) and of total
testosterone for the three groups (P = 0.0041, P = 0.046

and P = 0.0063, for P, Nand T group, respectively). The
T/LH ratio did not vary along the entire study (Kruskal-
Walls ANOV A; P;: 0.05) but the T/Cortisol ratio
increased significantly for the P group (P = 0.01). The
first value measured before the beginning of treatment
was compared to a group of values composed of the
samples 2-8 (days 5, 8, 10, 12, 19,26 and 29; i.e. during
the treatment). No significant variation was noted for all
the investigated parameters. The results of hCG analysis
were mainly below the detection limit of the test used
and are therefore not of use for any interpretation.

Cardiac biomarkers were also measured on all blood
samples. Figure 4 shows the variations of creatine
kinase. Additionally, the time course of ASAT and
urea is depicted in same figure. The statistical analysis
did not reveal any intragroup difference (Kruskal-Wal-
lis ANOV A; P;: 0.05). It has to be noticed that the CK
data are expressed in ng/ml which is uncommon and

p N T

a significant variation (P.: 0.05) due to the administered product
(i.e. PT for the testosterone group). The boxes contain 25-75% of
the values and the bars ilustrate the 95% confidence interval.
The median is represented by the line in the boxes. The crosses are
the outliers
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Fig.3 Values of cortisol (a), total testosterone (b), LH (c), T/LH
ratio (d) and T/Cortisol ratio (e) for the placebo (open circles,
unbroken line), testosterone (open square, dotted line) and 19-no-

due to the measurement method. To put the data into
perspective, a reference range study revealed a median
value of 0.9 ng/ml, an upper 97.5th percentile of 2.6 ng/
ml, and an upper 99 percentile of 4.8 ng/ml (Immulite
2000 CK-MB procedure, DPC, CA, USA).

As hCG, the detection of troponine I could not be
used because of concentrations ranging below the
detection limit of the test used. Myoglobin values

remained invariant, the data are therefore not shown.
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The blood parameters (full blood count including
Hct, Hb, ...) measured on the EDTA tubes revealed no
significant variation throughout the trial (P:; 0.05)
(data not shown).

Urinary catecholamines

Four times during the protocol, the volunteers had to
collect their urines during 24 h (Fig. 1). The three

GDC00626



Eur J Appl Physiol (2006) 98:329-340 335

15.0
a

Ë
~ 10.0

..
rn..i:
i2
..
.!:
1; 5.0..
i3

__1---
0.0

o 10 20
Days

30

10.0
c

8.0 b - - - - Ji

~.~_.b_~.s
o
E
.§ 6.0
..
l!::

4.0 --:'--i--- '-- _ - - '.--, ';':.' -, " -: - ,_: -' ;:,. ' _;.

2.0
o 10 20

Days
30

Fig.4 Values of creatine kinase (a), ASAT (b) and urea (c) for
the placebo (open circles, unbroken line), testosterone (open
square, dotted line) and 19-norandrostenedione (open triangle,

major catecholamines, noradrenalin, adrenalin and
dopamine were measured. The mean values of the four
collection days are depicted in Fig. 5. The values are
within the normal range (noradrenalin: 20-80 ~g/24 h;

adrenalin: 2-20 ~g/24 h; dopamine: 190-50 ~g/24 h).
The only significant difference found during the test
was for noradrenalin of the third urine (day 25)

between P and T groups with a larger mean value for
the T group (P = 0.0045).

Discussion

. The purpose of this study was to evaluate a potential
effect of multiple AAS oral administrations on running
performances and on the physical stress leveL. Up to
now, many studies investigated the influence of various
AAS on muscular performance and recovery after
strength and/or resistance exercise (Bhasin et aL. 1996;
Kadi 2000; Kuipers et al. 1993). To our knowledge, the
endurance factor has never been studied in parallel
with a chronic oral intake of testosterone and/or

80.0

;J ,lk
. \ i' '."".' .

60.0

~
l- 40.0
oC
Ul
oC

20.0 -
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40

broken line) groups. Values are means:l SEM. As in Fig. 3, the
training and treatment phase is indicated

nandrolone or its precursors. These two products were
chosen because they seem to be the AAS most used in
sports (W ADA 2005). Moreover, oral treatments
require an ester of testosterone (Wilson and Griffn
1980) because of the rapid hepatic metabolism of pure
testosterone. Norandrostenedione is a recurrent con-
tamination compound of nutritional supplements that
are more and more used by athletes. For these reasons,
the type of AAS and the doses used in our study could
be considered as a good mimical representation of
what might be used in professional and amateur sports.
Nevertheless, the results of this study may not be
directly transferred to all other AAS which could lead
to more significant effects.

Exercise tests

To be able to assess a possible beneficial effect of AAS,
the training protocol was specifically designed for
endurance training based on training regimes used in
the preparation of elite athletes and aimed at reaching
a high level of physical and mental exhaustion at the
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Fig. 5 Mean values (:l SEM) of urinary excreted noradrenalin
(a), adrenalin (b) and dopamine (c) for the placebo (open cir-
cles, unbroken line), testosterone (open square, dotted line) and

end of the 4 weeks training in the volunteers (Fig. 1).
This aim was well achieved according to the oral feed-
back obtained from the subjects.

For exercise testing, we used a protocol that has
been used and validated for the evaluation of running
performance in previous studies (Roecker et al. 1998).
There are many physiological descriptors for the evalu-
ation of performance. We choose the relation between
running speed, serum lactate concentration and heart
rate for the description of effort. From these parame-
ters, a reliable prediction of race times in running com-
petitions is possible (Roecker et al. 1998) and thus this
test setting has a high practical impact for high perfor-
mance sport. These three parameters were evaluated
at two different time points during the treadmil tests.
First, at the IA T and secondly at exhaustion (max) of
the subjects. At the beginning of the protocol, only two
values were found to be significantly different between
Nand T groups. T group subjects had a lactate concen-
tration slightly under the one of the N group at the IA T
and a maximal speed higher than N group individuals.
These points toward the fact that the initial physical
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level of the 25 individuals was not uniform and is a
recurrent problem in the clinical studies made on
human volunteers (Hartgens and Kuipers 2004) that is
very diffcult to avoid because of the high number of
subjects that are required for such studies. Even if
these differences exist, in the present study, there are
quite negligible (P = 0.02 and 0.03). The P, T and N
groups were therefore considered as comparable with
each other. The variables measured during the tread-
mil tests performed after the training program (day
38) showed no variation between the three groups
(P;: 0.05) which can be interpreted as an identical
intergroup response to training, regardless of the
administered substances.

The intragroup performance variation following the
training month was assessed in calculating the differ-
ence of the same values described above measured dur-
ing the post and the pre-treatment treadmil tests

(Fig. 2). Once again no clear conclusions can be drawn
even if Aspeed ¡AT of the N group subjects and Alactate ¡AT

for Nand P groups significantly increased and
decreased, respectively. Only one parameter (Amaxspeed)
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increased considerably for the three groups. It can be

speculated that this increase of the maximal speed
might be due to a uniform effect of the training program
in the three groups.

On the other hand, there is an adaptation phenome-
non of the subjects to the treadmil which implies that
an individual wil never perform two identical exercise
tests. In addition, the intraindividual variation of the
performance test might be greater than a potential
effect of training or treatment. This is a recurrent prob-
lem in sports medicine (Hopkins 2004) and training
planning. Therefore the differences observed between
the performance related variables at the beginning and
the end of the study are not important enough to prove
that the investigated oral AAS are useful to increase
endurance performance. It has to be noticed that the
number of subjects in our study might be insuffcient to
unmask small effects of AAS. Indeed, it is possible that
the performance is influenced by the oral intake of
AAS in a range of 2-5%. Such a difference, e.g. in the
speed at IA T might have a significant impact in a top
level sporting competition but would require higher
volunteer number to be revealed.

Hormone profiles

Many authors have investigated the effects of exercise
on the endocrine system. While some studies demon-
strated that physical efforts do not influence the concen-
trations of serum hormones like testosterone (Smilios
et al. 2003), others clearly showed that there is a hor-
mone variation (testosterone, LH and cortisol) due to
exercise (Bonen et al. 1979; Galbo et al. 1977; Kuoppa-
salm et al. 1980). These contradictory results could be
explained by a reaction dependent on several factors
like intensity, duration and mode of exercise and also by
the training level of the subjects (Tremblay et al. 2004,
2005; Urhausen et aL. 1995; Viru 1992). For this reason,
the study protocol is a key criterion to consider before
comparing the results reported in the literature. It is well
documented that during and just after an endurance
effort, testosterone (anabolic hormone) falls under the
basal values whereas cortisol (catabolic hormone) con-
centration increases, which implies a decrease of the
anabolic/catabolic (T/cortisol) ratio. It has been sug-
gested that such adaptation allow amino acids to be redi-
rected from protein synthesis to gluconeogenesis needed
in stress situation (Duclos et al. 1996; Nindl et al. 2001).
Up to now, only the imediate evolution (hours after
efforts) of these biological markers has been investi-
gated. With this study we focused on the middle and
long-term changes of the hormonal profiles. The hor-
monal responses depicted in Fig. 3 show no significant

variation for total testosterone, cortisol and LH in the
three groups. According to previously reported results
(Fernandez-Garcia et aL. 2002; Wheeler et aL. 1991) a
drop of the testosterone serum concentrations should

have been observed but none of the three groups
showed such picture. Moreover, the intake of testoster-
one undecanoate seems not to have any effect on the tes-
tosterone concentrations meaning that the oral doses
were probably not suffcient enough to influence the
hypothalamc-pituitary-testicular (HPT) axis. At the end
of the training program, the volunteers could be consid-
ered as endurance trained athletes. Thus the final
decline of testosterone, for the three groups, could be
explained by a down regulation of the HPT axis that was
already observed in this kind of athletes (Hackney et aL.
1990, 1998). Free and bioactive testosterone concentra-

tions were also calculated through the measurement of
SHBG (data not shown). As this latter did not vary sig-
nificantly, the free and bioactive testosterone profiles are
the same as the one of total testosterone.

Cortisol has been proven to be one of the essential
adaptation hormone during exercise (Viru and Viru
2004) but the variations are dependent of the intensity
and duration of effort (Viru et al. 1992). As testoster-
one, cortisol serum concentration is quite stable during
the treatment phase and drops significantly 10 days
after the end of the training. The fact that cortisol lev-
els did not change during the training was already

observed by Keizer et al. (1989) and this might be
explained by the rapid return of this hormone to the
basal value. The final decrease of cortisol is probably
an indicator of a complete recovery of the volunteers in
whom the catabolic activity is not present any more.

Intuitively, longitudinal follow up of athletes during
1 month of endurance training should have resulted in
a testosterone decline and then by a retro control feed
back to a stimulation of the LH production (Matsum- .
oto and B~emner 1984). As testosterone does not vary,
LH remains stable during the entire study. These
results have already been reported in the literature.
MacConnie et aL. (1986) stipulated that this non
response of LH may be caused by the prolonged,
repetitive elevations of gonadal steroids and other hor-
mones known to suppress gonadotropin-releasing hor-
mone secretion that are elicited by daily exercise. The
T/LH serum and urinary ratios have been proven as an
indicator of high injection dose of testosterone admin-
istration (Kicman et aL. 1990). The multiple oral doses
of testosterone undecanote taken by the T groups sub-
jects seem not be suffcient to have a significant impact
on the HPT axis as testosterone and T/LH ratio are
rather constant and not different from the two other
groups, along the study.
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Inflammatory and stress markersAll these results could indicate that the HPT axis
has not been influenced by the duration (1 month) and
intensity of the efforts. As the subjects trained outdoor,
the conditions were not controlled as well as in labora-
tory settings. Nevertheless, the volunteers had to
report their daily exercise (time of run and intensities)
in order to allow a control of the protocol by the inves-
tigators. Except this control, the diet and others physi-
cal activities were not monitored. This is probably not
an explanation of the relative hormonal stability which
is most likely explained by the times of the blood with-
drawals (between 6.30 and 8 am, 48 h after the previ-
ous medication).

Muscular activity biomarkers

To have an indirect measurement of the physical
stress, the global time course of CK, ASA T and urea
was assessed during the training month (Fig. 4). CK is
an enzyme important for the muscular contraction
cycle and present in striated and cardiac muscles. An
augmentation of this biomarker could result from a
release of the damaged muscles due to intense physi-
cal effort (Ebbeling and Clarkson 1989). The basal
values of the three groups are slightly above the refer-
ence range values. This observation is common in
people practicing sports on a regular base. Even if no
statistical changes were observed for CK, the profile
indicated that at the end of the two first training
weeks (days 5 and 12) the subjects have highly solic-
ited their muscles. On days 19 and 26, relatively low
CK serum levels could express the organism adapta-
tion to the training stress. ASA T is also contained in
striated muscles and increase as well as CK after
strenuous bout of exercise. The profile of ASA T is
comparable with the one of the CK and confirms the
observations made above. Urea is the final product of
the amino acids degradation. The dosage of serum
urea is mainly performed to evaluate the renal func-
tion which can be altered by intense physical exercise
(Poortmans 1995). Once again, for testosterone
group, the profile ilustrates the exercise intensity but

for Nand P groups no clear pattern was detected. In
the case of a better physical stress tolerance following
the intake of oral AAS, it can be expected that one or
more of these three biomarkers that were chosen for
an indirect measurement of stress, would be more
constant during an intense training program. Our
results do not show any intergroup difference in the
serum CK, ASAT or urea profiles. Subsequently, no
beneficial effects on physical stress could be attrib-
uted to oral testosterone undecanoate or norandros-
tenedione.
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IL-6 has been proven to be an inflammation responsive
cytokine that drastically increase after strenuous exer-
cise (Pedersen et aL. 1998) and also after prolonged
running (Ostrowski et al. 1999). Some authors postu-
lated that IL-6 could be involved in hormonal response
to training (Steensberg et al. 2003; Steinacker et aL.

2004). The main part of IL-6 analysis performed on the
serum samples were below the detection limit of the
immunological test used and no statistical interpreta-
tion was possible. According to these results, we are
not able to confirm an increase of IL-6 for both groups
and this parameter seems therefore not useful for a
long-term stress evaluation.

To have an indirect feed back of the physiological
stress generated by the hard training, catecholamines
were quantified in 24 h collected urines (Fig. 5). These
are hormones secreted in stress situations. Changes in
resting plasma and/or urinary catecholamines (adrena-
lin and noradrenalin) have been suggested as possible
tools for monitoring the impact of training load and/or
overload (Lehmann et al. 1997; Mackinnon et al. 1997).
It has also been shown that excretion of catecholam-
ines is correlated with training load (Atlaoui et al.
2006) and emotional stress (Lehmann et al. 1988).
Between the three measured catecholamines, only nor-
adrenalin seems to be influenced by effort as an
increase is observed for the T group. Even if this is a
significant change, no reasonable explanation was
found.

Limitations

Some limitations must be taken into consideration. First,
the fact that trainig and treatment are done at the same
time complicated the interpretation of the results. Sec-
ond, the statistical models used are of limited signifi-
cance for a small number of volunteers. More subjects
could have unmasked differences in a range of 2-5%.
However, small differences would be of great impor-
tance for professional athletes that compete at the high-
est leveL. Our observations are not in accordance with
the major studies made in the field of physical stress and
hormone response following endurance exercise, proba-
bly because contrasting most other studies, we tried to
investigate the development of hormones and other
physiological markers in a time period of days rather
than hours. The authors estimate that the training inten-
sity and volume were suffcient to trigger typical hor-
monal responses. Third, the doses of AAS administered
in our investigation could have been too low to observe
any performance or recovery improvements. However,
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our doses were supposed to mimic the ones taken by
athletes and higher amounts would not be realistic in the
antidoping field. Maybe that a prolonged medication
period could lead to statistical differences regarding the
investigated physiological parameters between AAS
groups and placebo. The effect of AAS could also be
psychological and, in that case might not be measurable
through physiological parameters.

Conclusion

This study investigated the effect of multiple oral AAS
intake on performance capacity and markers of physical
stress of endurance trained athletes. Based on the
results, it is not obvious that a regular exogenous supply
of testosterone undecanoate or 19-norandrostenedione

(a nandrolone precursor) reduces physical stress or
improves endurance performance of the athlete.

According to these observations, further investiga-
tions with higher number of subjects and different
treatment times are needed to support the hypothesis

that AAS have a real impact on the organism to
improve recovery during and after endurance efforts.
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Abstract

To investigate (i) the effects of exogenous testosterone (T) on self- and parter-reported aggression and mood and (2) the role of trait
impulsivity in the T -aggression relationship. Thirt eugonadal men with parers were randomized into two treatment groups to receive: (1)
200 mg im T enanthate weekly for 8 weeks or (2) 200 mg im sodium chloride weekly for 8 weeks. Eight hypogonadal men received 200 mg
im T enanthate biweekly for 8 weeks. All groups completed a battery of behavior measures at baseline (Week 0) and at Weeks 4 and 8.
Cognitive and motor impulsivity were the only predictors of self-reported total aggression (over and above age and T levels) at Weeks 0, 4,
and 8. No significant changes in aggression or mood levels were found in the eugonadal-treated group. Significant reductions in negative
mood (tension, anger, and fatigue) followed by an increase in vigor were found in response to T treatment in the hypogonadal group. These
results demonstrte that inabilty to control one's behavior when such control is required by a paricular situation (impulsivity) was found to
significantly predict levels of aggression over and above age and T leveL. These data do not support the hypothesis that supraphysiological
levels ofT (within this range) lead to an increase in self- and parter-reported aggression or mood distubances. Instead, for the first time, this
study has identified the high level of negative affect experienced by hypogonadal patients. These findings have implications for T replace-
ment therapy and male contrception. ~ 2002 Published by Elsevier Science Inc.

Keyords: Testosterone; Aggression; Hostility; Impulsivity; Hypogonadal; Eugonadal

1. Introduction

The effect of testosterone (T) on behavior, and in par-
ticular aggression, has received considerable attention over
the last decade (1-4). This has been prompted by several
developments. Firstly, the high-profie media coverage of
incidents of 'steroid rage' seemingly associated with the
abuse by strength athletes of androgenic-anabolic steroids
(AAS) (5). Secondly, the use of exogenous T clinically as
part of the development of a reversible, hormonal contra-

ceptive for men (6), its use for replacement therapy in HIV
ilness (7), and for treating the psychological and physio-
logical effects of aging in men (8).

In general, these studies can be characterised as: (1)
Comparisons between violent criminals and nonviolent con-
trols on some measure of aggression (9-11). These studies

* Corresponding author. School of Psychology, University of Leeds,
Leeds, LS2 9JT, UK. TeL.: +44-113-233-5727; fax: +44-113-233-5749.

E-mail address:darloc(1psychology.leeds.ac.uk (D.B. O'Connor).

003 I -9384/02/$ - see front matter ~ 2002 Published by Elsevier Science Inc.
PH: S003 i -9384(02)00647-9

generally demonstrate higher T levels among the more
violent men than the less violent ones. (2) Correlational
studies investigating the degree of association among endo-
genous T levels, aggression, and hostile feelings. These
studies have shown conflicting results, with stronger asso-
ciations being found when behavioral and observational
measures have been employed compared to trait measures
of aggression (9,12,13). (3) Experimental studies where
T levels have been manipulated into the supraphysiological
range (1,14-17). The existing experimental studies have
yielded varied results, and they are difficult to interpret
owing to differences in experimental manipulations and in
the dependent variables.

Here, we examine reports providing measures of direct
aggression for baseline or placebo phases, and for phases
when levels ofT were elevated to supraphysiological levels.
We calculated effect sizes (g) from the means and standard
deviations provided in the papers, for the differences

between baseline and T conditions, and for the differences
between placebo and T conditions (18). Su et al. (16)
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injected 20 men with placebo, followed by a low dose of
methyltestosterone, and then a high-dose methyltestoster-
one. Their psychological measures were mainly concerned
with mood, but included ratings of 'violent feelings' on a
visual analogue scale. Comparing baseline with the high-
dose phase yielded a value of g= .28; comparing baseline

with the low-dose phase yielded a value of g= .09. How-
ever, the authors report trends for an increase in anger and
violent feelings in the high-dose group. Yates et al. (17)
reported a double-blind study of 31 men involving 100,
250, and 500 mg of T cypionate. For self-ratings on the
assault scale of the Buss-Durkee Hostility Inventory
(BDHI), values indicated no difference between baseline
or placebo and the average of all three doses of T (g= .08
for baseline and g = 0 for placebo). However, values indic-
ating an increase on this scale were found when the ratings
were provided by an informant rather than the person
himself (g =.4 7 for comparisons with baseline and g = .1 7
for placebo). Pope et al. (15) reported values on a laboratory
measure of aggression (the Point Subtrction Aggressive

Paradigm (PSAP) by Cherek et al. (19)) for baseline,
placebo, and treatment phases for 27 men receiving up to
600 mg T cypionate. The values were g= .57 for the
baseline comparison and g = .51 for the treatment compar-
ison, indicating a rise in aggression following T treatment.
Although the Aggression Questionnaire (AQ), the modern
version of the BDHI, was used in this study the values
presented were aggregates for the four subscales: physical
and verbal aggression, hostility, and anger. An initial report
based on 8 of the 51 men completing this measure (20)
indicated an increase in physical aggression following

treatment (g = .79), but a much smaller one for verbal
aggression (g= .20). In the complete sample, the values

for the total AQ scores were around zero, indicating no
change in this composite measure of direct aggression,
hostility, and anger.

Over the three studies, when effect sizes are calculated,
there is some evidence for increases in measures of direct
aggression following T administration, but this is inconsist-
ent, and nonsignificant in most cases.

Experimental studies have generally not found evidence
for aT-anger relationship (1,14,21). For example, Tricker
et al. (1) administered a large supraphysiological dose of
T enanthate (600 mg/week) to a sample of healthy men in a
double-blind, placebo-controlled fashion and assessed both
self-reported and parer-reported mood and anger. Their
study failed to detect any effects on angry behavior or
mood. More intriguingly, Bjorkqvist et al. (21) found
evidence for a placebo effect, where men who received a
placebo in a double-blind experiment reported higher scores
on self-estimated anger, irrtation, impulsivity, and frustra-
tion than those receiving T orally (panteston). These in-

creases were also supported by the observer estimates.
However, these findings should be interpreted with caution
given that the orally administered T did not increase

circulating T levels into the supraphysiological range.

One concern in this area (21) is that positive results are
more readily reported than null ones and that investigators
are less likely to submit manuscripts that accept null

hypotheses. These findings also suggest that the relation-
ship between T (or steroid use) and aggressive behavior
may not be a direct, causal one. With this in mind, it is
important to note that few experimental studies have

investigated the possible role of individual difference

variables, such as impulsivity, in their experimental para-

digms (3). Research in this area is also limited by over-
reliance on self-report data, with few studies incorporating
observations from a parter or significant other (e.g. Ref.
(1)). There is also a dearth of controlled investigations of
the effects of T administration on aggressive, hostile

behavior, and mood in young hypogonadal men who have
low levels of T (22).

The aim of this study was to investigate the dose-
response relationship among T levels, behavior, and mood
in men. A eugonadal-treated group receiving weekly injec-
tions of supraphysiological levels of T and a hypogonadal
group receiving physiological replacement levels of T were
compared with a eugonadal-placebo control group, over an
8-week period. To improve on previous studies, a wide
range of measures were used, including self- and parer-
reported aggression, anger and hostility, self-esteem, asser-
tiveness, irtability, and moods. Trait impulsivity was also
assessed at baseline.

2. Method

2.1. Subjects

Thirt healthy male volunteers (mean age = 28.2 years;
range 19-45 years) and 8 hypogonadal male patients (mean

age = 30.8 years; range 23-40 years) paricipated in the
study. The eugonadal men were recruited from local radio
and newspaper advertisements. The hypogonadal patients
were recruited from the Departent of Endocrinology,

Manchester Royal Infirary and Hope Hospital, Manches-

ter, UK. The hypogonadal group consisted of three men
with Kallmann's syndrome, two with Klinefelter's syn-
drome, and three who had a bilateral orchidectomy receiv-
ing maintenance T replacement for a mean of 5 years (range
0- 14 years).

2.2. Design

Volunteers who met the admission criteria after medical
screening were randomised into two treatment groups

(n= 15) to receive (1) in the eugonadal-treated group:

200 mg im T enanthate (Cambridge Laboratories, UK) once
weekly for 8 weeks or (2) in the eugonadal-placebo group:
200 mg im 0.9% sodium chloride solution weekly for
8 weeks. The eugonadal-treated group received 200 mg T,
weekly for two reasons: (a) the pharmacokinetics of this
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Table I
Correlations among the independent variables (age, T, and impulsivity) and total aggression scores for all groups (All), eugonadal group (Eug: treated and
placebo), and the hypogonadal group (hypo)

Week 0 Week 4 Week 8
Varables All Eug Hypo All Eug Hypo All Eug Hypo

Age -.04 - .16 .00 .10 .01 -.01 - .08 -.22 - .10

T -.41* -.21 .48 -.12 .15 .09 - .15 .02 - .33

Nonplanning impulsivity .05 .18 .57 - .15 .00 .49 .02 .21 .65
Cognitive impulsivity .60** .63** .39 .53** .57** .30 .65** .73** .22
Motor impulsivity .56** .48* .56 .56** .54** .30 .63** .56** .59

* Poe.05.

** poe .01.

T preparation are well-documented (23) and (b) this dosage
has been used successfully in male contraceptive clinical
trials (23). One participant from the eugonadal-treated group
had to withdraw from the study before Week 4 for personal
reasons unrelated to the study. A wash-out period of 6-8
weeks was required for the hypogonadal group (to allow
endogenous T levels to fall to the low hypogonadal range -(
6 nmol/l, the normal range being 10-35 nmol/) before they
were admitted to the study. The hypo gonadal group received
200 mg im T enanthate biweekly for 8 weeks. No significant
age differences were found between the groups (F(2,35)=
0.97, ns). All participants provided written consent. The
study was approved by the Central Manchester Research

Ethics Committee for Medical Research.
Volunteers completed a battery of validated behavioral

scales (see below) at baseline (Week 0) and at Weeks 4 and
8. Mood was assessed weekly. The volunteers completed
all the behavioral measures in the privacy of a clinical
research room. Blood sampling was performed before
receiving intramuscular injection at Weeks 0, 4, and 8.
Time of venepuncture was random among the groups,
although, generally each paricipant provided their sample

at approximately the same time of day at each of the time
points. All plasma samples were stored at - 20°C until

assay. T was measured using a time-resolved fluoroimmu-
noassay (AutoDELFIA Testosterone Kit) with an assay
sensitivity of 0.4 nmol/l.

2.3. Instrments

The Barratt Impulsivity Scale-ll (BIS-11) (24) was
administered at baseline to assess trait impulsivity. There
are three subscales: nonplanning impulsivity, cognitive
impulsivity, and motor impulsivity.

The AQ (25) was administered to assess aggression
levels. There are four subscales: physical aggression, verbal
aggression, anger, and hostility. A total aggression score
was also calculated by summating the four subscales (and is
the main dependent variable in Tables 1 and 2). For the
purpose of this prospective study, the AQ, which is general
in its referents, and can be characterised as a trait measure,
was modified slightly to refer to a specific period in the

recent past (i.e. the last 4 weeks). This made the measure
more suitable for measuring within-subject variation.

The Partner Aggression Questionnaire (AQ-P) is an
adapted version of the AQ (25,26) where the male respon-
dent's parter is asked to rate their parter in relation to each
of the AQ items. Since the hypogonadal patients were

generally not involved in long-term sexual relationships,
no parter data were collected.

The Aggressive Provocation Questionnaire (APQ) (26) is
a measure of aggressive responding. It consists of 21
vignettes that are representations of real provocative situa-
tions. The respondent is asked to imagine at this moment:

(1) how he would feel in each situation (angry, frstrated,
and irrtated), measured on a five-point Likert scale and, (2)
how he would react to each situation by choosing one of
five action alternatives categorised as follows: (1) avoid, (2)
no response, (3) anger, (4) assertive behavior, and (5) direct
aggression. In the present study, analysis concentrated on
the total number of aggressive and assertive options chosen
across the 21 vignettes.

The State Self-Esteem Scale (27) consists of 20 items
that are concerned with pedormance, social, and appearance
aspects of self-esteem.

The Rathus Assertiveness Schedule (28) consists of 30
items, which are concerned with assessing to what extent the
paricipant is assertive in a range of situations. Again for the
purpose of this prospective study, the respondents were

Table 2

Stepwise multiple regression analysis: predicting total aggrssion scores

Variable Predictors ß Ji P

Total aggression i. Cognitive impulsivity 4.1 i .63 .39 oe.OI

(Week 0)
Total aggression i. Cognitive impulsivity 3.53 .57 .32 oe .01

(Week 4) i. Cognitive impulsivity 2.44 .41 oe.05

2. Motor impulsivity 2.09 .35 .43 oe.05

Change in Ji = . i i
Total aggression i. Cognitive impulsivity 5.51 .73 .54 oe.OI

(Week 8) I. Cognitive impulsivity 4.32 .60 oe.OI

2. Motor impulsivity 2.1 i .29 .61 oe.05

Change in Ji = .07
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3. Resultsinstructed to rate themselves over a specific period in the
recent past (i.e. last 4 weeks).

The irrtability subscale from the BDHI (29) was adapted
to be completed along a five-point scale and respondents
were instrcted to rate themselves over a specific period in
the recent past (i.e. last 4 weeks).

The Profie of Mood States (POMS) (30) consists of 65
adjectives that describe feelings and mood. There are six
subscales: tension-anxiety, depression-dejection, anger-
hostility, vigor-activity, fatigue-inertia, and confusion-
bewilderment. A total mood disturbance score was also
calculated by subtracting the vigor-activity subscale score

from the total summation of all other scales. The analysis
concentrated on the mean score for each 2-week period (e.g.
mean for Weeks 1 and 2).

2.4. Data analysis

Descriptive statistics were calculated for each of the
variables. Preliminary Pearson's Product-Moment Correla-
tional analysis and stepwise multiple regression were used
to investigate the predictive relationship between the inde-
pendent variables (e.g. T level, age, cognitive, motor, and
nonplanning impulsivity scores) and the main dependent
variable, total aggression (total aggression score includes the
summation of each of the scored subscales from the AQ) at
each time point. Two-factor analysis of varance for a mixed
design was used to assess performance differences across
testing sessions (time factor: Weeks 0, 4, and 8) and
between groups (group factor: eugonadal-treated, eugona-
dal-placebo, and hypogonadal groups) for all dependent
variables. Multiple comparisons were also made using
Scheffe post hoc tests. All data were analysed using SPSS
for Windows Version 9.0.

3.1. Testosterone levels

T levels are shown in Fig. 1. Two-factor ANOVA
revealed significant main effects for time (F(2,68) = 52.96,
po: .01) and group (F(2,34) = 38.99, po: .01), and a signific-
ant Time x Group interaction (F(4,68)= 16.39, po: .01).
Post hoc analyses showed that exogenous T significantly
increased T levels from a baseline level of 21.7:: 1.6-
34.4:: 1.7 nmol/l at Week 4 to 38.4::2.1 nmol/l at Week 8
in the eugonadal-treated group. In contrast, T levels of the
eugonadal-placebo group did not change from a baseline
level of 20.1 :: 1.4 nmol/I (Weeks 4 and 8 = 18.9:: 1.3 and
20.0:: 1.8 nmol/I, respectively). The hypogonadal group
responded to T treatment with a significant increase into
the normal range from a baseline level of 3.8:: 1.1-
18.1 :: 1.6 nmol/l at Week 4 to 22.4:: 2.3 nmol/ at Week 8.

3.2; Trait impulsivity

One-way ANOVA revealed a significant difference bet-
ween the groups for nonplanning impulsivity (F(2,35) =
2.66, po: .05). The hypogonadal group reported signific-
antly lower levels of nonplanning impulsivity than the

eugonadal-placebo group. Neither cognitive (F(2,35) =
0.89, ns) or motor (F(2,35)= 1.95, ns) impulsivity showed
significant differences.

3.3. Preliminary correlational analysis

Table 1 shows the correlations between the independent
variables (age, T level, and impulsivity) and the main
dependent variable, total aggression at Weeks 0, 4, and 8.

40
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Fig. 1. Testosterone levels in all groups at baseline (week 0), week 4 and week 8.
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All groups were first entered into the analysis, to provide
greater variability in T levels. The analysis was rerun
excluding the hypogonadal group.

At Week 0, only three significant correlations were found.
Total aggression was negatively associated with T levels
(r = - .4 1, P .: .05) and positively associated with cognitive
and motor impulsivity (r=.60, p.: .01; r=.56, p.: .01;

respectively). When the hypogonadal group was excluded,
only cognitive and motor impulsivity remained significantly
correlated with total aggression levels (r= .63, p.: .01;

r = .48, p.: .05 ; respectively). This indicates that higher
levels of trait impulsivity are associated with higher levels
of self-reported aggression in the eugonadal men.

At Week 4, two significant correlations were found for all
paricipants combined. Again higher cognitive and motor
impulsivity were significantly associated with higher levels
of self-reported aggression (r= .53, p.: .01; r= .56,
p.: .01; respectively). The correlations were similar after

excluding the hypo gonadal (r=.57, p.: .01; r=.54,

p.: .05; respectively). At Week 8, cognitive and motor
impulsivity were the only variables to be significantly
associated with total aggression in the combined group
and with the hypo gonadal men omitted (Table 1).

3.4. Stepwise multiple regression analysis

Stepwise regression was used to further investigate the
relationship between impulsivity and total aggression.
Table 2 shows the results. At Week 0, only cognitive
impulsivity emerged from the analysis, explaining 39% of
the variance of total aggression scores. Cognitive impul-
sivity explained 32% of the variance in total aggression at
Week 4, with motor impulsivity explaining an additional

561

11 %. Similarly, at Week 8, cognitive impulsivity explained
54% of the variance in total aggression scores with motor
impulsivity explaining a further 7%.

3.5. Aggression Questionnaire

Table 3 summarises self-and parter-reported scores on
the AQ for each of the groups.

3.5.1. Physical aggression
No significant main effect was found for time (F(2,68)=

0.61, ns) or group (F(2,34) = 1.29, ns), suggesting that supra-
physiological levels of T did not increase physical aggres-

sion. There was a slight trend towards a significant Time x
Group interaction (F(4,68) = 2.05, P=.097), which is likely
to be accounted for by the increase in self-reported physical
aggression in the hypogonadal group at Week 4. These
findings were further endorsed by the parter reports in the
eugonadal-treated and eugonadal-placebo groups. No sig-
nificant main effects were found for time (F(2,5 0) = 2.91 , ns),
group (F(I,25) = 0.80, ns), or the Time x Group interaction
(F(2,50) 

= 0.02, ns).

3.5.2. Verbal aggression

A significant main effect was found for group (F(2,34)=
3.39, p.: .05). The hypogonadal group reported signif-
icantly higher levels of verbal aggression than the eugona-
dal-placebo group (P .: .05). Neither main effect for time
(F(2,68) = 1.47, ns) or the Time x Group interaction
(F(4,68)=0.49, ns) were significant. Again, no significant
main effects were found for partner reports, for time
(F(2,50)= 1.88, ns), group (F(I,25)=0.65, ns), or the Time
x Group interaction (F(2,50) = 0.65, ns).

Table 3

Descriptive statistics for self- and parer-reported scores on the aggression questionnaire at Weeks 0, 4, and 8

Self report Parer report

Group Week 0 Week 4 Week 8 Week 0 Week 4 Week 8

Physical aggression

Eugonadal-trated 18.36 (1.61) 19.07 (1.8) 18.64 (1.77) 16.29 (1.68) 19.07 (1.8) 17.00 (1.68)
Eugonadal-placebo 18.20 (1.9) 17.13 (1.22) 18.06 (1.5) 15.47 (1.3) 17.13 (1.22) 15.71 (1.2)

Hypogonada1 19.75 (1.26) 22.38 (2.03) 19.75 (1.43)

Verbal aggression
Eugonadal-trated 14.07 (0.69) 14.14 (0.60) 13.79 (0.72) 12.64 (1.0) 12.23 (1.02) 12.85 (1.05)
Eugonadal-placebo 13.00 (0.74) 13.66 (0.65) 12.40 (0.56) 11.27 (0.97) 10.43 (1.05) 10.64 (0.98)
Hypogonadal 16.00 (1.3) 16.38 (1.49) 16.13 (1.69)

Hostility
Eugonadal-treated i 7.1 i (1.47) 16.29 (1.23) 15.21 (1.23) 12.79 (1.09) 13.69 (1.3) 14.53 (1.4)

Eugonadal-placebo 16.93 (1.08) 16.00 (1.48) 15.26 (1.0) 12.53 (1.02) 11.6 (0.80) 11.21 (0.91)
Hypogonadal 25.25 (2.18) 26.88 (2.61) 23.43 (2.38)

Anger
Eugonadal-treated 16.3 (1.26) 16.14 (1.21) 17.50 (0.74) 14.57 (1.80) 14.07 (1.72) 16.46 (1.40)
Eugonadal-placebo 14.93 (1.04) 14.60 (1.3) 15.13 (0.67) 13.33 (1.8) 12.79 (1.43) 14.36 (1.2)

Hypogonadal 20.00 (1.91) 19.38 (1.8) 19.50 (1.67)

Standard error of means are given in parentheses.
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3.5.3. Hostilty
A significant main effect was found for time (F(2,68) =

4.89, Po( .01) and group (F(2,34)= 11.1, Po(.Ol) There
was no significant Time x Group interaction (F(4,68)=
1. 1, ns). The hypogonadal group reported significantly
higher hostility scores than both the eugonadal-placebo

and eugonadal-treated groups (P 0( .01). The significant
main effect for time is accounted for by the reduced hostility
scores in all groups by Weeks 4 and 8 (Week 4: 18.46 vs.
Week 8: 17.27, Po( .05; Week 0: 19.03 vs. Week 8: 17.27,
P 0( .01). The parters generally reported lower levels of
hostility than their counterparts. However, there were no
significant main effects for time (F(2,50)=0.04, ns), group

(F(I,25)=2.07, ns), or the Time x Group interaction

(F(2,50)=2.13, ns).

3.5.4. Anger
No significant main effect was found for time (F(2,68)=

1.96, ns) or for the Time x Group interaction (F(4,68)=
0.83, ns). However, a significant main effect was found for
group (F(2,34)=4.16, Po( .05). The hypogonadal group

reported significantly greater levels of anger compared to
the eugonadal-placebo group (P 0( .05). For the parters'
scores, a significant main effect was found for time
(F(2,50)=4.69, Po( .05) but not for group (F(l,25)=
2,07, ns) or for the Time x Group interaction (F(2,50)=

0.20, ns). A significant increase in parter-reported anger
scores from Weeks 4 to 8 accounted for this significant main
effect (t =3.47, Po( .01).

3.6. Aggressive Provocation Questionnaire

3.6.1. Aggressive actions
No significant main effects were found for either time

(F(2,68)= 1.4, ns) or group (F(2,34)= 1.21, ns). There

was a significant Time x Group interaction (F(4,68)=2.70,
P= .049), but post hoc comparisons found no significant
differences between any of the cells. These findings provide
furter support for an absence of a T treatment effect on

levels of aggression (Table 4).

3.6.2. Assertive actions
There was a significant main effect for time (F(2,68) =

4.02, P 0( .05) but no significant effect for group (F(2,34) =
0.92, ns) or for the interaction (F(4,68)=0.98, ns). The
main effect for time was explained by a significant increase
in assertive actions from Weeks 0 to 4 (11.95 vs. 13.16;
t =2.71, Po(.OI). This trend was sustained at Week 8,
although it was nonsignificant (P= .07), suggesting that
the time effect may be accounted for by an overall placebo
effect (Table 4).

3.6.3. Irritabilty

A significant main effect was found for group (F(2,34)=
10.04, P 0( .01), but not for time (F(2,68)=2.07, ns) or for
the Time x Group interaction (F(4,68) = 0.29, ns). Both the

Table 4
Descriptive statistics for behavior measures (on APQ) at Weeks 0, 4, and 8

Group Week 0 Week 4 Week 8
Aggressive actions
Eugonadal-treated 0.93 (0.32) 1.5 (0.54) 0.86 (0.34)
Eugonadal-placebo 0.67 (0.33) . 0.40 (0.19) 1.00 (0.35)

Hypogonadal 1.13 (0.61) 1.88 (0.67) 1.62 (0.46)

Assertive actions

Eugonadal-treated 11.86 (0.71) 12.21 (0.80) 12.1 (0.99)
Eugonadal-placebo 11.47 (0.96) 13.27 (1.0) 12.07 (1. i)

Hypogonadal 13.00 (1.2) 14.63 (1.46) 14.75 (1.8)

Irritability
Eugonadal-treated 28.29 (1.6) 26.50 (1.1) 25.64 (1.9)

Eugonadal-placebo 23.87 (1.4) 24.13 (1.40) 23.00 (1.28)
Hypogonadal 33.75 (2.40) 33.75 (1.87) 32.62 (1.6)

State selfesteem
Eugonadal-treate 51.21 (1.54) 50.29 (1.88) 51.9 (2.26)
Eugonadal-placebo 48.60 (1.52) 47.67 (1.2) 48.53 (1.70)
Hypogonadal 53.00 (2.57) 53.25 (2.06) 58.37 (1.88)

Assertveness
Eugonadal-treated 10.21 (2.99) 19.50 (5.40) 19.29 (5.13)
Eugonadal-placebo 15.67 (4.31) 16.73 (4.60) 19.27 (4.61)
Hypogonadal 4.25 (5.79) 8.87 (6.04) 9.00 (5.07)

Stadad error of means are given in parentheses.

eugonadal-treated and eugonadal-placebo groups reported
significantly lower levels of irrtability overall than the

hypogonadal group (Table 4).

3.6.4. State selfesteem
A significant main effect was found for both time

(F(2,68)=4.86, Po(.05) and group (F(2,34)=3.28,
P 0( .05), with the Time x Group interaction approaching
significance (F(4,68) = 2.39, P= .059). The significant main
effect for time is accounted for by the increase in self-esteem
scores from 49.86 at Week 4 to 51.70 at Week 8 (t = 2.13,
P 0( .05), in particular by the increase reported by the
hypogonadal group from Weeks 4 to 8 (53.25 vs. 58.37).
This finding (Table 4) reflects the trend towards a significant
interaction, suggesting the existence of a positive treatment
effect on self-esteem in the hypogonadal group.

3.6.5. Assertiveness
A significant main effect was found for time (F(2,68) =

6.44, Po( .01) but not for group (F(4,68)= 1.24, ns) or

their interaction (F(2,34) = 1.09, ns). Table 4 shows sub-
stantial increases in assertiveness at Week 4 compared with
Week 0, particularly in the eugonadal-treated and hypogo-
nadal groups.

3.7. Profiles of Mood States

3.7.1. Total mood disturbance
Significant main effects were found for time (F(4,136) =

6.72, Po( .01) for group (F(2,34)= 13.04, P 0( .01), and for
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Fig. 2. Total mood distubance in all groups at baseline (week 0), week 4 and week 8.

the Time x Group interaction (F(8,136)= 3.320, p.: .01l

Multiple comparisons found that the significant group effect
was accounted for by significantly higher levels of total
mood disturbance in the hypo gonadal group than the eugo-
nadal-treated and eugonadal-placebo groups (see Fig. 2).
However, there was a significant reduction in total mood

scores in the hypogonadal group by Weeks 1-2 explaining
the significant interaction effect (t=3.07, p.: .05).

3.7.2. POMS subscales
POMS subscales scores are shown in Table 5. Significant

main effects were found for time for tension-anxiety

Table 5

Descriptive statistics for subscales on POMS at Weeks 0, 1-2,3-4,5-6, and 7-8

Group Week 0 Week 1-2 Week 3-4 Week 5-6 Week 7-8

Tension-anxiety
Eugonadal -trated 6.64 (1.09) 7.71 (1.45) 5.71 (0.99) 5.21 (1.0) 6.68 (1.5)

Eugonadal-placebo 6.40 (1.6) 5.80 (0.98) 4.90 (0.76) 5.30 (0.89) 4.77 (0.79)
Hypogonadal 17.37 (1.84) 9.75 (1.2) 11.63 (1.72) 11.8 (1.89) 12.00 (2.01)

Depression-dejection
Eugonadal-trate 5.07 (1.29) 5.93 (1.45) 2.93 (1.20) 1.68 (0.50) 1.82 (0.65)

Eugonadal-placebo 5.73 (2.05) 4.37 (1.34) 2.70 (0.85) 3.60 (1.67) 2.23 (1.20)
Hypogonadal 20.13 (3.83) 11.25 (3.55) 12.06 (4.03) 12.69 (4.08) 11.44 (3.32)

Anger-hostility
Eugonadal-treated 7.29 (1.88) 9.11 (2.20) 4.86 (1.28) 3.46 (0.83) 5.54 (1.9)

Eugonadal-placebo 3.73 (1.3) 4.03 (0.82) 4. I 0 (0.82) 4.00 (0.99) 3.13 (0.67)
Hypogonadal 17.75 (2.37) 12.06 (2.90) 17.69 (2.70) 16.88 (2.85) 14.75 (1.95)

Vigor- activity
Eugonadal-trated 20.79 (1.63) 18.36 (1.70) 18.43 (1.1) 17.89 (1.87) 17.79 (2.00)
Eugonadal-placebo 17.06 (1.41) 16.50 (1.46) 17.87 (1.24) 16.47 (0.98) 16.87 (1.04)
Hypogonadal 10.63 (2.26) 15.88 (2.22) 17.06 (1.80) 14.75 (1.71) 17.50 (1.5)

Fatigue-inertia
Eugonadal-treated 7.36 (1.44) 7.43 (1.25) 4.25 (0.71) 4.32 (0.76) 6.50 (1.52)
Eugonadal-placebo 6.47 (1.01) 8.40 (1.05) 6.30 (0.84) 6.13 (1.21) 5.30 (0.87)
Hypogonadal 18.12 (2.91) 9.56 (2.29) 11.9 (2.76) i 0.8 I (2.92) 12.06 (2.48)

Confusion- bewilderment

Eugonadal-trated 6.14 (0.97) 5.32 (1.27) 4.04 (0.95) 3.57 (0.94) 3.50 (0.87)
Eugonadal-placebo 7.07 (1. i) 5.73 (1.01) 5.03 (0.78) 4.87 (0.98) 4.60 (0.98)
Hypogonadal 12.25 (1.45) 8.81 (1.6) 8.75 (1. i) 8.56 (1.61) 8.44 (1. i 5)

Standard error of means are given in parentheses.
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(F(4,136)=6.80, Po(.OI), for depression-dejection

(F(4,136)=7.81, Po(.OI), for fatigue-inertia (F(4,136)=
4.84, Po(.OI), for confusion-bewilderment (F(4,136)=

11.96, Po(.OI) but not for anger-hostility (F(4,136)=
0.79, ns) or vigor-activity (F(4,136)= 1.4, ns). Significant
main effects were found for group for tension-anxiety
(F(2,34) = 10.83, po( .01), for depression-dejection
(F(2,34)= 10.70, po( .01), for anger-hostility (F(2,34)=
27.03, po( .01), for fatigue-inertia (F(2,34)= 8.49,

Po(.Ol), for confusion-bewilderment (F(2,34)=5.80,

po( .01) but not for vigor-activity (F(2,34)= 1.28, ns).
The hypo gonadal group reported significantly higher levels
of tension - anxiety, depression - dejection, anger-hostilty,

fatigue-inertia, and confusion-bewilderment than the eugo-
nadal men (Po( .01). There was a significant Time x Group
interaction for tension-anxiety interaction (F(8, 136) = 4.02,
Po( .01), for anger-hostility (F(8,136) = 2.36, Po( .05), for

vigor-activity (F(8,136)=3.84, Po(.OI), and for fatigue-
inertia (F(8,136)= 3.02, Po( .01). The Time x Group inter-
action for depression-dejection (F(8,136)= 1.97, P=.08)
and for confusion-bewilderment (F(8,136) = 0.61, ns) was
not significant. Planned comparisons showed that significant
reduction in tension-anxiety, anger-hostility, and fatigue-
inertia by Weeks 1-2 and an increase in vigor-activity by
Weeks 3-4 in the hypogonadal group explained the inter-
action effects, indicating a T treatment effect.

4. Discussion

We found that (trait) cognitive impulsivity (i.e. the
tendency to make up one's mind quickly) and (trait) motor
impulsivity (i.e. the tendency to act on impulse) accounted
for significant amounts of the variance in total aggression
levels, over and above age and level of T. This highlights
the importnce of including individual difference explan-
atory variables in experimental studies in this area. This
finding adds support to an earlier study of violent and
nonviolent male parolees by Cherek et al. (31). They found
that violent parolees scored significantly higher on a
'delayed gratification' impulsivity laboratory measure and
on the BIS- 11 compared to the nonviolent parolees. Fur-
thermore, in another report using the same sample, Cherek
et al. (32) found the number of impulsive choices chosen in
all parolees to be significantly correlated with the number of
aggressive responses reported previously.

Similarly, Gallgani et al. (3) found in a study comparing
AAS users with a drg-free group that the former reported
levels of impulsiveness at least one standard deviation

above the mean. The AAS users also reported significantly
greater levels of indirect and verbal aggression. Another
very recent study found impulsivity to predict AAS using
group. That is, young men who report AAS use score
significantly higher than non-AAS users (33) on impulsivity
and self-reported aggression. Such data, taken as a whole
suggest that an underlying mechanism, which inhibits

aggressive behavior, may be less effective, thus contributing
to the aetiology of aggressive behavior in normal men. In
other words, the link between steroid use and aggression

may be that impulsive men are more likely to take steroids
and also be aggressive.

However, given the methodological limitations of pre-
vious studies (Le. overreliance of cross-sectional designs), it
is difficult to decipher the exact nature of the relationship
between impulsivity and aggressive behavior. Deficits in
serotonin levels have been implicated in the development of
both impulsive and aggressive behavior (34,35). One recent
study (35) found a significant reduction in impulsive
responses in a sample of adult males with a history of
conduct disorder after administration of D,L- fenfluramine-
a drg which releases serotonin (and dopamine). Another

found that laboratory aggressive responding increased fol-
lowing the ingestion of a trtophan (a serotonin precursor)-
depleting beverage supporting the notion that serotonin has
a role in regulating aggression (36).

We also found that exogenous T administration did not
lead to significant increases in a range of aggression

measures in eugonadal men. This is not congruent with
other experiental studies (15,16). Most recently, Pope et

al. (15) reported a significant increase in both aggressive

responding as measured by the PSAP and ratings of manic
symptoms. They suggested that the AQ may not be as
sensitive as other aggression measures (cf. Ref. (37)) and
that the Young Mania Rating Scale (38) and the PSAP were
better adapted to detect T effects. This is a moot point given
that an earlier paper by the authors (20) reported detecting
T treatment effects using the AQ. Moreover, one would
have predicted in the present study that our measure of
irrtability might have at the very least detected any real
manic-like related changes. However, it is worth noting that
when effect sizes were calculated for Weeks 0-4 compar-
isons, there were small effects in the direction of an increase
in physical aggression. Although, nonsignificant these

would need to be borne in mind for future meta-analyses
since a series of nonsignificant findings that are all in the
same direction may add up to a weak but significant effect
when such studies are combined.

It is also reasonable to speculate that the subtle but

significant adverse psychological effects reported elsewhere
in the literature (16) are only associated with doses of T sub-
stantially higher than that employed in this study ()- 200 mg/
week) or utilised in male contraception clinical trals. If this is
the case, further high-dose studies are required using detailed
self- and parter-reported behavioral and mood assessments
in a double-blind, placebo-controlled, cross-over fashion.

We also failed to find any T-related mood effects in the
eugonadal-treated group. However, the hypogonadals were
identified as the group who benefited most from the
T treatment. Significant reductions in tension, anger, and
fatigue were reported by Weeks 1-2, followed by a sig-
nificant increase in vigor by Weeks 3-4. There was also a
trend towards a significant Time x Group interaction for
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state self-esteem levels, indicating a marked increase in
levels of self-esteem in the hypo gonadal group. These

findings support earlier research that has found T adminis-
tration to have positive mood effects when T levels are
restored into the normal range (22,39) and suggest that
prolonged treatment is likely to maintain these mood bene-
fits, but not further improve them (40). It is likely the
marked elevations in self-esteem scores and positive mood
states are concomitant with the restoration of normal sexual
function as reported elsewhere (40). Therefore, it is possible
the changes in the psychological functioning are related to
changes in sexual function.

The hypogonadal group generally reported significantly
elevated levels of verbal aggression, hostility, anger, and
irrtability compared to both the eugonadal groups. We
recognize that a hypogonadal-placebo group has not been
included in the design of our study. Ethically and clinically, it
would be problematic to treat hypo gonadal men with a
placebo in order to investigate behavioral changes. However,
despite this, it is important to note that the 'nonblinded
hypogonadal group did not consistently report lower levels
of aggression, hostility, anger, or irrtability (comparable to
both the eugonadal groups) after treatment commenced.

Instead, their self-reported levels remained significantly
higher, possibly indicating real concerns as opposed to a
placebo effect. To the best of our knowledge, this is the first
study to demonstrate the extent of the negative affect
experienced by this patient population. These data have
implications clinically, for both treatment and therapy.

In conclusion, we have found that supraphysiological
levels of T do not lead to significantly increased aggression
or mood disturbances. Instead, the inability to control one's
behavior when such control is required by a particular
situation was found to significantly predict levels of aggres-
sion over and above age and T leveL. Finally, our data for the
first time have identified an unacceptably high level of
negative affect experienced by hypogonadal patients before
and during treatment that requires further investigation.
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Testosterone replacement in hypogonadal men improves
body composition, mood, and sexual fuctionig. In this 90.d
study, we compared the pharacokinetics and treatment ef.
fectiveness of a topical testosterone gel (AA500) at two con.
centrations, 50 mg/d and 100 mg/d, to a testosterone patch and
placebo gel in 406 hypogonadal men. Pharacokinetic pro.
fies were obtained, body composition was measured, and
mood and sexual fuction were monitored. AA500 treatments
resulted in dose.dependent improvements in al pharacoki.
netic parameters, compared with testosterone patch and pIa.
cebo. Mean average concentrations at d 90 T were 13.8, 17.1,
11.9, and 7.3 nmolJter for 50 mg/d AA500, 100 mg/d AA500,

testosterone patch, and placebo, respectively. At d 90, the 100
mg/dAA500 treatment improved lean body mass by 1.7 kg and
percentage of body fat by 1.2% to a signficantly greater degree

than either control treatment. Signcant improvements in
spontaneous erections, sexual desire, and sexual motivation
were also evidenced with the 100 mg/d AA500 dose in com.
parson with placebo. Testosterone gel was well tolerated;
however, the testosterone patch resulted in a high rate of
application site reactions. Overal, AA500 is an effective, well
tolerated treatment for hypogonadism. (J Clin Endcrinol
Metab 88: 2673-2681, 2003)

THE USE OF testosterone (T) replacement therapy in hy-pogonadal men has been well documented. Specifi-
cally, restoration of senim T concentrations to within normal
limits (i.e. similar to that of eugonadal men) can maintain
sexual characteristics, sexual behavior, energy, mood, and
muscle development and improve bone density (1). Cur-
rently there are a number of different T dosage forms avail-
able for replacement therapy in hypogonadal men, but many
of these formulations have limitations. Orally available T is
relatively insoluble and subject to a high first-pass effect in
the liver. Intramuscular depot injections are used widely for
replacement therapy but are inconvenient and result in wide
fluctuations in T levels. Specifically, high initial peak levels,
followed by serum T levels below the lower limit of normal
toward the end of the cycle, lead to a return of clinical signs
and symptoms.

The skin and oral mucosa are considered favorable routes
for the delivery of T. Transdermal T patches, including

the scrotal patch (Testoderm), the nonscrotal permeation-
enhanced patch with an alcohol-based reservoir (Andro-
derm), and the nonscrotal patch without a reservoir (Testo-
derm TIS) provide a more consistent delivery of T into the
systemic circulation, although serum T levels are not always

Abbreviations: AUCo_24' 0- to 24-h Area under the cure; BPH, benign
prostatic hyperplasia; C"vg' mean concenb:ation; c",.,, maximum con-
centration; Cmin, mium concentration; DHT, dihydrotestosterone;
ORE, digital rectal examiation; %F, percentage fat; PM, fat mass; HDL,
high-density lipoprotein; I-PSS, International Prostate Symptom Score;
LBM, lean body mass; LDL, low-density lipoprotein; PK, phannacoki-
netic; PSA, prostate-specifc antigen; T, testosterone; TBM, total body
mass; TC, total cholesteroL.

maintained within normal limits over a 24-h period. Long-
term use of these patches (3-10 yr) has been shown to be
effective in maintaining sexual function and bone and muscle
mass in both young and elderly hypogonadal males (2-5);
however, skin tolerabilty problems or the need for shaving
large areas of scrotal ski invariably affect compliance with
trans dermal patches. Skin reactions commonly occur at the
patch application site, particularly with the permeation-
enhanced T patches causing erythema or pruritus. Blister
reactions also occur leading to scarring and discontinuation
of treatment (6, 7).

Previously, it has been reported that a T gel (AndroGel),
when applied over a larger area of skin, can achieve serum
T levels in the normal range and produce less skin irritation
than T patches. A new, unique topical T gel formulation
(AA2500) has been designed to provide consistent transder-
mal absorption of T over 24 h after a single dose and is hereby
reported. Before this study, the pharmacokinetic (PK) profie
of this new T gel (AA2500) was compared with AndroGel.
Data have demonstrated that after topical application of a
single dose of AA2500 T gel or AndroGel, the time to max-
imum concentration (T max) was comparable between the two
formulations indicating no appreciable differences in the rate
of absorption. However, the 0- to 24-h area under the curve
(AUCO_24) and maximum concentration (CmaJ were consis-
tently higher following application of AA2500 with approx-
imately 30% higher serum T levels being noted. The safety
profile of these two topical gel formulations was similar (8).

The study reported here involves comparisons among four
parallel treatment groups in 406 patients consistig primarily
of aging males with low serum T and associated signs and
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symptoms of hypogonadism. Two doses of AA2500 T gel (50
mg/ d and 100 mg/ d) were compared with a T patch treat-
ment (Androderm, two patches delivering 5 mg T daily), a
dose that is known to give rise to clinically meaningful in-
creases in serum T levels with amelioration of signs and
symptoms (9). The fourth parallel group was a matching
placebo gel to provide a blinded comparator for the two
doses of AA2500 T gel, which also provided a valid overall
assessment of clinical and subjective symptom improve-
ment. In ths 90-d study, periodic 24-h PK profiles of total T
and dihydrotestosterone (DHT) were obtained, and the effect
of normalizing serum T on body composition, sexual func-
tion, mood, and bone mineral density were assessed. Routine
safety evaluations were conducted, including skin irritation
assessments at the study drug application site. As such, this
study design was robust and unique in the assessment of the
efficacy of topical transdermal T in normalizing serum T
levels, ameliorating sign and symptoms of hypogonadism,
and assessing its safety.

Subjects and Methods
Subjects

Four hundred six male patients were randomized and treated at 43
clics in the United States. Approxiately 100 patients were random-
ized to each treatment group (Table 1). Patients were between 20 and 80
yr of age and had a mornig T level of IDA nmol/liter or less at screeng
(measured at a central laboratory) and one or more symptoms of low T
(Le. fatigue, decreased muscle mass, reduced libido, reduced sexual
functoning of a nonmechanical nature). Except for hypogonadism, the
patients were in generally good health as evidenced by medical history;
complete physical examiation including a digital rectal examiation
(DRE), 12-lead electrocardiogram, vital sign assessments, clicallabo-
ratory and urinalysis assessments, prostate assessment (International
Prostate Symptom Score (I-PSS)); and normal tests for prostate-speciic
antigen (PSA), hepatitis, and drugs of abuse. If the patient was receivig
lipid-lowering agents, anxiolytics, lithum, antidepressants, hypnotics,
antipsychotics, "'1 blockers, or herbal treatments for benign prostatic
hyperplasia (BPH), the dose had to have been stable for at least 3 month
before entering the study. Patients were excluded from the study if they
had any generalized skin irrtation or disease that might have interfered
with androgen absorption; had received any estrogen therapy, an LHH
antagonist, human GH therapy; or had a history of drug abuse within

TABLE 1. Subject characteristics

Steidle et at. . AA2500 T Gel Nonnalizes Androgen Levels

12 month. Also excluded were patients who had used either Viagra or
apomorphie with 30 d or were treated with T or anabolic supple-
ments withi 6 wk before the study. The study was conducted in ac-
cordance with the Declaration of Helsin and complied with Good
Clical Practice, and all patients signed an inormed consent agreement
previously approved by one of the partcipatig institutional review
boards.

Study drugs

AA00 T gel (Testi) was supplied by Auxium Pharmceuticals,
Inc. (Norritown, PAl. The four daily treatments under study were 50
mg/ d AA500 or 100 mg/ d AA500, matchig placebo gel, and a tran-
dermal T patch (Androderm, two patches X 2.5 mg T), eacli containig
12.2 mg T. The AA2500 and placebo gel were identical and applied as
two tubes of 50 mg T (100 mg/ d), one tube of 50 mg T and one tube of
placebo (50 mg/ d), or two tubes of placebo. Neither the patients nor the
investigators were aware of the contents of the tubes.

All study drug tratments were applied in the mornng; repeat ap-
plications occured at the same tie of day for the duration of the study.
Each day in the gel-treated group, patients applied the contents of two
tubes. The content of one tube was applied to one shoulder and the
content of the remaing tube was applied to the other shoulder. Patients
allocated to receive the T patch applied two adhesive patches daily.
Application sites included the back, abdomen, upper arm, and thgh.
Patches were to be worn for 24 h and then replaced each mornng at
approximtely the same time.

Study design

The study was designed as a randomied, multidose, multicenter,
active, and placebo-controlled study. Patients were randomied to 50mg
AA500 T gel (99 patients) or 100 mg AA500 T gel (106 patients),
matchng placebo gel (99 patients), or T patch (102 patients). Random-
iztion was performed to ensure an equal distrbution of treatments
across study centers. The study was double blided for the AA500 and
placebo groups and open label for the T patch group. Patients random-
izd to one of the two AA2500 arm could be titrated at d 60 based on
their d 30 T PK profile. Patients were titrated from 50 mg/ d to 100 mg/ d
at d 60 if their d 30 mean serum T concentration (Cav ) was less than 10.4
nmol/liter (300 ng/ dl). Patients were titrated from ido mg/ d to 50 mg/ d
at d 60 if their d 30 T Cavg was more than 34.7 nmol/liter (1000 ng/ dl).
These titration deciions were undertaken by a thd-par physician
who was unaware of any clinical aspects of the individual patients and
not otherwse involved in the study.

On d -1, patients had a baseline 24-h profie for seru T and DHT
consistig of seru samples taken at 0800, 1000, and 1200 h, and 1600

AA500
T patch Placebo Total

50 mg/d 100 mg/d

Demographics
n 99 106 102 99 406
Age (yr) 58.1 :: 9.7 56.8 :: 10.6 60.5 :: 9.7 56.8 :: 10.8 58.0 :: 10.3

Height (cm) 178:: 6 178:: 8 178:: 6 180:: 7 179:: 7
Weight (kg) 95.7 :: 13.4 95.7 :: 14.4 95.1 :: 13.5 98.5 :: 15.6 96.2 :: 14.2

BMI 30.0:: 3.7 29.9 :: 3.3 29.9 :: 3.8 30.3 :: 3.8 30.0 :: 3.6
T (nmol/i ter )a 8.1:: 2.0 8.1:: 2.2 8.3:: 2.4 7.9:: 2.8 8.1:: 2.3

1- PSS score 6.5:: 6.0 4.8:: 5.0 6.2:: 5.5 5.0:: 5.3 5.6:: 5.5

PSA (ng/ml) 1.17 :!: 0.89 1.29 :: 0.96 1.45 :t: 1.18 1.13:': 1.00 1.26 :: 1.02

Cause of hypogonadism"
Primary (n) 8 7 4 3 22
Secondary (n) 91 98 98 95 382

Aging (%)" 70.7 58.1 66.7 61.2 64.1
Normogonadotrophic (%)" 19.2 30.5 26.5 31.6 27.0

Demographic values are expressed as means:: 1 SD. BMI, Body mass index.
a 0800 h serum concentration at screenig examation.
b Two subjects had a missing cause of hypogonadism.
C Percentage of total by treatment group. Some subjects had more than one symptom, but all were required to have at least one. Distribution

by cause is shown only if it occurred in ~4% of subjects.
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and 0800 h on d 1, imediately before the first dose of shidy drg. On
d 30 and 90, patients had a 24-h profile for T and OHT consistig of
serum samples at predose and 2, 4, 8, 12, and 24 h after study drug
administration. On d 60, a single 0800-h serum sample was taken for T
and DHT. Blood samples for clcal laboratory assessment were col-
lected at screening and on d -1, 30, 60, and 90. The prostate was
evaluated at screening (PSA levels only) and d -1 and 90 with PSA
levels, L-PSS, and DRE. Body composition (total body mass (TBM), lean
body mass (LBM), and fat mass (FM)) and bone mieral denity of the

Ll-14 section of the lumbar spine were measured by dual energy x-ray
absorptiometryon d -1 and d 90. Percentage fat (%F) was derived from

FM and TBM. Al body composition and bone mieral. denity mea-
surements were centraly monitored and analyzed by Synarc, Inc. (May-
nard, MA). Sexual function and mood questionnaies were recorded
daily for 14 d before d 1 and daiy for 7 d before d 30, 60, and 90. Data

were collected centrally in real time via an interactive voice response
system using the telephone. Ski iritation examination using a stan-

dardied, discrete scorig system was performed at d 1 (before dosing),
30,60, and 90. Medical hitory and physical exams were completed, and
al adverse events were recorded.

Methods

The skin irritation scorig was based on the followig schema: 0, no
erytema; 1, minimal erythema; 2, moderate erythema with sharly
defined borders; 3, intense erythema with or without edema; 4, intense
erytema Vvith edema and bliterig.

Sexua fuctioning and mood assessments were based on a ques-
tionnaire, one that had been validated for assessment of sexual function
and mood and used previously in the evaluation of the effects of T gel
on sexual functon and mood (2). The questionnaie elicited inormation
on sexual fuctions: performance, motivation, spontaneous erectons,

desire, enjoyment (with and without a parter), and satisfaction \vith
erection duration and size. The sexual performance assessment was
based on the followig actvities: orgasm, ejaculation, intercourse, mas-
turbation, and erecon in response to a sexual activity. The sexual

performance score was the average number of days per 7 -d week of these
five activities. The sexual motivation assessment was based on the fol-
lowing activities: sexual daydreams, anticipation of sex, sexual interac-
tion with parter, flirg by subject, and flg by others toward
subject. The sexual motivation score was the average number of days per
7-d week that these five activities occurred. The evaluation of sponta-
neous erections was the average number of days in a 7-d week tht either

spontaneous nighttme or daytie erectons occued. Sexual desire,
sexual enjoyment, and satisfaction with erecton were assessed on a
Likert-tye scale (score 0 to 7) and were calcuated as average scores.
Percentage of full erection was scored from 0% to 100%. Patients also
rated positive mood (alert, ful of energy, frendly, well or good) and
negative mood (angr, iritable, sad or blue, tied, nervous) on a 0 to 7
categorical scale (0 = not at all true to 7 = very true). Average daily
scores were computed.

Seru T and DHT levels were all measured at ICON Laboratories
(Farmigdale, NY), using validated RI kits. Kits (Diagnostic Products,
Los Angeles, CA) were used for the T assays and kits obtained from
Diagnostic Systems Laboratories, Inc. (Webster, TX) were used for DHT
assays. The lower limits of detection for the T and DHT pharmacokinetic
assays were 0.1 nmol/liter (4 ng/ml) and 0.01 nmol/liter (4 pg/ml),
respectively. The DHT assay had a 0.02% or less cross-reactivity (after
solvent extraction) with T and T had a 3.3% or less cross-reactivity with
OHT up to 173.6 nmol/liter (5000 ng/ dl). The mean accuracy (recovery)
of T determied by spikig steroid-free serum with varyg amounts of
T (1.5-1.3 nmol/liter (44-36 ng/ dl)) was 98% (range, 93-103). The intra-
and interassay coefficients of the T assay were 6.7% and 7.9% for a
control group adult male range of 8.5-63.8 nmol/liter (245-1836 ng/ dl).
The mean accuracy (recovery) of OHT determined by spiking steroid-
free serum with various amounts of OHT (0.2-1.4 nmol/liter (59-418
pg/ml)) was 94% (range, 85-130). The intra- and interassay coefficients
of the DHT assay were 4.6% and 6.4%, respectively, for a control group
adiùt male range of 0.3-2.4 nmol/liter (97-711 pg/ml).

Statistical analyses

The 24-h PK profies for T and DHT were summarized by Cnvg
(AUCo_2. divided by the 24-h sampling period, where AUC is cal-
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culated using the trapezoidal rule), the minum postdose concen-
tration (Cm;n)' and the postdose Cmax' The changes from baseline to
d 30 and d 90 in Cnun. Cnviy and Cmnx were analyzed using an analysis
of covariance with baseline value as the covariate and treatment
group as the factor. Patients randomized to AA2500 (50 mg/ d or 100
mg/d) may have had their dose changed at the d 60 visit. Those
patients with a dose change wil be analyzed at d 90 using the dose
they received at the d 60 visit. Similar analyses were used for the
change from baseline in sexual function, mood, and body composi-
tion as well as for the clinical laboratory parameters at d 30, 60,
and 90. Treatment-emergent adverse events were compared using a
Fisher's exact test. Skin irritation at d 30, 60, and 90 was analyzed
using a Wilcoxon rank sum test. At d 30 and 90, the 50 mg/ d and
100 mg/d AA2500 treatment groups were compared with T patch
(PK parameters, sexual function, body composition, and mood) and
placebo (sexual function, body composition, and mood). For each
comparison, including safety parameters, an a-value of 0.05 was
considered significant. The changes from baseline in sexual function,
body composition, and mood were also analyzed for nonzero dif-
ferences withn each treatment group based on the adjusted least
squares means from the analysis of covariance modeL. SAS version
6.12 (SAS Institute, Inc., Cary, NC) was used for all analyses. All data
in tables are presented as means (:!SD).

Results
Subjects

A total of 406 patients were randomized with 99,106,102,
and 99 being randomized to the 50 mg/ d AA2500, 100 mg/ d
AA2500, T patch, and placebo treatment groups, respectively
(Table 1). Baseline patient characteristics (age, height,
weight, body mass index, serum T at screenig, I-PSS scores,
and PSA levels) were comparable. Of the patients who had
a valid PK profie, 70 of 399 (17.5%,21 patients in 50 mg/d
AA2500, 20 patients in 100 mg/ d AA2500, 16 patients in T
patch, and 13 patients in placebo groups) had a Cavg above
10.4 nmoIlliter at baseline. Of these patients, 71 % had at least

one or more serum T measurement less than 10.4 nmoIlliter
during the course of d -1. Baseline mean Cavg serum T

concentrations were 12.6, 12.1, 12.8, and 12.4 nmoIlliter in
the 50 mg/ d AA2500, 100 mg/ d AA2500, T patch, and pla-
cebo groups, respectively. Fifty percent of the patients were
aged 58 yr or older and approximately 26% were aged 65 yr
and older with a mean age of 58 yr. Patient hypogonadism
was primarily attributed to the secondary cause of aging and
normogonadotrophic hypogonadism; these cases accounted
for 91 % of all causes in the overall population (Table 1). A
significant proportion of enrolled patients completed the
90-d study (90% and 92% in the AA2500 and placebo groups,
respectively, and 75% in the T patch group). The primary
reason for the higher rate of discontinuations in the T patch
group was adverse events (17%) with the majority of events
being related to skin irritations at the patch site. Titrations
made at d 60 in the AA2500 T gel groups were: 52 patients
started on 50 mg/ d dose and remained on 50 mg/ d dose for
the entire study, 43 patients who started on 50 mg/ d dose
were titrated up to the 100 mg/d dose, 93 patients who
started on 100 mg/ d dose remained at the 100 mg/ d dose for
the entire study, and 4 patients who started on 100 mg/d
dose were titrated down to 50 mg/ d dose. Patients who
remained at 50 mg were more likely to have secondary hy-
pogonadism, excluding aging, than patients who titrated to
100 mg. Dosing compliance ranged from 94.9% (placebo) to
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97.1% (50 mg/d AA2500 and 100 mg/d AA2500 combined
analysis).

T pharmacokinetics (Fig. 1 and Table 2)

At baseline, mean Cavg serum T concentrations were below
the normal adult range (10.4-34.7 nmol/liter) and similar
across treatment groups. By d 30, the mean Cavg for the 50
mg/ d AA2500 treatment had increased 50% over baseline
with a similar increase being evidenced in the T patch treat-
ment group. The 100 mg/ d AA2500 dose resulted in a 173%
increase with a significant difference (P .: 0.001) in compar-
ison with the T patch treatment group. The Cavg was in-

creased above 10.4 nmol/liter in 55% of 50 mg/ d AA2500
patients, 95% of the 100 mg/ d AA2500 patients, 68% of the
T patch patients, and 8% of the placebo patients. In the 100
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FIG. 1. Serum T concentrations before (baseline) and aftr study

drug treatment on d 30 and 90. Time 0 was approximately 0800 h.

Solid horizontal lines denote the adult male range (10.4-34.7 nmol!
liter). e, 50 mg/d AA500; _, 100 mg/d AA2500; 0, T patch; 0,
placebo.
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mg/ d AA2500 group, 30 patients had a Crnax higher than the
upper limit of normal (34.7 nmol/liter), but 26 of these pa-
tients had a Cavg stil between 10.4-34.7 nmol/liter. The
degree of fluctuation during a day in seru values ((Crnax -

Crnin)/Cavgl was significantly smaller in the two AA2500
dose groups in comparison with the T patch group. By d 90,
similar results were seen across the tre.atment groups. Ap-
proximately 75% of 50 mg/d AA2500 and 80% of 100 mg/d
AA2500 treated patients had Cavg values above 10.4 nmol/
liter, in comparison with 57% of the T patch-treated patients
and 10% of placebo-treated patients.

DHT pharma.cokinetics (Fig. 2 and Table 3)

At baseline, mean Cavg serum DHT concentrations were
below the normal adult male range (0.9-2.6 runol/liter) and
similar across treatment groups. Mean changes in DHT Cavg
from baseline to d 30 for the 50 mg/ d AA2500 and 100 mg/ d
AA2500 dose groups were more than 4- and 7-fold greater,
respectively, than changes observed in the T patch treatment
group (P .: 0.001 for each comparison). Similar to Cavg' Crnin

results further demonstrated the effectiveness of both

AA2500 doses in increasing the d 30 Crnin to a signficantly
greater degree than the T patch treatment (P .: 0.001 for each
comparison). The 100 mg/d AA2500 dose achieved a mean
d 30 Crn that was with the normal range. For Crnax, the d

30 effects reported were similar to that observed with Cavg'

The Crnax mean changes in serum DHT from baseline to d 30
for both AA2500 dose groups were approximately 4- and
7-fold greater than that evidenced in the T patch group (P .:
0.001 for each comparison) with 15 (16%),39 (42%), 1 (1%),
and no patients in the 50 mg/ d AA2500, 100 mg/ d AA500,
T patch, and placebo groups, respectively, exceeding the
normal range. At d 30, examination of the DHT to T Cavg ratio
demonstrated that this ratio was not altered by either the T
patch or placebo treatment, whereas a near doubling of the
ratio was, respectively, evidenced with both AA500 doses.
By d 90, similar results were seen across the treatment
groups. Additionally, the higher serum levels of DHT ob-
tained with the AA2500 treatments correlated with the serum
T levels obtained.

24

Body composition (Fig. 3)

At baseline, there were no significant differences in LBM,
FM, %F, and TBM among the four treahnent groups. At d 90,
the 100 mg/ d AA2500 treatment increased LBM to a signif-
icantly greater degree than the T patch or placebo treatment
(P .: 0.05 for each comparison) with mean changes from
baseline of 1.5 :: 4.5, 1.7 :: 2.6,0.9 :: 1.8, and 0.6 :: 1.8 kg for
the 50 mg/ d AA2500, 100 mg/ d AA2500, T patch, and pla-
cebo treatment groups, respectively. With the exception of
placebo treatment, all treatments resulted in a decrease in
FM, which were significant, compared with placebo (P .:
0.01). Reductions of 0.8 :: 2.4,0.8.:: 2.0,0.4 :: 1.8, and 0.1 ::
1.5 kg were noted in the 50 mg/ d AA2500, 100 mg/ d

AA2500, T patch, and placebo treatment groups, respec-
tively. Reductions in %F were evidenced in all treatment
groups, with the AA2500 treatments yielding the most no-
table decreases. Specifically, at d 90, the 50 mg/ d AA2500
dose resulted in a reduction of 1.1 :: 3.2% which was sig-
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TABLE 2. T (nmoIliter): mean d 30 and 90
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Placebo
AA500

50 mg/d 100 mg/d

Day 30
Cavg Baseline 8.6:: 2.8 7.8:: 2.8

Actual 12.7 :: 6.5 21.3 :: 9.9b

Cmin Baseline 6.8 :: 2.4 6.2:: 2.6
Actual 7.7 :: 4.4" 13.6 :: 6.5b

Crnax Baseline 10.7 :: 3.6 9.9:: 3.2

Actual 18.8 :! 12.9" 31.2 :! 19.8b

Day 90
CUVg Baseline 9.2 :! 3.4 7.7:' 2.4

Actual 13.8:' 8.1 17.1 :' 8.2b

Cmin Baseline 7.4 :' 2.8 6.1:' 2.3
Actual 8.7:' 3.9b 10.9 :' 6.lY

Cniax Baseline 11.3 :: 4.1 9.8:: 2.9
Actual 19.5 :' 12.2 24.4 :' 13.8b

T patch

8.2:' 2.8

12.7 :' 4.2
6.7:' 2.3

6.2:' 2.9

10.2:' 3.7

18.8 :! 6.9

7.5:' 2.8

7.5:' 2.8

5.9:' 2.3

5.7:' 2.2

9.5:' 3.6

9.4 :' 3.8

8.3:' 2.8

11.9 :' 4.6
6.7:' 2.1

5.7:' 2.8

10.3:' 3.7

18.5 :' 8.2
Values are expressed as means:' 1 SD. Change from baseline signficant us. T patch: " P -c 0.05, h P -c 0.001.

nificant in comparison to the reduction evidenced with pla-
cebo treatment (0.2 :- 1.4%, P -c 0.05). Furthermore, the 100
mg/ d AA2500 treatment resulted in a 1.2 :- 1.9% reduction
at d 90, which was not only significant in comparison with
placebo (P -c 0.01) but also significant in comparison with the
T patch treatment (0.5 :- 1.6%, P -c 0.05). Although all treat-
ments resulted in minimal increases in TBM, no significant
differences were noted among the treatment groups.

Mood and sexual function (Table 4)

Although all treatments resulted in mean improvements
from baseline in both positive and negative mood scores, no
significant differences among the treatment groups were
observed.

At baseline, sexual fuction scores were similar across the
four treatment groups. Evaluation of the mean data dem-
onstrated that the 100 mg/ d AA2500 dose showed a signif-
icant improvement at d 90 over placebo treatment for spon-
taneous erections (P -c 0.001), sexual motivation (P -c 0.05),
sexual desire (P -c 0.01), and sexual performance (P -c 0.05).
Furthermore, the improvement from baseline was also sig-
nificant for these parameters.

All other measures of sexual fuction (e.g. sexual enjoy-
ment with a partner, sexual enjoyment without a partner,
satisfaction with erection duration, and percentage of full
erection) showed no significant difference in improvement
between treatment groups.

Safety

Adverse events. The incidence of treatment-related adverse

events was 29.1 %, 36.9%, 62.7%, and 40.4% in the 50 mg/ d

AA2500, 100 mg/ d AA2500, T patch, and placebo groups,
respectively. Although treatment in the AA2500 and placebo
groups was relatively well tolerated over the 90-d study
period, the T patch-treated patients experienced a substan-
tially higher rate of adverse events. Those most commonly
seen were application site erythema, application site rash,
application site pruritus, application site reactions, and ap-
plication site irritation.

Specific events that were possibly or probably related to
study drug and reported by 1 % or more of the AA2500

7.6:' 2.8

7.3:' 2.7

6.0 :' 2.4
5.9 :' 2.4
9.5:: 3.6

9.1:' 3.5

patients and greater than placebo included application site
reactions, BPH, increases in blood pressure and hematocrit/
hemoglobin, gyecomastia, headache, hot flushes, insomnia,
increased laciimation, mood swings, smell and taste disor-
ders, and spontaneous penile erections.

Only six patients in AA2500 treatment groups experienced
adverse events that led to discontinuation. Specific events in
the 100 mg/ d AA2500 treatment group included vertigo,
coronary artery disease, depression with suicidal ideation,
uriary tract infection/pneumonia, and hypertension. All

events with the exception of hypertension were considered
unrelated to treatment. Mood swings, considered related to
treatment, was the only event in the 50 mg/ d AA2500 treat-
ment group that led to discontinuation. Lastly, no patients in
the 50 mg/ d or 100 mg/d AA2500 treatment groups dis-
contiued because of ski reaction, whereas the majority of
patients that discontiued in the T patch group did so as a
result of local dermal site reactions (n = 15).

With regard to prostate-related events, mild BPH was
reported in two patients in the 100 mg/ d AA2500 treatment
group and one patient in the placebo treatment group. Ad-
ditionally, two T patch-treated patients were diagnosed with
prostatic cancer.

Laboratory analyses

Statistically significant differences between the 50 mg/ d
and/ or 100 mg/ d AA2500 groups and placebo groups in
serum blood urea nitrogen (-2.0 :- 4.0, -1.7 :' 4.3, and
-0.6 :' 3.9 mg/dl, respectively), creatine (0.04 :' 0.12,
0.07 :' 0.14, and -0.02 :' 0.12 mg/dl, respectively), and

fasting glucose levels (-2.2 :! 18.1, -5.6 :' 25.1, and 4.0 :'
25.3 mg/ dl, respectively) were observed; however, these dif-
ferences were minor and not clinically meaningfuL.

At d 90, clinically notable decreases from baseline in av-
erage total cholesterol (TC), low-density lipoproteins (LDL),
and high-density lipoproteins (HDL) were evidenced with
the 100 mg/d AA2500 group (-7%, -7%, and -8%, respec-
tively). Mean d 90 LDL/HDL ratios (2.73,2.56,2.52, and 2.41
for the 50 mg/ d AA2500, 100 mg/ d AA2500, T patch, and
placebo groups, respectively) remained essentially un-
changed from baseline. Additionally, mean d 90 HDL/TC
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ratios (0.23,0.24,0.24, and 0.24 for the 50 mg/ d AA2500, 100
mg/ d AA500, T patch, and placebo groups, respectively)
also remained unchanged.

Increases in hemoglobin and hematocrit are known phar-
macological class effects of T. Consistent with this, patients
in the 50 mg/ d and 100 mg/ d AA2500 group experienced
statistically significant mean d 90 increases in hematocrit and
hemoglobin of 2.3 :: 3.4% and 0.96:: 0.96 g/dl, respectively,
in the 50 mg/ d AA2500 group and 2.8 :: 3.5% and 0.94 :: 1.06
g/ dl in the 100 mg/ d AA2500 group, compared with the
placebo treatment group (-0.1 :: 2.8% and 0.12 :: 0.71 g/ dl)
and T patch treatment group (1.1 :: 2.6% and 0.48 :: 0.74
g/ dl). The effects observed with T patch treatment were
consistently greater than observed with placebo treatment

Steidle et al. . AA2500 T Gel Nonnalizes Androgen Levels

but less than those observed with the AA2500 treatments,
reflecting the lower average serum T levels associated with
the T patcli treatment. At d 30 and 60, similar effects were
reported for the AA2500 treatment group. Overall, approx-
imately 3%, 6%, 1%, and 1% of patients in the 50 mg/ d
AA2500, 100 mg/d AA2500, T patch, and placebo groups,
respectively, experienced a hematocrit value more than 55%
at least once during the study. Statistically significant mean
changes were also reported for lymphocytes and monocytes,
but the changes were small and not of apparent clinical
significance.

PSA values (Table 5) more than 4.0 ng/ml were noted at
least once during treatment in 1.8%,2.9%, 6.6%, and 3.2% of
patients in the50mg/d AA2500, 100mg/d AA2500, Tpatch,
and placebo treatment groups, respectively. PSA elevations
were noted in all groups with the T patch group evidencing
the greatest number of transient and persistent elevations.
Mean changes from baseline to d 90 of 0.3 :: 1.8,0.1 :: 0.4,
0.2 :: 0.6, and-O.l :: 0.4 ng/ml for the 50 mg/ d AA500, 100
mg/ d AA2500, T patch, and placebo treatment groups, re-
spectively. Of note, one patient in the 50 mg/d AA2500
treatment group experienced a transient elevation of 17.6
ng/ml (without clinically valid explanation) that upon re-
peat evaluation returned to normal (3.6 ng/ml).

The changes from baselie for 1- PSS were small, and the
incidence of patients experiencing a general worsenig of
their DRE was low (3.4%, 1.4%, 0%, and 4.2% in the 50 mg/ d
AA2500, 100 mg/ d AA2500, T patch, and placebo groups,
respectively). Both parameters provided no evidence of clin-
ically relevant treatment-related effects or differences.

Skin irritation (Fg. 4)

Figure 4 provides a graphic ilustration of the frequency
distribution of patients having positive skin irritation scores.
It can be seen that the events occurred predominantly in the
T patch treatment group and only a few mild reactions oc-
curred in the combined AA2500 and placebo treatment
groups. Additionally, the figue ilustrates that the T patch
acted as an irritant in some patients who experienced classic
signs of contact dermatitis and that the AA2500 treatments
were no more irritating than the placebo gel vehicle from d
60 through the completion of the study.

Discussion
This study demonstrated that this new, unique T gel

(AA2500), when titrated to clinical effectiveness, was supe-
rior to the T patch in normalizing serum T in patients with
hypogonadism. Specifically, the 100 mg/ d dose was not only
effective in significantly improving sexual performance, sex-
ual motivation, and sexual desire and increasing spontane-
ous erections but also increasing LBM and decreasing FM
and %F. There were associated increases in hemoglobin and
hematocrit, which are known pharmacological class effects
of T administration. The small mean increases in PSA ob-
served with AA2500 doses and the T patch treatment groups,
but not the placebo group, were not associated with an in-
crease in I-PSS. Small decreases in TC, LDL, and HDL were
observed in the AA2500 treatment groups with no changes
in HDL/TC or LDL/HDL ratios. Erythema, rash, pruritus,
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TABLE 3. DHT (ninol/iter): mean d 30 and 90
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AA500
T patch Placebo

50 mg/d 100 mg/d

Day 30
Cavg Baseline 0.4 :t 0.2 0.4 :t 0.2 0.4 :t 0.2 0.3 :t 0.2

Actual 1.2 :t 0.7" 1.9 :! 1.0" 0.6 :t 0.3 0.4 :t 0.2

Cmin Baseline 0.3:t 0.1 0.3 :t 0.1 0.3:t 0.1 0.2:! 0.1
Actual 0.8 :t 0.6" 1.4 :! 0.9" 0.4 :! 0.2 0.3:! 0.2

Cmax Baseline 0.5:! 0.2 0.5:! 0.3 0.5:! 0.3 0.5:! 0.2
Actual 1.7 :! 1.0" 2.6 :! 1.4" 0.8:! 0.7 0.5:! 0.3

DHTlTt Baseline 0.05 :! 0.02 0.05 :! 0.03 0.05 :! 0.02 0.06 :! 0.04
C"vg Actual 0.09 :! 0.04" 0.09 :t 0.04" 0.05 :! 0.02 0.06 :! 0.04

Day 90
Cavg Baseline 0.5:! 0.2 0.4 :! 0.2 0.4 :! 0.2 0.4 :! 0.2

Actual 1.5 :! 0.7" 1.8 :! 0.9" 0.6 :t 0.3 0.4 :! 0.2

Cmin. Baseline 0.3:! 0.1 0.2:! 0.1 0.3:! 0.1 0.3:! 0.1
Actual 1.0 :! 0.6" 1.2 :! 0.7" 0.3:! 0.2 0.3:! 0.2

Cmax Baseline 0.6:! 0.2 0.5:! 0.2 0.5:! 0.2 0.5 :t 0.2
Actual 2.0 :! 0.9" 2.3 :! 1.2" 0.8 :! 0.4 0.5:! 0.3

DHTlTt Baseline 0.05 :! 0.03 0.05 :! 0.02 0.05 :! 0.02 0.06 :! 0.04
Cnvg Actual 0.11 :! 0.04" 0.10 :! 0.04" 0.05 :! 0.03 0.06 :! 0.05

Values ai'e expressed as means:! 1 SD. tDHTIT = ratio of Cavg of DHT and T (nmol/iter unts do not apply).

" P .. 0.001. Change from baseline significant us. T patch.
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FIG. 3. Values are expressed as means:! 1 SE in LBM, FM, %F, and TBM after treatment with 50 mg/d AA500, 100 mg/d AA500, T patch,
and placebo. D, Baseline; _, d 90; *, Significant vs. placebo: P.. 0.05; +, significant vs. T patch: P -: 0.05; t, significant vs. placebo: P 00 0.01.

application site reactions, and irritation were observed much
more frequently in the T patch group, compared with both
AA2500 treatment groups and the placebo treatment group.
Additionally, the T patches acted as an irritant in some pa-
tients who experienced classic signs of contact dermatitis,

whereas the AA2500 gel treatments resulted in minimal skin
erythema in only a few patients with the incidence being
similar to that observed in the placebo treatment group.

The 100 mg/ d AA2500 treatment increased LBM to a
greater degree than either the T patch or placebo, and both
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TABLE 4. Sexual fuiiction scores: mean change from baseline to d 90

Steidle et al. . AA500 T Gel Normalizes Androgen Levels

Placebo
AA500

T patch50 mg/d 100 mgld
Spontaneous erections Baseline 0.7:: 0.9 0.8:: 1.1 1.0:: 1.3 1.0:: 1.2
(average weekly) Change 0.3 :: 1.3 0.7:: 1.4,( 0.3 :: 1.1 0.0:: 1.0Motivation Baseline 1.6 :: 1.5 1.8 :: 1.4 1.6 :' 1.2 1.5 :: 1.2(average weekly) Change 0.2 :: 1.5 0.6 :: 1.4"'( 0.4 :: LId 0.1 :: 1.2Desire Baseline 2.3:: 1.4 2.4:: 1.4 2.2 :: 1.4 2.1 :: 1.4(average daily) Change 0.5 :: 1.2" 1.0 :: l.4b,( 0.6 :: 1.2( 0.5 :: 1.0'Performance Baseline 0.8:: 0.9 0.8:: 0.9 0.7 :: 0.8 0.8:: 0.8
(average weekly) Change 0.3 :: 1.1 0.5:: 1.2"'( 0.3:: 0.7d 0.2:' O.gd

Values are expressed as means:: 1 SD. Significant us. placebo:" P.: 0.05, b P.: 0.01, C P.: 0.001. Significant within treatment group change
from baseline: d P -. 0.05, C P -. 0.01, ( P .: 0.001.

TABLE 5. PSA: summary of changes to d 90 and classification of overall elevations

AA500
T patch Placebo

50 mgld 100 mgld

Baseline (ng/ml) 1.2 :: 1.0 1.2 :: 0.9 1.4 :: 1. 1. :: 1.0
Change (ng/ml) 0.3 :: 1.8" 0.1:: 0.4 0.2:: 0.6 -0.1:: 0.4
PSA elevationsb

;:4.0 ng/dl 1 4 6 3
Transient 1 2 2 1
Persistent 0 2 4 2

Baseline and change values are expressed as means:: 1 SD.

" P .: 0.01, signficant us. placebo.
b Number of subjects experiencing at least one PSA value ;:4.

Sldn Irritation Scores
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FIG. 4. Distribution of subjects with positive application siteskin
irrtation scores on d 30, 60, and 90. 1, Minimal eryema; 2, moderate
eryhema with sharply defied borders; 3, intense erythema with or
without edema; 4, intense erythema with edema and blistering/ero-
sion. The 50 mg/d and 100 mg/d AA500 treatment groups combined.
0, d 30; !§, d 60; ., d 90.

doses of AA2500 also resulted in a significantly greater de-
crease in FM and %F, compared with placebo. Normalization
of serum T levels were achieved with both doses of AA2500
for average T levels and minimum T levels over a 24-h dosing
period. In contrast, the T patch group was able to restore only
average T levels. Previously reported data suggest that in-
creases in LBM and decreases in FM are correlated with
serum T levels (1). This difference in normalization may
explain the greater increase in LBM and greater decrease in
FM and %F observed with the AA500 treatments. In pre-
vious studies in hypogonadal men, T replacement therapy
has resulted in decreases in FM in some studies using in-
jectable or transdermal T but not in other studies in which

either injectable or sublingual T has been administered. The
difference in results observed in these previous reports might
be due to lower serum T levels achieved by different T
preparations.

Regarding DHT, although it is true that the AA2500 treat-
ments produced higher serum levels at d 30 and 90, the
DHT IT ratio remained stable and similar to that reported in
normal men, demonstrating concordance with the naturally
occurring 5a-reductase conversion ofT to DHT. The effect of
serum DHT levels on the intraprostatic levels of DHT is not
known. As with serum T levels, a prospective relationship
between DHT serum levels and the incidence of prostate
cancer has not been demonstrated (10,11). Further long-term
studies are needed to clarify the effect of increased DHT on
the prostate.

There were no unexpectedly abnormal laboratory values
and the incidence of clinically relevant abnormal findings
was low. By d 90, patients in the AA2500 group who were
administered 50 mgl d or 100 mgl d experienced statistically
significant increases in hematocrit and hemoglobin, com-
pared with patients receiving T patch or placebo. The in-
creases observed in the T patch group were consistently
greater than those observed in the placebo group but less
than those observed in the AA2500 groups. This is likely a
result of the lower serum T levels achieved with T patch. A
previous study demonstrated similar increases in hematocrit
and hemoglobin with T replacement therapy, with these
increases being more marked with higher doses of T (1).
These small increases in hematocrit and hemoglobin, which
can occur with T replacement therapy, may even be bene-
ficial in hypogonadal patients in whom anemia, lethargy,
and fatigue are commonly found; however, a small percent-
age of treated individuals may increase their hematocrit lev-
els to more than 55% and in turn be prone to the problems
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associated with polycythemia. To this end, periodic moni-
toring of hematocrit is recommended to determine whether
T therapy dose adjustments or termination (i.e. in the event
hematocrit values do not fall below 55%) may be required.

Small increases in PSA similar to those seen in previous
studies with T replacement therapy were observed in both
AA2500 groups and in the T patch group. However, the
magnitude of the increase in PSA, changes in I-PSS, and
findings from DRE following treatment with either dose of
AA2500 or T patch in this study were not of clincal concern.
Although T has not been shown to induce cancer of the
prostate, two patients on the T patch were diagnosed with
prostate cancer during the study. Ths is not surprising be-
cause elderly men are at an increased risk of developing
prostate cancer and the diagnosis can be made as a result of
an elevated PSA subsequently leading to prostatic biopsy.

Very few adverse effects were reported following topical
application of AA2500, and those that were reported were
similar in tye to the known class effects of T. Of partcular
note was the very low incidence of skin irritation reported
with AA2500, which was comparable to placebo and signif-
icantl y lower than T patch. Furthermore, no patient in the gel
groups discontinued because of ski intolerability.

Ths study clearly shows that 100 mg/d AA2500 dose is
superior to T patch in normalizing serum T and DHT in
hypogonadal men. The AA2500 treatments resulted in in-
creasing LBM (100 mg/d dose) and decreasing FM and %F
to a greater degree than either the T patch or placebo. Fur-
thermore, significant improvements from baseline and in
comparison to placebo were observed for spontaneous erec-
tions, sexual motivation, sexual desire, and sexual perfor-
mance with 100 mg/d AA2500 dose. Overall, this new,
unque T gel (AA2500) can offer benefit over other trans-
dermal preparations because of improved 24-h serum T lev-
els and improved compliance as a result of a lower incidence
of local dermal irritation.
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Detection of anabolic steroid administration: ratio
of urinary testosterone to epitestosterone vs the

ratio of urinary testosterone to luteinizing
hormone

PAUL J. PERRy,!,3* JOHN H. MAcINDOE,2 WILLIAM R. YATES,! SHANE D. SCOTT,3 and
TIMOTHY L. HOLMAN1

Our goal in this study was to determine whether the
urinary ratio of testosterone to luteinizing hormone
(T/LH) as an indicator of exogenous anabolic steroid
(AS) use is superior to the urinary ratio of testosterone to
epitestosterone (TIE). After 2 weekly placebo injections,
19 subjects were given testosterone cypionate (TC) in-
jections of 250 or 500 mglweek for 14 weeks followed by
14 weekly placebo injections. Patients were considered
to have ceased taking TC if they tested negative 9 weeks
after their last injection. For detection of ilicit or sup-
raphysiological TC (AS) use, the urinary TIE ratio of ~6
yielded a false-negative rate of 46% and a false-positive
rate of 4%. However, a urinary T/LH ratio of ~30
produced a false-negative rate of only 24% and a false-
positive rate of 13%. We conclude that the urinary T/LH
ratio of ~30 is a more sensitive marker of AS use than
the urinary TIE ratio of ~6 and remains sensitive for
twice as long as urinary TIE.

INDEXING TERMS: abused drugs. sports medicine. GC-MS

. androgens . anabolic steroids

The primary method for detecting ilicit anabolic steroid
(AS) use has been the analysis of urinary steroids.4 This
methodology has been successful for the majority of
steroids, especially the synthetic variety that have specific
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strctures that are easily identified by GC-MS. However,
the detection and monitoring of anabolic compounds is
not fail-safe. Detection of the ilicit use of testosterone (T),
a naturally occurring AS, has become a difficult clincal
problem. Methods for detecting administration of exoge-
nous T depend on distortions of the normal hormone
profie in the user's ure (11 Attempts to identify optial
markers of exogenous T adminstration from untied

urine samples in male athletes have uncovered several
compounds as possible indicators of T abuse. In 1982, the
ratio of androgen glucuronides to epitestosterone (E;
17a-hydroxy-4-androsten-3-one) was adopted by the
Medical Commission of the International Olympic Com-
mittee (IOC) in Los Angeles, with a cutoff point ~6 being
the sole test for ilicit T self-adminstration (2,31; the

expected urinary ratio of TIE among healthy subjects not
using AS is -1 £11. However, analyses from all iOC-

accredited laboratories in 1991 suggested that the majority
of athletes who were using AS had switched from syn-
thetic compounds to T pharmaceuticals to evade detection
(41. Consequently, covert AS use has become more diffi-
cult to detect.

The overall incidence of urinary T IE ~6 in the general
population of healthy males not abusing steroids is
':0.8%, as evaluated by Catlin and Hatton (51 and con-
firmed by Dehennin (41. In general, the increase of the
T IE ratio after high-dose T administration results from
increased T excretion and a decrease of E output (61.
However, some athletes have produced false-positives,
Le., TIE ratios ~6 with subsequent verification that no
exogenous T had been administered (7J Dehennin and
Matsumoto (61 indicated that this problem could be
reduced by taking into account the sulfate excretions of E
(ES) in the ratio T I(ES + E), the relevant threshold being
2.85. Accordingly, Dehennin (41 suggested that using a
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T I(ES + E) ratio of ~3.0 would be a more sensitive
marker of covert T use.

Dehenn (n also noted that the joint misuse of T and
E could also lead to false-negative test results, and the
IOC in 1992 recommended that urinary E concentrations
~150 ILg/L should be noted as abnormally high and
therefore suspicious. False-negative results can also be
produced by stimulation of testicular steroidogenesis by
administering human chorionic gonadotropin, which
would result in a concomitant increase in the urinary
excretion rate of T and E but with no significant change in
the TIE ratio (11 Dehenn and Matsumoto (61 confirmed
earlier reports of false negatives by demonstratig that,
despite their determination that an average dose of 47 mg
of exogenous testosterone per week would equal or
exceed the IOC cutoff, 2 of 9 subjects receiving 72 mg of
testosterone (100 mg of testosterone enanthate) per week
for 6 months did not produce a TIE ratio ~6.

Dehenn (41 suggested that when a T IE ratio of 6 to 12
is found for the first tie in subjects for whom no

documentation of a previously normal ratio exists, some
complimentary criteria should be examined. He found
that the ratio of urinary T and E glucuronides to 5-andro-
stene-3ß,17a-diol glucuronide was increased in the use of
exogenous T and E use despite the TIE ratio being ':6.
These findings indicate a need for further study of addi-
tional markers for detectig the administration of T.

Because the secretion of T is under the control of

luteinzing hormone (LH), Brooks et al.(Bl suggested that
the urinary T ILH ratio might be a potentially useful
marker for detectig adminstration of exogenous T. Kic-

man et al. (91 observed that high-dose T adminstration
resulted in dose-dependent suppression of both serum
and urinary LH. This was confirmed by Matsumoto (21,
who found that the urinary LH excretion was reduced to
a lesser extent than was the decrease in both E and T
conjugates, such that the T ILH values were lower than
those reported by Kicman et al.-also suggestig a need
for more study.

Palonek et al.(31 reported significantly increased T ILH
ratios in 11 healthy sedentary men participating in a
WHO investigational program for male contraception.
Each subject received 144 mg of T per week (200 mg of
testosterone enanthate) for 9 months. The T ILH ratio
increased from a mean of 0.052 (range 0.002-0.108) at
baseline to 45.16 (1.28-252) at 3 months, 85.7 (8.3-238) at
6 months, and 71.7 (5.3-344) at 9 months. The authors
indicated that, among all the different ratios or proposed
markers they investigated, the urinary T ILH ratio
showed the most dramatic increase (-1000-fold). Of the
other markers, the increase in the serum T ILH ratio was
of similar magnitude as that of the urinary T ILH ratio,
whereas the urinary TIE ratio had only a 50-fold increase.
The investigators also reported that 1 of the 11 subjects

produced a TIE ratio below the IOC cutoff at 3 and 9
months of administration and just over the threshold at 6
months. The T ILH ratio for the same subject was above

the upper reference limit at 3, 6, and 9 months. Palonek et
al. concluded that increased serum and urinary T ILH
ratios in the presence of a normal TIE ratio may indicate
self-administration of both T and E.

Unanswered is whether the T ILH ratio might be more
sensitive than the TIE ratio for identifying ilicit use of
AS. Thus the goal of the present study was to determine
which laboratory test is most sensitive and specific for
detectig the adminstration of exogenous T.

Materials and Methods
SUBJECTS AND STUDY DESIGN
Healthy male volunteers between ages 18 and 40 years
were recruited and, after an explanation of the study,
gave their signed informed consent. The study protocol
was reviewed and approved by the Human Subjects
Intitutional Review Board and the Clinic Research Center

of the University of Iowa. A standard drug history,
developed by the National Institute on Drug Abuse, was
adminstered before entry. Any subject who indicated he
was currently using central nervous system stiulants
other than modest amounts of caffeine (two cups of coffee
per day) was excluded from the study.

Each subject received two weekly placebo doses of
cottonseed oil, the vehicle for testosterone cypionate (TC).
At the end of the 2-week placebo lead-in period, subjects
were randomized to one of three doses of TC (100,250, or
500 mg/week) given for 14 consecutive weeks. In our
experience with AS users (101, the subjects' shortest
average cycle was 7 weeks, the longest 14 weeks. Thus, we
decided that subjects should be administered TC for a
typical 14-week AS cycle to mimic the maximum cycling
interval.

Subjects functioned as their own controls. They re-
ceived weekly intramuscular injections of either TC or
placebo (vehicle only) for 28 consecutive weeks. For the
purpose of evaluatig the effectiveness of the urine TIE
ratio as an indicator of recent AS use, we considered only
the subjects receiving supraphysiological TC doses (250
and 500 mg/week). A 100 mglweek dose is generally
regarded as a physiological replacement dose in the
majority of patients.

To monitor the subjects medically, we assessed their
liver-fuction tests, fasting lipid profiles, thyroxine-bind-
ing globulin, sex-hormone-binding globulin, 24-h urinary
free cortisols, serum free and total T, estradiol, LH,
follcle-stimulating hormone, thyroid-stimulatig hor-
mone, and free thyroxine-obtained at baseline, at entry
into the study, after the 2-week placebo injection period,
and then biweekly for the remainder of the study. All
endocrine samples were collected between 0700 and 0900
to minimize the chronotropic secretion effects of these
hormones. Depo(!-testosterone (TC), 200 g/L (200 mgl
mL), was the proprietary product utiized for the study.
The diluent (0.2 mL of benzyl benzoate, 9.45 mg of benzyl
alcohol, and 560 mg of cottonseed oil per mililter) was

prepared by the Pharmaceutical Services Division of the
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University of Iowa College of Pharmacy (an FDA-ap-
proved manufacturing group). At the end of the 14 weeks
of TC adminstration, the subjects were switched to di-
luent-only injections.

ASSAYS

The urine drug screens were performed by Smith Kline

Beecham Clical Laboratories Sports Testig Center in
Tucker, GA, a laboratory certified by the US Department
of Health and Human Services. The initial drug screen
and all subsequent screens were negative for AS (other
than T), amphetamines, barbiturates, benzodiazepines,
cocaine metabolites, methadone, methaqualone, opiates,
phencyclidine, and propoxyphene.

Urine concentrations of T, E, LH, and creatiine were
also determined in the samples (assayed by Smith Kline

Beecham). The urine samples were refrigerated at 8 °C
and were analyzed within 5-10 days after collection. If the
T IE ratio was ':6, the sample was discarded within 30
days. Urine drug screens were routiely obtained at
weeks 0, 1, 4, 8, 12, 16 or 17, 20, 24, and 28; in some
follow-up cases, they were obtained at weeks 40 and 92.
AS screens and confirmations were performed by GC-MS
on separate aliquots. Samples were initially screened for
the substance abuse panel by Emit (Behring, Palo Alto,
CA); all positive results were confirmed by GC-MS £111
LH in urine was performed by Microparticle Enzyme

Immunoassay with the Abbott Diagnostics (Chicago, IL)
IMx system.

The TIE ratio was determined by GC-MS. Both free

and conjugated T and E were extracted with Ci8 solid-
phase extraction columns (Bond Elute LRC; Varian, Har-
bor City, CA), hydrolyzed with ß-glucuronidase (Boeh-

ringer Manneim, Manneim, Germany), and detected by
monitoring characteristic ions with the mass spectrome-
ter. Quantification and identification of T and E required
selected-ion mode analysis in which the presumptive
positive specimens were matched with the retention times
and ion ratios of known compounds. The T calibration
curve was linear between 2 and 400 ILg/L; that for E was
linear between 2 and 500 ILg/L. The CV for the TIE ratio
was 13.3%. The specificity of this method is extremely
high: At the tie of the performance of the assays, no

compounds were known to interfere with either T or E.
The urine concentration of LH was determined with

the IMx system kit for serum LH as described in the 1991
IMx LH package insert. To determine that there was no
matrix effect for the assay, we added known amounts LH
to urine and serum samples and found that the resulting
calibration curves could be superimposed on each other
and were linear between 2 and 600 lUlL. The lower limit
of detection for this assay is 0.5 lUlL. The CV for the
serum LH assay is 8.7% at 5.37 lUlL, 6.4% at 43.2 lUlL,
and 6.2% at 82.5 lUlL.

All serum samples for determining free and total T
were stored at -20°C unti assay. The T concentrations

were quantified with Coat-A-Count(! kits (Diagnostic
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Products Corp., Los Angeles, CA) as described in the
manufacturer's package insert (1995). The lower limits of
detection were 40 ng/L for total T and 0.15 ng/L for free
T. The inter- and intraassay CVs for the free T assay were
11.2% and 5.5%, respectively; those for total T were 10.4%
and 8.8%, respectively.

Result
In all, 93 urine drug screen samples were obtained from
the 19 subjects participatig in the study who received
supraphysiological doses of TC. Seven received 250 mgl
week and 12 took 500 mg/week. None of the subjects was
positive for exogenous AS use other than for the TC
injections adminstered during weeks 2-15 of the study.
Concentrations of free T in serum were analyzed 5-7
times between days 3 and 21 after the last TC injection for
17 of the 19 subjects. From these data, we calculated for
each patient the terminal elimination rate (ke) and the

elimination half-life (ti¡i for free T in serum. To deter-
mine ke, we fit the T concentrationsJ(t) and tie points (t)

to the following single exponential decay equation, where
a is the concentration of T at tie 0:

J(t) = ae-k,t (1)

We determined tl/2 as follows:

ti¡z = 0.6931ke (2)

A 21-day T sampling period was appropriate to deter-
mine the t1/2 of exogenous T because gonadotropin-

releasing-hormone stiulation tests indicated that the
hypothalamic-pituitary-testicular axes of the subjects did
not regain sufficient sensitivity to stiulate release of T
until 4-6 weeks after discontiuation of the TC injections.

Table 1. Elimination half-life of free testosterone in
19 subjects.

Subject

2455
2908
3058
3626
5361
9298
0030
1078
2166
3415
4008
4045
4249
5340
6218
6534
9338
0153
0012

Free T elimInation half-lIfe, days

8.2
6.0
6.4
4.8
6.4
6.4

14.1
6.0
5.0
7.3
7.8
4.9
4.8
7.4

Not available
6.8
5.5
4.2

Not available

TC dose, mg¡week

250
250
250
250
250
250
250
500
500
500
500
500
500
500
500
500
500
500
500
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The individual elimination half-life data are presented in
Table 1. There was no difference in half-life values be-
tween the weekly TC doses of 250 and 500 mg (Mann-
Whitney U = 25.0, P = 0.37). The overall mean :t SD
elimination half-life for free T in serum after administra-
tion of TC was 6.6 :t 2.3 days. Based on these data, an
11-day t1/2 would be 2 SD from the mean. Given that 97%
of the exogenous T was excreted in 5 half-lives (Le.,
ll-day half-life X 5 half-lives = 55 days, or 8 weeks) and
that pituitary sensitivity to gonadotropin-releasing hor-
mone returned within 4-6 weeks of the last TC injection,
subjects were assumed to have ceased taking ("be off")
exogenous T by the tie of the urine drug screen per-
formed 9 weeks after the last TC injection.

The AS urine drug screen findings indicated that the
urinary TIE ratio cutoff of ~6, the traditional laboratory
marker to determine the use of exogenous T and used as
such by the National Collegiate Athletic Association and
the IOC, although quite specific for determing nonuse
of T, is not a sensitve indicator for detecting illicit T
usage. Table 2 ilustrates this. Although the TIE ratio of
~6 had 96% specificity in identifying our subjects as being
off steroids by 9 weeks after their last dose, it was correct
only 54% of the time for identifying our subjects as being
on steroids during the 14 weeks of TC injections and in
the 9 subsequent weeks when they received sham injec-
tions. As a practical matter, these data suggest that one of
every two subjects using injectable TC wil, both during
injection periods and for 9 weeks afterwards, give a
false-negative urine drug screen. Receiver operatig char-
acteristic (ROC) analysis of these data £121 identified a
urinary TIE ratio of ~1.2 as the cutoff value that provided
optimum sensitivity and specificity for indicatig use or
nonuse of T. Resorting the data in Table 2 ilustrates that
use of aT IE ratio of ~1.2 for a T-positive urine improves
the sensitivity to 83% and the specificity decreases only
sornevvhat, to 77%.

The potential usefulness of the urine T ILH ratio as an
indicator of T use and nonuse is ilustrated in Table 3.
These data suggest that to maintain 100% specificity
requires a threshold T ILH ratio of ~74, although the
sensitivity at this cutoff is only 52%. However, by ROC
analysis (data not shown), the urinary T ILH ratio cut-

Table 2. Contingency table for various urinary TjE ratios
used as the threshold ratio for anabolic steroid use

(TC 250 or 500 mgjweek).
No. of subJects

TIE ratio OnTC OffTC'

2:6b 25 2
~6b 21 45
2:1.2c 38 11
~1.2c 8 36

a Subjects who tested negative 9 weeks after their last TC injection.
b ¡f = 28.312, P -00.0001, sensitivity = 54%, specificity = 96%.
c ¡f = 32.689, P -00.0001, sensitivity = 83%, specificity = 77%.

Table 3. Contingency table for urinary TjLH ratios used as
the threshold ratio for anabolic steroid use

(TC 250 or 500 mgjweek).
No. of subjects

T ILH ratIo OnTC Off TC.

2:74b 24 0
-O74b 22 47
2:30c 35 6
~30c 11 41

a Subjects who tested negative 9 weeks after their last TC injection.
b ¡f = 33.051, P -00.0001, sensitivity = 52%, specificity = 100%.
c ¡f = 37.814, P -00.0001, sensitivity = 76%, and specificity = 87%.

point that optimizes sensitivity and specificity is ~30. As
Table 3 shows, use of a urinary T ILH ratio ;:30 increases
sensitivity to 76% but decreases specificity to 87%.

Discussion
From a medical-legal standpoint the most worrisome
finding of these data is the false-positive tests. Table 4

characterizes the false positives-Le., a test result that is
not negative at 9 weeks after the last TC injection-for the
various testig schemes. Nine weeks is equivalent to the
amount of tie required to clear 97% of the exogenous

TC. For the urinary TIE ratio of 6, only two subjects did
not meet ths criteria, whereas for the urine T ILH ratio of
30, four subjects did not meet this criteria. All six patients
who tested "positve" were actually tested 9-25 weeks
after their last TC injection. When contrasted with the
half-life data, ths suggests that the normalization of LH
concentrations may lag behind the rate at which the

exogenous T clears from the body. Moreover, in reality
there are no truely false-positive test results. However, in
no case did a subject's urine screen test positive before the
start of the TC injections.

The mean :t SD urinary T ILH and TIE ratios before
the start of the TC injections were 3.8 :t 2.4 and 0.8 :t 1.3,
respectively. Other than when the subjects were receiving
T injections, the only tie there was a significant differ-
ence between pre- TC injection urinary TIE and T I LH

ratios and the ratios after the start of the TC injections was
2 weeks after the last injection. For the urinary T ILH
ratio, the mean difference between the baseline value and
the ratio 2 weeks after the last injection was 29.8 (t =
2.829, P ':0.02, dJ = 16); for the urine TIE ratio, the mean
difference vvas 14.9 (t = 2.703, P ':0.02, dJ = 16).

As suggested in Table 4, the urinary T ILH ratio of ~30
is the screen most likely to detect AS use the longest, Le.,
as long as 25 weeks after the last injection. Using the
urinary T ILH ratio ~30 as a marker showed that 4 of 19
(21 %) subjects tested positive 9 -25 weeks after their last
injection of T. In contrast, use of the urinary TIE ratio ~6
found only 2 of 19 (11%) patients positive for steroid
usage at 9 weeks after their last T injection. Fig. 1
chronologically contrasts the mean urine T ILH and TIE
ratios. Inspection of Fig. 1 suggests that the urinary T ILH
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Table 4. False-positive rates for use of supraphyslologlcal
doses of anabolic steroids in different urine testing

schemes.
False-positIve

rates Subject description

No. of TC dose, No. of weeks
Test cutoff % subJects mgfweek since last InJ. Ratio

T /E ~6 4 2 500 9 7.3
500 9 6.5

T/LH ~30 13 4 500 9 73
500 9 & 13a 65 & 35a

250 13 64
250 13 & 25a 47 & 34a

a Same subject, two times.

ratio returns to baseline at a slower rate than the urinary
T IE ratio does, thereby explaining the greater number of
false-positive results for T ILH in this group. To prove ths
point, we regressed the mean TIE and T ILH ratios
against their tiepoints at weeks 17, 20, 24, 28, and 40 and

fit this as a monoexponential decay curve. The regression
line intersects the critical T ILH ratio of 30
at 7.9 weeks after the last TC injection (T ILH ratio =
90.2 e-O.14(weekl,,: = 0.86). However, the TIE ratio fitted to

the exponential equation (TIE ratio = 12.3 e-O.1916(week),

,: = 0.80) intersects the ratio of 6 at 3.7 weeks. Both

models, therefore, demonstrate why more subjects test
positive for a longer time when assessed with the T ILH
ratio.

It is not uncommon for nonpower athletes (e.g., dis-
tance ruers, swimmers, tennis players, soccer players)
to utilize physiological doses of T (Le., TC 100 mg/week)
to counter the catabolic effects of stress and exercise on
muscle. We measured urine TIE and urine T ILH in seven
subjects who were administered TC at 100 mg/week.
Monoexponential regression equations for the TIE and
T ILH ratios to return to baseline values were based on
the mean ratios measured in these subjects at weeks 17,
20, and 24 after cessation of TC injections. The urinary
T IE ratio, when fitted as an exponential decay equation

1000

I-+urine TILH-4urine TIE

100

.5
'§
ai

'2
::

10

0.1
o 20

week
Fig. 1. Urine T /LH ratios and T /E ratios in 19 subjects receiving TC,
250 or 500 mg/week.

10 30

735

(T IE ratio = 8.3 e-0.2072(weekl, ,: = 0.82), intersects the

ratio of 6 at 1.6 weeks, whereas the urinary T ILH ratio,
fitted to the equation T ILH ratio = 48.9 e-0.2148(week) (,: =

0.99), intersects the ratio of 30 at 2.3 weeks. These data
suggest that is debatable whether TC at 100 mglweek is
actually a physiological replacement dose: Some athletes
may test positive even at this small a dose of T.

In conclusion, we find that the urinary T ILH ratio is a
more sensitive and specific test for a longer time for.
investigatig AS use than is the urinary TIE ratio. Sup-
porting this finding is the fact that, unike the case for E,
there are no commercially available FDA-approved LH
products. This advantage alone makes the urinary T ILH
ratio a considerably more practical screening test than the
urinary TIE ratio.

This project was supported by a grant from the National
Intitute on Drug Abuse at the National Intitutes of
Health (ROlDA08347).
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A Single Dose of the Potent Gonadotropin-Releasing
Hormone Antagonist Acyline Suppresses Gonadotropins
and Testosterone for 2 Weeks in Healthy Young Men
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Acyline is a novel GnRH antagonist that reliably inhibits go-
nadotropins and testosterone (T) levels in men for 48 h after
a single dose up to 75 ILglg. In this study we examined go-
nadotropin and T levels in 28 healthy young men administered
acyline as single doses of 150 or 300 ILglg or serial inections

of 75 ILglg. A single 300 ILglg dose of acyline suppressed
gonadotropins and T to castrate levels for 15 d (baseline, 21.1 :!
3.1; nadir, 1.95 :! 0.4 nmolniter; mean :! SEM; P .: 0.05). Serum
acyline levels peaked 90 min after the inection of 300 ILglg
acyline to a maximum concentration of 112.4 :! 18 ng/m1 (n =
7; t1/2 = 4.9 d). Inections of 75 ILglg acyline every 2 d for five

doses suppressed gonadotropins for more than 20 d (nadir T,
1.06 :! 0.17 nmol1iter; P .: 0.05 compared with baseline), Ad-
verse events were mild and included eryhema and pruitus
at the injection site. Acyline, therefore, is one of the most
potent peptide GnRH antagonists studied to date with mini.
mal adverse events. A twice monthly injection of acyline could
be used as a potent suppressor of the GnRH axs to advance
the development of a hormonal male contraceptive or for
treatment of hormonally dependent disease. (J Clin Endocri-
nol Metab 89: 5959-5965, 2004)

GnRH is A hypothalamic decapeptide that is synthesizedand released in a pulsatile maner from hypothalamic
neurosecretory cells and regulates the synthesis and release
of pituitary gonadotropins that, in turn, regulate steroido-
genic and gametogenic functions of the gonads. GnRH plays
a rate-limiting role in reproductive processes, and thousands
of GnRH analogs have been generated because of their po-
tential clinical utility. Most GnRH analogs are employed in
the treatment of prostate cancer and for their utility in the
disruption of LH surges for the regulation of ovulation in-
duction in women undergoing in vitro fertilization (1-3).
Other clinical uses for GnRH analogs include endometriosis
and other gyecological diseases (4, 5), precocious puberty
(6), and hormonal male contraception (7, 8). Both GnRH
agonists and antagonists suppress gonadotropins and go-
nadal steroids, but the adminish'ation of GnRH agonists is
accompanied by an initial gonadotropin and gonadal hor-
mone surge known as a Hare, delaying suppression by 7-14
d (2). GnRH antagonists do not cause Hare, because they
competitively block and inhibit GnRH-induced GnRH re-
ceptor gene expression, leading to immediate pituitary
suppression.

Acyline is a GnRH antagonist sponsored by the NICHD
that reliably maintained suppression of gonadotropins and
testosterone (T) for 48 h with doses up to 75 ¡ig/kg by sc
injection (9). We sought to determine whether larger or serial

Abbreviations: ACY 150, 150 ¡.g/kg Acylie; T, testosterone.

JCEM is published monthly by The Endocrine Society (http://www.
endo-society.org), the foremost professional society serving the en-
docrine community.

doses of acyline would suppress gonadotropins and T for
suffciently long periods of time to allow a depot formation
of acyline to be conveniently used for clical applications

such as a male hormonal contraception.
We administered acyline as single doses of 150 and 300

¡ig/kg and as serial injections of 75 ¡ig/kg and monitored
serum gonadotropin and T levels for a period of 30 d or until
serum gonadotropins and T retumed to baselie levels.

Subjects and Methods
Acyline

Acylie was originally synthesized by Jean Rivier at The Salk Institute
(La Jolla, CA) (10) and is distributed by the NICHD. Acyline is prepared
as a lyophied powder (4.4 mg/vial) and is stored at -20 C. Acylie-
lyophied powder was suspended in bacteriostatic water to a final
concentration of 2 mg/ml for injecton into sc abdominal tissue. Serum
levels of acyline were measured by RIA in a subset of subjects after the
injection of 300 ¡.g/kg acyline, using a specifc antiserum and a pro-
prietary peptide with authentic peptide standard (Woods Assay, Inc.,
Portland, OR) as described previously (11). The sensitivity of the assay
for acyline was 0.35 ng/mL.

Subjects

All study procedures involving human subjects were approved by the
institutional review board at University of Washington and were per-
formed at the University of Washington Cliical Research Center in

accordance with institutional guidelines. Thiy-five men (age, 18-50 yr)
were recruted by flyers posted on local college campus bulletin boards.
All subjects were healthy, eugonadal men with normal medical histories
and baselie physical examinations, including normal testicular size by
Prader orchidometer and prostate size by digital rectal exam, serum
chemistries, complete blood count, and gonadotropin and T levels. We
excluded subjects who were current smokers, drank more than 7 oz
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alcohol weekly, or had taken prescription medications or any sex steroid
hormone within the last 6 months. Of these men, 34 were screened for
study eligibilty. Six men were excluded or withdrawn from the study
after the screening process and before drug treatment: one man had low
T levels, one man had abnormal hematology results at screening, one
man had an elevated alane aminotransferase test value, and two men
had time constraints that prevented study partcipation. One subject was
screened but did not begin the drug treatment phase, because recruit-
ment for the study was complete_

Subjects were assigned to one of four groups (n = 7): group 1, single
dose of 150 ¡.g/kg acylie on d 0 (ACY 150); group 2, single dose of 300
¡.g/kg acyline on d 0 (ACY 300); group 3, 75 ¡.g/kg acyline injections
on d 0,4, and 8 and placebo on d 2 and 6 (ACY 75X3); and group 4, 75
¡.g/kg acylie injections on d 0, 2, 4, 6, and 8 (ACY 75X5).

Acyline was administered by sc injection in the abdomen between
0700 and 1000 h. For ACY 150 and 300 groups, blood samples were
obtained at 30, 60, 90, and 120 min; 3, 4, 6, 8, 12, and 24 h; and 2,3,4,
7,9,11,13,15,17,19,21,25, and 30 d after injection. For the serial injection
groups ACY 75X3 and 75x5, blood samples were obtained on d 0, 2, 4,
6,8,10,12,14,16,18,21,25 and 30. All research subjects were monitored
for 30 d with vital signs determied, and laboratory tests and physical
exams performed.

Measurements

Hormones. FSH, LH, and T levels were measured by immunofluoromet-
ric assay (Delfa, Wallac Oy, Turku, Finland). Samples from a given
individual were measured in a single assay. The sensitivities of the assay
for FSH and LH were 0.016 and 0.019 il/liter, respectively. For low, !Id,

and high pooled values of 0.054, 1.04, and 20.8 il ¡liter FSH, the in-
traassay coefficients of variation were 12%, 1.9%, and 2.9%, and the
interassay coefficients of variation were 18%, 6.1%, and 4.1%, respec-
tively. For low, !Id, and high pooled values of 0.056, 0.95, and 15.6

IU /liter LH, the intraassay coefficients of variation were 6.5%, 3.9%, and
5.4%, and the interassay coefficients of variation were 21 %,8%, and 6.6%,
respectively. The assay sensitivity for Twas 0.5 nmol ¡liter. For low, mid,
and high pooled values of 3.8,10.6, and 24.4 nmol/liter T, the intraassay
coefficients of variation were 9.6%, 5.2%, and 6.1 %, and the interassay
coefficients of variation were 12%, 8.2%, and 6.7%, respectively. If serum
T levels had not returned to baselie withi 30 d after the injection of
acyline, subjects were requested to return for additional blood sampling
until seru T levels had normaled.

Serum laboratory tests. Screening and monitorig laboratory tests for
complete blood count, electrolytes, glucose (chemistry 7), calcium, ala-
nie aminotransferase, aspartate amiotransferase, alkalie phospha-

tase, albumin, bilrubin, and total protein were performed at the Uni-
versity of Washigton.

Statistics
FSH, LH, and T are expressed as the mean hormone level:! SEM. For

statistical analysis, all hormone data were log-transformed and then
back-transformed for ease of presentation. Comparisons of data with
groups and between groups were analyzed with ANOV A (SigmaStat,
SPSS, Inc., Chicago, IL). Evidence for change from baseline within a
group was further analyzed at each lie point by paired t tests. The area
under the curve was calculated using the trapezoid rule from time zero
to the last measured level without smoothig or cure fitting (PK So-
lutions, Summit Research, Montrose, CO). The half-life (ti /2) was cal-
culated from 3 d to the last measured leveL. For all comparisons, an a
of 0.05 was considered significant.

TABLE 1. Baseline parameters of subjects

Herbst ef at. . Acyline Suppresses FSH, LH, and T for 2 Wk

Results
Study population

The 28 subjects enrolled in this study were eugonadal and
lean by body mass index (Table 1). There were no significant
differences in baseline parameters between groups.

Acyline administration

Acyline was initially suspended in bacteriostatic water at
a concentration of 8.8 mg/ml, which allowed acyline to be
administered as a single, small volume injection at a con-
centration of 300 ¡ig/kg (2.4-ml injection for a 70-kg man).
Nodule formation at the sites of acylie injection (lingering
for as long as 30 d postinjection) suggested that the drug
might be forming a gel in the fat tissue in a volume large
enough to be palpable, similar to other GnRH antagonists
(12). Suppression of gonadotropins and T was also incon-
sistent (data not shown). Acyline was therefore administered
as a 2.0 mg/ml solution in water that does not lead to pal-
pable nodule formation when injected into sc tissue (9), but
did require multiple injections for a dose of 150 or 300 ¡ig/kg.

A 70-kg man administered 300 ¡ig/kg acyline at a concen-
tration of 2.0 mg/ml would have an sc injection of 10.5 ml in
four or five divided doses (2-3 ml/injection).

Single injections of acyline

Gonadotropins. Baseline levels of FSH and LH are shown in
Table 1. Both FSH and LH decreased rapidly after a single
dose of 150 or 300 ¡ig/kg acyline in all subjects (Fig. 1). In the
ACY 150 group, FSH levels dropped significantly below
baseline 8 h after injection, reaching a nadir at 3 d (1.06 :t 0.35
il /liter), and remained signficantly below baseline for 4 d
after injection. LH levels decreased significantly below base-
line by 1.5 h after injection, reached a nadir at 2 d (0.27 :t 0.05
il /liter), and remained signiicantly below baseline for 3 d
after injection.

In the ACY 300 group, FSH levels decreased significantly
below baseline 1 h after injection and remained at these levels
for 21 d, reachig a nadir on d 11 (0.26 :t 0.04 il/liter). LH
levels decreased significantly below baseline by 1.5 h after
injection and reached a nadir at 2 d (0.17 :t 0.1 il/liter),
remaining significantly below baseline levels for 15 d. Go-
nadotropin levels tended to rebound above baseline by d 30

after the injection of acyline, but there was no significant
difference between baseline and d 30 FSH or LH levels in the
ACY 150 or ACY 300 groups.

T. Baseline levels of T for ACY 150 and ACY 300 are shown
in Table 1. T rapidly decreased significantly below baseline

Group

n
Age (yr)
Body mass index (kg/m2)
FSH (lU/liter)
LH (lU/liter)
T (nmol/iter)

ACY 150

7
26.6 :! 2.7
26.1 :! 1.7
2.5:! 0.3

3.2:! 0.5

21. :: 3.1

ACY 300

7
31.9 :! 3.8
24.5:: 0.7

2.7 :! 0.8
3.3 :! 0.7

21.6 :! 4.2

ACY 75X3

7
30.9 :! 2.1
25.6 :! 1.1
3.1 :! 0.5
3.5:! 0.2

20.0 :! 2.6

ACY 75X5

7
23.0 :! 1.8

26.2 :! 1.6

2.0 :! 0.3
4.0 :! 0.4

26.1 :! 3.3
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FIG. 1. Single injections of acyline rapidly suppress gonadotropins and T. Serum values ofFSH ce) and LH (0) after 150 CA) and 300 CB) ¡.g/kg

acyline and serum values ofT ce) after 150 CC) and 300 (D) ¡.g/g acyline are shown. Time is expressed as days after the first injection of acyline.
Values Cn = 7) are expressed as the mean :! SEM. *, P .: 0.05 vs. baseline.

2 h after injection in all subjects after single acyline doses and
decreased below castrate levels (5 nrol/liter) by 12 h after
injection (Fig. 1). T levels reached a nadir in the ACY 150
group 2 d after injection (1.75 :! 0.28 nrol/liter) and began
to rise but remained significantly below baseline through d
7 after injection. One subject's T level remained below base-
line levels until d 37.

T levels reached a nadir on d 2 after injection in the ACY
300 group (1.95 :! 0.38 nmol/liter) and remained at approx-
imately this same level through d 15. T levels began increas-
ing on d 17 after injection, remaining significantly below
baseline levels until d 19 after injection, but were not sig-
nificantly different from baseline levels on d 21. One subject's
T level remained below baselie levels until d 35. On the
average, there was no significant difference between baseline
and d 30 T levels in either group.

Multiple injections of acyline

Gonadotropins. In the ACY 75X3 group, FSH and LH levels
decreased significantly below baseline on d 2 (Fig. 2, A and
B). Gonadotropin levels increased before the next injection on
d 4, but remained significantly below baseline, then de-
creased on d 6, reaching steady suppressed levels on d 10-18
after the third injection. The nadir level of FSH on d 18 was
0.39 :! 0.08 IU/liter, and the nadir level for LH was 0.16 :!
0.04 IU /liter on d 10. LH and FSH levels remained signifi-

cantly below baseline though d 21 and 25, respectively, but
the levels normalized and were not significantly different
from baseline levels by d 30.

In the ACY 75X5 group, LH and FSH decreased signif-
cantly below baseline by d 2 (Fig. 2, C and D). LH levels
remained significantly suppressed below baseline from d
2-16, with a nadir level on d 10 (0.07 :! 0.01 IU/liter). FSH
levels gradually decreased to a nadir on d 12 (0.1 :! 0.01
IV /liter) and remained significantly below baselie on d
2-25.

T. In the ACY 75X3 group, T decreased significantly below
baselie levels after the first acylie injection (Fig. 3A), with
small rebound increases before the second and third injec-
tions. T levels reached a nadir on d 10 after the third injection
(1.29:! 0.22 nrol/liter), remained significantly below base-

line levels from d 2-21, and rehirned to baseline by d 30. Two
subjects' T levels remained below baseline on d 30, but re-
turned to baseline levels by d 33 and 47, respectively.

In the ACY 75X5 group, T levels decreased rapidly and
significantly below baseline, reachig a nadir on d 17 (1.06 :!
0.17 nrol/liter) after the first injection and remained signif-
icantly suppressed through d 25, returning to baseline levels
by d 30. Four subjects' T levels remained significantly below
baseline levels on d 30, returning to baseline levels on d 36,
37, 45, and 47, respectively.
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FrG. 2. Multiple injections of 75 ¡.g/g acyline can maintain suppression of gonadotropins for more than 20 d. Serum values of LH (A; 6) and
FSH (B; .6) after three injections of 75 ¡.g/g acyline spaced 4 d apart (arrows) and LH (C) and FSH (D) levels after five injections of 75 ¡.g/kg
acyline spaced 2 d apart (arrows) are shown. Time is expressed as days after the first injection of acyline. Values (n = 7) are expressed as the
mean :! SEM. *, P -0 0.05 vs. baseline.
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Acyline pharmacokinetics

Serum acyline levels were measured in all seven subjects
in the ACY 300 group (Fig. 4). Acyline reached a maximum
concentration of 112.4:! 6.9 ng/rn90 rn after injection and

remained significantly elevated above background through
d 30. Blood levels of acylie dropped by SO% at 4.9 d.

Adverse events and safety

Skin reactions were the most common side-effect noted
after sc acyline injections. A mild pink blush occurred at the
site of injection in 22 of 28 subjects (78.5%), lasting up to 120
min. The blush occurred in 94% of injections in subjects who
experienced it. Pruritus at the site of injection occurred in
7S% of subjects, with an average score of 2.3 :! 0.1 arbitrary
units of S: 0 = no itch, 1 = barely noticeable, 2 = mild, 3 =
moderate, 4 = severe, and five = the worst itch ever expe-
rienced. The pruritus persisted for approximately 40 min on
the average. Nodules or deep induration were noted in three
individuals, one in each of the groups receiving single acyline
doses (although multiple injections), and persisted at 2 and
11 d; in one subject receiving serial injections, they persisted
for 2 d. Bruising at the site of injection was also noted in 12
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individuals (42.9%), although not at all injection sites. During
the hypogonadal period (T, .:S nmol/liter), 10 subjects ex-
perienced decreased libido or fatigue (3S.7%), and two ex-
perienced hot Hashes or significant changes in mood/irrita-
bility (7.1 %). One subject experienced myalgia without signs
of infection, including fever. There were no significant
changes in any chemistr parameter during the Shidy, in-
cluding aspartate aminotransferase and alanine aminotrans-
ferase. The hematocrit decreased slightly in all 28 subjects
from an average baseline value of 42.5 :! 0.46% to 41.1 :!
0.49% (P .: 0.01), remaining in the normal range (38-S0%).
The white blood cell and platelet counts were unaffected by
acyline administration.

Discussion
GnRH antagonists competitively block and inibit GnRH-

induced GnRH receptor gene expression, leading to imme-
diate pituitary suppression (13) without the surge in gonad-
otropins and T seen after GnRH agonist administration (14).
The GnRH antagonist, acyline, was developed to have
greater potency and less histamine-mediated skin irritation
than previous antagonists (10). A single injection of 300
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FIG. 3. Multiple injections of75 ¡.glkg acyline can maintain suppres-
sion of T for more than 20 d. Serum values of T (.) after three
injections of 75 ¡.glkg acyline spaced 4 d apart (A, arrows) and five
injections of 75 ¡.glg acyline spaced 2 d apart (B, arrows). Time is
expressed as days after the first injection of acyline. Values (n = 7)
are expressed as the mean :: SEM. *, P .: 0.05 vs. baseline.

¡ig/kg acyline in this study rapidly and significantly sup-
pressed gonadotropins and T to castrate levels (T, .:5 nmol!
liter) for 15 d. Five injections of 75 ¡ig/kg acyline spaced 2 d
apart also immediately suppressed gonadotropins and T and
maintained T within the castrate range for up to 21 d. Five
injections of 75 J1g/kg acyline might have suppressed the
hypothalamic-pituitary-gonadal axis longer than the single
300 ¡ig/kg dose, because the cumulative dosage adminis-
tered was greater at 375 ¡ig/kg. Alternatively, because 75

¡ig/kg is known to rapidly and effectively suppress gonad-
otropins and T for up to 48 h (9), serial injections of acyline
every 2 d over an 8-d period might simply maintain that 48-h
suppression. However, if the latter were true, then gonad-
otropins would be expected to begin returning to baseline
approximately 48 h after the last injection. Instead, FSH and
LH were still suppressed 8 d after the last of five injections
of 75 ¡ig/kg acyline.
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Cetrorelix is a GnRH antagonist that has similar potency
to acyline (9, 15). Data examing the effect of cetrorelix on
pituitary GnRH receptor expression and localization might
help explain why serial injections of 75 ¡ig/kg acyline induce
longer suppression of gonadotropins than a single 300 ¡ig/kg
injection (15-18). GnR receptors were signficantly down-
regulated for at least 72 h in rat pituitaries, accompanied by
suppression of serum LH and T, after a single injection of 100
¡ig cetrorelix (16). The lowest receptor level was found 6 h
after the injection of cetrorelix, but a marked recovery in
receptor number was observed at 48 h. A major decrease in
the expression of mRNA for pituitary LH-releasing hormone
receptors was also found after chronic treahnent with cetro-
relix (17). This suppression is not believed to be a direct effect
on gene expression of the GnR receptor, but due to the fact
that GnRH antagonists prevent up-regulation of receptor
mRNA expression induced by GnRH (18). These data sug-
gest that the prolonged suppression of gonadotropins and T
by serial injections of 75 ¡ig/kg acyline is not only a reHection
of the concentration of the antagonist at the level of the
receptor, but that adminstration every 48 h might have pre-
vented the up-regulation of GnR receptor mRNA expres-
sion longer than the single dose of 300 J1g/kg.

The question then becomes how is acyline best adminis-
tered. Subjects and patients would probably prefer a single
dose of sc acy line twice a month to serial injections. However,
serial injections maintained suppression of gonadotropin
and T levels longer than either single dose, as demonstrated
by the four subjects whose T levels remained significantly
below baseline more than 30 d after the start of the five
inections. A minimal dose for a twice monthly injection
might be 225 ¡ig/kg, because gonadotropins and T were
suppressed in the hypogonadal range for 14 d after three
injections of 75 ¡ig/kg acyline. Alternatively, a higher dose
injection than 300 ¡ig/kg might maintain acyline concentra-
tions in the pituitary at a sufficiently high level to prevent
up-regulation of GnRH receptor mRNA. The GnRH antag-
onist, abarelix, is administered as a 100-mg monthly injection
to maintain suppression of senir gonadotropins and T (2).
The amount of acyline administered to a 70-kg man in this
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study as a 300 ¡ig/kg injection was 21 mg, approximately 5
times less than the dose of abarelix. It is therefore possible
that a single higher dose of acyline might suppress gonad-
otropins and T for a month. The only drawback is the volume
of acyline that would need to be administered (10.5 ml). A
depot formulation of acyline is currently under development
by the NICHD.

Adverse side-effects with acyline injection were again
minimal, similar to our previous study (9), and included a
blush at the injection site and mild pruritus. In this study,
however, there was more bruising at the site of injection.
There was no pattern to the bruising; it did not occur more
commonly for specific individual subjects and was not as-
sociated more often with individual nurses who adminis-
tered the injections. We believe that the bruising probably
reflects differences in the manner the injection was admin-
istered, rather than being a result of the acylie itself. Three
sc nodules at the site of injection were noted in this study: two
lasting for 2 d, and one lasting 11 d. Because nodule forma-
tion did not occur with every injection in these individuals,
these nodules probably represent a tissue reaction to the
injection, rather than a reaction to acylie itself.

Other adverse events that occurred durig this study in the
hypogonadal period were expected as a result of declining T
levels. These included hot Hashes, decreased libido, fatigue,
and irritabilty, consistent with symptoms of male hypogo-
nadism (19, 20). Because T is known to increase the produc-
tion of erythropoietin (21, 22), and castration decreases he-
moglobin levels (23), our data demonstratig a small, but
significant, decrease in hematocrit within the normal range
was predictable.

The amount of time for acyline levels in serum to decrease
by half (tl/z) in this study was 4.9 d, greater in length than
the 28.3 h previously found (9). This calculated t1/2 for acy-
line in serum does not fit the classical defiition of a tre ti/z,

because it reHects not only the time required for half the total
amount of acyline to be cleared from the serum, but also the
rate of entry of acyline into serum from the presumed sc
depot. Nevertheless, this calculated ti/z allows us to compare
data from different studies. The difference found in the tl/2
values between the two studies probably reHecLs the in-
creased number of subjects tested for acyline levels in this
study (n = 7) VS. the former study (n == 4), the similarity in
suppression of gonadotropins in the current study (only two
of four subjects had suppression of gonadotropins and T for
7 d in the previous study), and the higher dosage of acyline
administered in the current study. The long calculated tl/2 of
acyline might also represent the abilty of acyline to bind to
serum proteins, as previously discussed (9), or a prolonged
time of entry from the sc tissue into the serum compartment
secondary to increased volume of injections.

Conclusion
Acyline is a likely candidate for use as a potent, long-

lasting GnRH antagonist in the development of an effective
male hormonal contraceptive regimen or for the treatment of
sex steroid hormone-dependent syndromes, such as ad-
vanced severe endometriosis and prostate cancer. It is safe
and potentially can be administered as a single dose, twice

Herbst et 01. . Acyline Suppresses FSH, LH, and T for 2 Wk

a month. Because exogenous long-actig T formulations also
inhibit circulating gonadotropins levels and spermatogene-
sis, a combination of long-acting acyline plus T might make
a male hormonal contraceptive regimen a safe, effective, and
practical option.
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Ferrando, Amy A., Melinda Sheffeld-Moore, Cather-
ine W. Yeckel, Charles Gilkison, Jie Jiang, Alison
Achacosa, Steven A. Lieberman, Kevin Tipton, Robert
R. Wolfe, and Randall J. Urban. Testosterone administra-
tion to older men improves muscle function: molecular and
physiological mechanisms. Am J Physiol Endocrinol Metab
282: E601-E607, 2002. First published November 13;
10.1152/ajpendo.00362.200L.-We investigated the effects of
6 mo of near-physiological testosterone administration to
older men on skeletal muscle function and muscle protein
metabolism. Twelve older men (;:60 yr) with serum total
testosterone concentrations -:17 nmol/ (480 ng/dl) were ran-
domly assigned in double-blind manner to receive either
placebo (n = 5) or testosterone enanthate (TE; n = 7) injec-
tions. Weekly intramuscular injections were given for the 1st
mo to establish increased blood testosterone concentrations
at 1 mo and then changed to biweekly injections until the
6-mo time point. TE doses were adjusted to maintain nadir

serum testosterone concentrations between 17 and 28 nmol/.
Lean body mass (LBM), muscle volume, prostate size, and
urinary flow were measured at baseline and at 6 mo. Protein
expression of androgen receptor (AR) and insulin-like growth
factor I, along with muscle strength and muscle protein
metabolism, were measured at baseline and at 1 and 6 mo of
treatment. Hematological parameters were followed monthly
throughout the study. Older men receiving testosterone in-
creased total and leg LBM, muscle volume, and leg and arm
muscle strength afer 6 mo. LBM accretion resulted from an
increase in muscle protein net balance, due to a decrease in
muscle protein breakdown. TE treatment increased expres-
sion of AR protein at 1 mo, but expression returned to pre-TE
treatment levels by 6 mo. IGF-I protein expression increased

at 1 mo and remained increased throughout TE administra-
tion. We conclude that physiological and near-physiological
increases of testosterone in older men will increase muscle
protein anabolism and muscle strength.

aging; muscle strength; lean body mass; insulin-like growth
factor I

MOST AGING MEN SHOW A REDUCTION in circulating serum

testosterone concentrations (16, 22). This reduction in
serum testosterone concentration is a core physiologi-
cal event in what is termed andropause. Andropause
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Ferrando, Depts. of Surgery and Metabolism, Shriners Hospitals
for Children, 815 Market St., Galveston, TX 77550 (E-mail:
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can be clinically characterized by decreased potency
and libido, increased fatigability, and decreased mus-
cle strength (13, 24). A signficant decrease in serum
total testosterone occurs as early as ages 50-59 (16).
This decrease in testosterone production is associated
with the loss of lean body mass (LBM) and muscle
strength. When men are made hypogonadal with a
gonadotropin-releasing hormone analog (14), LBM and
muscle strength are lost. Once weakened, older indi-
viduals are prone to fals that prevent an independent
living status and diminish the quality of life. As the
population of older Americans grows, the need to de-
velop therapies to counteract the aging-induced loss in
skeletal muscle mass and function becomes critically
important.

Previously we demonstrated that testosterone ad-
ministration primes skeletal muscle for growth by in-

creasing net protein synthesis in the fasted state (10,
18). The logical extrapolation of a continued increase in
net protein synthesis is an increase in lean body mass
and strength. Bhasin et al. (2) demonstrated that sup-
raphysiological doses of testosterone can induce in-
creases in muscle size and strength in younger men
without concomitant exercise. This relationship holds
true in relatively hypogonadal populations, where the
increase of circulating testosterone increases muscle
protein synthesis (23), LBM (3, 20), and muscle
strength (3, 23). In an earlier study (23), we demon-
strated that 1 mo of testosterone administration in-
creased muscle anabolism and strength in six older
men. We also demonstrated that the increase in muscle
anabolism was associated with an increase in the ex-
pression of intramuscular mRNA for insulin-like
growth factor I (IGF-I) (23). Because IGF-I has also
been demonstrated to be a potent anabolic hormone
(11), the relationship between testosterone administra-
tion and IGF-I levels was investigated in the present
study.

Previous studies of testosterone administration in
older men used a standard clinical dosing paradigm (3,
15, 21). Although this dosing is clinically feasible and
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convenient, it does not account for individual response
to hormone administration. We have previously noted
that a given dosage of testosterone administration re-

sults in widely varied blood concentrations (23). Al-

though group means often reveal significant increases
in testosterone, individual variation may mask a con-
sistency in outcomes. For example, Bhasin et al. (3)
and Tenover (21) each used a standard clinical replace-
ment dose in elderly men for up to 3 mo. However,
Bhasin et al. demonstrated an increase in muscle
strength, whereas Tenover did not. Individual re-
sponse can be resolved in part by using supraphysi-
ological doses (2); however, these doses may be associ-
ated with the potential for increased side effects such

as altered lipid profiles (12) or hemodynamic profiles
(15). In the present study, we endeavored to adjust
individual testosterone concentrations to remain
within the mid- to high physiological range. We rea-

soned that remaining within or near physiological tes-
tosterone concentrations would diminish potential side
effects while allowing the investigation of testoster-
one's anabolic effects. We hypothesized that increases
in testosterone within or near the physiological range

would also stimulate muscle anabolism and increase
muscle strength in older men much like previous stud-
ies where supplementation resulted in supraphysi-
ological concentrations (2, 15). To accomplish this, we
carefully adjusted individual nadir hormone concen-
trations to remain within the physiological range
throughout the 6-mo study. This dosing paradigm per-
mits the investigation of the effcacy of long-term tes-

tosterone administration at or near physiological con-

centrations in older men.

METHODS

Subjects. Twelve healthy, older male subjects were ran-
domly assigned in double-blind fashion to receive either tes-
tosterone enanthate (TE) or placebo for 6 mo. Seven subjects

(68 2: 3 (SE) yr; 91 2: 5 kgl were randomized to receive TE,
whereas five subjects (67 2: 3 yr; 99 :: 7 kg) received a placebo
consisting of sesame seed oiL. The study was approved by the
Institutional Review Board at The University of Texas Med-
ical Branch (UTMB). Inforned consent was obtained after
the study was explained to each individuaL. Subjects were

selected on the basis of the following inclusion criteria: 1)
prostate-specific antigen (PSA) :54.0 J.g/l (6),2) serum total
testosterone :517 nmol/ (480 ng/dl), 3) serum low-density
lipoprotein (LDL) :5200 ng/dl (7), 4) completion of a Bruce
treadmil exercise test without significant findings of cardio-
vascular disease, and 5) no medical ilnesses causing disabil-
ity. The serum testosterone cutoff was chosen because it has
been shown that 85% of healthy older men (age 60-98 yr)
have serum testosterone concentrations -:17 nmol/ but stil
in the low-nornal range of:; 10 nmol/ (1). Exclusion criteria
included a history of prostate cancer and severe coronary

artery disease (due to the possible hypertrophic and athero-
genic effects of testosterone), knee replacement (for reasons
of strength determination), or use of a blood anticoagulant,

e.g., Coumadin (for fear of excessive bleeding during biopsy
and catheterization procedures). Because we wanted to de-
termine the outcomes of testosterone without the confound-
ing effects of exercise (2), we excluded subjects engaged in
regular training (defined as 30 min of aerobic or resistance

training activity ;:2 days/wk). These exclusion/inclusion cri-

teria were similar to those of previously published studies by
our group and others (21, 23).

Experimental protocol. The studies were perforned at the
General Clinical Research Center (GCRC) at UTMB. Sub-
jects were studied at baseline, after 1 mo, and after 6 mo of
treatment. Each GCRC admission consisted of -3 days. On
day 1, subjects were admitted in the afternoon and under-
went Cybex II isokinetic dynamometer testing for muscular
endurance. Subjects followed a standardized protocol that
included 15 min of pretest stretching. Muscular endurance
was defined as the total work perforned for 20 repetitions at
240o/s. On the morning of day 2, subjects were weighed in
hospital gowns, resting (recumbent) blood pressure was
taken, and blood was drawn from the fasted subjects for
hematological measures. Subjects were then taken for mag-
netic resonance imaging (MRI) of the lower body. Leg muscle
volume was determined by analysis of images colleCted by
MRI (GE Signa 1.5~Tesla whole body imager; General Elec-
tric, Milwaukee, WI) as previously described (9). Image data
files generated at the MRI facility were analyzed for appen-
dicular total and muscle volumes using NIH Image software
(NIH Image public domain analysis package). Muscle volume
(cma) was computed as the addition of individual slice areas
multiplied by the slice thickness (10 mm). After breakfast,
subjects were taken to the UTMB Field House for one-
repetition maximum (IRM) determinations for bicep curl,
tricep extension, leg extension, and leg curl on specific equip-
ment (Cybex) designed for each movement. Subjects were
initially familiarized on the equipment after screening and
selection. For lRM testing, subjects first warned up on a
stationary bike set at 30 W for 10 min. The deternination of
lRM was accomplished by increasing the load on each ma-
chine until successful completion of the movement was no
longer possible. The heaviest load lifted was considered the
lRM. At approximately noon, subjects received dual-energy
X-ray absorptiometry (DEXA) to deternine LBM and fat
mass. Body mass components were determined with regional
analysis software as previously described (8). Finally, sub-
jects were referred to the Department of Urology at UTMB
for prostate ultrasound and urine flow measurements. Pros-
tate volume was measured by transrectal ultrasound, and
urinary flow rate measures were made using a Life-Tech
uroflowmeter (Life Tech, Houston, 'I).

On day 3, subjects received a stable isotope infusion to
determine skeletal muscle protein metabolism. Muscle pro-
tein net balance and fractional synthesis rate (FSR) of skel-
etal muscle were deternined by infusion of the stable isotope

(2Halketoisocaproic acid, arteriovenous sampling, and mus-
cle biopsies as previously described (10). Briefly, skeletal
muscle FSR was calculated from the deternination of the
rate of tracer incorporation into the protein and the enrich-
ment of the intracellular pool as the precursor

FSR = ((Ep2 - Epi)/(EM' t)). 60.100

where Ep1 and Ep2 are the enrichments of the protein-bound
(2HaJleucine (from transamination of (2Halketoisocaproic
acid) from the biopsies at 2 and 5 h of isotope infusion; EM
represents the average intracellular (2HaJleucine enrichment
over the time of incorporation; and t is the time in minutes.
The factors 60 and 100 are required to express FSR in
percent per hour. Each biopsy was divided to be used for both
Western blot and isotopic enrichment analyses.

Afer the isotope infusion study on day 3, subjects were

given injections and discharged. Subjects returned every
week for fasted blood draw and injections for the first 4 wk
and then every 2 wk for the remainder of the study. Serum
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total testosterone concentrations were measured on each
occasion and adjusted to between 17 and 28 nmol/ (500 and
800 ng/dl; based on the concentration for the visit before each
injection) to approximate concentrations found in young men.
The aforementioned measurements were made at baseline
and at 1 and 6 mo. However, at 1 mo, the MRI, DEXA, and
urology measures were omitted. We designed the TE dosing
paradigm for weekly injections for the 1st mo so that we could
adjust TE doses and establish increased testosterone concen-
trations by the first measurements that were done at 1 mo.
This paradigm was reproduced from our initial study (23). A
biweekly injection paradigm would not have allowed TE dose
adjustment before the assessments at 1 mo.

Clinical measures. Measurement of clinical parameters
(see Table 2) such as testosterone (DPC, Los Angeles, CA),
estradiol (DPC), blood lipids (Vitros 250 Chemistry System,
Johnson & Johnson, Arlington, TX), PSA, liver function tests
(Vitros 250), and hematocrit (Couter Onyx, Beckman
Coulter, Brea, CA) were done on a monthly basis by a UTMB
clinical laboratory. Subjects were also monitored monthly for
breast tenderness and the presence of gyecomastia by his-
tory and physical examination. Serum testosterone concen-

trations were deternined by the clinical laboratory, so that

adjustments in TE doses could be made on the basis of the
previous serum testosterone concentration.

Western blot analysis. Protein was isolated from muscle
biopsy samples by slicing frozen muscle in very small pieces
with a clean razor blade and thawing the tissue in lysis buffer
(150 mM NaCl, 10 mM Tris, 1% Triton X-I00, 1% Na deoxy-
cholate, 0.1% SDS, 5 mM EDTA) containing protease inhb-
itors (1 mM phenylmethylsulfonyl fluoride, 1 mM benzami-
dine, 10 ¡.g/ml aprotinin, 50 ¡.g/ml leupeptin, 1 ¡.g/ml

pepstatin A) at a concentration of3 ml of ice cold lysis buffer
per gram of tissue. The tissue was homogenized with a
Dounce homogenizer (4°C) and centrifuged at 15,000 g for 20
min, and the supernatant was removed and centrifuged

. again to result in total cell lysate. The androgen receptor
(AR) antibody (Santa Cruz Biotechnology, Santa Cruz, CA)
was incubated with 80 mg of cell lysate run on standard
SDS-PAGE gel with a working solution concentration range
of 1:15-20. The IGF-I antibody (Santa Cruz Biotechnology)

was incubated with 40 mg of cell lysate run on standard
SDS-PAGE gel with a working solution concentration of
1:100. The actin "housekeeping" antibody (Sigma) was used
with a working solution concentration range of 1:100-200.
This anti-actin antibody is a broad-based antibody that rec-
ognizes an epitope located on the NH2-terninal region of
actin and demonstrates a broad reactivity among multiple
actin isoforms in various species. The housekeeping antibody
was used to correct the results for protein loading of the gel.
Western analysis allows the direct measurement of protein
expression in the muscle biopsy samples.

Statistical analysis. Comparison of 1- and 6-mo measures
to baseline values was accomplished by 2-way repeated-
measures ANOV A with Dunnett's multiple comparison test.
Comparison of clinical outcome values over the 6-mo study
period was accomplished by ANOVA with Dunnett's multiple
comparison test. Where I-mo measures were omitted, a
paired t-test was used to statistically compare 6-mo and
baseline values. Statistical significance was P ,; 0.05. Data
are presented as means :'SE.

RESULTS

Clinical outcomes. Figure 1 shows the mean testos-
terone profiles of each group at 2-wk intervals over the
6-mo study period. Table 1 shows the individual tes-
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Fig. 1. Serum testosterone profiles throughout treatment. Values
are means :! SE. Testosterone treatment group values were signif-
icantly higher at all time points after baseline. Arows indicate study
time points.

tosterone concentrations for each of the seven subjects
who received TE and the dose adjustment made for
each individual. None were clinically hypogonadal at
the beginning of this study. TE injections were ad-
justed by an independent clinician to maintain levels
within the normal range (17-28 nmol/). As can be seen
in Table 1, the serum testosterone concentrations and
the doses of TE administered were varable from indi-
vidual to individuaL. Following such a paradigm, espe-
cially with the use of intramuscular injections, the
older men were exposed to serum testosterone concen-
trations at varous times during the 6-mo study that
were above the physiological range. Therefore, this
study assesses a mix between physiological and near-
physiological administration. However, serum testos-
terone concentrations were greater in the treatment

group at all time points after baseline (P ~ 0.05).
Serum testosterone did not change in the placebo

group. Table 2 delineates subject characteristics and
laboratory values over the 6-mo study period. Treat-
ment subjects remained normotensive, and liver fiinc-
tion tests, blood lipid profiles, and PSA were un-
changed. Estradiol increased upon treatment and, for
the most part, remained elevated throughout the 6-mo
period without causing breast tenderness or gyneco-
mastia by report or examination. Hematocrit was ele-
vated after 4 mo of TE and remained elevated until the
end of the study.

Prostate volume was not significantly increased with
TE administration. Prostate volume in the treatment
group was 44 :' 15 ml at baseline, whereas the placebo
group was 41 :' 8 ml. Six-month values were 47 :' 13
and 35 :' 7 ml, respectively, for the treatment and
placebo groups. Urinary flow rate also did not change
over time or as a result oftreatment. Baseline flow rate
was 8.3 :' 1.5 and 8.9 :' 1.3 ml/s, whereas 6-mo values
were 7.5 :' 1.4 and 8.7 :' 1.6 ml/s for the treatment and
placebo groups, respectively.

Western blot analysis. TE administration signifi-
cantly increased skeletal muscle AR protein expression
at 1 mo (P ~ 0.05), but AR returned to baseline levels
at 6 mo. Figure 2 shows a representative autoradio-

AJP-Endocrinol Metab . VOL 282 . MARCH 2002 . www.ajpendo.org

GDC00666



E604 TESTOSTERONE ADMINISTRATION TO OLDER MEN

Table 1. Serum testosterone concentrations and TE dose adjustments for the 7 older men receiving testosterone

s Baseline 1 wk 2wk 3wk 4wk 6wk 8wk 10 wk 12 wk 14 wk 16 wk 18 wk 20wk 22 wk 24wk

1 10.7 30.9 30.9 26.3 43.3 17.6 15.8 7.4 23.7 23.9 20.6 21.0 16.4 36.9 31.8
(100) (100) (100) (100) (150) (125) (200) (200) (200) (200) (200) (250) (250) (300)

2 13.9 21.8 22.1 24.1 27.0 13.3 16.5 15.4 17.6 13.9 23.2 13.9 12.2 17.5 29.3
(100) (100) (100) (50) (150) (150) (150) (200) (200) (250) (250) (300) (350) (400)

3 15.9 32.3 36.8 33.6 22.4 10.7 12.6 14.7 17.6 18.4 20.1 21.9 21.8 17.1 21.2
(100) (100) (100) (50) (150) (150) (200) (200) (250) (250) (300) (300) (350) (350)

4 13.3 20.5 27.8 32.8 50.3 45.5 13.9 18.2 20.6 20.7 22.1 28.6 40.2 26.6 26.4
(100) (100) (150) (150) (150) (150) (100) (200) (200) (200) (250) (250) (250) (200)

5 11.4 24.4 22.2 19.6 24.0 9.4 12.0 14.8 21.0 18.1 22.0 30.3 25.6 26.8 37.3
(100) (100) (100) (100) (200) (200) (250) (300) (350) (350) (400) (400) (400) (400)

6 9.6 13.8 18.7 26.6 22.3 23.8 19.4 18.9 11.4 14.9 17.9 21.5 24.5 18.2 25.4
(100) (100) (150) (150) (200) (200) (200) (250) (250) (300) (300) (400) (400) (400)

7 13.2 16.8 22.1 29.8 33.0 20.2 26.6 22.6 25.0 20.6 46.3 32.7 33.6 32.9 42.7
(100) (100) (150) (150 ) (200) (200) (250) (250) (300) (300) (300) (300) (300) (300)

Nos. are testosterone concentrations in nmol/; nos. in parentheses are doses of testosterone enanthate (TE) administered (ing) at that visit.
S, subject. Testosterone dose adjustments were made on the basis of the preceding testosterone concentrations; i.e., an adjustment at 8 wk
was based on the 6-wk testosterone concentration.

gram of a Western blot for skeletal muscle AR from a
subject receiving testosterone and a graph of the den-
sitometry data from the treatment group. There was no
correlation between the serum testosterone concentra-
tion at 1 mo and the change of AR expression from
baseline to 1 mo for individuals. IGF-I protein expres-
sion in skeletal muscle increased at 1 mo and remained
elevated at 6 mo (P .: 0.05; Fig. 3). AR and IGF-I
protein expression did not change in the placebo group
(data not shown).

Physiological outcomes. The net balance of muscle
protein was less negative in the fasted state in the

treatment group throughout TE administration (Fig. 4;
P -: 0.05), but stil less than zero. In other words,

treatment subjects were less catabolic when fasting
than those in the placebo group. The more favorable
net balance was due to a decrease in fasting protein
breakdown, as fractional synthetic rate of muscle pro-
tein remained constant throughout (0.071 :: 0.02 to
0.084 :: 0.013 to 0.062 :: 0.016%/h at baseline and 1
and 6 mo, respectively).

The resultant improvement in net protein balance
led to an increase in LBM. Table 3 outlines the changes
in LBM and muscle strength over the 6-mo study
period. The treatment group demonstrated increases
in total and leg LBM, whereas the percentage of total
body fat diminished. Leg muscle volume by MRI was
also increased signcantly afer 6 mo of TE adminis-

Table 2. Subject characteristics and laboratory values during 6 mo of testosterone or placebo treatment

Baseline 1 roo 2 IDa 3 roo 4 mo 5 roo 6mo

Weight, kg 91:!5 92:!5 92:!5 92:!5 92:!5 92:!5 91:!6
99:!7 98:!6 98:!7 98:!7 96:!6 96:!6 96:!6

Systolic BP, mmHg 141:!7 144:!4 154:!5 150:!4 156:!5 152:!6 149:!3
140:!8 148:!5 155:!3 150:! 7 154:!4 147:!8 148:!5

Diastolic BP, inmHg 78:!3 79:!3 82:!4 85:!4 87:!3 84:!3 85:!3
82:!6 81:!7 79:!5 83:':5 83:'6 78:'5 79:'4

ALT VI! (9-51) 32:!3 30:!2 27:!2 27:!3 29:!3 32:!3 28:!3
36:! 10 37:!9 35:!6 34:!6 33:!6 29:!2 30:!4

AST VI! (13-40) 23:!2 23:! 1 24:!3 22:!2 24:!2 25:!2 24:!2
24:!7 27:!7 25:!6 25:!5 24:!5 19:!5 22:!5

ChoL. (mmol/) (3.1-5.2) 4.81:! 0.62 4.81:! 0.28 4.71:! 0.21 4.65 :! 0.28 4.73:! 0.16 4.84:! 0.16 4.50:! 0.23
5.15:! 0.34 5.17:! 0.44 5.30:! 0.31 5.3 :! 0.26 4.84 :! 0.28 5.02 :! 0.26 5.12:!0.26

HDL (mmol/) (0.78-1.8) 1.14:!0.13 1.01 :! 0.10 1.1:! 0.13 1.06:! 0.10 1.06:! 0.13 1.09:! 0.13 0.96:! 0.13
0.88:! 0.08 0.96:! 0.08 0.91:! 0.05 0.88:! 0.05 0.85:! 0.08 0.93 :! 0.08 0.88:! 0.08

LDL (mmol/) (2.1-5.69) 2.77:! 0.34 2.79:! 0.28 2.79:! 0.18 2.71 :! 0.26 2.77:!0.6 2.92:! 0.18 2.69:! 0.23
2.97:! 0.54 3.23:! 0.47 3.36:! 0.39 2.92:! 0.57 2.82:! 0.47 3.02 :! 0.34 3.05:! 0.40

PSA, fLg/ (':4) 1.4 :! 0.4 1.9:! 0.4 2.1 :!0.7 2.0:!0.7 2.1:! 0.4 2.0:!0.5 2.3:!0.9
1.2:! 0.4 1.4:! 0.4 1.2:! 0.4 1.0:! 0.4 1. :! 0.4 1.2 :! 0.3 1.3:! 0.4

E2, pmol/ (48-173) 103:! 7 272:! 33* 114:! 1 154:! 26* 187 :! 26* 169:! 18* 242 :! 40*
110:! 15 14:!7 92:! 15 103:! 18 92:! 11 103:! 11 117 :! 15

Hct, % (37-50) 40:!0.8 40:!0.7 43:!0.8 44:!0.9 45:!0.1* 46 :! 0.8* 44:! 1*
40:!0.7 41:!0.3 41:!0.6 43:!0.7 42:! 1 41 :! 0.4 40:!0.8

Values are means:! SE. For each test parameter, the first line represents values for the testosterone group (n = 7), and the second line
represents values for the placebo group (n = 5). BP, blood pressure; ALT, alanine aminotransferase; AST, asparate aminotransferase; ChoL.,
total cholesterol;-HDL, high-density lipoprotein; LDL, low-density lipoprotein; PSA, prostate-specific antigen; E2, estradiol; Hct, hematocrit.
Normal ranges are given in parentheses by the tests. *Statistical significance from the placebo group at each time point as determined by
ANOVA with Dunnett's multiple comparison test.
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Fig. 2. Androgen receptor (AR) protein expression in skeletal muscle
during 6 mo of testosterone adminstration in older men. Top: rep-

resentative Western blot from one of the 7 subjects assessed for
protein expression of AR by use of standard Western analysis. Actin
was used as an internal control for protein loadig. Bottom: means i:
SE from the 7 subjects that received testosterone. Five subjects who
received placebo demonstrated no change throughout the study in
AR expression (data not shown). Data are expressed as arbitrar
units calculated as the ratio ofthe band densities of AR over the band
densities of actin. *Statistical significance was determined by
ANOV A, P ,, 0.05.

tration. All 1RM strength scores increased in the treat-
ment group afer 6 mo of TE. Muscular endurance, as
tested by an isokinetic dynamometer, did not increase
at i or 6 mo.

DISCUSSION

This study demonstrates that testosterone increases
within or near the physiological range can produce
increases in muscle anabolism, LBM, and muscle
strength similar to supraphysiological administration.
We monitored serum testosterone concentrations and
adjusted the dose of TE to maintain testosterone con-
centrations in older men in ranges comparable with
those of younger men. Durng the 6 mo of TE admin-
istration, some subjects experienced testosterone con-
centrations that exceeded the physiological; however,
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Fig. 3. Insulin-like growth factor I (lGF-Il protein expression in
skeletal muscle during 6 mo of testosterone administration in older
men. Top: representative Western blot from one of 7 subjects as-
sessed for expression of IGF-I by use of standard Western analysis.
Bottom: mean data from the 7 subjects receiving testosterone admin-
istration. Five subjects who received placebo demonstrated no
change throughout the study in IGF-I expression (data not shown).
Data were derived as described in Fig. 2.
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Fig. 4. Fasting net phenylalanine balance across the leg. Phenylal-
anine net balance describes the net balance between muscle protein
synthesis and breakdown. *SignifcanUy less negative than the pla-
cebo group and baseline testosterone, by ANOV A, P -c 0.05.

testosterone concentrations were consistently main-
tained above baseline values. The older men in this
study demonstrated an increase in LBM that was com-
parable to that achieved with a standard replacement
regimen that resulted in higher testosterone concen-

trations (5). We also found that, similar to younger
men (2), testosterone wil increase muscle anabolism
and strength in older men. The strength increases of
the older men in this study were greater than those

demonstrated with standard replacement paradigms

(15,21) or with testosterone patch administration over

Table 3. Absolute changes in body mass and muscle
strength with 6 mo of testosterone treatment

Treatment

Variablc) units Testosterone PI ace bo P Value

lTotal LBM, kg
Î 4.2i:O.6 l 2.0 i: 1.0 -CO.OOL

lLeg LBM, kg
Î 1.6 i: 004 l 1.3 i: 0.6 0.003

lArm LBM, kg
Î 1.6 i: 0.6 l 104 i: 1.4 0.056

lBody fat, %
l 3.6i:O.7 Î 0.3i: 1.7 0.0392Leg muscle volume, ml
Î 488 i: 76 l 96i: 155 0.04

3Bicep curl, kg
1 mo Î 3.6i:2.3 l 0.5 i: 2.0 0.16
6 mo Î 9.1 i: 1.5 l 0.9i: 1.5 0.002

3Tricep extension, kg
1 mo Î 4.9:! 1. 7 Î 2.3:! 1.6 0.33
6 mo Î 1004 i: 2.1 l 0.9 i: 1.2 -CO.OOL

3Leg curl, kg
1 mo Î 5.5:! 204 Î 1.8:! 1.3 0.11
6mo Î 7.5:!2.1 -0.O:!4.0 0.051

3Leg extension, kg
1 mo Î 6.5:!3.1 Î 4.5:! 104 0.73
6 mo Î 15.3:! 5.2 -O.O:! 3.1 0.015

Isokietic endurance knee

extension, dominant
leg, J

Imo Î 2.3:!3.1 Î 304:! 6.8 .313
6mo Î 17.6:!9.8 Î 6.0 i: 7.5 .344

Values are means:! SE. LBM, lean body mass. lDual-energy
X-ray absorptiometry; 2 magnetic resonance imaging; 3 one-repetition
maximum on Cybex equipment with both limbs. P value denotes
differences between treatments; Î or l indicates direction of nu-
merical change.
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36 mo (20). Our data suggest that a standard paradigm
of testosterone administration that does not include
individual dose adjustment may not always achieve
desired outcomes if the subjects have not received
adequate testosterone to stimulate metabolic changes
in muscle. Because we studied only a small number of
subjects, we cannot draw any conclusions regarding
the risk-to-benefit ratio of testosterone administration
in older men. However, we found no significant side
effects in our small group other than an increase in
hematocrit. Our data indicate that testosterone can
improve muscle strength in older men when careful
dosing ensures sustained blood testosterone increases.
Our first study demonstrated that short-term admin-
istration with standard replacement dosages resulted
in LBM and strength increases (23). The present study
indicates that these LBM and strength increases can
be maintained over 6 mo with careful dose adjustments
that ensure primarly physiological testosterone levels.
This study also demonstrates that the muscle's re-
sponse to testosterone changes over the 6-mo period of
administration, indicating that alternative paradigms
of testosterone administration (i.e., cyclic administra-
tion) can be of physiological benefit.

Testosterone administration resulted in some note-
worthy effects on AR and IGF-I expression in skeletal
muscle. AR protein expression was increased after 1
mo of TE but had returned to pretreatment levels by 6
mo. Physiologically, it is logical that androgen would
enhance its own receptor expression as it stimulates
muscle metabolism. We previously noted an upregula-
tion of AR expression with oxandrolone administration
(18) in young males, which also occurred concomitantly
with an increase in muscle protein synthesis. The re-
turn of AR expression to pretreatment values after 6
mo of continuous androgen administration indicates a
steady-state adaptation to the treatment paradigm.
There is also the possibility that the AR response is
nothing more than a response to the dosing paradigm.
At 1 mo, older subjects were receiving TE weekly
rather than every 2 wk, and their mean serum testos-
terone concentrations were more in the supraphysi-
ological range than they were at 6 mo. However, this
relationship is weakened by the fact that individual
testosterone concentrations at 1 mo did not correlate
with the change in AR expression from baseline to 1
mo. This pattern of AR expression raises the possibility
that cycling of testosterone administration could pro-
duce effects on skeletal muscle analogous to continuous
administration. Such a paradigm would be beneficial
by administering significantly less testosterone for
similar anabolic outcomes, thus minimizing the possi-
bility of side effects.

IGF-I accompanies increases in muscle mass and
strength (17). In frail elderly, progressive resistance
training that increases muscle mass and strength also
increases intramuscular IGF-I concentrations (19).
Clinically, we previously demonstrated that older men
given testosterone for 1 mo increased IGF-I transcripts
in muscle while decreasing the inhibitory IGF-binding
protein (23). The present study agrees with our previ-

ous work in that IGF-I protein expression increased at
1 mo and furher demonstrates that this increase was
maintained throughout the 6 mo of testosterone ad-
ministration. This confrms that the increase in IGF-I
mRNA noted in our earlier study (23) translates into
an actual increase ofIGF-I protein. A corollary to these
studies found that young men who were made hypogo-
nadal for 10 wk by Lupron showed a decrease in muscle
strength and a decrease in intramuscular IGF-I mRNA
concentration (14). Taken together, these data indicate
a mechanistic importance of IGF-I on muscle anabo-

lism.
Although the intracellular mechanism stimulating

muscle protein anabolism requires furher clarifica-
tion, it is clear that testosterone improves net protein
balance of skeletal muscle. This effect is pronounced in
the fasted state as net protein balance becomes less

negative. We have previously demonstrated (10, 18)
that one of the primary effects of testosterone (during
fasting) is the efficient reutilization of intracellular
amino acids (derived from protein breakdown) for pro-
tein synthesis. However, the present study demon-
strates that, even if breakdown is decreased, ample
amino acid precursors are present to support the initial
rate of protein synthesis. Thus testosterone adminis-
tration may ameliorate the loss of skeletal muscle
nitrogen during fasting in this older population by

preventing the loss of intracellular amino acids. Not
only is the appearance of amino acids from protein
breakdown reduced, but those that are derived from
protein breakdown are effciently utilized to maintain
protein synthesis, as we have previously demonstrated
(10, 18). This retention of nitrogen during fasting,
when combined with the anabolic stimulus of a meal
alone (4, 25), may lead to muscle (LBM) accretion over
time and explain the anabolic effects of chronic testos-
terone administration.

In summary, the present study demonstrates that
careful and near-physiological testosterone adminis-

tration in older men wil increase LBM and muscle
strength similarly to younger men. However, fuher
consideration should be given to the specific androgen
and length and type of administration regimen to be

used in older men and to large-scale studies initiated to
determine the risk-to-benefit ratio of testosterone ad-
ministration in older men.

This study was supported by National Institutes of Health Grants
AG/AR-llOOO (R. J. Vrban), MOI-RR-00073 (General Cliical Re-
search Center, Vniversity of Texas Medical Branch), GM-57295
(A. A. Ferrando), ànd Shriners Hospitals for Children Grant 8940
(R. R. Wolfe).
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Testosterone (T) is not admstered oraly, because it has been
reported to be rapidly metabolized by the liver. We hypothesized
that suffcient doses of T or T enanthate (TE), admstered
oraly in oil would resut in clicaly usefu elevations in seru
T. We also hypothesized that coadmstration of dutateride (D)
with T or TE would TTiniTTize increases in seru DHT seen
previously with oral admistration. Therefore, we conducted a
pharacokietic study of oral T and TE in oil, with and without
concomitant D, in normal men whose T production had been
temporary suppressed by the GnR antagonist acyline. Thir-
teen healthy men (mean age, 24 :t 6 yr) were enrolled and as-
signed to oral T (n = 7) and oral TE (n = 6) groups and were
admnistered 200, 400, or 800 mg of either T or TE in sesame oil
in the morng on 3 successive days 24 h afr receivig acyline.
Blood samples for measurement of seru T and diydrotestos-

terone were obtaied before T or TE admstration and 0.5, 1,
2,4,6,8, 10, 12, and 24 h afr adminstration. Subjects were then
adminstered D for 4 d before repeating the sequence ofT or TE
doses with D. Seru T was signcantly increase in a dose-
dependent fashion with the admintration of oral T or TE in oil.
Coadmstration of D with oral T or TE signcantly increased
the 24-hr average seru T levels compared with admstration
of Tor TE alone (average serum T afer 400 mg dose, 8.7 :t 3.0
nmolß (T) and 8.3:t 5.7 nmolß (TE) vs. 16.1 :t 5.8 nmolß (T + D) and
15.0 :t 8.8 nmolß (TE + D); P .c 0.05 for T vs. T and D). The
admstration of oral T or TE in oil combined with D resuts in
unexpected and potentialy therapeutic increases in seru T.
Additional studies of ths combination as a novel form of oral
androgen therapy are waranted. (J Clin Endcriiwl Metab 90:
2610-2617,2005)

TESTOSTERONE (T) is crucial for male health. The nor-mal male testes produce 4-8 mg T daily (1, 2). De-
pending on age, 2.5-10% of men have T levels below the
normal range (3). T has effects on a variety of tissues, in-
cluding brain, liver, muscle, bone and bone marrow, blood
vessels, skin, prostate, and penis. Men with T deficiency have
symptoms of depression, reduced libido, and low energy and
suffer from anemia, osteoporosis, and debilitating muscle
weakness. These men require T replacement therapy to im-
prove well-being, maintain bone and muscle mass, and re-
tain healthy sexual function (4-8), yet there is no acceptable
form of oral T for therapy in the United States.

Most T regimens in the United States depend on parenteral
injections, skin patches, gels, or buccal tablets (9-11), because
currently available oral forms of Tare aklylated and cause
liver toxicity when used long term (11-16). Injections are
administered im every 1-3 wk and can be painful (17). Some
T patches can cause moderate to severe skin reactions due to
the vehicle that faciltates T absorption across the skin (18).

The T gels are effective and generally well accepted by pa-
tients, but are expensive, and care must be taken to avoid
inadvertent exposure to women and children (19).

Oral administration of unodified T at doses up to 100 mg

have little effect on serum T levels in T-deficient men (20, 21);
however, 200-mg doses of oral T have been shown to elevate
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Abbreviations: D, Dutasteride; DHT, dihydrotestosterone; E2, estra-
diol; T, testosterone; ti /2' half-lie; TE, testosterone enanthate; TU, tes-
tosterone undecanoate.
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serum T levels to the low normal range for up to 8 h (22, 23).
At the time, these serum T levels were thought to be insuf-
ficient for clincal use, and research into using unodified
oral T was largely abandoned.

Testosterone undecanoate (TV) is a T ester currently given
orally in oil and used clinically in Europe and Canada for the
treatment of T deficiency. When administered orally, TV
therapy results in therapeutic increases in serum T; however,
it also results in elevations in serum dihydrotestosterone
(DHT) well above the normal range (24-27). Because DHT is
required for cell growth within the prostate, concern has
been raised about the potential for long-term harm associ-
ated with oral TU therapy from the elevated levels of serum
DHT; however, no increased risk of prostate disease has been
reported to date.

Because the androgen TV is absorbed well in oil, we be-
lieved that other androgens such as T enanthate (TE) and
potentially T itself might be well absorbed if also adminis-
tered orally in oiL. Moreover, because the recently available
Sa-reductase inhibitor, dutasteride (D), lowers serum DHT
levels more than 90% by inhibitig both isozymes of Sa-
reductase (28), we hypothesized that oral administration of
the combination of higher doses of unmodified T or the T
ester, TE, in oil when combined with D would be safe and
result in therapeutic serum T levels. In addition, we hypoth-
esized that the concomitant administration of the Sa-reduc-
tase inhibitor D with T or IE would further increase serum
T levels while minimizing the elevations in seru DHT seen
after oral administration of oral androgens such as TU. If
effective, we believed that this novel means of T therapy
would allow for selective androgen therapy in men with T

2610
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deficiency. Therefore, we conducted a pilot study of the oral
administration of single doses of T and TE with and without
concomitant adminstration of D to determine the pharma-
cokinetics and safety of single high doses oral T in oil in
healthy men rendered temporarily hypogonadal with the
GnRH antagonist acyline.

Materials and Methods
Subjects

Fourteen healthy, normal male volunteers between 18 and 45 yr of age
were recruited through local news media (newspaper and radio) and
college campus bulleti boards and enrolled in the study. The inclusion
criteria were no prior medical ilesses, normal physical examination,
and routine hematology, blood chemistr, and liver fuction. Exclusion
criteria included regular use of any medication; abnormal serum T, DHT,
or estradiol (E2); or previous or current ethanol, ilcit drug, or anabolic
steroid abuse. A total of 16 men were evaluated for eligibilty. Of these,
14 men were potentially eligible and agreed to participate in the study.
The two men who did not enroll in the study were excluded for elevated
bilrubin (one subject) and use of finasteride (for the treatment of male-
pattern baldness). One enrolled subject failed to appear for his acylie

injection and was therefore not studied futher; thus, 13 men completed
the study period. The institutional review board of University of Wash-
ington approved all study procedures, and subjects gave written in-
formed consent before screenig.

Study design

Partcipants were randomly assigned to one of two groups: 1) oral T
in sesame oil, or 2) oral TE in sesame oil (Delatestrl, BTG Pharmaceu-
ticals, Iselin, NJ) at a concentration of 200 mg/ml. A sample size of seven
subjects per group was estiated to have an 80% power with an Ci of 0.05
to detect a 50% in the change in serum T area under the cure between
a given dose of T and T plus D or between TE and TE plus D. The oral
T in sesame oil was manufactured by the compounding pharmacy at
University of Washigton. Briefly, micronized T (U.5.P. grade, Spectrum
Quality Projects, Gardena, CA) was suspended at 100 mg/ rn in sesame
oil (N.F. grade, Spectrum Quality Projects) and mied thoroughly on a
magnetic stir plate to create a homogenous T / sesame oil emulsion. The
compounding pharmacist then drew up the emulsion into syriges at the
desired dose leveL~ (200,400, and 800 mg) immediately before treatment.
The syringe was sent to the Clinical Research Uni.t, where it was vig-
orously mied (by shakig) with mil and admistered to the subject.
The dose of oral TE in sesame oil was normalized for the T content, so
that the subjects in the TE group (molecar weight, 397) were admtered
276, 554, and 1108 mg TE, corresponding to 200, 400, and 800 mg T.

The drug exposure period lasted 11 d (Fig_ 1). On d 0, subjects received
a single injection of the GnR antagonist acylie (300 ¡.g/kg, sc), which
has been shown to suppress T production in normal men for a minimum
of 15 d (29). One, 2, and 3 dafter acyline adminitration, subjects drank
200, 400, or 800 mg T or 276, 554, or 1108 mg TE. Subjects self-admi-
istered D (0.5 mg, orally, once daily) on d 5-10 after acyline injection, and
doses ofT and TEwere repeated on days 8, 9, and 10. For safety,subjects

~i~:,il'T~i¡¡i':.E~il.(ri'

ì:lld~(O$ nigdaily)

Diw: 0 f 2.3 it .5:6 78.9 10 Il

FIG. 1. Study design.
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underwent daily testig of liver fiUlction (aspartate aminotransferase,
bilirubin, and alkaline phosphatase), kidney functi.on (urea nitrogen and
creatine), and hemopoiesis (hemoglobin and hematocrit).

Measurements

After treatment on d 1,2,3,8,9, and 10, subjects had blood drawn
via a heparin-locked iv lie at 30 mi and 1, 2, 4, 6, 8, 10, 12, and 24 h
for measurement of serum T, DHT, E2, and SHBG. Total T was measured
by a RIA (Diagnostic Products Corp., Webster, TX) The assay had a
sensitivity of 0.35 nrol/liter; interassay variations for low, medium, and
high pools of 13.6%, 6.1 %, and 6.8%, respectively; and intraassay vari-

ations of 10.0%, 5.3%, and 6.6%. The normal range was 8.7-33 nrol/liter.

DHT was measured using an RIA kit (Diagnostic Systems Laboratory,
lnc., Los Angeles, CA). The sensitivity of this assay was 0.043 nmol/liter,
and the intraassay variations for medium and low range pools were 9.9%
and 11%, respectively, with interassay coefficients of variations of 19%
and 25%. The normal range for serum DHT was 1.0-2.9 nmol/liter.
SHBG was measured by RI (Delphia, Wallac Oy, Turku, Finand). The
sensitivity of thi assay was 0.2 nmol/liter, and the interassay variations
for low, medium, and high pools were 31%,10.6%, and 6.8%, respec-
tively; the intraassay variations were 3.8%, 1.7%, and 2.2%. The normal
range was 3.2-47 nmol/liter. The normal ranges for T, DHT, and SHBG
were determined in our laboratory using seru samples obtained from
100 normal men, aged 20-50 yr. Seru E2 was measured in the labo-
ratory of Dr. David Hess (Oregon National Primate Research Center,
Portland, OR) with an Elecsys 2010 Platform (Roche, Indianapoli, IN).

The sensitivity of this assay was 5.5 pmol/liter, intraassay variations
were 3.7%, and 2.8% for mediwn and high range values, and the in-
terassay coeffcient of variation was 4.7%. The normal range for senim
E2 in this assay in men was 40-220 pmol/liter.

Statistics

Serum hormone levels at each tie point for each dose of T or TE with
or without D were compared using a Wilcoxon sign-rank test. Pharma-
cokietic parameters between successive doses of T or TE with or with-
out D were compared using a Wilcoxon sign-rank test with a Boruerroni
correction for repeated measures (effective Ci = 0_01). The average con-
centration durig the 24-h period after treatment, the maximum con-
centration after dosing, time to maximum concentration, area under the
curve, and elimination phase half-lie (tl12) were calculated using a
pharmacokietics program (PK Solutions, Golden, CO). Statitical anal-
yses were performed using STATA (College Park, TX).

Results
Subjects

Fourteen men were enrolled in the study; seven were
randomized to the T group, and seven were randomied to
the TE group, but one man assigned to the TE group failed
to report for his acyline injection. Therefore, seven men com-
pleted the T arm, and six completed the IE arm of the study
(Table 1). Except for the subject who failed to appear for his
acyline injection, all subjects completed the dnig exposure

TABLE 1. Baseline characteristics of study subjects by group

Age (yr)
Weight (kg)
Height (cm)

BMI (kg/m2)
Total T (nmol/iter)
DHT (nmol/iter)
SHBG (nmol/iter)
Free T (pmol/iter)
E2 (pmol/iter)

T group (n = 7)

24.2:: 8.7

77:: 4.0

182:: 9

23.3 :: 2.3
22.7 :: 8.0
1.24 :: 0.46
33.2 :: 9.84

435 :: 156

132 :: 17

TE group (n = 6)

24.7 :: 6.7
89:: 16

186 :: 1l
25.8 :: 4.2
17.0::5.8
1. :: 0.5

24.0 :: 10.7

341 :: 92
121 :: 31

Values are the mean:: SD. BMI, Body mass index (weight in
kilograms/Dieight in meters)2).
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period. There were no serious adverse effects during the
shidy. Nine of the subjects experienced transient mild pru-
ritis at the site of the acylie injection, which resolved in all
cases withn 1 h of the injection. Eight subjects complained
of mild, transient hot flash symptoms toward the end of the
shidy period, presumably due to low T levels; however, no
subject complained of feelings of anger, aggression, or irri-
tabilty during treatment. There were no adverse gastroin-
testinal symptoms associated with oral T or oral TE in oiL.
One subject developed a small area of gyecomastia (~1 X
1 cm) imediately under the nipple during the treatment
period, but this resolved during follow-up. There were no
changes in seru markers of liver or kidney fuction or in
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the hematocrit or hemoglobin during the treatment phase or
at follow-up. Furthermore, no significant changes in blood
pressure or pulse were observed. T and gonadotropin levels
returned to baseline in all subjects during the follow-up
period (data not shown). No subjects were lost to follow-up.

Serum T

All subjects were suppressed to castrate levels of T by 24 h
after acyline administration (d 0 T, 20.0 :! 7.4; d 1 T, 2.3 :! 0.5
nmol/liter; p ~ 0.0001). There was no difference in serum T

levels 24 h after acyline between groups (2.3 :! 0.7 (T) vs. 2.3 :!
0.8 (TE); P = 0.9). In addition, mean serum T levels before
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the 800-mg dose. The dotted lines represent the upper and lower limits of the normal range for serum T. *, P , 0.05 compared with T alone.
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TABLE 2. T pharmacokinetics after administration of a single dose of oral T and oral TE in oil with and without D to normal men
previously administered a GnRH antagonist

TOnly T + D
Testosterone (n = 7)

200 mg 400 mg 800 mg 200 mg 400 mg 800 mg

Cmax (nmol/iter) 12.3 :! 4.1 26.1 :! 15.1 40.4 :! 10.la 22.2 :! 8.4b 50.3 :! 30.9",b 122.1 :! 82
Tmax (h) 2.8 :! 1.9 3.9:! 2.6 3.1 :! 2.0 3.1:! 2.0 3.8:! 3.1 3.4 :! 1.5

AUC (nmol-h/iter) 124 :! 28 208 :! 74a 328 :! 72a 176 :! 46c 393 :! 140a,c 846 :! 363a,c
t1l (h) 10.4 :! 2.9 10.7:! 6.0 8.1 :! 5.0 9.9:! 3.8 9.0:! 2.8 7.8:! 3.2

TE only TE + D
TE (n = 6)

200 mg 400 mg 800 mg 200 mg 400 mg 800 mg

Cmax (nmol/iter) 14.6 :! 8.5 51.8:! 59 160.8 :! 149 20.2 :! 9.4 74 :! 55a 229 :! 228
Tmax (h) 3.2:' 2.6 4.1:! 4.0 2.7 :!: 1.5 4.1 ::c 4.2 4.3:' 3.8 3.3 :' 2.4
AUC (nmol-h/iter) 90:! 27 200 :! 140 612 :! 249d 141 :! 41 450 :! 196a 1327 :! 1021
t1l (h) 10 :! 2.4 10:! 3.2 8.4 :! 3.2 9.4 :! 3.2 9.2:! 2.9 8.4 :! 2.4

Values are the mean:! SD. AUC, Area under the curve; Cmax, maxmum concentration after dosing; Tmax, time of maximum concentration.a p -( 0.05 vs. immediately lower dose.
b p -( 0.05 vs. T and TE only.
c p .c 0.01 vs. T only.

each dose of T were not significantly different from those 24 h
after acyline administration.

With the administration of both oral T and oral TE in oil,
serum T was significantly increased in a dose-dependent
fashion (Fig. 2; P .c 0.01 for h'end). In addition, the maximum
concentrations of T, average concentrations of serum T, and
area under the curve of serum T increased signficantly in a
dose-dependent fashion (Table 2 and Fig. 3A), with the max-
imum concentration of T after oil dosing exceeding the nor-
mal range for the 800-mg dose of T and the 400- and 800-mg
doses of oral TE in oiL. The tie of maximum concentration
was between 2.5 and 4.5 h in all cases, and the calculated
terminal tl/2 of oral T and TE in oil was between 7.5 and 11 h.

Coadministration of 0 with oral T or TE in oil significantly
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FIG. 3. Average serum T (A) and DHT (B) concentrations (mean :! sn)
over the 24-h interval after oral treatment. The dotted lines represent
the upper and lowei'limits of the normal range for serum T. *, P-(
0.05 compared with T alone.

increased the resulting serum T levels compared with ad-
ministration of T or IE alone (Fig. 2; P .c 0.01 for trend). The
maximum concentration of T after oral treatment with the
combination of T or IE and D exceeded the normal range for
both the 400- and 800-mg doses of T and TE in oiL. Simlar to
the administration of TorTE only, the tie to maximum
concentration remained between 2.5 and 4.5 h, and the cal-
cuated termal t1/2 was between 8 and 10 h. The T area under

tlie cure for the combination of T and 0 was signcantly
increased at all doses compared with that for T alone (200 mg,
124 :l 28 nmol-h/liter (T alone) vs. 176 :l 45 nmol-h/liter
(T + D); 400 mg, 208 :l 74 nmol-h/liter (T alone) vs. 393
nmol-h/liter (T plus D); 800 mg, 328 :l 82 nmol-h/liter
(T alone) vs. 846 :l 363 nmol-h/liter (T plus D); P .c 0.01 for
all comparisons).

Serum DHT levels

Serum DHT decreased significantly 24 h after acyline ad-
ministration (d 0 DHT, 1.6 :l 0.6 nmol/liter; d 1 DHT, 0.6 :l
0.2 nmol/liter; P .c 0.05). There was no difference in serum
DHT levels 24 h after acyline administration between groups
(T, 0.5 :: 0.2; TE, 0.6 :: 0.2; P = 0.63).

The administration of both oral T and oral IE in oil sig-
nificantly increased serum DHT in a dose-dependent fashion
(Fig. 4). In addition, the maximum concentration ofDHT and
the area under the curve increased significantly (Table 3),
with the maximum concentration of DHT after oral treatment
exceeding the normal range for all doses of T and TE in oiL.
The time of maximum concentration was between 3.9 and 6 h
in all cases, and the calculated terminal t1/2 of oral T and TE
in oil was between 7.5 and 11 h.

Coadministration of 0 with oral T or TE in oil significantly
decreased both maximum and average serum DHT levels
compared with the administration of TorTE alone (Fig. 3B
and Table 3). The maximum concentration of DHT after oral
treatment with the combination of T and 0 exceeded the
normal range at the 800-mg dose of T and at the 400- and
800-mg doses of TE in oiL. The time to maximum concen-
tration was between 2.5 and 7.5 h, and the calculated termial
t1/2 was between 8 and 10 h. The DHT area under the curve
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FIG. 4. Serum DHT concentrations (mean :! SEM) after oral administration of 200, 400, and 800 mg T in oil (A-C) and TE in oil (D-F) with
and without D for 24 h in normal men treated with the GnRH antagonist acyline to temporarily suspend T production. Note the larger y-axis
for the 800.mg dose. The dotted lines represent the upper and lower limits ofthe normal range for serum DHT. *, P -: 0.05 compared with T
plus D.

for the combination of T and D was significantly decreased
compared with the area under the curve for T alone at all
doses.

Serum E2 and SHBG

Mean serum E2 levels were not significantly different be-
tween the treatment groups on d 0 (134 :t 21 (T) VS. 116 :t 30
(TE) pmol/liter) or 24 h after acyline administration (94 :t 14

(T) VS. 87 :t 12 (IE) pmol/liter). With oral administration of

T or TE, serum E2 levels increased nonsignificantly com-
pared with baseline levels with the 800-mg dose in both the
T and TE groups (Fig. S), but all E2 levels remained within
the normal range. There were no signifcant differences in

serum E2 between either T or TE alone compared with T or
TE with D coadministration. Serum SHBG did not change
significantly after administration of acyline or oral admin-
istration of T or TE in oil either with or without concomitant
D administration (Fig_ 6).

Discussion
In this shidy we have demonstrated that single doses of T

or TE when administered orally in oil can result in serum T
levels that would be useful for the treatment of T deficiency.
Secondly, we have demonstrated that addition of the Sa-
reductase inibitor D to oral T in oil 1) significantly increases
the serum T levels achieved after a given dose of T, and 2)
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TABLE 3. DHT pharmacokinetics after administration of a single dose of oral T and oral TE in oil with and without D to normal men
previously administered a GnRH antagonist

TOnly T + D
T(n = 7)

200 mg 400 mg 800 mg 200 mg 400 mg 800 mg

Cmax (nmol/itcr) 5.6:' 2.0 12.0 :' 3.9" 30.0 :' 7.0a 2.2:' 0.7b 4.2 :' 1.6a,b 10.3 :' 3.5a,b

Tmax (h) 4.7 :' 3.4 5.0:' 3.8 3.9:' 3.5 5.1:' 3.0 6.0:' 3.3 4.6:' 2.2

AVC (nmol-h/iter) 51:' 15 106 :' 29a 239 :' 71a 25 :' 8.5c 45 :' 15a,b 99 :' 40a,b

t1l2 (h) 10:' 2.3 9.3:' 2.0 7.5:' 3.6 9.9:' 3.8 10.6 :t 2.3 9.9:' 2.2

TE only TE + D
TE (n = 6)

200 mg 400 mg 800 mg 200 mg 400 mg 800 mg

Cmax (nmol/iter) 15.3 :t 12 21.0 :' 19 48.8 :t 22.6" 4.0 :' 2.4C 8.0 :' 6.5a 25.3 :' 24c

Tmax (h) 3.2 :t 1.3 4.2 :t 3.5 2.5 :! 1.6 5.5:' 3.7 7.2:' 4.0 2.7:' 2.0

AVC (nmol-h/iter) 75:' 48 100 :' 42 253 :' 101 35 :t 18c 72 :t 45 173:' 148
t1l2 (h) 10:' 2.2 9.1:' 3.5 8.6:' 2.9 8.6:' 3.5 8.4 :' 3.4 9.0 :t 3.3

Values arc the mean:' SD. AUC, Area under the curve; Cavg, average concentration durig 24-h period afer dosing; Cmax, maxmum
concentration after dosing; Tmax, time of maximum concentration.

a p ~ 0.05 vs. immediately lower dose.
b p ~ 0.01 vs. T only.
c p ~ 0.05 vs. T and TE only.

attenuates the supraphysiological elevations in serum DHT
seen with the administration of oral T or T esters (e.g. TV)
without concomitant Sa-reductase inibition.

These data contradict the prevailng wisdom in the field,
which states that the oral route for T delivery is impractical
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suspend T production. The dotted line represents the lower limit ofthe
normal range.
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due to near-complete hepatic first-pass metabolism of orally
administered T (11). Although it is true that the bioavail-
abilty of orally administered T is very low, probably around
1 % (30, 31), our work demonstrates that if sufficient T is
administered orally in oil, potentially therapeutic levels of
serum T can be achieved after oral dosing. It is likely that liver
metabolism of orally dosed T is extensive, because oral T
adminstered to men with cirrhosis results in serum T levels
that are markedly elevated compared with normal controls
(32, 33). Whether long-term administration of oral T in oil
would induce increased hepatic metabolism of oral T and
therefore reduce T bioavailabilty wil be the subject of future
research.

Previous studies of the oral admintration of T may have
found reduced levels of serum T in part due to Sa-reductase
activity in the intestie and liver (34). In this study using T
or TE, and in the work of others with TV (24-27), serum
levels of DHT after oral administration are markedly ele-
vated, implying that a large fraction of the orally admis-
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temporarily suspend T production. The dotted lines represent the
upper and lower limits of the normal range.
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tered T dose may be metabolized in the liver and intestines
to DHT. Surprisingly, in this study, the coadministration of
a Sa-reductase inibitor roughly doubles the average T con-

centration and the area under the curve for the serum Twhile
reducing the elevations of serum DHT by approximately
half. These marked elevations in serum T with concomitant
Sa-reductase inibition are probably due to inibition of the
Sa-reductase enzyme in intestine and liver, which appears to
account for approximately one half of the metabolism of T
after an oral dose. Importantly, the combination of elevated
serum T without marked elevations in seru DHT may
allow for selective oral androgen therapy, which may be
useful in decreasing the risk for DHT-dependent disease,
such as benign prostate hyperplasia and prostate cancer.

It is also important to note that previous studies of oral T
administration demonstrating poor oral bioavailabilty of T
have used T in powder form at doses of 100 and 200 mg
(21-23). We have tested oral T in powder form in doses as
high as 400 mg without achieving therapeutic serum T levels
(data not shown), implying that the administration of T in oil
is crucial for the achievement of the therapeutic seru T
levels seen in this study. It has been previously shown that
the absorption of oral TU is markedly affected by concom-
itant intake of fatt foods (27,30). This is probably due to the
fact that much of the orally administered TU is absorbed via
the lymphatics (35). In an animal model of TU absorption,
more than 80% of the bioavailable T is thought to be absorbed
via the lymphatics (36). Whether food intake wil affect the
absorption of oral T in oil is unown and probably depends
on how much of the dose is absorbed via lymphatics VB. via
the portal circulation. Because T was adminstered in oil in
this study, some of the dose may have been absorbed via the
lymphatics. This might explain in part the unexpectedly long
seru half-life of T seen with oral compared with iv admin-
istration of T, which has been reported to have a half-life of
less than 1 h (31, 37). Another possibility is that there is some
degree of enterohepatic circulation of the orally administered
T, prolonging the apparent half-life in serum. Because of ths
uncertainty, the impact of food intake on the absorption and
serum levels of T after the administration of oral high dose
T wil be the subject of future study.

It is important to note that there was no evidence of either
liver or kidney toxicity associated with the doses of oral T
administered in this study; however, additional long-term
study of these doses combined with a Sa-reductase inhibitor
wil be required to determie the safety of this approach to
T therapy. Although one subject did report transient gy-
necomastia, this subject's serum E2level remained with the
normal range. Additionally, no subject complained of im-
potence, decreased libido, or sexual dysfuction during the
treatment period. These side effects have been reported when
D is adminstered alone for benign prostate hyperplasia (38);
however, in theory, they would be less likely when D is
administered in combination with T. Additionally, the im-
plication of long-term Sa-reductase inibition wil need ex-
amination given the increase in high grade prostate cancer
(despite an overall decrease in prostate cancer incidence)
seen with chronic finasteride administration in the prostate
cancer prevention trial (39).

There were slight, nonsignificant increases in serum E2

Amory and Bremner. Effects of Oral Testosterone Plus Dutasteride in Men

seen after oral dosing of T and TE in oiL. This implies that
although orally administered T can undergo aromatization
to E2, it does not do so at high levels, suggesting that there
is probably little aromatase activity in the intestine and liver
in man. This finding is reassuring in showing that orally
administered T is likely to allow for the important functions
of estrogen in man, such as maintenance of bone density (40),
but not lead to an increased risk of estrogen-related side

effects such as gynecomastia.
From a practical standpoint, a regimen using oral T in oil

in the formulation used in this study may need to be ad-
ministered twice daily; however, additional refiements of ths
approach, such as the use of slow-release capsules, may allow
for more controlled release of T in the intestie and could lead
to a formulation tht could be admstered oraly once daiy,
a major improvement over curent T replacement options.

In conclusion, we have demonstrated that single doses of T
or IE, when admtered orally in oil, can result in markedly
elevated serum levels of T in normal men with induced hypo-
gonadim; such levels would presumably be therapeutically
effective in treating testicular failure. In addition, we have dem-
onstrah.'( that addition of the Sa-reductase inbitor D to oral
T in oil signicantly increases the seru T levels observed with
a given dose of T and attenuates the supraphysiological eleva-
tions in serum DHT seen with the adminstration of oral T
alone. Combinations of oral T and Sa-reductase inbitors may
allow for an oral, selective form of androgen therapy. Addi-
tional studies of the long-term safety, pharmacokinetics, and
pharacodynamcs of th combination are warranted to de-
termine whether it might be a clinically useful and attactve
method of treatig T deficiency.
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Exogenous Testosterone or Testosterone with
Finasteride Increases Bone Mineral Density in Older
Men with Low Seru Testosterone
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Older men, particularly those with low seru testosterone (T)
levels, might benefit from T therapy to improve bone mieral
density (BMD) and reduce fracture risk. Concerns exist, how-
ever, about the impact of T therapy on the prostate in older
men. We hypothesized that the combination of T and finas-
teride (F), a 5a-reductase inhibitor, might increase BMD in
older men without adverse effects on the prostate. Seventy
men aged 65 yr or older, with a seru T less than 12.1 nmoV
liter on two occasions, were randomly assigned to receive one
of three regiens for 36 months: T enanthate, 200 mg im every
2 wk with placebo pils daily (T-only); T enanthate, 200 mg
every 2 wk with 5 mg F daiy (T+ F); or placebo injections and
pils (placebo). Low BMD was not an inclusion criterion. We
obtaied serial measurements ofBMD of the lumbar spine and
hip by dual x-ray absorptiometry. Prostate-specifc antigen
(PSA) and prostate size were measured at baselie and during
treatment to assess the impact of therapy on the prostate.
Fify men completed the 36-month protocol. By an intent-to-
treat analysis including all men for as long as they contributed
data, T therapy for 36 months increased BMD in these men at
the lumbar spine (10.2 :! 1.4% (mean percentage increase from
baseline:! SEM; T-only) and 9.3:! 1.4% (T+F) VS. 1.3 :! 1.4% for
placebo (P c: 0.001)) and in the hip (2.7 :! 0.7% (T-only) and 2.2 :!
0.7% (T+F) VS. -0.2 :! 0.7% for placebo, (P s 0.02)). Signifcant

increases in BMD were seen also in the intertrochanteric and
trochanteric regions of the hip. Afer 6 months of therapy,
urinary deoxyyridinoline (a bone-resorption marker) de-
creased significantly compared with baseline in both the T-
only and T+ F groups (P c: 0.001) but was not significantly
reduced compared with the placebo group. Over 36 months,
PSA increased signifcantly from baseline in the T -only group
(P c: 0.001). Prostate volume increased in al groups during the
36-month treatment period, but this increase was signifi-
cantly less in the T+F group compared with both the T-only
and placebo groups (P = 0.02). These results demonstrate that
T therapy in older men with low serum T increases vertebral
and hip BMD over 36 months, both when administered alone
and when combined with F. This fiding suggests that dihy-
drotestosterone is not essential for the beneficial effects of T
on BMD in men. In addition, the concomitant administration
of F with T appears to attenuate the impact of T therapy on
prostate size and PSA and might reduce the chance of benign
prostatic hypertrophy or other prostate-related complica-
tions in older men on T therapy. These fidings have impor-
tant implications for the prevention and treatment of osteo-
porosis in older men with low T levels. (J Clin EncWcrinol
Metab 89: 503-510, 2004)

TWENT PERCENT OF men over age 60 have serumtestosterone (T) concentrations below the normal range
for young men (1,2). Because low T levels are associated with
an increased risk of osteoporosis and fracture (3-7), T therapy
in older men might increase bone mieral density (BMD) and
reduce fracture risk. Studies in young, hypogonadal men
have demonstrated that T therapy increases BMD (8-11), but
few studies have investigated older patients, who are at
greater risk of fracture. Two randomized clinical trials of
transdermal T treatment in men over the age of 64 yr have
been published (12, 13). In the first study, vertebral but not
hip BMD increased, and only in those with low pretreatment

Abbreviations: BMD, Bone mieral density; BPH, benign prostatic
hypertrophy; CV, coefficient of variation; DHT, dihydrotestosterone; E2,
estradiol; F, finasteride; po, per as; PSA, prostate-specific antigen; T,
testosterone; TE, T enanthate.

JCEM is published monthly by The Endocrine Society (htt://www.
endo-society.org), the foremost professional society serving the en-
docrine community.

T levels (12). In the second study, T prevented the loss of hip
BMD observed in the placebo-treated men (13). Therefore,
significant questions still exist about the ability of T therapy
in older men to have significant impact on bone health.

The relative roles of T and its metabolite, dihydrotestos-
terone (DHT), in regulatig BMD are not clear. Because DHT
contributes to the development of benign prostatic hyper-
trophy (BPH) and possibly prostate cancer, increasing T lev-
els without also increasing DHT might be preferable in older
men, especially if DHT has little or no effect on BMD. Fin-
asteride (F) inhibits DHT production by blocking the enzyme
Sa-reductase, which converts T to DHT, and has been used
safely to treat BPH in older men without compromising BMD
(14-16).

We hypothesized that long-term im T therapy in older men
who had serum T below the range of normal for young adult
men would significantly increase BMD. Furthermore, we
hypothesized that the addition of the Sa-reductase inhibitor
F would have no impact on T -mediated increases in BMD but
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would minimize the potential for adverse effects on prostate
health. Therefore, we conducted a randomized, double-
blind, placebo-controlled trial of im T adminstration, with or
without F, to test these hypotheses.

Subjects and Methods
Subjects

Men aged 65 yr and older were recruited using advertisements and
direct mailings. The inclusion criterion was a nonfastig, mornng serum
total T level below 12.1 nmol/liter (350 ng/ dl) for 2 d. Exclusion criteria
included the following: severe iless; use of medications including

anabolic steroids, antiandrogens, glucocortcoids, bisphosphonates, di-
uretics, calcitonin, seizure medications, or warfarin; Paget's diease;
smokig or heavy alcohol use; sleep apnea; hematocrit greater than 48%;
total cholesterol above 300 mg/dl; abnormal kidney, liver, thyroid,
adrenal, or pitutary fuction; reguar exercise more than tlu-ee ties a

week; prostate L~sues ¡prostate cancer, a prostate nodule on exam, pros-
tate-specifc antigen (PSA) ;,4.0 ng/rn, or International Prostate Symp-
tom Score ;,8); urinary postvoid residual by ultrasound of more than 149
ml; or an abnormal transrectal ultrasound. Reduced BMD was not an
inclusion criterion_ The Intitutional Review Board of Emory University,
where al subject interactions occurred, approved the study, and subjects
gave written informed consent before screenig.

A total of 676 men were evaluated for eligibilty. Of these, 283 men
were potentially eligible and underwent T measurement. One hundred
ten men met the T criterion and underwent further screening tests; 70
men were enrolled. Forty men who passed intial screenig were not
enrolled for the following reasons: abnormal PSA, prostate ultrasound,
postvoid residuaL, or symptom score (11); pituitary, thyroid, or adrenal
disease (5); medical iless (4); second T levels above 350 ng/dl (4); total
cholesterol above 300 mg/dl (1); or being eligible but refuing enroll-
ment (15).

Study design

Participants were randomized to one of thee treatment groups: 1)
T-only group, T enanthate (TE; Schein Pharmaceuticals, Florham Park,
NJ) 200 mg im every 2 wk, plus placebo pil oraly ¡per os (po)) daily; 2)
T+F group, TE 200 mg im every 2 wk, plus F (Merck & Co., Rahway,
NJ) 5 mg po daiy; or 3) placebo group, sesame oil placebo 1 rn im every
2 wk, plus placebo pil po daily. The estimate of sample size for the tral

was based on the percentage change in BMD from baselie to 6-month
follow-up. Assuming a clinically important increase on average of 1 %
in the T+ F group, no change on average in the placebo group, and an
estiated SD in each group of 1 %, a sample size of 17 men per group

ensured approxiately 80% statistical power to detect a treatment dif-
ference of 1 % (signficance level, 0.05; two-sided test) if the true differ-
ence between groups was a 1 % BMD increase from baselie to 6-month
follow-up. Allowing for a 30% dropout rate over 3 yr, 70 patients were
randomized in the tral.

The order of treatment assignment was randomly computer-gener-
ated in permuted blocks of six. Partcipants were treated for 36 months.
Ony the research pharmacist and safety monitoring board knew of the
randomization. A nurse administered the injections, and 98% occurred
withi 2 d of the scheduled time. There was 95% compliance with the

daily F or placebo in the enrolled subjects based on monthly pil counts.
The study design included the potential for dose reduction of T or
plac;ebo injection by decrements of 0.2 rn (40 mg of TE for subjects
actually receiving T) for a hematocrit of more than 52% on safety mon-
itoring performed at 2, 4, 8, 12, 18, 24, and 30 months. Calcium and
vitamin D supplements were not provided, but patients were allowed
to continue these medications if they were taking them already. Par-
ticipants were queried at the beging and end of the study in regard
to the intake of these supplements, with no significant change in their
use being noted. Specifcally, two men in the placebo group, one
man in the T-only group, and none in the T+ F group were taking
calcium supplements during the study. No subject was takig additional
vitami D.

For men who discontinued the study prematurely, telephone fol-
low-up was conducted to ascertain clinical outcomes.

Amory et al. . Testosterone for Bone Density in Older Men

Measurements

At baselie and after 6, 12, 18, 24, and 36 months of treatment, BMD
was measured at the lumbar spine (Ll-L4; anteroposterior view only)
and in the nondomiant hip by dual x-ray absorptiometry using a
Hologic QDR-2000 densitometer (Hologic, Waltham MA) that was stan-
dardized daily. The intra person coefficient of variation (CV) was 1.0%
for both the spine and the hip. T and Z scores were calculated using male
databases; the manufacturer's database was used for the spine, and the
National Health and Nutrtion Examination Survey II was used for all
of the hip measurements. One of the investigators (N.B.W.) who was
blided to treatment analyzed al of the BMD measurements and ex-
cluded from analysis vertebrae that showed localized degenerative
change, compression fractures, or other confounding factors. One or two
vertebrae were deleted from analysis if there was obvious degenerative
change on the image and/ or if it was 1 SD or more higher than the lowest
vertebrae (six placebo subjects, five T-only subjects, and five T+ F sub-
jects). If three or more vertebrae showed evidence of degenerative
change, the spine measurement was considered invalid and was not
used (no placebo subjects, two T -only subjects, and one T + F subject).

Blood was drawn for hormone measurements in the morning at
baselie and imediately before injections after 2, 4, 6, 8, 12, 18,24, 30,
and 36 months of treatment. Samples at baselie 6, 12, 18, 24, and 36
months were fastig samples, whereas the other samples were nonfast-
ing. Blood was drawn for markers of bone metabolim afer a 12-h fast
at baselie and after 6 months of treatment. For a subset of men (n = 22),

additional mornig blood was drawn at the end of the first study year
on d 3 or 4, 7, and 11 of the T-dosing period to obtain between-nadir
samples. Serum samples for 25-hydroxyvitamin D and intact PTH were
assayed imediately. All other samples were stored frozen at -70 C

unti the end of the study, when serum samples from each participant
were assayed concurrently. A 2-h morng urie was collected for mea-
surement of deoxypyridinolie at baselie and after 6 months of treat-
ment. T, SHBG, and estradiol (E2) were measured using fluoroimmu-
noassays (Delfa, Wallac Oy, Turku, Finand). The intraassay and
interassay CVs for midrange measurements were 4.5 and 9.5% for T, 4.0
and 11. 1 % for SHBG, and 3.6 and 6.0% for E2. The normal range is 12-33
nmol/liter for T and 60-220 pmol/liter for E2. DHT was measured by
RIA (Endocrie Sciences, Calabasas Hil, CA); the midrange intra assay
and interassay CVs were 6.6 and 14%, respectively. Non-SHBG-bound,
bioavailable T was assayed using RI afer ammonium sulate precip-
itation (Centre Hospitalier de lUniversite at Laval University (CHUL)
Research Center, Sainte-Foy, Quebec, Canada); the midrange intraassay
and interassay CVs were 7.4 and 12%, respectively. Osteocalcin was
measured by RIA (Diagnostic Systems Laboratories, Inc., Webster, TX);
the midrange intraassay and interassay CVs were both 7.2%. Bone-

specifc alale phosphatase was measured by immunoassay (Metra
Biosystems, Mountain View, CA); the midrange intraassay and inter-
assay CVs were 1.4 and 4.8%, respectively. Uriary deoxypyridinoline
was measured by chromatography after acid hydrolysis and was nor-
malzed to urinary creatie; midrange intraassay and interassay CVs

were 8 and 15%, respectively. Intact PTH was measured by a chemilu-
miescent assay (Diagnostic Products Corp., Los Angeles, CA);
midrange intraassay and interassay CV s were 5.1 and 5.3%, respectively.

Participant monitoring

Participants were examied monthy. Measurements of hematocrit
and transamiases occurred every 2 months for 1 yr, and every 6 months
thereafter. Prostate volume was assessed by tranrectal ultrasound
(Bruel & Kjaer, Boras, Sweden) at baselie (model 3535) and at the end
of treatment (model 1846 PM) using established technques (17, 18). PSA
levels were measured every 4 months during the first year and every 6
months thereafer; digital rectal examination was performed every 6
months.

Statistical analysis

The priary analyses of the data were performed according to pa-

tients' origial treatment assignment (i.e. intention-to-treat analyses),
and all men were included in the analyses for as long as they contributed
data. Baseline characteristics between treatment groups were compared
with the Kruskal-Walls test. Repeated-measures analyses for each of the
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four BMD measurements were analyzed as percentage change from
baseline with a means model with SAS Proc Mixed (version 8; SAS
Institute, Inc., Cary, NC) providing separate estimates of the means by
tie on the study (6,12,18,24,30, and 36 months) and treabnent groups.

An unstrctured variance-covariance form among the repeated mea-

surements was assumed for each outcome, and estimates of the SE values
of parameters were used to perform statistical tests and construct 95%
confidence intervals. Student's t tests were used to compare the pairise
differences between the model-based treabnent means (least-squares
means) at each time point or treabnent month. The model-based means
are unbiased with unbalanced and missing data, as long as the missing
data are noninforrative (missing at random). A dropout process is
assumed to be mising at random if, depending on the observed data,
the dropout is independent of the unobserved measurements. Mean
changes over time within a treabnent group were tested for linear trend.
Repeated-measures analyses were also performed for T, DHT, E2, and
PSA after a log transformation, and for prostate volume, hematocrit,
hemoglobin, and lipids. The Wilcoxon signed-rank test was used to
compare change from baselie to 6 months with each treabnent group

for six markers of bone metabolism. Statistical tests were two-sided. A
Boruerroni adjusbnent (P .: 0.0167) was used for the three pairise

comparisons performed at each treabnent month.

Results
Seventy men, with a mean age of 71 :t 4 yr (range, 65-83

yr), participated in the study. Twenty-four were randomized
to T -only, 22 to T + F, and 24 to placebo. Fifty men completed
the entire 36 months of the study. Of the 20 men who did not
complete the study, six were in the placebo group, and seven
each were in the T -only and T + F groups. Reasons for dis-
continuation included the following: personal reasons (10

men), intercurrent illess (7 men), or a new diagnosis of

J Clin EndocrInol Metab, Februar 2004, 89(2):503-510 505

prostate cancer (3 men). At baseline, the three treatment
groups did not differ significantly from each other in age,
body mass index, hormone levels, BMD, prostate volume, or
PSA (Table 1). Twenty-four of the 70 men (10 in the placebo
group, 8 in the T-only, and 6 in the T+ F group) had baseline
serum E2 levels that were below the lower limit of normaL.
The baseline BMD for the hip and lumbar spine for the
participants was similar to that for a standard male popu-
lation of the same age (Z scores, Table 1). A total of seven
men, two each in the placebo and T + F groups and three in
the T-only group, had low baseline lumbar-spine BMD (T
score more than 2.5 SD below peak bone mass for young
men), whereas four men, two in the placebo group and one
each in the T-only and T+F groups, had low baseline hip
BMD. There were no signficant differences in the baseline
characteristics between the men who discontinued and those
who completed the study. Reduction of T dosage was nec-
essary in 14 men (seven in the T-only group and seven in the
T + F group vs. none in the placebo group). After the decrease
in T dosage, the final mean (:tSD) dose of TE was 158 :t 36
mg for the T -only group and 164 :t 40 mg for the T + F group
every 2 wk.

Mean nadir serum total T, bioavailable T, and E2levels in
the T-only and T + F groups significantly increased through-
out the h"eatment period (Fig. 1, A-C), whereas these hor-
mone levels did not change in the placebo group. Nadir
serum total T and E2 levels tended to be higher in the T + F
group compared with the T-only group, but this difference

TABLE 1. Baseline characteristics (mean :! SD) of 70 older men administered im T alone, T with F, or placebo for 36 months

Characteristic Placebo (n = 24) T-only group (n = 24) T + F group (n = 22) P
Age (yr) 71:! 5 71:! 4 71:! 4 0.99
Body mass index (kg/m2) 27.8 :! 3.6 28.7:! 3.6 27.0 :! 2.7 0.24
Hormones

Total testosterone (nmolJiter) 10.5 :! 1.7 9.9:! 1.6 10.1 :! 2.1 0.36
Dihydrotestosterone (nmolJiter) 1.0 :! 0.5 0.8:! 0.3 0.9:! 0.2 0.48
Estradiol (pmolJiter) 83.3 :! 44.4 71.5 :! 33.7 84.0 :! 33.3 0.47
SHBG (nmolJiter) 44.0 :! 18.1 45.2 :! 16.6 48.2 :! 15.0 0.55
Bioavailable T (nmolJiter) 3.5 :! 1.3 3.3 :! 1.2 3.4 :! 1.2 0.62

BMD
Lumbar spine

Density (g/cm2) 1.04 :! 0.15 1.06:! 0.16 1.03 :! 0.19 0.81
T scoreu -0.48 :! 1.47 -0.30 :! 1.56 -0.53 :! 1.66
Z scoreu 0.44 :! 1.49 0.69 :! 1.62 0.51 :! 1.67

Total hip
Density (g/cm2) 0.96 :! 0.13 0.96 :! 0.14 0.90 :! 0.23 0.67
T score -0.87 :! 0.89 -0.84 :! 1.13 -1.02 :! 0.80
Z score 0.30 :! 0.86 0.24 :! 1.21 0.12 :! 0.79

Intertrochanter
Density (g/cm2) 1.11 :! 0.15 1.11 :! 0.17 1.11 :! 0.13 0.96
T score -0.90 :! 0.88 -0.77:! 1.7 -0.80 :! 0.96
Z score 0.06 :! 1.10 0.29 :! 1.21 0.16:! 0.82

Trochanter
Density (g/cm2) 0.74 :! 0.11 0.75 :! 0.11 0.71 :! 0.10 0.29
T score -0.92 :! 2.32 -0.39 :! 1.0 -0.73 :! 0.86
Z score 0.27 :! 1.16 0.45 :! 1.7 0.13 :! 0.85

Femoral neck
Density (g/cm2) 0.81 :! 0.12 0.78 :! 0.13 0.74:! 0.09 0.19
T score -1.56 :! 1.07 -1.77 :! 1.16 -2.03 :! 0.87
Z score 0.42 :! 1.06 0.19:! 1.7 0.03 :! 0.86

Prostate parameters
PSA (ng/dl) 1.4 :! 1.1 0.9:! 0.8 1.0 :! 0.6 0.08
Prostate volume (ems) 32:! 14 29:! 11 33:! 16 0.80

U T score compares the BMD to the mean for young normal males and Z score compares it with age-matched controls.
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FIG. 1. Geometric mean (:! SEM) nadir serum total T (A), bioavailable (non-SHBG-bound) T (B), E2 (C), and DHT (D) in older men with low
T who were treated with either T (T-only), T and F (T+ F), or placebo for 36 months. Horizontal dotted lines represent normal ranges. *, P -c
0.05 compared with baseline and placebo; il, P -c 0.05 compared with baseline, placebo, and T-only; q" P -c 0.05 compared with baseline.
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did not reach statistical signficance for any tie point for
total T and was only significant at month 12 for E2 (P = 0.03).
For the subset of men from whom blood was sampled at
multiple times throughout the 2-wk T-dosing period (six
men in the placebo group, seven men in the T-only group,
and nie men in the T + F group), peak serum total T levels
were at or above the normal serum T range for the two T
treatment groups, with a mean peak value for the T-only
group being 35.9 :! 12.1 nmol/liter (mean:! SD) and that for
the T + F group being 43.5 :! 7.6 nmol/liter. Average total T
levels during the2-wk dosing interval were 25.8 :! 6.0,33.0 :!
6.4, and 11.8 :! 2.3 mnol/liter for the T-only, T+ F, and pla-
cebo groups, respectively. In comparing these two T treat-
ment groups, there was no difference in peak T levels (P =
0.13), but the average total T levels were somewhat higher in
the T+ F group (P = 0.04).

Mean nadir serum DHT levels did not change throughout
the study in the placebo group, increased significantly in the
T-only group, and decreased in the T+F group (P -= 0.001
compared with baseline and placebo) by 6 months and
remained suppressed throughout treatment (Fig. ID).
The maximum decline in serum DHT levels in the T + F group
was 50% below baseline, which was reached at treatment
month 4.

BMD and metabolism

BMD of the lumbar spine, total hip, and trochanteric and
intertrochanteric regions increased in both the T-only and the
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T + F groups during the study period, whereas those in the
placebo group did not change (P -= 0.001; Table 2 and Fig. 2,
A-D). The mean percentage increase from baseline in BMD
of the lumbar spine was significant (P -= 0.001) for the T-only
and T + F groups, but the mean did not change for men in the
placebo group (P = 0.39 for linear trend). There was no
significant change over the 36 month in the BMD at the
femoral neck in any of three treatment groups (P = 0.16). In
the T groups, increases in lumbar BMD were positively cor-
related with magnitude of increase in both serum total T (1' =
0.44; P = 0.001), bioavailable T (1' = 0.45 and P = 0.009), and
serum E2 (1' = 0.45; P = 0.0006) but were not related to
baseline BMD; to baseline levels of total T, bioavailable T,
DHT, or E2; or to baseline levels of T or E2 after correction
for baseline SHBG levels.

After 6 months of therapy, serum osteocalcin (a bone for-
mation marker), intact PTH, and 25-hydroxyvitamin D did
not change in any group (Table 3). In contrast, urinary de-
oxypyridinoline, a bone resorption marker, decreased sig-
nificantlyin both the T-only and T + F groups (bothP -= 0.001)

but was unchanged in the placebo group (P = 0.30). Bone-
specific alkaline phosphatase, a bone formation marker, de-
creased significantly in the T-only group (P = 0.049).

Prostate and hematological effects

Forty-nine of the 50 subjects who completed the 36-month
study underwent end-of-treatment prostate ultrasound, and
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TABLE 2. Mean BMD (g/cm2) and 95% confidence interval measured by dual-energy x-ray absorptiometry in older men administered in
T alone, T with F (T+ F), or placebo at the lumbar spine, total hip, femoral neck, and intertrochanteric and trochanteric regionsa

Baseline 6 months 12 months 18 months 24 months 36 months

Lumbar spine
T only 1.06 (0.98-1.3) 1.09 (1.02-1.6)b 1.0 (1.03-1. 7)b 1.3 (1.05-1.21)b 1.3 (1.05-1.20)b 1.6 (1.08-1.24)b

T+F 1.03 (0.96-1.0) 1.07 (0.99-1.14)b 1.08 (1.00-1.5)b 1.10 (1.02-1.17)b 1.0 (1.03-1. 7)b 1.13 (1.05-1.20)b
Placebo 1.04 (0.97-1.11) 1.05 (0.97-1.12) 1.05 (0.98-1.3) 1.04 (0.97-1.2) 1.05 (0.97-1.2) 1.06 (0.98-1.4)

Total hip
T only 0.96 (0.90-1.00) 0.97 (0.91-1.02) 0.96 (0.91-1.02) 0.97 (O.92-1.03)b 0.97 (0.92-1.03)b 0.98 (0.92-1.04)b
T+F 0.94 (0.89-1.00) 0.94 (0.88-0.99) 0.96 (0.90-1.01) 0.95 (0.89-1.01) 0.95 (0.90-1.01) 0.96 (0.90-1.02)b
Placebo 0.96 (0.90-1.01) 0.95 (0.90-1.01) 0.95 (0.90-1.00) 0.95 (0.90-1.00) 0.95 (0.91-1.01) 0.95 (0.90-1.01)

Intertrochanteric region

T only 1.11 (1.05-1.7) 1.3 (1.06-1.9) 1.3 (1.06-1.9) 1.13 (1.07-1.20)b 1.3 (1.07-1.20) 1.15 (1.08-1.21)b
T+F 1.11 (1.04-1.7) 1.1 (1.04-1.8) 1.3 (1.06-1.9) 1.11 (1.05-1.8) 1.2 (1.06-1.9) 1.14 (1.07-1.21)b
Placebo 1.11 (1.04-1.7) 1.0 (1.04-1.7) 1.0 (1.04-1.6) 1.0 (1.03-1.6) 1.0 (1.04-1.6) 1.0 (1.04-1.7)

Trochanteric region

T only 0.75 (0.70-0.79) 0.76 (0.71-0.80)b 0.76 (0.71-0.81) 0.77 (0.72-0.81)b 0.78 (0.73-0.82)b 0.78 (0.73-0.83)b
T+F 0.71 (0.66-0.76) 0.71 (0.67-0.76) 0.73 (0.68-0.78)b 0.73 (0.68-0.78)b 0.73 (0.68-0.78)b 0.75 (0.69-0.80)b
Placebo 0.74 (0.69-0.78) 0.74 (0.69-0.78) 0.74 (0.69-0.78) 0.74 (0.69-0.78) 0.73 (0.69-0.78) 0.74 (0.69-0.79)

Femoral neck
Tonly 0.78 (0.73-0.82) 0.79 (0.74-0.83) 0.78 (0.74-0.83) 0.79 (0.74-0.84)b 0.79 (0.74-0.83) 0.79 (O.74-0.84)b
T+F 0.74 (0.69-0.79) 0.75 (0.70-0.79) 0.76 (0.71-0.80) 0.76 (0.71-0.81) 0.76 (0.71-0.81) 0.77 (0.72-0.82)b
Placebo 0.81 (0.76-0.85) 0.81 (0.76-0.85) 0.80 (0.76-0.85) 0.80 (0.76-0.85) 0.81 (0.76-0.85) 0.81 (0.76-0.86)
a Includes data from all measurements available at a given time point.
b p ~ 0.01 compared with baseline.
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FIG. 2. Mean percentage increase U: SEM) in BMD of the lumbar spine (A), trochanteric (B), total hip (e), and intertrochanteric (D) regions
in older men with low T who were treated with either T (T-only), T and F (T+ F), or placebo for 36 months. *, P .c 0.05 compared with baseline
and placebo.

all subjects had an end-of-treatment PSA. There was a small
but significant increase in serum PSA in the T-only group
(P -c 0.001 by month 36), but there was no change in PSA in
either the placebo or T + F group at any time during the study
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(Table 4). Prostate volume increased significantly in all
groups over the 3-yr study period. The increase in prostate
volume in the T-only group was similar to the increase seen
in the placebo treatment group (P = 0.35), whereas the in-
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TABLE 3. Markers of bone metabolism during treatment (median, 75th-25th percentiles) in older men administered ¡m T alone, T with
F, or placebo after 6 months of therapy

Placebo Tonly T+F
Baseline Month 6 Baseline Month 6 Baseline Month 6

Osteocalcin (ng/m!) 2.06 (1. 79) 1. 79 (2.44) 2.35 (2.35) 2.40 (1.37) 2.38 (2.16) 2.02 (2.08)
BSAP (IUlliter) 14.3 (4.8) 14.3 (5.2) 14.6 (7.5) 12.0 (5.2)a 16.0 (5.6) 13.9 (4.7)
U-deoxyyridinoline (/Lmollmol Cr) 5.8 (2.0) 6.1 (2.5) 6.2 (2.3) 5.0 (1.6)b 6.0 (2.0) 4.5 (1.6)b

PTH (pg/m!) 45 (28) 42 (15) 44 (28) 50 (40) 40 (19) 52 (27)
25 hydroxy-vitamin D (ng/ml) 34 (20) 44 (19) 35 (21) 39 (24) 41 (12) 48 (13)

BSAP, Bone-specific alkaline phosphatase; D, urinary; PTH, intact PTH; Cr, creatinine.
a p ~ 0.05 compared to baseline.
b p ~ 0.001 compared to baseline.

crease in prostate volume in the T + F group was significantly
less than in the T-only group (P = 0.02).

One man in the placebo group, two in the T-only group,
and no subjects in the T + F group had a diagnosis of prostate
cancer, leading to discontiuation of study partcipation (P =
0.46). The two men with prostate cancer in the T-only group
were diagnosed after 7 and 8 months of study participation.
The indication for biopsy in one case was an abnormal digital
rectal exam and in the other case was asthenia and fever. In
both cases, one of six biopsy samples revealed Gleason grade
5 disease. For the man with the abnormal digital rectal exam,
the positive biopsy occurred in the opposite lobe from the
abnormal exam finding. The individual in the placebo group
with prostate cancer was diagnosed after 24 months in the
study; the indication for biopsy was an elevated PSA. Of the
17 remaining men who discontiued participation in the
study, 15 were free of prostate cancer or other prostate dis-
eases at the conclusion of the study. Two men were lost to
follow-up.

Mean hematocrit and hemoglobin values increased sig-
nificantly during treatment in the T-only and T + F groups
(P .ç 0.001 compared with baseline and placebo) but were
unchanged in the placebo group (Table 4). Increase in he-
matocrit was positively associated with elevations in T (1' =
0.41; P .ç 0.001). In the T-only group, one man suffered a
cerebral hemorrhage during treatment, and another man
developed new symptoms of sleep apnea confirmed by a
sleep study. There were no other serious adverse cardiovas-
cular, cerebrovascular, or pulmonary events.

Discussion
This study demonstrates that im T therapy in older men

with low serum total T levels increases BMD in the lumbar
spine and hip over 3 yr. The increase in BMD would be
expected to decrease fracture risk. The increases in BMD seen
in this study are similar in magnitude both to those observed
with T therapy in younger hypogonadal men (8-11) and to
those seen with bisphosphonate therapy in men with osteo-
porosis (19,20). The increases seen in BMD were not limited
to the spine but also involved most areas of the hip that were
measured. Previous studies of T therapy in older men have
reported either smaller increases in lumbar spine BMD (12)
or no increase in hip BMD with T therapy (12, 13). There
could be a number of reasons why the findings of this study
differ from the findings of these previous studies. For one,
the men enrolled in this study all had baseline serum total T
levels that were below the normal range for young men,

which was not the case in one of the previous studies (12).
In addition, the seru levels of total T and E2 achieved with

im T injections in ths study were two to three times higher
than those achieved in studies using T patches in older men
(12, 13). Such large increases over baseline T and E2 levels
might account for much of the difference between the in-
creases in BMD seen in these studies. Although the dose-
response range for bone in regard to T (or E2) in older men
has not been established yet, these data may suggest that a
certain threshold of serum T (or E2) must be reached and/ or
a certain magnitude of change from baseline levels must be
achieved before significant effects of the sex steroids on bone
are acheved in older men. It also is important to note that,
in contrast to previous studies in older men, subjects in our
study were not administered supplemental calcium and vi-
tamin D. This may have increased the magntude of the
differences between placebo and treatment groups we ob-
served in our study; however, dramatic improvements in
BMD were seen without calcium and vitamin D supplemen-
tation. Whether supplementation in combination with T
would result in even greater increases in BMD should be the
subject of future research.

Both the T-only and the T+ F groups had similar increases
in serum nadir total T and E2 levels and in BMD; however,
there was a significant decrease in serum DHT in the T + F
group. This suggests that conversion to DHT is not essential
for the effect of T on BMD. Because F incompletely blocks the
conversion of T to DHT (21) and men in our study achieved
at best a 50% reduction in serum DHT levels, it is stil possible
that low levels of DHT are required for stimulating increases
in BMD.

The beneficial effects of T therapy on BMD may be me-
diated by its conversion to E2. The increases in E2 serum
levels from baseline with T therapy in this study were sub-
stantiaL. The impact of E2 on BMD in men has been dem-
onstrated in a man with aromatase deficiency who had high
serum T levels but low BMD. Treatment with E2 resulted in
epiphyseal closure and increased BMD (22). Furthermore, a
second man with an E2 receptor mutation was found to have
unfused epiphyses and low BMD (23). Other work has sug-
gested that bioavailable E2 may be the best predictor of BMD
in older men (24, 25). Although it is likely that E2 plays a
major role in maintenance of BMD in men, further studies
using nonaromatizable androgens wil be required before we
wil completely understand relative roles ofT and E2 in bone
formation in men.

The mechanism by which androgens and/or estrogens
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low serum T levels markedly increases BMD in both the spine
and the hip over 3 yr. The addition of F to T does not diminish
increases in BMD but does decrease prostate growth and
increases in PSA compared with treatment with either T
alone or placebo. Given its beneficial effects on BMD, larger,
long-term randomized studies of T therapy with and without
inbitors of Sa-reductase should be conducted to better de-

fine the risks and benefits of T therapy and its impact on the
risk of osteoporotic fractures in older men.
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1. INTRODUCTION

This report is submitted by the team of Independent Observers (10) from the World Anti-

Doping Agency (WADA), which was present at the Tour de France 2003. The 10 team was

able to observe the anti-doping programme implemented by the various organisations

working in cooperation during the Tour: The International Cycling Union (UCI), the

French Ministry of Sport, the Amaury Sport Organisation (ASO), the French Council for

the Prevention and Fight against Doping (CPLD) and the French National Drug Testing

Laboratory (LNDD).

The team appointed by WADA to carry out this task comprised 3 members, all regarded

as experts in their particular fields.

2. INITIAL PREPARATIONS AND MEETINGS

In the run up to the 2003 Tour, WADA circulated an agreement among the relevant

parties in order to confirm that, in accordance with the mandate of the 10 programme,
the observers would have access to all the relevant documentation and would be able to

observe the anti-doping control process implemented for the Tour de France at its various

levels. In spite of a few initial problems associated with the legal constraints specific to

the Code of Public Health in France hosting the Tour, it was possible to reach an
agreement authorizing the WADA team to observe the following procedures:

~ selection procedures;

~ notification of the cyclists selected for the controls;

~ analysis of samples at the LNDD;

~ preparation of the controls;
~ compiling of the appropriate forms after the controls;

~ preparing the sample for dispatch to the laboratory;

~ procedures in the event of a "B" sample.
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In addition to this, the observers were able to enter the doping control station, provided

that they were medical doctors and there was adequate room to accommodate the
cyclist, the doctor taking the sample, the UCI delegate and possibly the accompanying
person of the cyclist.

An anonymous copy of the doping control forms, as well as a copy of the analysis reports

were also supplied to the observers.

Before the observers arrived in Paris, arrangements were made for several meetings to

be held in order to ensure, on the one hand, that just as events were starting off, all the

parties concerned would be informed of each other's role in the process, while also
ensuring that there would be no problems from an organisational point of view.

Two important meetings were held during the first two days, on 1st and 2nd July, in Paris.

During the first meeting between a representative from WADA and M. D. Baal, Deputy

Director of the Tour, the entire logistics for the event, including accommodation,

transportation, etc. were reviewed and coordinated. A car and driver were made available

to the observers from the time they arrived in Paris.

A second meeting took place between representatives from the French Ministry of Sport,

CPLD, UCI, ASO, LNDD and the WADA observers, which focused on this first contact

being made and on explaining the WADA observers' mission, their objectives and role

during a sporting event. All the steps involved in the anti-doping test process

implemented during the Tour were described in detail and explained. Furthermore, an
agreement was reached on guaranteeing anonymity with regard to the copies of reports

sent to the observers.

It is important to note that during the meeting the CPLD expressed its opinion about the

exchange of information with the observers relating to the doping control forms. It did

not agree with the compromise offered by the French Ministry of Sport and consequently,

the CPLD stated that it declined all responsibility in the event of any dispute.

During the meeting the President of the 10 team emphasised that this type of mission is

carried out based on a positive, constructive approach. These objectives can only be

achieved with the cooperation of all the present parties based on a system of ongoing

communication to help avoid any problems during the mission.
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During this meeting, the President also gave all the relevant authorities copies of the
documents guaranteeing confidentiality with regard to the information gathered as part of

the mission and to the commitment to expose any personal conflict of interèst.

On the evening of 4th July, the WADA observers were invited to attend the general
reception for the teams being held at Paris City HalL. Race officials not only made the

most of this occasion to inform the teams about the Tour de France's Code of Ethics,

along with its regulations on behaviour and safety, but they also made the cyclists and

their backup teams aware of the issue of doping!. The anti-doping testing process was
quickly explained and an appeal was made to the cyclists for maintaining the spirit of fair

play.

RECOMMENDATIONS

It is essential that in future, agreements between the various parties are reached and
signed well beforehand in order to guarantee the best possible organisation for all the

parties concerned. The agreement was sent to the relevant parties on 16th May 2003 and

it was only on 27th June, virtually just before the observers were due to arrive that

agreement was successfully reached.

3. MEDICAL CHECK-UP

Before the start, all the cyclists underwent a medical check-up, including a blood test and

a medical examination.

a. BLOOD TESTS

All 198 riders officially registered for the 2003 Tour de France underwent a blood test the

day before the start of the race.

The samples were taken at the hotels where the teams were staying from 7.30 AM

onwards. These tests were carried out under the responsibility of the UCI, which
appointed several teams made up of a doctor to take the sample and two UCI
commissioners.

i See pages 30-31 of this report for more details
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Three samples were taken from each rider: an A sample and a B sample for evaluating

the levels of haematocrit, haemoglobin and the percentage of reticulocytes and free
plasma haemoglobin; a third sample for evaluating other biological parameters

(transaminases, glucose, iron, trasferrin, ferritin, cortisol, etc.).
The 10 team members observed the procedures for taking the blood samples, compiling

the forms and transporting the samples to a temporary laboratory located in a hoteL.

There were two different teams working in the laboratory. One was from the Lausanne

Laboratory and the other from the Ghent Laboratory. Each team was made up of a

Scientific Director and a Technician. The Swiss team used a Sysmex (ß analyzer, while

the Belgian team used a Coulteur ACT 8 (ß. The laboratory was also equipped with a

centrifuge and a Hemocue(ß analyzer for measuring free plasma haemoglobin. This is the

first occasion where the UCI has not only evaluated the usual parameters (haematocrit,

haemoglobin and the percentage of reticulocytes), but also free plasma haemoglobin,

which rises quite significantly when synthetic haemoglobin is administered.

When the analyses, which were carried out immediately as soon as the samples arrived,

showed abnormal profiles (abnormal values or trends), the UCI questioned the rider (or
his doctor) about the source of this abnormality, or let him know that he would have

another test carried out during the race and that he would be classified as being suspect

by the UCI Anti-doping Commission.

The UCI authorised the observers to attend all the health check procedures, but not when

the results were being issued. The reason behind that being that the health checks were

not part of the anti-doping process. Nevertheless, the observers do not share this view

because on several occasions during the Tour, the UCI carried out tests in competition

and out of competition based on suspect results from blood tests taken as part of the

health checks.

This strategy paid off with a out-of-competition control, during the Tour, which showed a

positive result for erythropoietin (EPO).

Since this year, the UCI has been using a new protocol for identifying riders with an

abnormal blood profile. If, for instance, a rider has a haematocrit value of 48% (below

50%), but if the average value of the four previous samples taken was 43%, the Anti-
doping Commission will automatically make this rider provide a urine sample to be

screened for EPO.
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The two doctors included in the 10 team were able to view the UCI's blood parameters

database and listen to the explanations from Mario Zorzoli, the UCI doctori about the

strategy linked to the health checks.

Appendices I and II describe the procedure for the medical examination carried out to

determine blood parameters and the protocol for measuring free plasma haemoglobin.

Appendix III contains the letter sent to all the riders before the race containing some
information about the blood tests.

The third blood sample was dispatched in refrigerated form to a laboratory in Switzerland

for an evaluation of the other parameters, which would be passed on to the UCI doctors

at a later stage.

All the technical and administrative procedures were carried out quickly, in a highly

professional manner and with the excellent cooperation of all the riders.

During the health checks the commissioners requested health booklets from all the riders

for them to photocopy. During the technical meeting on 4th July the UCI Medical

Commission returned the health booklets and informed the team representatives of the

results from the health checks.

One member of the 10 team was also present at the health checks carried out on 9th

July, where all the riders in the six teams were examined.

During the Tour the UCI carried out other health checks after the observers' departurei
where all the riders with suspect results had to undergo a out-of-competition control or a

control on the same day at the end of the stage in order to screen for erythropoietin.

The day before the first health check, the UCI held a meeting attended by the doctors
involved in taking the samples and the laboratory managers to explain to them their

duties and responsibilities and to issue the relevant documentation and equipment to

them.
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The observers would like to congratulate the UCI for implementing this strategy involving

health checks, which is still at the moment and was in the past a very important measure

for protecting the riders' health. The introduction of testing for abnormal biological

profiles and the evaluation of free plasma haemoglobin demonstrate that the UCI strives

to improve its health check procedures.

Based on the analysis of the individual assessments, it is possible to divide the riders into

three categories:

Those who will be banned from starting due to a haematocrit level above 50% and a

haemoglobin level higher than 17 g/dl;

Those with no biological abnormalities;

Those who will be authorised to start but, due to a biological profile regarded as

"suspect", will have to be included in the group of riders obliged to take a urine test to

be screened for EPO at the end of the prologue.

RECOMMENDA TIONS

During any future WADA observation mission, the VCl should supply the results from

the health checks to the WADA team to prove the system's effectiveness (total,

indisputable transparency).

The VCL should provide a copy of the completed form with the sample codes for each

rider.

Samples should be transported in refrigerated form in a sealed case, along with an
appropriately completed security document.

b. MEDICAL EXAMINATION

On 3rd and 4th July all the riders underwent a medical examination organised by the
medical team employed by the ASO led by Dr. Gérard Porte.

The medical team's aim was to make an initial contact with all the riders. It comprised six

doctors and two nurses.
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A medical record was completed for each cyclist, who underwent several observations
and examinations: weight, height, spirometry, cardiopulmonary auscultation, blood

pressure and ECG.

The technical procedure used for measuring weight and height was not appropriate, nor
were the conditions ideal for cardiopulmonary auscultation (the rooms in the large hall of

the Palais des Expositions did not have integrated ceilings and there was background

noise. The cars following the Tour were also located nearby). The cyclists' privacy was not

respected either. For instance, the ECGs were carried out in a large room with four beds

and no curtains separating them from the ever-present media.

It is vital and necessary for contact to be made between the medical team in charge
during the Tour de France and the cyclists and their doctors, but some basic principles of

medical practice need to be observed.

RECOMMENDATIONS

The cyclists' privacy should be respected.

Examinations and, in particular, recording the cyclists' medical history should be
carried out in an atmosphere of peace and quiet in order to obtain as much
information as possible from the cyclists.

The procedures for measuring weight and height should comply with normal technical

procedures.

It is vital that the cyclist's medical record is supplied and that the team doctor is
interviewed.

Closer cooperation with the UCL medical team and the issuing the results of the blood

analyses carried out in Switzerland will definitely benefit this large medical structure

put in place for the Tour de France.

4. OUT-OF-COMPETITION TESTING BEFORE THE START

The day before the start, the UCI decided to control at random two cyclists who had

"suspect" biological profiles.
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On the morning of the prologue another cyclist was also tested. The three riders' urine

samples were screened for erythropoietin.

The 10 team was present at one of the tests carried out by a team made up of the Anti-

doping Inspector and a doctor from the UCI. The test was carried out in accordance with

the technical and administrative procedures set out by the UCI's Anti-doping regulations.

The three samples were transported to the laboratory along with the samples taken after

the prologue, which was 34 hours after the first out-of-competition sample was taken.

The observers did not see the conditions for storing and ensuring the security of these

three samples taken during a random test between the time they were taken and their
arrival at the venue for the anti-doping test during the prologue.

The observers agree with the UCI's strategy of testing at random cyclists with "suspect"

results from the health checks.

RECOMMENDATIONS

The observers recommend that the samples are transported immediately to the
laboratory after being taken and not 34 hours afterwards.

5. IN-COMPETITION TESTING

The French Ministry of Sport, the UCI and ASO shared responsibility for in-competition

testing. The Ministry of Sport appointed a doctor responsible for all the samples taken.

The selection of the athletes took place every day one hour before the finish in the UCI

Anti-doping Inspector's car in the presence and with the cooperation of the doctor

appointed by the Ministry of Sport.

In accordance with UCI Anti-doping regulations, at each stager the wearer of the yellow

jersey and the stage winner were automatically selected to take an anti-doping test.

During several stages the Anti-doping Inspector received a message from the President of

the UCI Anti'-doping Commission instructing him to select directly a few riders with

"suspect" profiles from the blood tests.
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Usually three other riders were then selected randomly to give a total of six or seven
riders to be tested and two reserve riders. Half an hour before the finish, the anti-doping

inspector would give the President of the board of commissioners the jersey numbers of

the riders selected for testing, as well as those of the reserve riders. This information

would then be passed on by the President via the Tour radio (accessible to Tour officials)

twenty minutes before the finish. The names and numbers of the riders were then
displayed at the entrance to the anti-doping control station.

During the time-trial stages lots would be drawn before the first rider set off and notice
would be given by a UCI commissioner five minutes before each selected rider set off.

After the finish the rider had an hour to report to the doping control station without ever

being accompanied.

The Ministry of Sport doctor took the urine samples in two caravans made available by

the ASO, one of which was used as a waiting room. The doping control station was at

least 50 metres from the finish line and the press rooms. It was surrounded by barriers
with a door opening onto the course. There was always a security guard from the
organisation at the door.

The Berlinger (ß system was used to take the samples and the forms from the Ministry of

Sport were used as report templates.

Once all the tests were carried out, the doctor taking the samples and the Medical

Inspector would put all the in-competition samples and the out-of-competition samples

from the same day in a case containing dry ice required for transporting the samples at

minus 20 degrees Centigrade.

The case was immediately brought to the heliport or airport where a helicopter or plane

chartered by the organisation was waiting each evening to take the case and the samples

to Bourget airport in Paris where they were handled by a private carrier. This carrier

brought the samples between 0900 and 1000 the following day to the Châtenay-Malabry

anti-doping laboratory.
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The 10 team observed the system for selecting the riders, the notification system, the

procedures for taking the samples and the team also monitored the riders after the finish

until they reported to the testing area during the prologue and the first four stages. The
observers also monitored the case containing the samples from the doping control station

right to the premises of the company assigned with their transportation during the day of

the prologue. At the end of anti-doping testing after the third stage, the observers
monitored how the case was brought to the heliport.

During the Tour, 132 urine samples were taken in-competition (6 samples for fifteen

stages and 7 samples for 6 stages).

Most of the procedures followed during the in-competition tests complied with the UCI

Anti-doping regulations and/or WADA International Standard for Testing. However, the

observers identified a few discrepancies with regard either to the UCI Anti-doping

regulations or the International Standard for Testing.

a. SELECTION PROCESS

When the riders were selected during the second stage, one of those selected by the

President of the UCI Anti-doping Commission was not notified at the finish due to an error

when noting the numbers of the riders selected. During the selction process at the third

stage, the inspector had made a mistake noting the figures in the jersey number of the

selected rider. Because of the confusion from the previous day when a. rider was omitted,

the latter was selected automatically for testing that day by the President of the UCI Anti-

doping Commission.

b. NOTIFICATION

During the prologue the cyclists were notified five minutes before the start. This meant

that the cyclists who were not notified then still had the opportunity to take a stimulant

before the start of the race, as they were certain not to be tested (unless they won!). Of

the six cyclists tested during the prologue only one reported for testing more than 60

minutes after notification, without any comment from the inspector. The Anti-doping

Inspector informed some of the athletes and managers that they had 60 minutes to

report for testing.
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During the road-racing stages notification was given via the Tour-radio 20 minutes before

the end of the race. This meant that the riders who were not selected again had an
opportunity to take a fast-acting stimulant because they knew for certain they would not

be tested (unless they won!).

c. ESCORTS

There were no escorts. The cyclists sometimes took over 20 minutes to get changed in

their team trucks. Some kind of manipulation could have taken place.

d. TESTING AREA

There was no sign available to indicate where the anti-doping control station was. In

addition, the testing area's location was not indicated in the route guide. The anti-doping

caravan (waiting room and area where samples were taken) and the relevant doctor's car

had a "Contrôle Médical" (Medical Test) sign rather than any mention of anti-doping.

In one instance, a cyclist and his doctor were meant to report for the anti-doping test,

but could not find the venue due to the lack of signs.

The premises where the tests were carried out were far too smalL. There was also no

system for recording when people came and left the area.

Every day there were unauthorised people in the anti-doping control and waiting areas,

such as chauffeurs, mobile-home drivers and sometimes even members of the media.

With a UCI doctor's authorisation, a television crew was able to enter the restricted area

and film the dopipng control station with only a WADA observer present. Afterwards, the

TV crew remained in the restricted area around the caravan and filmed cyclists leaving

the testing area, as well as the inside of the testing and waiting areas when a cyclist was

there. Finally, the TV crew filmed a close-up of the procedure for filling and closing the

dry ice container.

e. PROCEDURES FOR TAKING SAMPLES

Cyclists did not receive at any time an explanation of what the anti-doping test
procedures involved.

14

GDC00700



Often the doctor taking the sample carried out himself the process for filling the samples

without requesting the cyclist's authorisation or recording this action on the test form.

Given the numerous (7) copies of the report which had to be made, the last copy,

intended for the laboratory, was on several occasions virtually illegible.

The cyclist's privacy was not respected during micturition. This was carried out with the

Anti-doping Inspector present, while the small bathroom was used to store the equipment

and samples after they had been taken.

On at least one occasion, the doctor taking the sample left the caravan when the cyclist

was trying to urinate. The Anti-doping Inspector was not able to observe the cyclist from

where he was, although this was not part of his function.

The doctor taking the samples never measured their density and pH.

According to the doctor taking the samples, pH and density are not measured because of

a directive from the LNDD (French National Drug Testing Laboratory) issued two years

ago stating that this measure was not necessary.

The Independent Observers, however, questioned the Ministry of Sport on this matter,
which informed them that neither UCI regulations nor French law made this measure
compulsory, even if there was a relevant box for this purpose on the form and that it was

stipulated by the Olympic Movement Anti-doping Code.

Whenever there was a sample containing an insufficient quantity of urine the doctor

taking the samples never used the Berlinger(ß system intended for this purpose (with

blue caps). A cyclist held his open sample in his hand, at one moment he was even left all

alone in the doping control station. Despite this, the doping control form provides a

section for indicating the number of the intermediate seals, which' was therefore never
used.

The doctor taking the samples always observed the 75 ml limit. Sometimes, when

analysing EPO, a larger quantity of urine is required. To obtain this it would have been
preferable to pour more urine into the bottles even if there was already a sufficient

quantity of urine.
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On several occasions the doctor took more than 75 ml urine, the quantity taken was
noted in the report. He then filled bottle A and bottle B up to the label and the rest of the

urine was poured down the toilet.

The doctor taking the samples noted all the drugs featuring in the rider's health booklet

on the form and asked him to state all the drugs he had recently taken. He did not ask

him to state the nutritional supplements he had taken. The doctor often did not ask the

rider if he had any comments to make about the procedure.

After a cyclist was tested the samples were not kept in a safe, refrigerated place. The

BerlingerC§ set with the sample was placed on the ground in the small bathroom in the

caravan, which was not used for micturition.

During the prologue controls, the three samples from the random control taken in the

morning were kept refrigerated in the carry case, which was not sealed and was located

outside the caravan near the entrance.

In one case, the cyclist's copy of the doping control form was detached before the Cycling

Director could sign the form. He signed it afterwards but the cyclist's copy did not have

his signature on it. The various copies were put in envelopes and sent by normal post to

the relevant authorities. The copies were therefore not kept in sealed envelopes.

Once the in-competition tests were complete, the container of dry ice was emptied in the

street in full public view, with the samples placed on the ground nearby.

Then all the samples were placed in the container again and the driver of the doctors' car

put the dry ice back in the container using plastic bags to protect his hands.

The actual container was not sealed. The unsealed envelope containing the copies of the

laboratory reports and the sample security form were placed under the lid of the
container, which did not close properly. This envelope was therefore in full public view

and easily accessible.

f. TRANSPORT

There was no transport form (security form for the case).
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After the prologue, the doctor taking the samples and the Anti-doping Inspector took the

container to their hoteL. Immediately when they arrived, the container was given to an

employee from DynaposteCE (who was not requested for proof of identity). This company

did not supply the doctor taking the samples with a transport form. This meant that the

doctor had no proof that the samples had actually been delivered. DynaposteCE

transported the samples to a post office where they were kept in air-conditioned
premises. The post office's security system consisted of an alarm and access code.
DynaposteCE does not have a quality control system. The samples were scheduled to be

dispatched to the laboratory at 9 AM the following morning.

RECOMMENDATIONS

The following measures are recommended by the 10 team as a means of improving the

anti-doping test procedures at the Tour de France:

. The procedures for selecting the riders should be carried out in an atmosphere of

peace and quiet to prevent any mistakes being made.

· VCI Anti-doping regulations should describe precisely when the riders should be
notified during the time-trial and road-racing stages. The form described in the VCI

Anti-doping regulations should only be used for notification after the finish,
preferably in the mixed area or alternatively, beside the relevant team trucks.

The Observers believe that this system can be totally practicable, even during a
major competition like the Tour de France.

· Once notification has been given, an escort trained specially for this purpose
should accompany the rider until he arrives at the anti-doping control station, as
described in the VCI Anti-doping regulations (Article 53) and in accordance with

Article 5.4 of the International Standard for Testing.

. The time the rider has to report for testing specified in the VCI Anti-doping

regulations (Article 54 - 30 minutes or 50 minutes, if he has to attend a press

conference) should be observed.

· The testing area should be clearly signposted from the finish line (Article 38 of the

VCI Anti-doping regulations).
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. The testing area should comply with VCI recommendations (Article 39), especially

with regard to its dimensions, guaranteeing riders' privacy during the test, as well

as with Article 6.3 of the International Standard for Testing.

. The person appointed to guard the entrance to control station should have a

system for recording who enters and leaves the area. The press, organisation

drivers, mobile home drivers and other persons not involved in the anti-doping test

process should not enter the testing area (Article 40 of the VCI Anti-doping

regulations).

. The doctor taking the samples should explain the procedur:es to the riders, give

them the opportunity to ask questions and take all the samples in a calm

environment and in accordance with Article 47 of the VCI Anti-doping regulations

and the procedures specified in WADA's International Standard for Testing (Article

7.0).

. The doctor taking the samples must ask riders which nutritional supplements they

have taken, as this information could help with the interpretation of a positive

analysis report and the decision on what kind of sanction to impose (Article 10.5 of

WADA's World Anti-doping Code).

. The french doping control form should be amended so that there are fewer copies

or that the copy to be sent to the Laboratory is the third or fourth sheet so that it

is more legible. The 10 team does not understand why one copy has to be supplied

to the National Federation and a second to the International Federation.

If it is an international competition the copy should be given to the International
Federation and if it is national it should be given to the National Federation. The 10

team wonders why a copy has to be supplied to the French Ministry of Sport if the

French Council for the Prevention and Fight against Doping already receives one.

. The doctor taking the samples should pour all the urine collected into bottles A and

B because it is sometimes the case that the laboratory needs a large amount of

urine to be able to confirm a quantifiable substance or detect erythropoietin.

· The samples should be kept refrigerated in a secure place after they have been
taken.
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. The doctor taking the samples and the VCI Anti-doping Inspector should place the

copies of the report in the envelopes intended for the various recipients after the
last sample has been taken and close them using the security seals (Article 66 of

the VCI anti-doping regulations).

. The doctor taking the samples should draft a report after each doping control

session. A single report at the end of the Tour mission would not allow for
corrective measures to be taken if there were irregularities in one of the controls

during the actual Tour.

. The samples and envelope containing the reports to be sent to the laboratory
should be placed in a casei which should be sealed by the doctor taking the

samples and the Anti-doping Inspector.

. . The doctor taking the samples or the Anti-doping Inspector should complete a

security document for the case (in accordance with Article 9.3.2. of the
International Standard for Testing)i specifying the date and time at which the case

was sealed and the security seal number. The integrity of each person who wil

carry the case should be guaranteed and a new entry must be made in the security

document when the case is received.

. The Tour's organisation should choose a company with a quality assurance system

to transport the case.

. The samples should be transported in a case refrigerated at a temperature
between DOC and 1 DOC while in transit.

Transporting the samples at -2DoC is secure but it slows down the procedures for

preparing the samples in the laboratory as they have to wait until the samples

have thawed once they have arrived.

6. OUT-OF-COMPETITION TESTING DURING THE TOUR

A total of seven out-of-competition controls were carried out during the Tour de France

(one on 7th July, two on the first rest day, one on 18th July and three on the second rest
day). The doctor from the Ministry of Sport taking the samples carried out the controls in

cooperation with the UCI Medical Inspector.
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The President of the UCI Anti-doping Commission decided on the riders to be selected

and the laboratory screened all the samples taken for erythropoietin;

One of the WADA observers observed one of the controls carried out at 7 AM on 7th July.

It was carried out at the rider's hoteL. The only remarks to be made relate on one hand to

the time the rider took to report for the control - 23 minutes - after being notified by one

of the team managers without being accompanied by the UCI Medical Inspector and on

the other hand to the system for transporting the samples. After taking the samples, the

doctor carried them in a small bag.

RECOMMENDA TIONS

The UCI and French Ministry of Sport should carry out more controls, especially to

monitor riders with "suspect" blood profiles, instead of monitoring them by selecting

these riders for in-competition controls. Post-competition proteinuria can make it

more difficult to interpret the results from the procedure for detecting erythropoietin

in the laboratory.

The UCI Medical Inspector should accompany the team manager from the time of their

meeting unti the rider is notified.

The samples should be transported and stored in a refrigerated case, closed with a

security seal until the time it is finally transported to the laboratory.

7. LABORATORY

The analyses of all the samples taken for anti-doping testing, in competition and out of

competition during the Tour de France, were carried out by the French National Drug

Testing Laboratory (LNDD) in Châtenay-Malabry.

The LNDD is a national public, administrative institute, which operates under the
responsibility of the Ministry of Sport.
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This laboratory carries out analyses under the terms of Article L.3632-2 of the French

Public Health Code and is responsible for managing and sending the equipment required

to take the samples, as specified in the article of the Decree of 11th January 2001

mentioned above. Another of the LNDD's tasks is to carry out research in the area of

doping prevention.

The laboratory has evolved historically as part of the institutional framework represented

by national and international sporting bodies (sports federations, International Olympic

Committee and World Anti-Doping Agency) and administrative bodies in the form of the
Ministry of Sport and more recently (1999) the Council for the Prevention and Fight

against Doping (CLPD).

In view of this, the laboratory's activities meet the requirements of national regulations

and those of the sporting bodies.

At the moment, the LNDD is the only establishment in France approved by the 10C and

WADA for carrying out analyses of anti-doping controls. In order to maintain the quality

level of the service provided, the remuneration of the staff involved in carrying out the

analyses does not depend on the number of samples processed nor on the results of
these analyses. The LNDD is situated in the Châtenay-Malabry centre for popular
education and sport (CREPS). It is made up of three technical departments, a
paratechnical department, a quality assurance department, as well as a general

secretariat. It has a current capacity for processing around 9,000 samples annually,

based on 800 (between 700 and 900) per month over 11 months, taking into account a

period of one month to deliver the results from the time the samples are received at the

laboratory.

The Laboratory's management team is made up of the Director of the Laboratory, Prof.

Jacques de Ceaurriz and a General Secretary. The Director is the laboratory's technical

manager.

The LNDD has a staff of 40 comprising:

1 Director

1 General Secretary

3 Heads of department

1 Quality Assurance manager

23 technicians and 3 para-technical staff
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8 administrators.

The laboratory has three technical departments. The various heads of department are
also the technical managers for their respective departments:

. Department of GC chemical testing. This testing department is responsiblefor carrying

out conventional analyses using gas chromatography, with or without mass

spectrometry.

. Department for analytical research and development and LC chemical testing. Its

function is to develop new analytical methods for identifying new doping products, as

well as to improve already existing ones.

. Department for biological research and development and immunochemical testing. Its

function is to develop new biological analytical methods for identifying new doping

products, as well as to improve already existing ones. This department is responsible

for the technical procedures of erythropoietin screening.

The laboratory's quality control system has had general accreditation from COFRAC

(French Committee for Accreditation) in Medical Biology (no. 1-1174) since 1st June 2001.

The LNDD currently has the following equipment:

11 units - GCjMS

3 units - GCjMS-MS

2 units - (LCjMS)

2 units - system for analysing luminescence with dark room and optical system

1 unit - (LCjMS-MS)

An observer from the 10 team visited the LNDD on the morning of 10th July. The observer

was very warmly welcomed by the Director and quality assurance manager. He was able

to visit the laboratory facilities, which are currently under renovation. These facilities are

quite extensive offering an ideal separation between all the departments and sections.
For instance, each technical department has a screening section, confirmation section and

resea rch section.
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The observer witnessed the reception of the samples taken during the 4th stage, which

arrived at the laboratory via DynaposteCß at around 10 AM.

The procedure for receiving the samples was carried out in a highly professional manner,

in accordance with the laboratory's quality system and WADA's International Laboratory

Standards. The samples were frozen at the time of their reception.

The observer was able to look at some of the laboratory's quality documents. The quality

control system is well structured and implemented in a very active and highly
professional manner.

The 10 team concluded that the analysis reports described the methods used for
screening and confirmation, but that these reports did not mention the technical

procedure codes used.

The 10 team also concluded that there were a few weaknesses concerning the security
system. For example, a door leading outside remained open while the samples were
being received; the WADA observer was not asked for identification at the entrance to the

laboratory and his presence was not recorded.

The laboratory sign at the entrance on avenue Roger Salerno was not very visible, which

made it difficult for any visitor trying to locate it.

During the Tour de France the Laboratory made small changes to the way in which it
organised its daily activities. The samples from the Tour de France were processed as a

priority and working hours were extended slightly, but the laboratory was not open at

night or during the weekend.

Outside normal working hours and during the weekend, there was nobody at the
laboratory, not even a security guard. The laboratory does, however, have a double

security system:

centrally controlled anti-burglary shutters on all the windows

an alarm linked to a remote monitoring and response centre (at the Director or
General Secretary's request).
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While the WADA 10 team was present at the Tour, following a telephone call between 3

and 4 PM, the laboratory sent the analysis reports by fax, ensuring anonymity was

preserved, to the President of the 10 team.

After the 10 team's departure the Laboratory sent the analysis reports every day via the
10 team President's confidential fax number in Lisbon.

The analysis reports were sent to the UCI Anti-doping Commission and the President of

the French Council for the Prevention and Fight against Doping (CPLD) and for

information, to the President of the International Olympic Committee's Medical

Commission and to the person dealing with these matters at the French Cycling

Federation.

During the Tour de France the LNDD processed a total of 142 samples (132 taken in-

competition and 10 out-of-competition). In 2002, 138 samples were taken and 170

samples in 2001.

The in-competition samples taken during the prologue, 2nd, 4th, 6th, 7th, 8th, 9th, 12th, 13th,

14th, 15th, 16th, 18th and 19th stages and all the out-of-competition samples were screened

for erythropoietin and hydroxyethyl starch (HES).

This type of screening was carried out on a total of 100 samples (70.4% of all the
samples taken during the Tour), which marks an increase compared with the last few

years (82 samples in 2002 and 72 in 2001).

All the samples were also screened for glucocorticosteroids.

The timetable for taking samples was drawn up by the French Ministry of Sport and the

LNDD in cooperation with the UCI Anti-doping Commission. Either the Ministry or the UCI

gave the laboratory the order to carry out the EPO analyses on the samples.

During the Tour de France the time taken for the results to be issued to the WADA 10

team was on average around 66 and 72 hours after receipt of the samples at the
laboratory for normal and EPO screening procedures respectively.
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The time for issuing the results for normal procedures was around 100 hours for samples

taken during the 12th and 14th stages. It must be pointed out that samples arrived at the

laboratory every day, at least 14 hours after the in-competition tests had been

completed.

Tables 1 and 2 show all the reports indicating the presence of doping agents.

Table 1
Reports indicating the presence of doping agents other than erythropoietin

Substances Number of Comments
samples on concentrations

Triamcinolone 28 Median - 6.0 ng / ml

acetonide Variation - 1.0 nq / ml - 19 nq / ml

Betamethasone 6
Median - 26 ng / ml

Variation - 1 ng / ml -37 ng / ml

Salbutamol 6
Median - 143 ng / ml

Variation - 87 ng / ml -449 ng / ml

Dexamethasone 3
Median - 10 ng / ml

Variation - 8 ng / ml -15 ng / ml

Caffeine 1 10.7 ¡.g / ml

Terbutaline 1

Lidocaine 1

Total: 46

Table 2
Reports indicating the presence of recombinant erythropoietin or with anomalies

Classification Number of Commentssamples
Presence of recombinant

1erythropoietin
Undetectable recombinant

15 Camera intensity below 10,000 LAUerythropoietin
Electrophoretic migration between

Unclassifiable recombinant
4

48% and 65%, between 65% and
erythropoietin 85% for NESP and for epoietin alfa

and beta respectively

Total: 20
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Looking at Table 2, it should be pointed out that 20% of the test results for the samples

analysed for EPO had anomalies and that the only positive case was recorded in a sample

taken out-of-competition.

The 10 team has to emphasise the quality of the LNDD in terms of management, quality

control system, facilities, staff and equipment. It would like to thank the laboratory's

managers for their due cooperation throughout the whole of the Tour de France.

RECOMMENDATIONS

The 10 team would like to make a few constructive recommendations with a view to

optimize the services provided by the LNDD during the Tour de France:

The laboratory should reduce the time taken to issue results during the Tour de

France. In a competition organised in stages like the Tour de France, a delay in

announcing a positive result can allow a rider who has taken drugs to distort the

competition results for a few days.

To achieve this aim, the 10 team recommends that the laboratory increase its working

hours, by operating extra hours at night and during the weekend and that samples are

transported at between OOC and 10°C to facilitate the start of the technical procedures

carried out in the laboratory.

The laboratory should have a system for receiving the samples 24 hours a day, which

would facilitate the security system protecting the samples and the start of the
technical procedures.

The laboratory's security system should be reviewed to eliminate a few weak spots.

The laboratory should enter in the report the codes for the technical procedures used

in the analyses to make the information clearer for its customers.
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8. HANDLING THE RESULTS

The 10 team would like to say at this point that, in addition to the analysis reports from

the LNDD, it also received copies of the reports with the concealed identities of the riders

from the doctor taking the samples, because the French law does not allow them to be
disclosed.

The results were handled during the Tour de France by the UCI (UCI Anti-doping control

regulations) and by the French Council for the Prevention and Fight against Doping

(CPLD) (French Public Health Code - Article L 3612-1).

a. WHILE THE OBSERVERS WERE PRESENT

During this period the 10 team received a copy of the reports either from the doctor

taking the samples or the UCI Medical Inspector the day after each test, in competition or

out of competition. The observers have nothing to report during this period.

b. AFTER THE OBSERVERS' DEPARTURE

During this period the President of the 10 team received copies of the reports at his

confidential fax number in Lisbon or by post.

On 25th July at 1440 (Paris time), the President of the 10 team received a fax of analysis

report no. 117 /07-EPO, which confirmed the presence of recombinant erythropoietin in a

sample taken on 18th July during an out-of-competition control. Twenty minutes later the

President of the 10 team received a telephone call from the President of the UCI Anti-

doping Commission, who provided the same information and said that the UCI Medical

Inspector was going to inform the rider and his cycling manager after the final stage of

the day.

On 1st August the President of the 10 team received the report on the B sample analysis

carried out at UCI's request on 28th July, which confirmed the presence of recombinant

eryth ropoietin.
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On 4th August the President of the 10 team requested additional information from the

President of the UCI Anti-doping Commission concerning the disciplinary procedures

applied in the event of a positive test, as well as information about the existence of other

disciplinary procedures concerning positive results obtained by the LNDD, relating to

samples taken during the Tour de France (copy of fax in Appendix IV).

On 6th and 7th August the President of the 10 team received faxes (in Appendices V and

VI) from the President of the UCI Anti-doping Commission informing him that the positive

result case was handled in accordance with Articles 174 to 183 of the UCI Anti-doping

regulations.

The UCI received the result of the B sample analysis after the final day of the Tour de

France and for this reason, it was not possible to apply the principles described in Article

183 of the UCI Anti-doping regulations i.e. to exclude the rider from the race. The case
was handed over to the rider's national federation, in accordance with Article 113 of the

UCI Anti-doping regulations for it to apply disciplinary procedures, which must be
completed within one month of the time limit set for the dispatch of the summons.

In a fax of 6th August the President of the Anti-doping Commission advised the observers

that all the other positive cases were examined by the UCI Anti-doping commission,

which decided that all these cases were justified on medical grounds. In the case of

treatments taken during the Tour de France, all these treatments had been prescribed

with the cooperation of the UCI's medical experts and were entered in the riders' health

booklets.

The 10 team reviewed the drugs declared in the reports and noted that in 71.8% of the
samples taken the riders had declared that they had taken a drug. In 60.6% of the
samples taken, glucocorticosteroids were administered and in 27.5% of cases beta-2-

agonists were used.

The 10 team confirmed that, in spite of the information from the UCI Anti-doping
Commission about the existence of justified medical grounds in every case where there

was a positive result for glucocorticosteroids, the timescales between the date the sample

was taken and the date entered in the health booklet when the substance was

administered were extremely large.
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The 10 team calculated these differences in twenty of the twenty-eight positive reports

with triamcinolone acetonide, which was 37 days on average, with a variation between 8

and 57 days. In five cases the difference was more than 45 days. The 10 team could find

no reliable scientific data which could support a urinary excretion time of this duration.

On two occasions the 10 team did not find that there was any medical justification
concerning the cases showing a positive result for glucocorticosteroids:

one positive result with triamcinolone acetonide with a medical declaration specifying

Betamethasone by infiltration;

one positive result with Betamethasone (30 ng/ml) with a medical declaration

specifying cutaneous aapplication of Betamethasone, the last occasion being 39 days

before the test.

On the 18th August the President of the 10 team requested additional information from

the General Secretary of the CPLD concerning the disciplinary procedures applied with

regard to the positive results received from the LNDD, relating to the samples taken
during the Tour de France (copy of fax in Appendix VII).

On the same day the President of the 10 team received a fax from the General Secretary

of the CPLD (in Appendix VIII), informing him that, apart from the cases involving EPO,

where proceedings were already under way, the President of the CPLD sent an initial

letter to several riders to ensure that a "proof of a medical prescription based on justified

therapeutic grounds" is sent to the CPLD.

RECOMMENDATIONS

The 10 team recommends the following measures for improving the system for handling

results in the Tour de France and other cycling competitions:

Results should be handled by an Anti-doping Commission with representatives from

the UCI Anti-doping Commission and the CPLD to avoid any conflcts. A single code of

regulations should be adopted, in accordance with WADA's World Anti-doping Code.
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The UCI should adapt its anti-doping regulations to allow temporary suspension after

the result of the B sample analysis has been notified and in accordance with the

gUidelines applicable to temporary suspensions under the World Anti-doping Code

(Article 7.5).

Any rider who has obtained a positive result from the test carried out during the Tour

de France may continue to participate in competitions unti the final decision is made

by his national federation, which has one or two months (if the national federation has

a disciplinary appeal body) to complete the disciplinary procedures.

Until the final decision is made, the rider can help other riders in competitions

organised in stages to achieve victories or a good position in the classification. Article

184a of the UCI Anti-doping regulations does not cover every case where temporary

suspension proves to be necessary in order to ensure sporting equality.

It is necessary to carry out studies into the urinary excretion of glucocorticosteroids

following administration of these products by inhalation, local injection, intra-articular

injection or other forms of local application to verify the detection time for these
substances in urine. We also recommend carrying out studies concerning the
metabolism of cortisol in riders in order to detect a temporary or permanent inhibition

of its production.

The UCI Anti-doping Commission should be more careful in its analysis of substances

and the dates entered in the health booklet when verifying the existence of justified

medical grounds if, for instance, the Laboratory has detected a glucocorticosteroid, as

specified in point 3 of Article 64 of the UCls Anti-doping regulations.

9. INFORMING AND EDUCATING ATHLETES

The day before the Tour de France started, the ASO organised a session to raise the
riders' awareness with regards to doping issues in the reception room at the Paris City

Hall. This session was attended by Patrice Clerc (President of the ASO), Jean-Marie

Leblanc (Director of the Tour de France), Daniel Baal (Deputy Director of the Tour), Jean-

François Pescheux (Competition Director), all the teams and their coaches and the

members of the WADA 10 team.
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The organisers of the Tour, in particular, Jean-Marie Leblanc and Daniel Baal spoke in

very clear and firm terms about observing the Tour de France's Code of Ethics and they

reminded the riders that zero tolerance was applied in this competition.

Daniel Baal gave some explanations about the anti-doping controls which were to be
carried out during the Tour and reminded the riders that the UCI would introduce for the

first time during the Tour an analysis for free plasma haemoglobin with a view to
detecting any possible use of synthetic haemoglobin. He announced that all the riders
would receive the same leaflet as in 2002 entitled "Dopage et Cyclisme - ce que vous

devez savoir" (Doping and Cycling - what you need to know), which contained very

important and useful information for the riders (in Appendix IX).

Daniel Baal stressed the importance of the Tour de France's Code of Ethics (in Appendix

X), which appears in the regulations and in the Tour guide book and was signed by all the

teams.

This commitment was included both in the Agreement between the ASO and the
International Association of Professional Cycling Groups (AIGCP) and in the Agreement

signed with each team before the Tour started.

10. UCI MEDICAL COMMISSION

For the third time the UCI appointed a medical commission for the Tour comprising nine

doctors. Based on a rota system, two of them were present at all times during the Tour.

This commission's task was to observe, advise on and authorise the administration of

drugs, especially those subject to restrictions.

The observers requested from the UCI to be informed of the Medical Commission's

activities while they were present at the Tour. However, the observers never received any

information about any requests made by any team doctor or rider to the Medical
Commission.

The observers want to congratulate the UCI for setting up the Medical Commission.
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11. MISCELLANEOUS

The French government has set up a system for importing drugs similar to the system

introduced during the 2002 Tour.

This involves, in particular, recommendations about importing drugs, with an emphasis

on the importance of professional team doctors having two medicine kits (an emergency

kit containing possible doping substances and a backup kit without any doping
substances).

It is also recommended that a list is kept up to date of all the drugs contained in the two

kits being taken out and put back and that these documents can be shown, particularly

during custom controls. The CPLD sent the ASO a document summarising these
procedures with the reminder that doctors from foreign teams must declare the activities

they intend to carry out when in France during the Tour de France. The observers

congratulate the French government for this initiative.

The observers also have to congratulate the ASO for its reaction concerning the doping

problematic and for implementing during the last few years measures capable of making

a significant contribution to the fight against doping during the Tour de France. These
include:

Changes to the course so that fewer kilometres are covered in total and in the time-
trial stages and easier stages with fewer hills.

Ensuring that there are always two days' rest during the Tour with easier transfers.

Producing a guide for hoteliers offering advice on the cyclists' food requirements and

on measures for ensuring the riders get sufficient rest.

12. CONCLUSIONS

The Tour de France is one of the most important sporting events in the world, with huge

media coverage and a considerable financial impact.
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This is why the positive and negative aspects of this competition will attract so much

media attention and therefore, may have major repercussions from an educational point

of view.

The scandal during the 1998 Tour de France brought many changes in the fight against
doping in almost every sport and in the world of cycling, in particular.

The changes made are moving in the right direction, based on closer cooperation

between the responsible bodies (French Ministry of Sport, CPLD, UCI and the Tour de

France's organisation) in developing a strategy to combat doping during the Tour de

France. The meeting held before the Tour started, between the responsible bodies and

WADA, is a good example to support the statement we have made. Accepting an

Independent Observer team from WADA is another example of this positive development.

The anti-doping control system developed during the 2003 Tour de France involved

considerable sums of money and sometimes was even excessively demanding (e.g.

transporting the case containing the samples by aeroplane). It had weaknesses too,
though, which may be highly significant in the pursuit of the ultimate goal - to protect

the riders' health and retain the true spirit of sportsmanship, especially for the riders who

do not use banned substances or methods.

The observers have no doubts at all about the good intentions of all those people
involved in planning and implementing the system, but these small weaknesses may help

possible cheaters to get round the system or find solutions they can use to defend their
actions.

Procedures for taking samples might well be carried out under ideal conditions, but if
there are riders who know for sure that they will not be tested twenty minutes before the

finish line or even before they have started (time-trial stages) and have the opportunity

to perform some kind of physical manipulation before they reach the doping control

station, the system cannot guarantee sporting equality.

In spite of some weaknesses in the anti-doping control system, the observers would like

to stress that there were strong, positive points to come out of the 2003 Tour de France:

33

GDC00719



- The firm tone adopted in the speech made by those responsible for organising the
Tour de France about observing the Code of Ethics and the fight against doping.

- The soundness of the UCI's health check system and the important role this system

plays in the fight against doping in cycling.

- The strategy developed by France in its fight against doping, especially in the area of

legislation and through creating the CPLD, providing a high-quality anti-doping control

laboratory and implementing measures to prevent trafficking of doping substances.

Closer cooperation between the bodies responsible for anti-doping controls during the
Tour de France and the implementation of WADA's World Anti-doping Code and

International Standards will be sufficient to guarantee an ideal system. However, all the

measures implemented may not be enough if all the partners involved do not assume
their responsibilities, especially with regard to protecting the riders' physiological limits.

Furthermore, it is important to note that from now on, the observers will only carry out

their mission if they have access to all the required documentation.
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15. APPENDICES

Appendix 1: Procedure for determining blood parameters
(UCI)

~~ Juillet 03

Procédure de lexamen médical pour la
déterniination des Daramètres sanauins

o. Conditions générales

Le laboratoire accrédité par I'Uel est I'lnstitut Indépendant qui assume fa responsabilté
opérationnelle scientifique et médicale globale de la récolte des échantillons sanguins et
des paramètres biochimiques nécessaires à I'établissement de valeurs fiables de
I'hématocrite.

Le responsable médical du programme est Ie Professeur Patrice Mangin.

Pour chaque examen I'uei désigne un ou plusieurs Inspecteurs Médicaux.
La procédure se déroule dans un local adapté qui peut être une chambre d'hôtel. Si
possible dans I'hôtel où sont logés les coureurs, pour les prises de sang. L'appareil
de mesure est Instal/é dans un endroit pratique pour la remise des résultats.

1. La prise de sang doit avolr lieu avant tout effort physique et de préférence avant
Ie petit déjeuner.
A cette fin, I'lnspecteur Médical de l'Uel transmet personnellement Ie formulaire
"Notification au coureu... au Directeur Sportif ou au Chef d'Equipe. à défaut au coureur
(dans un délai raisonnable).

2. Le coureur désigné doit se présenter

dans Ie délai mentionné sur la notification;
au médecin de I'lnstitut Indépendant. dans la chambre mentionnée sur la notification.

II est obligé de déposer sa licence auprès de I'lnspecteur Médical.

3. Le laboratoire désigné s'engage à assurer les prises de sang veineux chez les
cyclistes qui lui sont désignés par l'Uel dans les règles de I'art et à effectuer les
analyses dans les délais requis.

A cette fin. Ie laboratoire met à disposition I'équipe médicale scientifique et technique
nécessaire; notammel't pour la prise de sang, un médecin diplômé. familier des
problèmes du sport. Le laboratoire garantit I'expérlence du médecin quant à
lexécution de prises de sang successives.
Le materiel du prélèvement est fourni par Ie laboratoire.

Les tubes sont rendus anonymes au moment du prélèvement.

NB. Sur demande du coureur. la prise de sang peut également être pratiquée par Ie
médecin du G.S., à la condition sine qua non qu'il se conforme au protocole établi. La
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Procédure de I'examen médical pour la détermination des oaramètres sanouins

présence de I'lnspecteur Médical est obllgatoire. A défaut ou sl I'échantilon de sang n'a
pas été prélevé dès Ie 1sr essai, la ponction est effectuée par Ie médecln de I'lnstitut.

4. Après les prises de sang. I'équipe du laboratoire effectue les analyses requises.
Elles doivent répondre aux critères de qualité reconnus dans la profession.
A cette fin. I'on utilse un appareil (C COULTER PORTABLE DE LA SERlE AC.T ou
SYSMEX XT-20001 ".

Pour I'Hb synthétique, lappareil .. HEMOCUE LOW PLASMA HEMOGLOBINE"
pourra être également employé.

Les résultats obtenus sur place seront communiqués immédiatement sous forme écrite
au responsable désigné par I'UCI, soit I'lnspecteur Médical, so it un médecin de la
Commission Sécurité et Conditions du Sport.
La totalité des paramètres sanguins sera communiquée au Président de la Commission.
Sécurité et Conditions du Sport.

5. L'lnspecteur Médical fait mention:

A. des résultats aux Directeurs Sportifs ou Chefs dEquipe concemés. en leur
restituant la licence des coureurs examlnés,

B. des résultats inacceptables au Président du Collège des Commissaires au moyen
du formulaire de I'UCI "Déclaration dinaptitude",

C. des valeurs hématocrite aux coureurs selon leurs désirs.

Cette procédure correspond aux conditions de travail Idéales au déroulement des
contrôles. Les dévlances éventuelles ne peuvent donner lieu ã des contestations, s'i1
n'est pas établl qu'elles ont pu influencer la validité des résultats.
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Appendix 2: Measurement protocol (UCI)

lEY Juillet 2003

Protocole de mesure de I'hémoQlobine olasmatiQue libre

A. PRISE DE SANG - ECHANTILLONS A ET B

1. Le coureur doit être en position asslse.

2. Le garrot ne doit pas être posé trop longuement inutilement (délai de moins
de une minute entre la pose du garrot et I'apparition du sang dans Ie tube).

3. Deux tubes de 2,7 ml de sang sont prélevés par une ponction unique. 115
sont désignés arbitrairement échantilons A et B. 115 sont étlquetés avec un
numéro identique.
Le tube A est roulé au minimum 15 minutes et analysé immédiatement tel
que la procédure Ie décrit ci-dessous dans Ie point C.
Le tube Best placé dans un flacon numéroté. Le flacon est attribué à
I'équipe toute entière. Le numéro du flacon est inscrit sur Ie formuláire
"Contrõle sanguin" so us Ie point 9.
Cet échantilon peut être utilsé pour une deuxième analyse, en cas de
résultat entrain ant une déclaration dinaptitude.

4. Si pour une raison quelconque, Ie remplissage du deuxième tube présente
des diffcultés par la même ponction, II sera demandé au coureur s'i1 désire
una dauxième ponction, sinon ii admet qu'en cas de résultat entraînant une
déclaration dinaptitude pour I'échantilon A, la deuxième analyse se fera
également sur I'échantilon A. Cette condition est acceptée sous Ie chiffre 11
du formulaire "Contrôle sanguin".

5. En cas de résultat entraînant une déclaration dinaptitude pour I'échantilon
A, Ie coureur peut demander que I'échantilon B so it ouvert devant lui et
analysé suivant les mêmes règles que pour I'échantilon A. Après una
contre-expertise, c'est Ie résultat de I'échantillon B qui sera pris en compte
de manlère définitive. La. demande douverture de I'échantilon B doit être
formulée dans un temps raisonnable, après I'annonce du résultat de
I'échantilon A, en tenant compte des impératifs de la course et de la qualité
des analyses. Ce délai sera discuté Ie cas échéant entre I'inspecteur
médical, Ie directeur sportif du coureur et Ie responsable scientifique de
I'équipe médical (cf. art 13.1.055 du règlement UCI).

C. ANALYSE

1. Préparation des sanqs et mesures

Les sangs sont roulés pendant 15 minutes au minimum avant I'analyse pour
homogénéisation et stabilsation de température.

Après la détermination des valeurs hématiques habitue lies (Het, Hb, rétieuloeytes),
les éehantillons seront eentrifugés.

2. Coloration du plasma
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Protocole de mesure de lhémoqlobine plasmatique libre

La couleur du plasma sera observée. 5i Ie plasma a une coloration rose/rouge,
léchantîllon sera alors analysé pour lhémoglobine plasmatique libre, avec les
appareils prévus (Coulter, 5ysmex ou Hemocue).

5i la valeur dhémoglobine plasmatique libre est supérieure à 300mci/dl (3cill, on
procédera à I'analyse de I'échantillon B.

. Analyse de I'échantilon B
- Le coureur ou son mandataire est alors informé qu'il peut assister, dans un délai

défini par linspecteur médical, à I'analyse de léchantilon B.
- La contre-expertise sera effectuée à I'aide de I'analyseur Coulter ou 5ysmex ou

Hemocue.
- Déroulement de la contre-expertise :

. effectuer deux mesures à laide de lanalyseur Coulter ou Sysmex ou
Hemocue

. si la valeur est:: à 300mg/dl (3g/l) Ie coureur est déclaré inapte.

Appendix 3: Information for riders (UCI)

~~
UNION CYClISTE INTERNATIONALE

COMMISSION SECURITE ET CONDITIONS DU SPORT

Messieurs les caureurs,

Nous 8imerions vaus donner quelques informations concemant les centrOlas sanguins.
Contrôles sanCluins
Lars des contrõ.as sanguJns. nataninient pendant Ie Tour de France. les paramètres
habitue's serant analysés : hêmatocrite, hémaglobine at réticulocytes.
Si les analyses devaient mantrar des profils anormaux (va leurs au évolutions anorrales). andemandera au cauraur (au à son médecin) quelle est I.origine de cetta anomalie. at on lui
fara savoir qu.iI sera davantage cantrålé. car if restera suspect à nos yeux.
Dès cette année, neus utilisons un nouveau protocols pour Identifier les coureurs qui ant ..n
profil sanguin non normaL.
II est évident qu"on les soumetlra à des contrõles antidepage. pour la recherche de I.EPO au
du NESP.
Hérnocilobines svnthétlc:ues
Depuis Ie début de I"année" neus mesurcns" Jars des contrOlas sanguins" un nouveauparaniètre: I"hémoalobine olasmatiaue fibre. Ce paramètre augments de façon très
importante (plusieurs cenLaines de fois) an cas d'ådminfstration d"hémoglobine synthétique.
Gomme vous savez, I'Hb synthétique est une substance interdite. at sa commercialisation à
plus large échelle est en train de sa réaliser. Or, vu qu"elle est encore indécelable lars des
contråfes urinaires" ii neus (allail trouver una solution pour décourager son éventuelle
utilisation, afin de garantir Ie droit à avolr des campétitions équitablas.
Ce .paramètre ne peut pas être employé en tant que test antidopage at. par analogie à ce quise passe avec les valeurs d'hématocrite élevées" un coureur qui aura una valeur
d'hérnoQlobine clasmat.iaue libre ~ 300rna/dl (30/1) sera done déclaré inaoLe. at obligé à
sa soumettre aux investigations hérnatologiques. L"hémoglobine synthétique. grãce à la
déterrination de cs paramètre, peut être détectable pendant plusieurs jours.Nos équipes médicales vant analyser ce pararnètre lors de taus les contrOles sanaulns du
matin (v comoris celui d"auiourd'hun, qui sa dérouleront de la même façon qu"auparavant
(rnême quantité de sang prélevée).
En restant à votre disposition pour tout renseignement supplémentaire" nous vous
souhaitons tout Ie succès sportif que vous méritez.

~ ~~~
Dr Leon Schattenberg
Président Commission Antidopage Dr Mario Zorzoli

Médecin UCI

CH , 860 Aigle I Suisse0)+41 2446858" fex -+41 244685812
v.vvvv.uci.ch
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Appendix 4: Request for information 04/08/03

LABORATÓRIO DE ANÁUSES E DOPAGEM
Av". Prof. Egas Moniz (Estádio Universrio)

1600 USBOA - PORTUGAL

TELEFAX N°.: 21 79775 29

De:

Para:
Prof. Doutor Luis Horta

President of the Medical
Commission of UCI

FAX N°.: 0031 46 4008521

N°. de Páginas:
Data: 04/08/2003

Dear Dr. Leon Schatewberg

As President of the Independent Observer Mission during the Tour de France, I want kindly

request infonnalion . about the development of the disciplinary procedures done in the

positive case met in the sample A 190775 and confinned in the sample B 190775, on 1st of

August.

I want also to request if UCI develop any other disciplinary procedures conceming the

positive reports delivery by the French Antidoping Laboratory in the samples collected

during the Tour de France.

Best regards.

1M
President of Independent

Observer Mission
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Appendix 5: UCI reply (07/08/03)
7. RUT. ¿!did:: lb: 1' N\i:,::, C'.l

i.
INTERNATIONAL CYCLING UNION

CH 1860 Aigle I SwilZenaod
Cl : +41244685811 - Fax: +41244685812

FAX MESSAGE
To

Fax nbr

From

Date

Ref

Total pages

Subject

Prof Dr. Luis Hort

+351 21 797 75 29

Dr. Leon Schattenberg

7 August 2003

Antidoping Services I Lsch I cv

(including this one)

Independent Observer Mission

Dear Dr. Horta,

I would like to add some information to my last correspondence. As regard to the duration of
the proceedings and according art. 113 AER: 'The proceedings before the competent body
of the licence-holder's national federatIon must be completed within one month of the time
limit set for the dispatch of the summons."

We will of course keep you informed all along the procedure. All the documents we will get
from the national federation shall be sent to you.

Best Regards,

On behalf of the Antidoping Commission,

~
Dr. Leon SCHATIENBERG, President
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Appendix -6: UCI reply (06/08/03)
I:.HlIl.¿-i-i.: 14'4='1 ;" -,.- 1'I~4t::J 1".1

£L:
INTERNATIONAL CYCLING UNION

CH 1860 Algie I Switerland
ai: +41244685811 - Fax: +412446868 12

FAX MESSAGE
To

Fax nbr

From

Date

Ref

Total pages

Subject

Prof Dr. Luis Hort

+351 21 797 75 29

Dr. Leon Schattenberg

6 August 20.0.3 _

Antidoping Services J Lsch / c:

2 (including this one)

Independent Observer Mission

Dear Dr. Horta,

I would like to give you the following information as regard to your demand concerning the
Tour de France 20.0.3.

The positive case found in the sample A+B 190.775 has been and is peing managed
according to the UCI AER, art. 174 to 183 (Stage races).

The UCI was informed by the laboratory of the B sample result after the Tour de France
ended. Therefore, the case has now been transmitted to the rider's national federation for
disciplinary procedure.

As far as the corticoids are concerned, the results have been examined by the UC\
Antidoping Commission. All cases were justified on medical grounds and were accepted by
the Antidoping Commission. For treatments prescribed during the Tour de France, all of them
have been prescribed with the cooperation of the UCI medical experts and treatments have
been writen in the health booklet,

I also invite you to read two articles written by Dr. Gérard Guilaume:

1. Corticothérapie locale et effet systémique (revue de la Ifttérature) publié dans
Médecin du Sport; Gérard Guilaume et Marcel-Franeìs Kahn; e-mail address:
a-auilaume ~ wanadoo, fr

2. Intérêts et limite des infiltrations de corticoides dans Ie sport, publiá dans jOL¡rnal de

traumato!ogie du sport.
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f~, ..HU I . e:i.i.:: 14: ::i. 1..!:4t::= ...'"

( wil try to send you other information and publication as soon as possible.

Best Regards.

an behalf af the Antidoping Commission.~
Dr. Leon SCHATTENBERGi, President

Appendix 7: Fax to the CPLD (18/08/03)
~do~ha__--~_cI~d-,J...~

.~ · Instituto do Oespof'to de POf'tugOiI

Labonalõno de Anállses eo Dopagarn

ReFERËNCIA:
REFERENCE)

DATA:
(DATE)

049'L.A. D./2003FAX
CPLD
MR. PHILIPE ROuX-CaMEL!
SÉCRETAIRE-GENERALE

1 a DE AGOSTO DE 2003
PARA:
(To)

AlA: FAX; I 00 3:'~1_.:4_~2 77 39-
DE:
(FROM)
N_o PAGINAS:
(NUMBER OF PAGE~t

INSTITUTO DO DESPORTO DE PORTUGAL - LASORATÓRIO DE ANÁUSES E DOPAGEM

ASSUNTO;__l~OUR DE_=-R_~:~____.
-- -._----~-----~-~-----

Char Philipe Roux-Comeli,

Comme President de la Mission d' Observateurs Independents de I. AMA dans Ie Tour de France, j'ai
reçu les copies des PV sans I~ identification des couraurs et les rapports analytiques du LNDD.

...l ai reçu plusieurs rapports analytiquEls positives pour glucorticosteroids. .."ai demande des
informations à l UCI sur 18 géstion de cas resultats. L~ UCI a inforré qua sa Comission Médicale a
decidé que tous les rapports positives avec glucocorticosteroids étions justifié par una declaration
niédicale dans Ie camet de santé_

Je suis entrain de finir Ie rapport de notre mission at je veux savoir si Ie CPLD a quelque chose a
ajouter a la position de I. UCI.

~aiutationr\

d~-~
Luis Horta
President de la Mission 0_ i. de I. AMA

AV-. Pf. EaIINQ: (ESTAo U_....T..IO)_ 1001GG LISDOA
TI (3G1)21 7_ DO 73 . FAX (351)21 707 70 2: e:-Ml.cn.I~II.I~pi
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Appendix 8: Reply from the CPLD _ (18/08/03)
~~i~~-~)Y.:'--'- -;_:-.:.:., ".':: ,:.-.-:. ,,'::
f~n~ ~,.: '.

-__..,.;._.._ ,'.","" "'.._---,- ~---

j.

I CONSElL l)H PRÉVENl'ON ET DE
I 1.U1TE CONTRE LE DOPAGE
i
i

!

i

,':/) //
- -/I¿l"'p¡,,,y,,,,,,,

.. ý.
~. ~~~~k~;r"'~;'J'"

Paris, Ie 18/08/2003._,.---.,-
39 rue Saint Dominique
, 7S007 PARIS

Tcl : 01.40.62.76.76
Fiix: 01.47.53.75.36

/." Sc'cretair" (j(;iiáu/

Cßrnct~re : très uriicnt ~

ur~cnt II
courant 11

1.._.__._..-

j:XPEDITEUR : Philippe ROUX COMOLI

D.E.STINATAIRE : Dr Luis HORTA, Président de la mission 0.1. de
I'AMA

N' DE FAX: 00.35.1.217977529

Monsieur Il' Prtosidl'iit,
,

Le Prc~itlrnl tlii Conseil de iiréveiilion I't de lulte cuiitre Ie dopal!c a rcçu
I'cnsemhle des procès-v('i'b:iii~ ("t rrsiilt:its d':in:ilys(" I'clatir.~ auii contrôl('s ('lTcclllcs lol's
dii To"I' de Fnincr 2003.

Oiih'c 1(" cas pOl'taiit sur l'J.lO doiit la procédur(' est eii cours. il a lriinsniis un

fll'cmi('1' courri('r ;1 ¡iliisìeiir,~ coureiirs alin de s'assiir('r aiie cl'nx-d traiismettent au
Colis,,¡1 (( la pr"u\'l" "'unl" pr",.c/'il'fi"" iiblh'/fle tÌ tie,\ fi"' flufl-ljJcflf;qflc.,' J/f,\fijiéc',,' )).
L 'juslruciioii est done en (oUr~.

F,ii rl'stiiiil ii \lolre \."ti~re disposition pour toutl' informiition compléml'ntnirf', .ie
\loiis pril' dii~r~rr, I\hin,~il'iir II' Pi'csidciil. l'e"Jlrcs,~illll de n,.. ,I'iil.imeiit.~ les meileur'S.

~(;,;x ;:OMOLI

Nombre de page,f¡ y compris celle-ci: 1
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Appendix 10: Tour de France Code of Ethics
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CURCULUM VITAE

Bruce A. Goldberger, Ph.D., DABFT

Professional
Address: Forensic Toxicology Laboratory

Diagnostic Reference Laboratories
Department of Pathology, Immunology and Laboratory Medicine
College of Medicine
University of Florida
4800 S.W. 35th Drive
Gainesvile, Florida 32608

phone office - (352) 265-0680 ext. 72001
laboratory - (352) 265-0680 ext. 72002
cellular - (352) 494-7569 Nextel DC - 160* 19775*1
(352) 265-9904
(888) 443-2911
bruce- go 1 dberger(fufl. ed u

ww. pathology .ufl.edu/~bgoldber/

fax
pager
e-mail
homepage

EDUCATION

May, 1982 B.A. degree in Zoology
Drew University
Madison, New Jersey

August, 1985 M.S. degree in Forensic Toxicology
University of Maryland School of Medicine
Department of Pathology, Division of Forensic Pathology
Baltimore, Maryland

Thesis: "In vitro and in vivo studies ofthe collection and delayed
analysis ofthe alcohol content in breath."

January, 1993 Ph.D. degree in Forensic Toxicology
University of Maryland School of Medicine
Department of Pathology, Division of Forensic Pathology
Baltimore, Maryland

Dissertation: "Measurement and interpretation of heroin, 6-

acetylmorphine and morphine concentrations in biological tissues
obtained from heroin users and heroin-related deaths."
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PROFESSIONAL POSITIONS

July, 2005
to present

November, 2002
to June 2005

July, 2001
to June 2005

July, 1999
to June, 2001

October, 1994

to June, 1999

September, 1987

to September, 1994

September, 1989
to May, 1992

July, 1986
to September, 1989

Professor, Clinical Track
Department of Pathology, Immunology and Laboratory Medicine
Department of Psychiatry
University of Florida College of Medicine
Gainesvile, Florida

Associate Professor, Clinical Track
Department of Psychiatry
University of Florida College of Medicine
Gainesvile, Florida

Associate Professor and Director of Toxicology, Clinical Track
Department of Pathology, Immunology and Laboratory Medicine
University of Florida College of Medicine
Gainesville, Florida

Assistant Professor and Director of Toxicology, Clinical Track
Department of Pathology, Immunology and Laboratory Medicine
University of Florida College of Medicine
Gainesvile, Florida

Assistant Professor and Director of Toxicology
Department of Pathology, Immunology and Laboratory Medicine
University of Florida College of Medicine
Gainesville, Florida

Toxicologist
National Center for Forensic Science
a division of Maryland Medical Laboratory
Baltimore, Maryland

Assistant Toxicologist and Toxicology Laboratory Manager
Toxicology Laboratory

Offce of the Chief Medical Examiner
Baltimore, Maryland

Assistant Toxicologist
Toxicology Laboratory

Offce of the Chief Medical Examiner
Baltimore, Maryland
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September, 1982

to September, 1987
Laboratory Technologist
Clinical Toxicology Department
Maryland Medical Laboratory
Baltimore, Maryland

CERTIFICATIONS

Diplomate. American Board of Forensic Toxicology, Certificate Number 218 (3/1/99-6/30/09)
Clinical Laboratory Director. Board of Clinical Lab Personnel, Department of Business and

Professional Regulation, State of Florida, License Number DI 0033647 (5/18/95-8/31/06)
Forensic Toxicology Specialist. American Board of Forensic Toxicology, Certificate Number 5001

(11/1/92-2/28/99)
Toxicological Chemist. National Registry of Certified Chemists (previously known as the National

Registry in Clinical Chemistry), Certificate Number 2254 (1991-2006)

HONORS AN AWARS

Educational Research Award. Society of Forensic Toxicologists, 1984 and 1986
Sunshine Award. Toxicology Section, American Academy of Forensic Sciences, 1988
Toxicology Section Scholarship. American Academy of Forensic Sciences, 1991

Outstanding Scientific Achievements by a Young Investigator Award. American Association for
Clinical Chemistry, 1994

Mid-Career Achievement Award, The International Association of Forensic Toxicologists, 2004
Alexander O. Gettler Award, Toxicology Section, American Academy of Forensic Sciences,

2006

CAMPUS ACTIVITIES

Teaching

College of Medicine:

General Pathology and Immunology (BMS 5608) - Lectures in Chemical Carcinogenesis and
Forensic Pathology

Systemic Pathology and Laboratory Medicine (BMS 5600) Case Study Mentor
Principles of Drug Action (GMS 6002) - Forensic Pharmacology (Grand Rounds)
Special Topics in Pathology: Cellular & Molecular Basis of Liver Disease (GMS 6381)-

Lecture in Pharmacogenomics and Drug Toxicity
Translational Neuroscience: Junior Honors Medical Program (MEL 4001) - Forensic

Medicine
Laboratory Rotation Mentor, Interdisciplinary Graduate Program
Pathology Resident Rotation (Preceptor)
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College of Pharmacy:
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Selected Topics in Pharmacy (The Role of the Pharmacist in Substance Abuse Education and
Prevention; PHA 4933) - Lecture in Forensic Toxicology

College of Law:

Handling Drug! Alcohol Crimes Seminar - Lecture in Forensic Toxicology

Thesis/Doctoral Dissertation Committee Member:

Michael W. Belford, Department of Chemistry, 2001-2003
Matthew W. Warren, Department of Psychiatry, 2003-2006
Timothy L. Naylor, Department of Physiological Sciences, 2003-present

Frank Kero, Department of Chemistry, 2004-present
David Khey, Department of Criminology, Law and Society, 2005-present

Student/Fellowship Training:

Name Program

Diana Garside

Jeri Ropero-Miler
Ruth Winecker
Jason Byrd
Bart Wacek
Mary Rucker
Richard Fox
Gretchen Miller
Beth Ladlie
Tara Sabo
Andria Hobbs
Kristofer Rau
Jessica Walrath
Bruno De Martinis
Karen Vieira
Michele Merves
Sheng-Meng Wang
María Antonia

Martínez González Visiting Scientist (Spain)
Michele Merves Graduate Student - Doctoral
Rebecca Murray Pharmacy Student
Ansley Gascoigne Undergraduate Intern (UCF)
Kelly MacDougall Graduate Student - IDP Lab Rotation
Rebecca Fidler Undergraduate Intern (UCF)

Jennifer Hoyer Undergraduate Intern (UCF)

Post-Doctoral Fellowship in Forensic Toxicology
Graduate Student - Doctoral
Graduate Student - Doctoral

Graduate Student Rotation
Graduate Student Intern
Graduate Student - IDP Lab Rotation
Center for Precollegiate Education and Training
Graduate Student - Master's
Graduate Student - IDP Lab Rotation
Graduate Student - IDP Lab Rotation
Undergraduate Student- University Scholars Program
Graduate Student - IDP Lab Rotation
Graduate Student - IDP Lab Rotation
Visiting Scientist (Brazil)
Graduate Student - IDP Lab Rotation
Graduate Student - Doctoral
Visiting Scientist (Taiwan)

Date

1994-1997
1994-1998
1994-1996
1996
1996
1998
1998
1998-1999
1998
1999
1999-2000
1999
2000
2000-2001
2001
2001-2007
2001

2002
2002-present
2002-2003
2004
2005
2005
2005
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Christopher Moody
Melissa Clarady
Kimberly Fitzgerald
Melanie Atkinson
Jenna Chin
Sarah Guilmain

Undergraduate Intern (UCF)
Undergraduate Intern (UCF)
Medical Student (UP College of Medicine)
High School Student (PK Young)
Undergraduate (UP Senior Research)
Graduate Student - IDP Lab Rotation

2005
2006
2006
2006
2006
2006

Administration

College of Medicine

Member, Medical Selection Committee, 2005-present

Department of Pathology, Immunology and Laboratory Medicine:

Director, William R. Maples Center for Forensic Medicine
Unit Director of Toxicology, Diagnostic Referral Laboratories
Member, Diagnostic Referral Laboratories Executive Committee
Member, Diagnostic Referral Laboratories Quality Assurance Group
Chairman, Biosafety Committee
Biologic Safety Officer
Member, Clinical Research Committee
Member, Rocky Points Labs, Building & Safety Committee

Interdisciplinary Toxicology Graduate Training Program (Center for Environmental and Human
Toxicology):

Faculty Member
Graduate Coordinator for Pathology
Member, Toxicology Graduate Specialization Committee

University of Florida University Athletic Association:

Member, University Athletic Association Substance Abuse Committee

OTHER ACADEMIC ACTIVITIES

Adjunct Assistant Professor in Clinical Chemistry. University of Maryland School of Medicine,
Department of Medical and Research Technology, Baltimore, Maryland, 1991-1992 and
1993-1994

Thesis Advisor. College of Graduate Studies, Thomas Jefferson University, Philadelphia,
Pennsylvania, 1994

External Examiner for Sarah Kerrigan. Faculty of Graduate Studies, The University of British
Columbia, Vancouver, B.C. Canada, 1997
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PROFESSIONAL MEMBERSHIS AN ACTIVITIES

American Academy of Forensic Sciences (AAFS), Fellow, 1983-present
Academy Activities

Program Committee, Poster Session Chairman, 1994
Nominating Committee, 1996-1997

Council, 1995-1997
Program Committee, Breakfast Seminars Chairman, 1997-1998
Program Committee, Poster Session Chairman, 1998-1999
Strategic Planning Committee, 1997-1998
Long Term Planning Committee, 1998-present
Board of Directors (Toxicology Section Representative), 1999-2002
Academy- Wide Luncheons, Moderator, 2000
Program Committee, Workshop Chairman, 2000-2001
Forensic Sciences Foundation Nominating Committee, 2000-2001
Program Committee, Program Co-Chairman, 2001-2002
Program Committee, Program Chairman, 2002-2003
Policy and Procedure Committee, 2002-present
AAFS Website Redesign Task Force (Chairman), 2002-2003
AAFS Website Content Oversight Task Force, 2003-2004
Vice President, 2003-2004
Membership Committee, Chairman, 2003-2004
Treasurer, 2004-2006
Executive Committee, 2004-present
Finance Committee, 2006-present
Forensic Sciences Foundation Nominating Committee, 2005-2006
President-Elect, 2006-2007
Trustee, Forensic Sciences Foundation, 2006-2008
President, 2007-2008

Toxicology Section Activities
Workshop Co-Chairman, 1992-1995, 1999
Program Committee, 1992-1996

Program Chairman, 1994-1995

Secretary, 1995-1996
Charrman, 1996-1997

Chairman, Nominating Committee, 1997-1998

Abstract Guidelines Committee, 1995-1996
Editor, News and Views, 1993-1996
Steering Committee, 1994-present
Minutes Review Committee, 1994-1999

Awards Committee, 1997-1999, 2001-present
ad hoc Membership Guidelines Committee, 1994-1999

American Association for Clinical Chemistry (AACC), Member, 1984-present
TDMfox LIP Committee, 1991-1996; Chairman, 1995-1996
FUDT/LIP Committee, 1997-present; Chairman, 1999
Toxicology News Committee, Chairman, 2000-2001

Page 6 of 28
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Workshop Leader, 1993-1994
TDM and Clinical Toxicology Division, representative to the Joint Committee on Education

and Training in Toxicology, 1993-1996
American Board of Forensic Toxicology (ABFT)

Board of Directors, 2000-present
Treasurer, 2002-present
Promotion Committee, 1998-present
Examination Committee, 1999-present
Finance Committee, 2002-present

California Association of Toxicologists (CAT), Associate Member, 1993-present
Council of Science Editors, 200 I-present
National Academy of Clinical Biochemistry, Fellow, 2003-present
International Association for Chemical Testing (IACT), Member, 1999-present
National Committee for Clinical Laboratory Standards, Member, 1993-2002

Gas Chromatography/Mass Spectrometry (GC/MS) Confirmation of Drugs Committee
National Registry of Certified Chemists (NCC)

Board of Directors, 2001-2003
Examination Committee, 2001-2003

National Safety Council, Committee on Alcohol and Other Drugs, Member, 1988-present
Education and Training, Co-Chairman, 1990-1991
Education and Training, Chairman, 1992-1997
Executive Board, 1992-present

Action Programs Subcommittee, 1998-present
Web-Site (ad hoc) Subcommittee,. Chairman, 2002-present

Society of Forensic Toxicologists (SOFT), Member, 1984-present
Advisory Committee on Hair Analysis, 1991-1992
Annual Meeting Program Committee, 1993-present
Chairman, SOFT Web-site Committee, 1997-present
Chairman, SOFT Logo Redesign Committee, 1997
Board of Directors, 1998-2000
Special Issue Editor, Journal of Analytical Toxicology, 1999
Board of Directors (ex offcio), 200S-present

The International Association of Forensic Toxicologists (TIAFT), Member, 1991-present
T'2007 Scientific Advisory Committee, 2006-present

EDITORI TASKS

Clinica Chim Acta - Member, Editorial Board, 1999-2003
Clinical Chemistry - ad hoc reviewer, 2006
Clinical and Forensic Toxicology News (AACC Newsletter) - Chairman, Editorial Advisory Board,

1999-2001
Drug Court Review - ad hoc reviewer, 2005
Forensic Science International - ad hoc reviewer, 2004-2006
Forensic Science Review - Member, Board of Editors, 2002-present
Journal of Analytical Toxicology -

Editor-in-Chief, 200 I-present
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Member, Editorial Advisory Board, 1997-2000
Invited Reviewer, 1995-1996
Society of Forensic Toxicologists Special Issue Editor, October, 1999

Journal of Forensic Sciences - Member, Editorial Board, 1997-present '
Science & Justice - ad hoc reviewer, 2005
Therapeutic Drug Monitoring and Toxicology (AACC In-Service Training and Continuing

Education Publication) - Chairman, Editorial Board, 1995-1996
Clarke's Isolation and Identification of Drugs (3rd Edition), Pharmaceutical Press - Member,

Editorial Board, 2000-present

CONSULTANT AN OTHER RELATED ACTIVITIES

Expert Witness/Consultant in Forensic Toxicology. Qualified as an Expert in Forensic Toxicology
in Federal, State of Florida, Canadian, and Military Courts of Law

Laboratory Inspector. National Laboratory Certification Program, Substance Abuse and Mental
Health Services Administration, DHHS, 1989-2000

Chairman. Florida Department of Law Enforcement/Institute of Police Technology and
Management Implied Consent Rules Committee, 1999-2000

Chairman. Substance Abuse Committee, Athletic Programs, Santa Fe Community College, 1997-
present

Co-Chair, Methadone Associated Mortality: A National Assessment Workshop, Center for
Substance Abuse Treatment Substance Abuse and Mental Health Services Administration,
Arlington, Virginia, May 2003

Member. Florida Task Force on Suicide Prevention, Offce of Drug Control, Office ofthe Governor,
State of Florida, 2003-present

Consultant, Drug Enforcement Administration (Arlington, V A), 2004-present
Consultant, National Football League Players Association (Washington, D.C.), 2006-present

REVIEW OF GRATS AN CONTRCTS

Consultant. Counterdrug Technology Assessment Center Demand Reduction Advisory Board,
Offce of National Drug Control Policy, Executive Office of the President, 1993

Consultant. Maternal Lifestyle Study, National Institute of Child Health and Human Development,
National Institutes of Health, 1992-1993

Consultant. Measurement of Caffeine, Paraxanthine and Osmolality in Serum from the Collaborative
Perinatal Project, National Institute of Child Health and Human Development, National
Institutes of Health, 1996

ad hoc Committee Member. Molecular, Cellular and Chemical Neurobiology Research Review
Subcommittee (NIDAI), National Institute on Drug Abuse Initial Review Group, National
Institutes of Health, 1996-1997

ad hoc Reviewer. Clinical Protocols, Addiction Research Center, National Institute on Drug Abuse,
National Institutes of Health, 1998

ad hoc Committee Member. Epidemiology and Prevention Review Committee (NIDAlG), National
Institute on Drug Abuse Initial Review Group, National Institutes of Health, 1998

ad hoc Reviewer. NIDAIVEST Research Fellowship Program, National Institute on Drug Abuse,
National Institutes of Health, 2000
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Reviewer. FY 2005 General Forensics Research and Development Solicitation, Offce of Science
and Technology, National Institute of Justice, u.S. Department of Justice, 2005

Reviewer. FY 2006 Forensic Toxicology Research and Development (R&D) Solicitation, Offce of
Science and Technology, National Institute of Justice, U.S. Department of Justice, 2006

INTED LECTURS

The Use of Quality Control by Forensic Urine Drug Testing Laboratories. Hewlett-Packard
Clinical/Forensic Seminar, Rockvile, Maryland, April, 1989.

Principles of Forensic Toxicology. Forensic Toxicology Workshop, Department of Health and
Rehabilitation Services, State of Florida, Orlando, Florida, April, 1990.

Drug Testing in the 1990s. 1991 Hewlett-Packard User's Group Meeting, American Society of Mass
Spectrometry, Nashville, Tennessee, May, 1991.

Optimization of GC/MS. Hewlett-Packard User's Group Meeting, Baltimore, Maryland, October,
1991. '

FPDT: Forensic Pelage Drug Testing (Breakfast Seminar). American Academy of Forensic
Sciences, New Orleans, Louisiana, February, 1992.

Optimization of GC/MS. Forensic and Clinical Drug Analysis by GC/MS. Hewlett-Packard
Sponsored Workshop, American Association for Clinical Chemistry, Chicago, Ilinois, July,
1992.

Confirmation. Preparing for the NIDA NLCP Inspections: Problems Commonly Encountered by
Inspectors. Society of Forensic Toxicologists, Cromwell, Connecticut, October, 1992.

Hair Testing: The Growing Way to Test for Drugs of Abuse. The Pittsburgh Conference, Atlanta,
Georgia, March, 1993.

Disposition of Heroin and 6-Acetylmorphine in Hair. Clinical Pharmacologyrroxicology Forum,
Baltimore, Maryland, March, 1993.

Testing for Abused Drugs in Human Hair. 1993 Hewlett-Packard User's Group Meeting, American
Society of Mass Spectrometry, San Francisco, California, May, 1993.

Hair. Drug Analysis of Unusual Biological Tissues. American Association for Clinical Chemistry,
New York, New York, July, 1993.

Heroin and Metabolites in Biological Tissues Obtained from Heroin Users and Heroin-Related
Deaths. Roche Diagnostics Seminar, Branchburg, New Jersey, August, 1993.

Seminar: Measurement and Interpretation of Heroin, 6-Acetylmorphine and Morphine
Concentrations in Biological Tissues. Department of Medical and Research Technology,
University of Maryland School of Medicine, Baltimore, Maryland, September, 1993.

Study ofthe Effect of "UrinAid" on HHS Regulated Urine Specimens. Drug Testing Advisory
Board, Division of Workplace Programs, Substance Abuse and Mental Health Services
Administration, Bethesda, Maryland, September, 1993.

Current Status of Hair Drug Testing. Capital Section, American Association for Clinical Chemistry,
Baltimore, Maryland, November, 1993.

Optimization Techniques for GC/MS. The In's and Out's of Capilary Gas Chromatography:

Routinely Utilized Inlet and Detector Systems. American Academy of Forensic Sciences,
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Opiates. Forensic Toxicology. Armed Forces Institute of Pathology, Vienna, Virginia, April, 1994.
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Opiates. Fundamentals of Forensic Toxicology: A Basic Course. Society of Forensic Toxicologists,
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Testing for Drugs in Hair. Seminar. Departents of Pharmacodynamics and Pharmaceutics,
University of Florida College ofPhannacy, Gainesville, Florida, October, 1995.

Postmortem Toxicology. Advances in Alcohol and Drug Testing-Significance for Legal
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The Analysis of Anabolic Agents in Sports. Amateur Athletic Drug Testing - Substance Abuse
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Testing for Cocaine in Hair: New Clinical and Forensic Applications. Department of Pathology and
Laboratory Medicine, University of Florida College of Medicine, Gainesvile, Florida, June,
1996.
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Results from the First Round of the State of Florida Hair Proficiency Testing Program. Drug
Testing Advisory Board, Division of Workplace Programs, Substance Abuse and Mental
Health Services Administration, Bethesda, Maryland, June, 1999.

Physical Effects of Abuse. The GHB, GBL and 1,4 Butanediol Working Group Meeting. Sponsored
by Orphan Medical Group, National Forensic Science Technology Center, St. Petersburg,
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Hewlett-Packard Seminar on Drug Testing. Fundamental and Critical Procedures Used in the
Analysis of Drugs of Abuse in Urine by GCIMS. Mexico City, Mexico, November, 1999.

Leading Edge Seminar - The Future of Forensic Medicine at the University of Florida,
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Contemporary Practice in Clinical Toxicology - Opiates. American Association for Clinical
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2001.
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November, 2001.
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Methadone Deaths in Florida. Methadone Associated Mortality: A National Assessment
Workshop, Center for Substance Abuse Treatment Substance Abuse and Mental Health
Services Administration, Arlington, Virginia, May, 2003.
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Methadone Overdose Deaths. National Association of Drug Diversion Investigators, Fort
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December, 2004.
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Evidenced Based Forensic Science: Interpreting Postmortem Toxicology in the Light of
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Academy of Forensic Sciences, New Orleans, Louisiana, February, 2005.

Drugs and Drug Deaths in Florida. University of Florida Committee on Alcohol and Other Drug
Education and Policy, Gainesvile, Florida, April, 2005.

OTC and Prescription Stimulants, Stimulants Workshop (sponsored by Society of Forensic
Toxicologists), Orlando, Florida, April 2005.

Pharmaceutical Abuse, Annual Training for Demand Reduction Program Coordinators, Drug
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Update in Forensic Toxicology: Selected Topics in Death Investigation - Case Studies in Analytical
& Forensic Toxicology, North American Congress of Clinical Toxicology 2005, American
Academy of Clinical Toxicology, September, 2005.

An Epidemic of Drug Deaths in Florida, Department of Pathology, Immunology and Laboratory
Medicine, University of Florida College of Medicine, Gainesvile, Florida, September,
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Forensic Toxicology Update - Opiates. Society of Forensic Toxicologists, Nashvile, Tennessee,
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Methamphetamine: A Deadly Formula - Methamphetamine: Toxicology, Pathology and
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Analytical Toxicology for Impaired Driving Programs - Laboratory Aspects, The Effects of Drugs
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Toxicology Self Study. American Association for Clinical Chemistry, 1998.
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16. Ripple MG, Goldberger BA, Caplan YH, Blitzer MG and Schwartz S: Detection of cocaine

and its metabolites in human amniotic fluid. J. Analyt. Toxicol. 16: 328-331, 1992.
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School of Planning, Architecture & Civil Engineering, Queen's University Belfast.

· 01.01.03-30.09.05: Research Officer I Senior Research Fellow, Environmental

Engineering Research Centre; Civil Engineering, Queen's University Belfast.

· 01.02.99-31.12.02: Senior Research Fellow, Division of Molecular Physiology,
School of Life Sciences; University of Dundee. Radiation Protection Supervisor.

· 01.10.97-31.01.99: Research Fellow I Lecturer (Chemistry), Metabolic Studies
Group, Dept of Anatomy & Physiology; University of Dundee, UK.

· 01.10.94-30.09.97: Research Fellow I Hon. Lecturer (Chemistry), Metabolic
Studies Group, Dept. of Anatomy & Physiology; University of Dundee, UK.

· 01.02.92-30.09.94: Research Assistant, Metabolic Disorders Screening Lab.,

Dept. of Paediatric Neurology, University Children's Hospital, University of
Heidelberg, Germany.

· 01.06.92-31.08.92: Visiting Scientist at Prof. W. N. Nyhan's Biochemical Genetics
Lab., University of California San Diego, USA.

· 01.01.90-30.04.91: Post-Doctoral Fellow, Ecological Biochemistry Group, Dept. of
Organic Chemistry, University of Stellenbosch, South Africa.

· 01.09.87-31.12.89: Doctoral Fellow, Natural Compound Chemistry Group, Dept.
of Organic Chemistry; Radiation Protection Offcer; University of Heidelberg,
Germany.

Qualifications:

· PhD (1989), magna cum laude (mark 1.0), University of Heidelberg, Germany:
Title of Thesis: "A PLMF-1 specific receptor in Mimosa pudica L."

· Dip!. Chem. (1987), 'good' (mark 1.9), in Chemistry and Molecular Genetics;
University of Heidelberg, Germany; Title of Thesis:
"A new synthetic pathway for 4-0-(ß-D-glucopyranosyl)gallic acid (PLMF-1 )."

· Radiation Protection Officer (cert.) (1987), Nuclear Research Centre Karlsruhe,
Germany.
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Awards:

· Feodor-Lynen Fellowship awarded by the Alexander-von-Humboldt Stiftung, Bonn,
Germany; November 1990.

· Post-Doctoral Fellowship awarded by the Foundation for Research Development,

Pretoria, South Africa; January 1990.
Research Interests:

· Study of stable isotope profiles and reaction specific isotopic fractionation factors
-of (bio- )organic compounds for forensic analysis of source, origin and authenticity.

· Study of biochemical transformation of exogenously and endogenously sourced

amino acids into keratin and collagen as well as study of metabolic fate, turnover
rates and pathways of incorporation of light and trace elements into human hair,
nails and bone for forensic determination of geographic point of origin and
geographic movement of living people and human remains.

· Design and development of pathway-specific stable isotope labelled probes for
direct measurement of (patho- )physiological and metabolic processes to measure
environmental impact on human health and for therapy control.

· Compound specific study of volatile organic compounds in human breath and
indoor air to determine their origin and relevance as indicators of exposure and/or
disease.

· Stable isotope profiling of airborne organic pollutants and contaminants in the
environment to determine their age, distribution and point of origin as well as
uptake by and metabolic fate in the human body.

Current Grants I Projects:

· Procter & Gamble funded research project (Pi) on "Isotope Fingerprinting of
Authentic and Counterfeit Goods for both Brand and Consumer Protection";
$25,000; March 2007 to February 2008.

· EPSRC Think Crime 4th Call grant (PI) with Dr N NicDaeid (CFS, University of
Strathclyde): "Isotope Profiling of Drugs to Combat Serious and Organised Crime";
£107,023; February 2006 to January 2009.

· RSC/EPSRC PhD Studentship; "Multi-dimensional Profiling of Drugs and Fibres";
£60,190; October 2006 to March 2010.

· PhD studentship award made by the Defence Science & Technology Laboratory
(dstl), Fort Halstead (UK); £29,393; January 2006 - December 2008.

· Invest NI Proof of Concept grant (Pi): "Non-invasive functional screening for
reduced liver function and adverse drug effects"; February 2005 to July 2006;
£108,010.

· EPSRC Platform grant "Environmental Forensics" as Co-Investigator together with
Prof RM Kalin (PI) and Dr T Elliot (Co-i); August 2004 to July 2009; £448,624.
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Completed Grants I Research Contracts:

· Research project (PI) for longitudinal variation and validation of my SAFEBT
Gastric Emptying Breath Test (pat. pending) in adult patients; Johnson & Johnson
PRO; Apri! 2004 to October 2005; £62,000.

· Research project (PI) for patient screening and randomisation using my SAFEBT
Gastric Emptying Breath Test (pat. pending) in a multi-centre clinical trial setting;
Johnson & Johnson PRO Inc; January 2003 to December 2003; £160,400.

· World Anti-Doping Agency (WADA) joint grant application with Prof. M.J. Rennie
(Pi) (University of Nottingham): "A novel method to detect endogenous and
pharmaceutical androgen administration based on two-dimensional isotopic
fingerprinting against an endogenous internal standard"; £ 116,000 for 1.5 years.

· Co-Investigator on Dr Michael Richards' (University of Bradford) NERC research
proposal (EFCHED programme): "The evolution of hominid dietary adaptations
linked with environmental changes: extending the record beyond 100,000 years";
£123,220 for 3 years.

· Wellcome Trust Project Grant jointly with Prof. Michael J Rennie (PI) (School of
Life Sciences, Dundee) to investigate "New approaches to the study of human
collagen metabolism in normal adults and after burn injury in children"; July 2000
to June 2002, £360,841.

· Research grant (PI) in collaboration with Dr John F Dillon (Gastroenterology &
Hepatology, Ninewells Hospital and Medical School, Dundee) and Dr Anne Ruhl
(Gastroenterology, University's Hospital Trust, Heidelberg, Germany) to develop
"Stable Isotope Labelled Probes for Non-Invasive Assessment of Physiological
Functions in the Human Body"; awarded by the Dietmar-Hopp-Stiftung für
Medizinische Forschung und Studien (Germany), February 1999 to January 2002,
£356,411 .

· Research contract (PI) awarded by Phenome Sciences Inc, MassTrace Group,
Woburn, MA (USA), for work on new stable isotope labelled probes to assess
gastric emptying by means of a 13C02-breath test; January 2001, £10,240.

· Industrial grant (PI) awarded by Europa Scientific Ltd., Crewe, for work on GC/C-
IRMS application and instrument development; October 1997 to September 1998,
£113,985.

Recent unsuccessful Grants I Research Proposals:

· NERC small grant application: "Linking Dietary and Environmentally Derived
Signals in Human Tissues to Life Chronology of Modern Man"; as PI together with
Prof SM Black (University of Dundee).

· BBSRC standard grant application: "Linking Isotopic Signals to Geographical
Origin of Living People and Human Remains"; as PI together with Profs SM Black
(University of Dundee) and MP Richards (University of Bradford); invited for
resubmission to NERC as archaeoll?gically focused proposaL.

Membership of EPSRC funded Networks

.:. Forensic Isotope Ratio Mass Spectrometry Network (FIRMS)

.:. International Crime Science Network

.:. Geoforensics and Information Management for crime Investigation (GIMI).
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Collaborations:

· With Dr Niamh NicDaeid (CFS, University of Strathclyde): "Isotope Profiling of
Drugs to Combat Serious and Organised Crime" and "Multi-dimensional Profiling of
Drugs and Fibres".

· With Dr Damian McKay (Royal Victoria Hospital, Queen's University Belfast):
"Monitoring Ulcerative Colitis and its therapy by means of a non-invasive breath
test".

· With Prof Sue Black on the identification and determination of geographic origin of
archaeological human remains (Seaman Swan).

· With Prof Kenneth Leung and Prof David Dudgeon (Dept. of Ecology &
Biodiversity, The University of Hong Kong): "Are stable carbon isotope ratios of
essential and non-essential fatty acids accurate tracers in studies of aquatic food
webs?"

· With Dr Lesley Houghton (Neurogastroenterology Unit, Academic Division of
Medicine and Surgery, University of Manchester): "Can hypnosis be used to
induce nausea and is this associated with delayed gastric emptying?"

Forensic Case Work

· Registered forensic expert advisor with the UK's National Crime & Operations

Faculty (now National Centre for Police Excellence).
· An Garda Síochána (Dublin): Murder investigation.
· Durham Constabulary: Unidentified body.
· Lothian & Borders Police: Abandoned baby ('Baby Gary').

· National Crime & Operations Faculty: Murder investigation.
· Police Service Northern Ireland: Two murder investigations and one missing

persons (presumed to be murdered).

· Strathclyde Police: One case of unidentified skeletal remains (missing persons /
possible foul play).

Consultancy Services
· Consultancy services for Adria Ltd, Strabane, Co. Tyrone; July 2003 - April 2004;

£18,964.

· Contract study for Guinness-UOV, Brand Innovation Group; May - October 2002;

£83,255.

· Consultancy services for Guinness-UDV, Brand Innovation Group, Bishops

Stortford, Hertfordshire; July 2001.

· Consultancy services for Isotope Analytical Services Ltd, Bridge of Don, Aberdeen,
UK; May 2001.

· Co-founded ASSIST (Applied Scottish Stable Isotope Technology) as commercial
arm of Dundee's stable isotope facility in March 2000. Total value of contract
analyses: £4,778.

· Consultancy services for Ricardo Consulting Engineers, Shoreham-on-Sea, West
Sussex, UK; January 1999.
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Membership of Professional Bodies

· Member of the Royal Society of Chemistry and Chartered Chemist.

· Member of the British Mass Spectrometry Society.

· Member of the UK Alexander-von-Humboldt Association.

Outside Recognition:

· External PhD examiner, University of Oxford (UK), 2004.

· External PhD examiner, Swedish University of Agricultural Sciences, Uppsala /
Umea, 2005.

· Key-note presentation at the 4th European Academy of Forensic Sciences
Conference (EAFS, 13-16 June 2006, Helsinki).

· Programme chair at the 4th the European Academy of Forensic Sciences
Conference (EAFS, 13-16 June 2006, Helsinki).

· Invited contributor to a five day course on "Principles and Practice of Stable Light
Isotopes" at the University of Bradford (3 - 7 July 2006).

· Member of programme committee of the 5th international conference on
application of isotope techniques to ecological studies (ISOECOL, 13-18 August
2006, Belfast).

· Session chair at the 5th international conference on application of isotope
techniques to ecological studies (ISOECOL, 13-18 August 2006, Belfast).

Patents and Patent Applications:

1. W. MEIER-AUGENSTEIN: "Gas Inlet System", Int. Patent Appl. No. PCT/GB96/03213;
British Patent Appl. No. 9526508.8; Publication No. WO 97/23770.

2. W. MEIER-AUGENSTEIN, J.A. Cairns and J. Thomson: "Catalytic Conversion

Interface", Int. Patent Appl. No. PCT/GB02/00172; British Patent Appl. No.
GB0101164.2; Publication No. WO 02/057007 A2.

3. W. MEIER-AUGENSTEIN: "Gastric Emptying Test", Int. Patent Appl. No

PCT/GB02/00528; British Patent Appl. No. GB103097.2; Publication No. WO
02/062399 A 1.

4. W. MEIER-AUGENSTEIN: "Liver Function Test", Int. Patent Appl. No
PCT/GB02/01310; Britsh Patent Appl. No. GB106923.6; Publication No. WO
02/075320 A2.

5. J. Thomson and W. MEIER-AUGENSTEIN: "C02/ NOx Sensor", Int. Patent Appl. No
PCT/GB02/03888; Britsh Patent Appl. No. GB0120962.6; Publication No. WO
03/021245 A2.

6. W. MEIER-AUGENSTEIN: "Method of Fabric Odour Detection"; Int. Patent Appl. No.
PCT/GB2004/00145.

7. W. MEIER-AUGENSTEIN: "Breath Test Phenotyping for Adverse Drug Reactions";

Britsh Patent Appl. No. GB0621829.1.
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John Kenneth Amory MD, MPH, FACP

Office: University of Washington, Box 356429
1959 NE Pacific St
Seattle, W A 98195
Tel: (206) 616-1727 fax: (206) 616-5365
Email: jamory~u.washington.edu
htt://depts.washington.edu/gim/faculty/amory.htm

Home: 122717th Ave E
Seattle, W A 98112-3316

(206) 324-1784

PERSONAL INFORMATION

Born: April 19, 1967, Vancouver, British Columbia, Canada (US citizen)
Married: October 7, 1995 to Josephie Harris Amory MD (Obstetrics)
Children: William Glending Amory, born July 5th, 2002

Thomas Gerard Amory born Feb 1st, 2005

EDUCATION

2004-2006 MPH, University of Washington, Seattle, W A

1989-1994 MD with Thesis, University of California, San Francisco, CA

1985-1989 BA Biology-Magna cum Laude, Harvard University, Cambridge, MA

POSTGRADUATE TRAINING

1994-1997 Resident in Internal Medicine, University of Caliornia, San Francisco, CA

1992-1993 Research Fellow, National Institutes of Health, Bethesda, MD

F ACUL TY POSITIONS

2005- Associate Professor of Medicine, University of Washington, Seattle, W A

2001-2005 Assistant Professor of Medicine, University of Washington, Seattle, W A

1997-2001 Actig Instructor of Medicine, University of Washigton, Seattle, WA

HOSPIT AL POSITIONS

2001- Attending Physician, University of Washington, Seattle, W A

1997-2001 Staff Physician and Director Pre-op clic, V A-Puget Sound, Seattle, W A

5/7 /2007
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HONORS & AWARDS

2007 Young Andrologist Award, American Society of Andrology
2006 Named one of "Seattle's Best Doctors" by Seattle Magazine (Internal Med)
2005 Endocrine Society International Award for Excellence in Published Clincal

Research
2004 Helen and Philip Fialkow Scholar, Department of Medicine, University of

Washigton
2003 Paul Beeson A ward for excellence in Housestaff Instruction, Department of

Medicine, University of Washigton
2003 AOA honorary inductee, University of Washigton Medical School

graduatig class of 2003

2003 Fellowship, American College of Physicians
1997 Weingarten Memorial Award for outstanding third-year medicine

resident, University of California, San Francisco
1996 Marti Memorial Award for outstanding second-year medicine

resident, University of California, San Francisco
1992 Dean's Prize for Medical Student Research, UCSF
1990 Dr. June Colburn Research Fellow, UCSF
1987 John Harvard Scholar
1985 National Merit Scholar

CERTIFICATIONS & LICENSURE

1997-present

1997- present
1996-present

American Board of Internal Medicine, Board Certiied in
Internal Medicine (renewed 2007-2017)

Washigton Medical License
DEA License

PROFESSIONAL ORGANIZATIONS

1999- present
1997-present
2003-present
2003-present

The Andrology Society
American College of Physicians
The Endocrine Society
Association of Reproductive Health Professionals (Planned
Parenthood)

TEACHING RESPONSIBIL TIES

YEARLY:
1. Six weeks ward attending in general inpatient medicine. Responsible for teaching

rounds and overseeing patient management.
2. Multiple lectures to residents on general medicine topics including thyroid disease,

nutrition, conh'aception, reproductive disorders, medication side effects and
peripheral vascular disease.

3. Human Biology 565 (2nd year medical student course on human reproduction). Co-
course director (with Robert Steiner, PhD). 5 hours of course lectures yearly: "The

5/7/2007
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Adult Male," "Male Inertility," "Male Contraception," "Population Dynamics,"
"Androgens in the Aging Male."

4. Human Biology 665 (3rd year medical student medical clerkship lecture series). 4
hours of course lectures yearly (Acute Renal Failure)

5. Human Biology 544 (2nd year medical student course on endocrinology). Small group
leader "Hypothyroidism" "Adrenal Insufficiency"

EDITORIAL RESPONSIBILITES

At-large reviewer for Journal of Clinical Endocrinologij and Metabolism, Endocrinologij,

Human Reproduction, Journal of Andrologij, Asian Journal of Andrologij and others

NATIONAL RESPONSIBILITES

2004-present
2005-present

United States Anti-Doping Agency, anti-doping review board
Reviewer, Faculty of 1000, Reproductive Physiology

UNIVERSITY SERVICE

2004-present
2004-present
2003
2002-2004
200l-present

Medical School Admissions Commttee
Human Subjects (IRB) Commttee A-member
Residency Selection Commttee
Faculty Senate-member
UW Hospital Nutrition Commttee (Chair)

CURRENT RESEARCH FUNDING

1. NIH/NICHD
lK23HD045386,
PI: John K. Amory
Oral Androgen Admistration and Function in Man

9/04-9/09
Total costs: $629,668

2. NIH/NICHD
Contraceptive Clincal Trials Network
PI: Willam J. Bremner
John K. Amory, Co-investigator
Contract #: HHSN27520040337.
Safety and Gonadotropin Suppressive Activity of
Nestorone Gel and Testosterone Gel in Men

4/05-4/07
Total costs: $225,866

3. NIH/NICHD
U54 HD42454
Center PI: William J. Bremner
Project I PI: Wiliam J. Bremner
John K. Amory, Co-investigator
Project I: Hormonal Contraception
In the Male

9/02-9/07

Total costs: $9.5 m
Project I costs:

4. NIH/ICHD

5/7/2007
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U54 HD012629-27
Center P.I: Robert Braun
Project V PI: Wiliam J. Bremner
John K. Amory, Co-investigator
Project V: Gonadotropin Regulation
Steroidogenesis, spermatogenesis and gene
Expression in man

5. University of Washigton, Center for Research in

Reproduction and Contraception
PI: John K. Amory
Contraceptive pilot grant: Gonadotropin suppression
with oral testosterone enanthate and finasteride
il man

6. NIH/NICHD
HD-05-040
PI: William J. Bremner
Research Mentor/Program Director: John K. Amory
Men's Reproductive Health Research

at the University of Washington/
K12 Traing program

PENDING RESEARCH FUNDING

1. GlaxoSmithKline

TDC106220
PI: John K. Amory
Oral nanomilled testosterone in hypogonadal men

2. Merrion Pharmaceuticals

PI: John K. Amory
Oral admistration of the GnRH antagonist acyline

In normal men

3. NIH/NICHD
RF A-HD-06-014
Center PI: William J. Bremner
Project I PI: John K. Amory
Oral testosterone for male hormonal contraception

COMPLETED RESEARCH FUNDING

1. American Professors of Infection Control.
P.I. John K. Amory
Computer-based prevention of urinary tract infection

2. University of Washigton, Center for Research in

5/7/2007
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4/06-3/11
Total costs: $10.6 m
Project V costs: l.5m

6/06-5/07
Total costs: $35,000

9/06-9/11
Total costs: 2.2 m

Dates: 1/07-1/08
Total costs: $310,821

Dates: 3/07-3/08
Total costs: $100,000

3/07-2/12
Total costs: 13.5m
Project I costs: 2.2m

1/00-1101
Total costs: $8,000
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Reproduction and Contraception
PI: John K. Amory
Contraceptive Pilot Grant: Glycosphingolipid Inhibition
and Spermatogenesis in Men

5/04-5/06
Total costs: $68,211

3. Schering PharmaceuticalsPI: John K. Amory 3/05-8/06
Glycosphigolipid Inibition and Spermatogenesis in Men Total costs: $150,000

4. GlaxoSmithKline,

PI: John K. Amory
Oral Androgens in Man

12/04-12/06
Total costs: $169,000

PUBLICATIONS

PEER-REVIEWED ARTICLES
1. Amory JK, Chou T, Redberg R, Blake L, Vartanan R. Diagnosis of a Primary Cardiac

Leiomyosarcoma by Endomyocardial Biopsy. Cardiovascular Pathology 1996, Vol 5(2): 113-
117.

2. Eisner M, Amory JK, Mullaney B, Tierney L Jr., Browner WS. Necrotizing
lymphadenitis associated with systemic lupus erythematosus. Seminars in

Arthritis and Rheumatism 1996, 26(1): 477-482.

3. Amory JK, Matsumoto AM. The therapeutic potential of testosterone patches.
Expert Opinion in Investigational Drugs 19987(12): 1977-1985.

4. Amory JK, Bremner WJ. The Use of Testosterone as a Male Contraceptive.
Balliere's Clinics in Endocrinologij 199812(3): 471-483.

5. Amory JK, Bremner WJ. Newer agents for hormonal contraception in the male.
Trends in Endocrinologij and Metabolism 2000, 11(2): 61-66.

6. Amory JK, Anawalt BD, Paulsen CA, Bremner WI. Klinefelter syndrome: a brief
review with a biography of Dr. Klefelter. Lancet 2000,356:333-335.

7. Kahn JG, Becker BJ, MacIssac L, Amory JK, Neuhaus J, Olkin I, Crein M. The
efficacy of medical abortion: A meta-analysis. Contraception 2000, 61:29-40.

8. Saint 5, Wiese J, Amory JK, Bernstein ML, Patel UD, Zemencuk JK, Bernstein SJ,
Lipsky BA, Hofer TP. Are physicians aware of which of their patients have an
indwellng urinary catheter? American Journal of Medicine 2000, 109:476-480.

9. Amory JK, Bremner WJ. Endocrine regulation of testicular function in men.
Molecular and Cellular Endocrinologij 2001,182:175-179.

10. Goldstein AS, Amory JK, Marti SM, Vernon C, Matsumoto AM, Yager P.
Testosterone delivery using glutamide based complex high axial ratio
microstructures. Bioorganic and Medicinal Chemistnj 2001,9:2819-2825.

11. Amory JK, Anawalt BD, Bremner WJ, Matsumoto AM. Daily testosterone arid
gonadotropin levels are similar in azoospermic and nonazoospermic normal men
administered weekly testosterone: implications for male contraceptive
development. Journal of Andrologij 2001,22:1053-1060.

5/7/2007
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12. Anawalt BD, Amory JK. Male hormonal contraceptives. Expert Opinion in
Pharmacotherapeutics 2001, 2:1389-1398.

13. Anawalt BD, Amory JK. Male contraception. Annals of Medicine 2001; 587-595.

14. Amory JK, Anawalt BD, Blaskovich PD, Gilchriest J, Nuwayser ES, Matsumoto
AM. Testosterone release from a subcutaneous, biodegradable microcapsule
formulation (Viatrel) in hypogonadal men. Journal of Andrologij 2002, 23:84-91.

15. Amory DW, Grigore A, Amory JK, Gerhardt MA, White WD, Smith PK, Schwin
DA, Reves JG, Newman MF. Neuroprotection is associated with beta-adrenergic
receptor antagonists during cardiac surgery: Evidence from 2,575 patients.
Journal ofCardiothoracic and Vascular Anesthesia 2002, 16:270-277.

16. Cherrier MM, Anawalt BD, Herbst KL, Amory JK, Craft 5, Matsumoto AM
Bremner WJ. Cogntive effects of short-term manipulation of serum sex steroids
in healthy young men. Journal of Clinical Endocrinologij and Metabolism 2002,
87 :3090-3096.

17. Herbst KL, Anawalt BD, Amory JK, Bremner WJ. Acylie: the first study in
humans of a potent, :new gonadotropin-releasing hormone antagonist. Journal of
Clinical Endocrinologij and Metabolism 2002, 87:3215-3220.

18. Amory JK, Chansky HA, Chansky KL, Camuso M, Hoey C, Anawalt BD,
Matsumoto AM, Bremner WJ. Preoperative supraphysiological testosterone in
older men undergoing knee replacement surgery. Journal of American Geriatrics
Sociehj 2002, 50:1698-1701.

19. HerbstKL, Anawalt BD, Amory JK, Matsumoto AM, Bremner WJ. The male
contraceptive regimen of testosterone and levonorgestrel signicantly increases

lean mass in healthy young men in 4 weeks but attenuates a decrease in fat mass
induced by testosterone alone. Journal of Clinical Endocrinologij and Metabolism
2003,88:1167-1173.

20. Amory JK. Male Contraception. A.R.T. and Science 2003; 2(4):8-11.

21. Cornia P, Amory JK, Fraser 5, Saint 5, Lipsky B. Computer-based order entry
decreases duration of indwellig urinary catheterization in hospitalized patients.
American Journal of Medicine 2003, 114:404-407.

22. Amory JK, Bremner WJ. Regulation of testicular function in experimental male
contraceptive development. Journal of Steroid Biochemistnj and Molecular Biologij
2003,86:357-361.

23. Herbst KL, Amory JK, Brunzell JD, Chansky HA, Bremner WJ. Testosterone
admistration to men increases hepatic lipase activity and decreases HDL and

LDL size in 3 weeks. American Journal of Physiologi;: Endocrinologij and Metabolism
2003, 284:Ell12-Ell18.

24. Amory JK, Scriba GKE, Amory DW, Bremner WJ. Oral testosterone-triglyceride
conjugate in rabbits: Single-dose pharmacokinetics and comparison with oral
testosterone undecanoate. Journal of Andrology 2003,24:716-720.

25. Amory JK. George Washington's inertility: why the father of our country was
never a father. Fertilihj and Sterilihj 2004; 81:495-499.

5/72007
GDC00780



John Amory, M.D.
Curriculum Vitae

Page 8

26. Gui YL, He CH, Amory JK, Bremner WJ, Zheng EX, Yang J, Yang PJ, Gao ES. Male
Hormonal Contraception: Suppression of spermatogenesis by injectable
testosterone undecanoate alone or with levonorgestrel implants in Chinese men
Journal of Andrologij, 200425:720-727.

27. *Amory JK, Watts NB, Easley KA, SuttonPR, Anawalt BD, Matsumoto AM,
Brenmer WJ, Tenover JL. Exogenous testosterone or testosterone with finasteride
increases bone mieral density in older men with low serum testosterone. Journal
of Clinical Endocrinologij and Metabolism 2004; 89:503-510.

28. Coviello AD, Brenmer WJ, Matsumoto AM, Herbst KL, Amory JK, Anawalt BD,
Van X, Brown T, Wright WW, Zirkin BR, Jarow JP. Intratesticular testosterone
concentrations levels comparable to serum levels are not sufficient to maintain
normal sperm production spermatogenesis in men receiving a hormonal
contraceptive regimen. Journal of Andrologij, 200425:931-938.

29. Amory JK. The testosterone/progesti pil: A realistic option for male
contraception? Current Opinion in Investigational Drugs 2004 5:1025-1030.

30. Herbst KL, Coviello AD, Page ST, Amory JK, Anawalt BD, Brenmer WJ.
Acylie, a gonadotropin releasing-hormone antagonist suppresses

gonadotropins and testosterone for 15 days after a single dose. Journal of Clinical
Endocrinologij and Metabolism, 200489:5959-5965.

31. Matthiesson KL, Amory JK, Berger R, Ugoni A, McLachlan RI, Brenmer WJ.
Novel male hormonal contraceptive combinations: The hormonal and

- spermatogenic effects of testosterone and levonorgestrel combined with a 5-
alpha-reductase inibitor or GnRH Antagonist. Journal of Clinical Endocrinologij
and Metabolism, 200590:91-97.

32. Page ST, Herbst KL, Amory JK, Coviello AD, Matsumoto AM, Brenmer WJ.
Testosterone suppresses adiponecti levels in men. Journal of Andrologij, 2005
26:85-92.

33. Cherrier MM, Matsumoto AM, Amory JK, Ahmed S, Brenmer WJ, Peskind E,
Raskind MA, Johnson M, Craft S. The role of aromatization in testosterone
supplementation: Effects on cogntion in older men. Neurologij 2005; 64:290-296.

34. Page ST, Amory JK, Bowman ED, Anawalt BD, Matsumoto AM, Brenmer WJ,
Tenover JL. Exogenous Testosterone (T) Alone or with Finasteride Increases
Physical Performance, Grip Strength, and Lean Body Mass in Older Men with
Low Serum T. Journal of Clinical Endocrinologij and Metabolism, 2005: 1502-1510.

35. Anawalt BD, Amory JK, Herbst KL, Coviello AD, Brenmer WJ, Matsumoto AM.
Very low-dosage orallevonorgestrel plus intramuscular testosterone enanthate
suppresses spermatogenesis without causing weight gain in normal young men:
a randomized clinical triaL. Journal of Andrologij, 200526:405-413.

36. * Amory JK, Brenmer WJ. Oral testosterone in oil plus dutasteride: a
pharmacokinetic study in men. Journal of Clinical Endocrinologij and Metabolism,
2005; 90:2610-2617.

37. Coviello AD, Matsumoto AM, Brenmer WJ, Herbst KL, Amory JK, Anawalt BD,
Sutton PL, Wright WW, Brown T, Van X, Zirkin BR, Jarow JP. Low dose human
chorionic gonadotropin maintains intratesticular testosterone in normal men
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with testosterone induced gonadotropin suppression. Journal of Clinical
Endocrinologij and Metabolism, 2005; 90:2595-2602.

38. Cherrier, MM, Matsumoto AM, Amory JK, Asthana S, Bremner, WJ, Peskind ER,
Raskind MA, Craft S. Testosterone Improves Spatial Memory in Men with
Alzheimer's Disease and Mild Cogntive Impairment. Neurologij, 2005; 64:2063-
2068.

39. Matthiesson KL, Stanton PG, O'Donnell L, Meachem S, Amory JK, Berger R,
Bremner WJ, McLacWan RI. Effects of testosterone and levonorgestrel combined
with a 5alpha reductase inbitor or GnRH antagonist on spermatogenesis and
intra testicular steroid levels in normal men. Journal of Clinical Endocrinologij and

Metabolism 2005; 90:5647-5655.

40. Amory JK. Male Hormonal Contraception: Current status and future prospects
Treatments in Endocrinologij 2005; 4(6):333-41.

41. Brady DM, Amory JK, Perheentupa A, Zitzmann M, Hay C, Apter D, Anderson
RA, Bremner WJ, Huhtaniemi I, Nieshclag E, Wu PCW, Kersemaekers WM. A
multi-centre study investigatig subcutaneous etonogestrel implants with

injectable testosterone decanoate as a potential long-actig male contraceptive.
Human Reproduction, 2006;21:285-294.

42. * Amory JK, Page ST, Bremner WI. Oral testosterone in oil: Pharmacokinetic
effects of 5a reduction with finasteride or dutasteride and food intake in men.
Journal of Andrologij 2006;27:72-78.

43. Amory JK, Page ST, Bremner WJ. Recent progress in male hormonal
contraception. Nature Clinical Practice: Endocrinologij and Metabolism 2006;2:32-41.

44. Page ST, Plymate SR, Bremner WJ, Hess DL, Matsumoto AM, Lin DW, Amory
JK, Nelson PS, Wu JD. Effects of medical castration and testosterone
replacement on CD4+CD25+ regulatory T cells, CD8+ T-cell IPNy expression and
NK cells: Evidence for a physiological role for testosterone and/ or its metabolites
in cellular imune function American Journal of Physiologi): Endocrine and

Metabolism 2006 290(5):E856-63

45. Amory JK, Bremner WJ. Male hormonal contraception: the future of male
contraception? Medicine 2006 34:125-26.

46. Amory JK, Rosen H, Sukit C, Wallace P, Saint S. A Jaundiced Eye: Clincal
Problem Solving. New England Journal of Medicine 2006 324;14:62-66.

47. Amory JK. Male hormonal contraceptives. Minerva Ginecol. 200658:215-26.

48. Page ST, Lin DW, Mostaghel EA, Hess DL, True LD, Amory JK, Nelson PS,
Matsumoto AM, Bremner WJ. Persistent intraprostatic androgen concentrations
after medical cash'ation in healthy men. Journal of Clinical Endocrinologij and
Metabolism 2006 91:3850-3856.

49. Page ST, Amory JK, Anawalt BD, Irwig M, Brockenbrough A, Matsumoto AM,
Bremner WJ. Testosterone gel combined with depomedroxyprogesterone acetate
(DMP A) is an effective male hormonal contraceptive regimen but is not
enhanced by the addition of the GnRH antagonist acyline. Journal of Clinical
Endocrinologij and Metabolism 2006 91:4374-4380.
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50. Kalus R, Shojana KG, Amory JK, Saint S. Lost in Transcription: Clical Problem
Solving. New England journal of Medicine 2006 355:1487-1491.

51. * Amory JK, Page ST, Anawalt BD, Matsumoto AM, Bremner WI. Acceptabilty of
a combination testosterone gel and depomedroxyprogesterone acetate male
contraceptive regimen. Contraception 200775:218-223.

52. Amory JK, Muller CHi Page ST, Pagel ER, Bhandari A, LeIfe E, Subramanyam
B, Bone W/ Radlmier A, Bremner WI. Miglustat has no apparent effect on
spermatogenesis in normal men. Human Reproduction 200722:702-707.

53. Cherrier, MM, Matsumoto AM, Amory JK, Johnson M, Holman G, Craft S, Peskind ER,
Raskind MA. Characterization of verbal and spatial memory changes from moderate to
supraphysiological increases in serum testosterone in healthy older men.
Psychoneuroendocrinology 200732:72-79.

54. *Amory JK / Wang C/ Swerdloff R, Anawalt BD, Matsumoto AM, Bremner WI/
Walker SE, Haberer LJ, Clark RV. The Effect of Sa-Reductase Inibition with

Dutasteride and Finasteride on Semen Parameters and Serum Hormones in
Healthy Men. journal of Clinical Endocrinologij and Metabolism Epub 2/13/07.

55. Amory JK, Page ST, Anawalt BD, Coviello AD, Matsumoto AM, Bremner WI.
Elevated end-of-treatment serum INSL3 is associated with failure to completely
suppress spermatogenesis in men receiving male hormonal contraception.
journal of Andrologij Epub 2/21/07.

56. Amory JK. Contraceptive developments for men. Drugs of Today 200743(3): 179-

192.

57. Amory JK, Coviello AD, Page ST, Anawalt BD, Bremner WI. Serum 17-
hydroxyprogesterone strongly correlates with intra testicular testosterone in
gonadotropin-suppressed normal men receiving various dosages of human
chorionic gonadotropin Fertilitij and Sterilitij (in press).

BOOK CHAPTERS

58. Amory JK. "Common problems of the elbow." In: Frances C/ Bent S and Saint S
Eds. Saint-Frances Guide to Outpatient Medicine. Lippincott Wiliams and Wilkins,
Philadelphia 1999:365-368.

59. Amory JK. "An approach to injection and aspiration of joints." In: Frances C/
Bent S and Saint S Eds. Saint-Frances Guide to Outpatient Medicine. Lippincott
Willams and Wilkins, Philadelphia, 1999:335-339.

60. Amory JK, Bremner WI. "Male contraception" In Principles and Practice of
Endocrinologij and Metabolism (3rd Ed.) Becker KL (Ed.) Lippincott Williams and
Wilkins, Philadelphia 2001: 1220-1224.

61. Bremner WI/ Huhtaniemi 1, Amory JK. IIPituitary gonadotropins and their
disorders" In Principles and Practice of Endocrinology and Metabolism (3rd Ed.)
Becker KL (Ed.) Lippincott Wiliams and Wilkins, Philadephia 2001:170-177.

62. Rooke A, Amory JK. "Anesthesia and perioperative management of the geriatric
patient." In Orthopedics, Fitzgerald R, Kaufer H, Malkan A (Eds.) Mosby,
Philadephia 2002:20-29.
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63. Amory JK, Bremner WJ. "New Developments in Male Contraception". In
Gynecologij and Obstetrics. Lippincott, Wiliams, Wilkins, 2003, VoL. 6, chapter 13

(CD-ROM Textbook).
64. Amory JK. "Male Hormonal Contraception". In. Androgens in Health and Disease.

Eds. Carrie Bagatell and Willam Bremner. Humana press, Totowa, New Jersey
2003:405-418.

65. Sutton PR, Amory JK, Clark R. "DHT and Sa reductase: normal physiology and
inibition". In. Androgens in Health and Disease. Eds. Carrie Bagatell and Willam
Bremner, Humana Press, Totowa, New Jersey 2003:77-88.

66. Amory JK. "Klinefelter syndrome" in Male Hypogonadism: Basic, Clinical and
Therapeutic Principles. Ed. Stephen Winters. Humana press, Totowa, New Jersey
2003:157-167.

67. Amory JK. "Male Contraception" in Current Topics in Andrologi¡. Ed. Philip
Matson, Ladybrook Press, West Leedervile, Western Australia, 2003:161-182.

68. Matsumoto AM, Amory, J.K. Effects of aging: fertility, menopause and changes in
men. In: Endocrinology of Fertilty and the Reproductive System D. Spratt, N. Santoro,
eds, Humana Press, 2004:240-257.

69. Amory JK, Bremner WJ. Therapeutic efficacy of androgen delivery systems. In:
Updates in Infertilihj Treatment. M Filcore, Ed. Medimond, Bologna, Italy,
2004:333-350.

70. Amory JK. "Klinefelter Syndrome" in The Encyclopedia of Human Development.

Salkind, Neil J. (Ed.). Sage Publications, Thousand Oaks, CA, 2005.

71. Amory JK. "Adult diabetic ketoacidosis" in Manual of Evidence-Based Admitting

Orders and Therapeutics (5th Ed,). Eds. Eric B. Larson and Karen McDonough,
Elsevier, London, 2006: 43-47.

72. Amory JK. "Hyperosmolar hyperglycemic state and hyperosmolar nonketotic
coma" in Manual of Evidence-Based Admitting Orders and Thrapeutics (5th Ed,).
Eds. Eric B. Larson and Karen McDonough, Elsevier, London, 2006: 48-53.

OTHER PUBLICATIONS

73. Amory JK: Preparation, titer, affnity and use of immunoglobulin isolated from eggs of
immunized hens. (Undergraduate Thesis) Harvard College, 1989.

74. Amory JK: The role ofPr60gag in the immunopathogenesis of Murine AIDS. (MD
Thesis) University of California, San Francisco, 1994.

75. Amory JK. Cancer therapy and sperm banking (letter to the editor). New England
Journal of Medicine, 2004351:510.

76. Amory JK, Amory DW. Oral erythromycin and the risk of sudden death (letter to the
editor). New England Journal of Medicine 2005352:301-304.

77. Clark B, Amory JK. Research in male contraception. The Female Patient, 2005; 30:28-
31.

78. Arias E, Amory JK. Testosterone and the Male Heart: Friend or Foe? Renal and
Urology News 2006 1(4):1-8.

79. Amory JK, Amory DW. Dosing frequency of aspirin and prevention of heart attack and
strokes (letter to the editor). American Journal of Medicine 2007 (in press).
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CURRCULAR PUBLICATIONS
1. Amory JK. Human Biology 565 syllabus: "The Adult Male," "Male Infertility,"

"Male Contraception," "Population Dynamics," "Androgens in the Aging
Male." (yearly)

2. Bussell S, DeHoog S, Billgsly S, Amory JK. "Hospital Nutrition for 3rd year
medical students." http://courses.washington.edu/med665/nutrition/

PATENTS

1. "Oral Androgen Therapy Using Modulators of Testosterone Bioavailability" US Patent #
10,990,118 John K. Amory and Wiliam J. Bremner (Holder University ofWashington)-
issued 11/21/06.

MANUSCRIPTS SUBMITTED

1. Matthiesson KL, Meachem SJ, Amory JK, Robertson DM, Bremner WJ, McLachlan RI.

Relationship of serum INSL3 to germ cell and Leydig cell parameters in normal men
receiving male hormonal contraceptive treatment. (Submitted to Journal of Clinical
Endocrinology and Metabolism).

2. Page ST, Bremner WJ, Clark RV, Bush MA, Carifcofe RB, Smith PM, Amory JK. Oral
nanomilled testosterone plus dutasteride effectively normalizes serum testosterone in
medically castrate men. (Submitted to Journal of Clinical Endocrinology and Metabolism
2/07)

3. Page ST, Kalhorn T, Bremner WJ, Anawalt BD, Matsumoto AM, Amory JK. Intratesticular
androgens and spermatogenesis during male hormonal contraceptive treatment (Submitted to
Journal of Clinical Endocrinology and Metabolism 1/07)

4. Kalus A, Fredericks LP, Presland R, Livingston B, Amory JK, Sonesson A, Back 0, Dale B.
Human-B-defensin 1 polymorphism is associated with allergic sensitization in atopic
dermatitis. (Submitted to The Lancet)

ABSTRACTS

1. Amory J, Kliks S, Levy J: Effect of Anti-HN Monoclonal Antibodies on HN-1
Replication in vitro. Clincal Research, 199139:58A.

2. Amory J, Martin N, Levy J, and Wara D: The Large Molecular Weight Glycoprotein
MG1, A Component of Human Saliva Inhibits HN-1 Infectivity. Clincal Research,
199240:51A.

3. Anawalt BD, Amory JK, Herbst KL, Matsumoto AM, Brenmer WJ. Testosterone

admistration to normal men decreases truncal and total body fat. Clincal
Research, 1999

4. Amory JK, Chanksy H, Chansky K, Hoey C, Anawalt BD, Matsumoto AM and
Brenmer WJ. The effects of supraphysiologic testosterone on functional outcomes
after joint replacement surgery in elderly men. ENDO 99, OR 9-3 (oral presentation).

5. Amory JK, Anawalt BD, Matsumoto AM. Safety and pharmacokinetics of
testosterone release from an injected microcapsule in hypogonadal men. American
Society of Andrology, 2000.
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6. Amory JK, Bremner WI, Herbst KL, Matsumoto AM, Anawalt BD. Testosterone

rapidly increases vertebral bone mieral density in eugonadal men. ENDO
2000,Abstract #852276.

7. Herbst KL, Anawalt BD, Amory JK, Matsumoto AM, Bremner WI. Exogenous
testosterone admistration to normal men changes body composition from fat to
lean without changing body weight. ENDO 2000, Abstract #2354.

8. Dick SE, Anawalt BD, Amory JK, Herbst KL, Bremner WI, Matsumoto AM, Lower
dose levonorgestrel plus testosterone enanathate effectively suppresses
spermatogenesis with little or no weight gain. EN DO 2000, abstract #2353.

9. Herbst KL, Deeb SS, Bremner WI, Amory JK. Testosterone increases hepatic lipase
and decreases HDL-C in three weeks in elderly men. W Soc Clin Investigation 2002.

10. Anawalt BD, Amory JK, Wang C, Swerdloff RS, Dobs AS, Meikle AW, Elbers IMH,
Houwing NS. A pharmacokinetic study of oral testosterone undecanöate. Andrologij
Sociehj 2002.

11. Herbst KL, Anawalt BD, Coviello A, Amory JK, Bremner WI. Acyline: a New
potent, long-actig Gonadotropin-releasing hormone (GnRH) antagonist safely and
significantly suppresses testosterone for greater than two weeks after a single dose.
Endocrine Society 2002, Abstact # P2-654.

12. Herbst KL, Amory JK, Chansky HA, Bremner WI. Supraphysiological testosterone
admistration rapidly increases hepatic lipase activity (HLA) and decreases HDL(2)

and HDL (3) and LDL size in older men. Endocrine Society 2002, Abstract #P2-653.

13. Coviello A, Amory JK, Anawalt BD, Matsumoto AM, Bremner WI. Gonadotropins
are higher in men who fail to suppress to azoospermia compared to those who do
not. Endocrine Society 2002, Abstract #

14. Voie A, Amory D, Amory JK, Moehring M, Spencer M. Ultrasound and tPA
enhanced thrombolysis: inuence of ultrasound frequency and pulse length.
European Society of Neurosonology and Cerebral Hemodynamics, 2002, P157

15. Coviello AD, Herbst KL, Amory J, Anawalt B, Iarow IP, Brown T, Wright B, Bremner
W, Matsumoto AM. Intratesticular testosterone is 40 fold higher than serum
testosterone in normal men but is successfully suppressed by testosterone enanthate
and levonorgestreL W Soc Clin Investigation, 2003

16. Herbst KL, Coviello AD, Amory JK, Anawalt BD, Murdoch SI, Brunzell ID, Bremner
WI. Acyline-induced hypogonadism rapidly increases high-density lipoprotein
cholesterol, low-density lipoprotein buoyancy and insuli levels. W Soc Clin
Investigation Abstract # 2003

17. Amory JK, Watts NB, Easley KA, Sutton PR, Anawalt BD, Matsumoto AM, Bremner
WI, Tenover IL. Testosterone plus finasteride for 3 years increases bone mineral
density without increasing prostate volume in older men with low serum T.
American Sociehj for Andrologij, 2003, Abstract #10 (Platform presentation).

18. Coviello KL, Herbst KL, Amory JK, Anawalt BD, Yan X, Brown T, Wright B,
Bremner WI, Matsumoto AM, Iarow IP. Exogenous testosterone plus levonorgestrel
profoundly suppresses intratesticular testosterone and androgenic bioactivity.
American Sociehj for Andrologij, 2003, Abstract #96.
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19. Page ST, Herbst KL, Amory JK, Coviello AD, Anawalt BD, Matsumoto AM, Brerrer
WI Short term effects of androgen manipulation on adiponecti in normal men
Journal of Investigative Medicine. 52 (1):597-S98 IAN 2004

20. Coviello AD, Herbst KL, Amory JK, Anawalt BD, Sutton PL, Wright WW, Brown T,
Yan X, Brerrer WI, Matsumoto AM, Zirkin BR, Iarow IP Low dose human chorionic
gonadotropin maintains intra testicular testosterone in normal men following
gonadotropin suppression. Journal of Investigative Medicine. 52 (1): S99-S99 IAN 2004

21. Coviello AD, Herbst KL, Amory JK, Anawalt BD, Iarow IP, Brown T, Wright W,
Brerrer WI, Matsumoto AM Intratesticular testosterone concentrations comparable
to serum levels are not sufficient to maintain normal sperm production in men.
Journal of Investigative Medicine 51: 365 Supp!. 1 FEB 2003

22. Herbst KL, Coviello AD, Amory JK. Anawalt BD, Murdoch SI, Brunzell ID, Brerrer
WI. Acylie-induced hypogonadism rapidly increases HDL cholesterol, LDL
buoyancy and insuli levels. Journal of Investigative Medicine 51: 410 Supp!. 1 FEB
2003

23. Page ST. Amory JK, Bowman ED, Anawalt BD, Matsumoto AM, Brerrer WI,
Tenover 11. Exogenous testosterone or testosterone with finasteride improves
physical performance and increases lean body mass in older men with low serum
testosterone. International conference on endocrinology, 9/04.

24. Amory JK, Page S, Brerrer WI. Absorption of oral testosterone in oil is augmented
by 5a reductase inibition in man. American Societij of Andrologij 4/05 (oral
presentation).

25. Page ST, Lin D, Nelson P, Amory JK, Matsumoto AM, Brerrer WI. The effect of
medical castration on hormones PSA and prostate size in normal middle-aged men.
Endocrine Societij 2005.

26. Page ST, Amory JK, Anawalt BD, Matsumoto AM, Brockenbrough AT, Irwig MS,
Brerrer WI. Is there a role for GnRH antagonists in male hormonal contraception?
Journal of Investigative Medicine 54:S95.

27. Amory JK, Muller C, Page ST, Pagel E, Bhandari A, LeIfe E, Bone W, Radlmier A,
Brerrer WI. The effect of miglustat on spermatogenesis in normal men: A pilot
study. ENDO 88th Anual meetig,

28. Page ST, Brerrer WI, Clark RB, Bush MA, Carifcofe R, Smith PM, Amory IK. Oral
nanomilled testosterone (T) plus dutasteride normalizes serum T in medically
castrated men: A pharmacokinetic study. ENDO 88th Anual meetig.

29. Amory JK, Page ST, Anawalt BD, Coviello AD, Matsumoto AM, Brerrer WI.
Elevated serum INSL3 is associated with failure to completely suppress
spermatogenesis in men receiving male hormonal contraception. ASA meetig
4/22/07

30. Amory JK, Coviello AD, Page ST, Anawalt BD, Brerrer WI. Serum 17-
hydroxyprogesterone strongly correlates with intra testicular testosterone in
gonadotropin-suppressed normal men receiving various dosages of human
chorionic gonadotropin ENDO 89th annual meetig
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Mentoring
1. Kati Matthiesson MD, 2003-2004, Effect of acyline (GnRH antagonist) on

spermatogenesis, gene expression and tissue hormone levels, Monash University (PhD)
candidate

2. Lindsay Bunk, MPH, 2004-2005, Acceptability of testosterone gel for male hormonal
contraception, Public Health.

3. Women's Reproduction Health Research (K-12) Mentor 2005-current

Selected Presentations:

1. Amory JK. Medical Abortion. Medicine Service Conference, UCSF, 5/96

2. Amory JK. The development of the oral contraceptive for women and prospects for
a pil for men. Medicine Service Conference, UCSF, 5/97

3. Amory JK. Pre-operative Evaluation. Internal Medicine Ambulatory care
conference. University of Washington. 9/4/97.

4. Amory JK. Pre-operative cardiac evaluation. Chief of Medicine Rounds, V A-Puget
Sound, University of Washington, 2/20/98

5. Amory JK. Pre-operative evaluation of abnormal coagulation tests. Chief of
Medicine Rounds, VA Puget Sound, University of Washington, 4/28/98

6. Amory JK. Pre-operative Evaluation. General Medicine Conference, University of
Washington, 9/98.

7. Amory JK. Update on hormonal male contraceptives. Reproductive Endocrinology
semiar, University of Washington, Department of OB/GYN-I0/23/98

8. Amory JK. An analysis of the HERS studies. Women's Health Rounds 10/19/98

9. Amory JK. Unitentional Weight Loss. Chief of Medicine Rounds, V A-Puget

Sound Health Care System, University of Washigton, 9/8/98

10. Amory JK. Management of patients with angina in need of non-cardiac surgery.
Chief of Medicine Rounds. V A-Puget Sound Health Care System, University of
Washington. 1/12/99.

11. Amory JK. Hematuria. Chief of Medicine Rounds. V A-Puget Sound Health Care
System, University of Washington. 9/99

12. Amory JK. Pre-operative assessment of the geriatric patient. Department of
Geriatrics grand rounds. Harborview Medical Center and University of
Washigton. 1/00

13. Amory JK. Pre-operative medical assessment. Noon conference. Harborview
Medical Center, 8/14/00

14. Amory JK. Oral Contraceptives. Primary Care Conference, UWMC 9/17/00.

15. Amory JK. Hepatopulmonary Syndrome, UWMC, 9/13/01

16. Amory JK. Pre-operative evaluation. ACP Anual Meetig, Seattle, WA,10/20/01

17. Amory JK. Male Contraception. Urology Grand Rounds 2/14/02

18. Amory JK. Newer contraceptives for women. Primary Care Conference 3/7/02

19. Amory JK and Hirsh 1. Outpatient Management of Diabetes. Chairman's Rounds
3/20/02
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20. Amory JK. Male Contraception and Inertility. Ob/Gyn Grand Rounds 5/1/02

21. Amory JK. Clostridium Difficile Colitis. Chairman's Rounds 6/11/02

22. Amory JK. Update in Contraception. Primary Care Conference 8/29/02

23. Amory JK. Peripheral Vascular Disease. Resident's Teachig Conference 9/19/02

24. Amory JK. Thyroid Function Tests: A Practicum. Primary Care Conference 9/19/02

25. Amory JK. TPMT deficiency and pancytopenia. Chairman's Rounds 10/29/02

26. *Amory JK. George Washington's Inertility: Why the father of our country was
never a father. Medicine Grand Rounds 10/31/02

27. Amory JK. Klefelter' Syndrome. Pediatric Endocrine Rounds. Children's Hospital,
Seattle, 11/21/02.

28. Amory JK. University of Washigton CPC: 23 yo male with diarrhea and
Orthostasis (Autoimmune Polyglandular Syndrome). 11/20/02

29. Amory JK. Harborview Medicine CPe: 36 yo male with itching and
lymphadenopathy (sarcoidosis). 11/27/02.

30. Amory JK. George Washington's Inertility. King County Medical Society.
3/12/03.

31. Amory JK. Vitami Deficiencies in Outpatient Medicine, Chairman's Rounds,
7/17/03

32. Amory JK. Female reproductive disorders. VA endocrine conference 8/23/03

33. Amory JK. Thyroid function tests: A practicum. UW resident conference 8/27/03

34. Amory JK. Male Contraception: 2003. Association of Reproductive Professionals
National Conference, La Jolla, CA (Plenary session) 9/10/03

35. Amory JK. Peripheral Vascular Disease. Resident Teaching Conference-Providence
HospitaL. 9/22/03 and University of Washigton 10/13/03

36. Amory JK. Androgens in the Agig Male. Geriatrics Grand Rounds, Harborview
Hospital, 11/7/03

37. Amory JK. Medical Jeopardy, UW resident conference, 1/9/04.

38. Amory JK. Female Reproductive Disorders. UW Primary Care Conference 4/15/04

39. Amory JK, Linden H. Breast cancer: screenig, diagnosis and treatment. UW
Chairman's Rounds 6/15/04.

40. Amory JK. Thyroid Function Tests, UW resident conference, 7/7/04

41. Amory JK. Vascular Disease, UW Primary Care Conference, 8/26/04

42. Amory JK. Male Contraception: Update 2004, Seattle Gynecological Society Fall
Assembly, 9/10/04

43. Amory JK. "Looking up the Kilt" Adventures in Andrology Research" Helen and
Philip Fialkow Award Presentation. Medicine Grand Rounds, 10/28/04.

44. Amory JK. Male contraception and inertility. MEDEX grand rounds 1/3/05

45. Amory JK. Female gonadal disorders. Med 556 "Endocrinology" 1/5/05

46. Amory JK. Vitami Deficiencies. Resident Lunch Conference, 3/2/05

47. Amory JK. Male and Female gonadal disorders. Resident teaching conf, 3/3/05
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48. Amory JK. Update in Andrology. Current Concepts in Drug Therapy 3/24/05

49. Amory JK. Absorption of oral testosterone in oil is augmented by 5alpha reductase
inhibition in man. American Society of Andrology Annual Meetig, Platform
Presentation 4/3/05

50. Amory JK. New Developments in Male Contraception. Symposium speaker (S-
39C). Endocrine Society Annual Meetig 6/3/05.

51. Amory JK. Hot Flashes in an Elderly Male. Chairman's Rounds. UW Medical
Center 7/19/05.

52. Amory JK. Thyroid Disease. ACP review course 7/21/05. Seatte, W A

53. Amory JK. Peripheral Vascular Disease. Resident's noon conference, 9/1/05,
Seattle, W A

54. Amory JK. Serious Adverse Medication Events. Resident's noon conference,
9/15/05, Seatte, WA

55. Amory JK. A pil for hi: progress towards oral androgen therapy and oral

hormonal contraceptives for men. "New Frontiers in Clincal Research: From
Diagnosis to Therapy, 1st anual General Clical Research Center Symposium,
Seattle, WA 9/23/05

56. Amory JK. Postpartum Endocrinology. Endocrine Days, Semiahoo, WA 9/24/05

57. Amory JK. Thyrotoxicosis Factitia. Chairman's Rounds, UW Medical Center.10/4/05 -
58. Amory JK. Update on GnRH antagonists for male contraception. 9th Summt

Meetig on Hormonal Male Contraception, Geneva, Switzerland 9/11/05

59. Amory JK. Male inertiity and contraception. Endocrine Teachig Conference,

Harborview Medical Center, 11/22/05

60. Amory JK. Male inertiity. ENDO days 1/29/06

61. Amory JK. Male inertiity and contraception. Obstetrics and Gynecology Grand
Rounds, University of Washington. 3/29/06

62. Amory JK. Serious adverse drug effects. UW Capstone course 5/17/06

63. Amory JK. Male Contraception. "Meet the Professor" ENDO 88th Anual meetig,
Boston, MA, June 24th, 2006

64. Amory JK. Serious Back Pain. Chairman's Rounds, UWMC 7/11/06

65. Amory JK. Thyroid Disease. ACP review, Bellevue, W A 7/27/06

66. Amory JK. Peripheral vascular disease. Noon conference. Providence 8/2/06

67. Amory JK. Thyroid function tests. Noon Conference Providence 9/6/06

68. Amory JK. Peripheral vascular disease. Primary care conference 9/7/06, UWMC

69. Amory JK. Serious adverse drug effects. Noon conference. UWMC 2/14/07

70. Amory JK. Male reproductive disorders. UWMC 3/1/07,

EXTRACURRICULAR ACTIVITES

5/7/2007
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1983
1988 & 1989

Eagle Scout
Stroke, Harvard Varsity Heavyweight Crew, Collegiate National
Champions
Finisher, Grand Coulee Ironman, (15t in Clydesdale Division)2004

Continuing Medical Education:
ENDO 2006-6/06
31st Annual Meetig of American Society of Andrology 4/06
30th Anual Meetig of American Society of Andrology-4/05
29th Anual Meetig of American Society of Andrology-4/04
28th Anual Meetig of American Society of Andrology-4/03
ICM II clical tutor-2002
27th Anual Meetig of American Society of Andrology-4/02
ICM II clical tutor-2001
VII International Congress of Andrology-6/01
ICM II clical tutor-2000
"Ethical Conduct of Research with Humans"-10/3/00
25th Anual Meetig of American Society for Andrology-4/00
ICM II clical tutor-1999
A guide to Gulf War Veterans Health-11/98
24th Anual Meetig of the American Society for Andrology 4/99
ICM II clincal tutor-1998
Medical Care of Persons with Spinal Cord Injury 11/98

20 hours cat I
16 hours cat I
16 hours cat I
16 hours cat I
16 hours cat I
100 hours cat II

16 hours cat I
75 hours cat II

20 hours cat I
75 hours cat II

2 hours credit
23 hours cat I
75 hours cat II

6 hours cat I
24 hours cat I
75 hours cat II

10 hours cat I

5/7 /2007
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Floyd's Performance: Stage 1

Flat course makes aerodynamic drag an important factor in outcome
for Floyd landis and others

By Allen Um PhD

Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Um from data
collected off the CycleOps Powertap on Landis' bike. Need a glossary?

Stage 1: Saturday, July 2

Route: Fromentine to Noirmoutier-en-I'lle
Type: Time Trial
Distance: 19 Km
Elevation Gain: 0 feet
Total Feet Climbed: 66 feet (20 meters)

At a Glance:

Stage Placing: 6th
GC Placing: 6th
Time: 00:21 :53 (00:01 :09 down on Dave Zabnskie)
Estimated Average Power: 443 Walts
Estimated Total Work: 582 Kjoules
Stress to Strain Index: 1.13

Today's stage from Fromentine to Noirmoutier-en-I'lle was a nearly perfectly flat 19 kilometer (11.78 miles) time tnal with a strong head and cross wind over
much of the course. Because we wil not be monitonng Floyd's power output during the time tnals, I've estimated, based on Floyd's aerodynamic drag, what
we believe his average power output was over today's stage. In addition based on the height and weight of his competiors and a mathematicai model
developed from their previous time tnal results, I've come up with an estimate for the power outputs of the rest of 

the top 10 (Table 1).

On a flat course the primary variable resisting a cyclist's forward motion is aerodynamic drag or wind resistance. Thus, on today's stage a nder's power
output is basically equal to their speed multiplied by aerodynamic resistance. Going fast on today's stage not only required a huge amount of power, but also
great aerodynamics. In fact, among professional cyclists, on a perfectly flat course, aerodynamics is probably a stronger determinant of speed than their
power output.

For example, at 30 mph, an increase in aerodynamic load of only 100 grams or just under a quarter of a pound can increase the power requirement by 15
Watts. That's equivalent to an extra 5 pounds on a 6 percent grade hil and would result in a 45 second time loss over an hour. In today's time trial, if the
aerodynamic drag on Dave Zabnskie increased by 100 grams, he would have lost the time trial by about 20 seconds. That's 0.2 seconds per gram. It's
interesting to note, that Dave's aerodynamic drag at his speed was about 185 grams less than Lance Armstrong's. Though Lance probably produced the
highest average power output of the day, he lost to Dave by only 2 seconds or about 10 grams of aerodynamic drag. If we assume all the riders went 30
mph, then the actual difference in aerodynamic drag between Dave and Lance works out to be only 83 grams, the difference between Dave and Floyd is 44
grams, and Dave and Vinokourov is 48 grams, with Dave more aerodynamic than all of thè nders in the top 10. That aerodynamic drag combined with an
incredibly impressive power output won the day for Dave, who is likely to only become a stronger rider in the years to come. For a closer look at the effect of
body pOSition and speed on aerodynamic drag and power output see Table 2.

For Floyd, tie day went quite well and he is extremely happy with his ride. More importantly, he's ecstatic about Dave's performance. Floyd and Dave share
an apartment in Girona, Spain, where they live while in Europe. After Dave retumed from the Giro D?ltalia, Floyd encouraged him to focus strongly on this
opening time trial stage, clearly believing that Dave could easily win. Although, the short time trial is not one of Floyd's specialties, among the potential
contenders for the overall, he is currently third behind Lance Armstrong and Alexander Vinokourov. Despite the lost time, this race is still wide open with
plenty of hard days ahead.
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RÜJcr Nain~ mlll:;:~C k )h mnli NIV' W~ii ¡ W,,~~ Kj
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Floyd's Performance: Stage 2

learn how Landis' stress to strain index is keeping him right on
target

By Allen Um PhD

Here's the latest installment of our Powerfeed coverage, with detailed reports on Fioyd Landis' performance from his power coach, Allen Um from data
collected off the CycleOps Powertp on Landis' bike. Need a glossary?

Route: Challans to Les Essarts
Type: Flat Road Race
Distance: 181.5 km
Elevation Gain: 115 meters or 377 feet
Total Feet Climbed: 66 feet or 20 meters

o

At a Glance:

Stage Placing: 113th

GC Placing: 6th
Time: 03:51 :05 (00:00:05 down on Tom Boonen)
Average Power: 206 Walts
Total Wonk: 2885 Kjoules
Stress to Strain Index: 0.97

Stimulus vs. Response:

With a gain of only 115 meters over 181.5 kilometers or an average percent grade of 0.06%, today's stage was definitely flat, with only
minor rollers over the last 30 kilometers. And so it was a day for the sprinters allowing the major GC riders like Floyd to sit in and
conserve as much energy as possible.

This year, there's a new rule at the Tour for these flat stages. The finishing time is taken 3 km from the finish so that the nders who don't want to risk fighting it out in a
field sprint can sit back and let the sprinters go. For Floyd, this meant that he could relax and hang in the back through the small and twisty roads approaching the
finish. With more and more trffc circles dottng the landscape of France it's gelting harder and harder for Tour organizers to find a straight and safe line into the small
towns where many of the stages finish. The new rule helps to alleviate some of the danger and allows nders like Floyd to focus on two things during these opening
stages - conserve and stay out of trouble.

Based on today's power data (Table 1), Floyd did a great job of conserving. With an average power output of only 206 watts and a total workload of just 2885 Kjoules,
today's race was significantly easier for Floyd than any 4 hour training ride that he'd do alone.
On a rating of perceived exertion scale of 1 to 10 (Table 2) Floyd gave the day a 4. We use this rating to determine the stress to strain index listed above which is a
simple way to gauge how he's holding up during training and racing. The index is denved from previous testing we have done that describes the relationship between
his perceived exertion and his power output when he's fresh and in form. Thus, we use the rating to get a prediction of what he thought or felt his average power was
for the day. For Floyd, a rating of 4 gives us a prediction of 200 Walts, which is only 6 walts lower than his actual power of 206 Walts. Since the average power
multiplied by time gives us the total work done or energy used, we can also take Floyd's estimated power of 200 Watts and calculate how much work or energy he felt
he used - a prediction of 2772 Kjoules or 113 Kjoules less than what he actually did. The index is just the ratio between what he felt his power output or work was and
what his actual power output or work was.

This distinction between what Floyd actually did versus what he felt he did is an extremely important one. It's what many
physiologists term a 'Stimulus" vs. "Response" or "Stress" vs. "Strain" relationship. In Floyd's case there's what really happened

measured by the PowerTap ("Cause") and then there's what he thinks happened based on his own perception and feel
("Effect"). To really understand a training or race situation you need to know both.
On a rating of perceived exertion scale of 1 to 10 Floyd gave the day a 4. We use this rating to determine the stress to strain
index listed above which is a simple way to gauge how he's holding up dunng training and racing. The index Is derived from

.,:; previous testing we have done that describes the relationship between his perceived exertion and his power output when he's
.'.;.. fresh and in form. Thus, we use the rating to get a prediction of what he thought orfelt his average power was for the day. For
'-~-, Floyd, a rating of 4 gives us a prediction of 200 Walts, which is only 6 walt lower than his actual power of 206 Walts. Since the

average power multiplied by time gives us the total work done or energy used, we can also take Floyd's estimated power of 200
Walts and calculate how much work or energy he felt he used - a prediction of 2772 Kjoules or 113 Kjoules less than what he
actually did. The index is just the ratio between what he felt his power output or work was and what his actual power output or
work was.

(§llen Urn
This distinction between what Floyd actually did versus what he felt he did is an extremely important one. It's what many physiologists term a "Stimulus' vs. "Response"
or "Stress" vs. "Strain" relationship. In Floyd's case there's what really happened as measured by the PowerTap ("Cause") and then there's what he thinks happened
based on his own perception and feel ("Effect"). To really understand a training or race situation you need to know both.

Table 2. A modified Borg perceived exertion scale used to get a quantifiable number
attched to an athlete's subjective rating of how they felt during a given training ride or
race. Because the scale is simply an intensity scale and since the total work done or
energy expended is equal to intensity multiplied by time, an easy way to get a relative
measure of how hard you worked on a given day is to multiply your exercise time in
minutes by your perception of effort on a 1 to 10 scale.

As an example, on one day you
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may feel great at an average
power of 150 Watts, but on the
very next day you may feel terrible
at the same power output. Since
the power output is the same,
there has to be something
explaining the difference in
perception. That something could
include factors like fatigue,
dehydration, or differences in the
environment. Whatever the cause,
being able to track the offset
between the actual power and the
nder's perception of power can
give us importnt insight into the
condition or state of an athlete that
we wouldn't normally have with
either variable alone. If everyhing
is normal, then the ratio between

i9A/len Urn what an athlete perceives and
what an athlete actually does should be equal to 1. If that athlete thinks the ride is easier
than it actually is the ratio would dip below 1. On the other hand, if an athlete thinks the nde
is harder that it actually is, the ratio would be greater than 1. Thus, in addition to tracking
the average Intensity of each day in Walts and the total energy or work done in Kjoules, we

i9A/len Urn also measure Floyd's Stress to Strain Index. At an index just below 0.97, he's just below we
know he's doing what he's suppose to be doing at this stage of the game. As he fatigues and we start to approach the really diffcult stages in the mountains, i suspect
that the ratio wil increase well above 1 to values close to 2.

Floyd's Performance: Stage 2
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While this may seem a liltie complicated it is just another way to quantify the simple question, "How:d you feel today." After all the sophisticated analysis and
technology, it's the first thing every coach, including myself, asks. Over the course of the Tour, i'll talk about more of the vanables listed in the table below and share
more of the subtle tricks and basic principles we use to help Floyd perform optimally. For now, he's nght on target. He's conserving and staying out of trouble. More
importantly reality and his perception of reality are right in line. -

Dr. Allen Um is an exercise physiologist and coach with Thrive Health Fitness Medicine (ww.th.ivehfm.com). He received his doctorate at the University of Colorado
at Boulder where his research focused on health and human performance with a specific emphasis on optimizing cycling performance with the use of cycle mounted
power meters. Over the last decade, Dr. Um has helped guide a number of teams and individual cyclists to collegiate, national, world, and Olympic medals. This last
year, however, he has focused primarily on advising Floyd Landis (ww.floydlandis.com)bringingauniqueblendofpractical.scientific. and philosophical insight to

Floyd?s Tour de France preparation.
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II
Floyd's Performance: Stage 3

Saving Energy: Different Spokes for Diffrent Folks

By Allen Um PhD

Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Um from data
collected off the CycleOps Powertap on Landis' bike. Need a glossary?

o
Route: La Chataigneraie to Tours

Type: Flat Road Race
Distance: 212.5 km
Elevation Change: - 33 meters or - 108 feet
Total Feet Climbed: 388 meters or 1,273 feet

At a Glance:

Stage Placing: 131th

GC Placing: 6th
Time: 04:36:09 (Same time as winner Tom Boonen)
Average Power: 226 Walts
Total Work: 3743 Kjoules

Stress to Strain Index: 0.88

It was another day for Tom Boonen who's sprinting form is definitely on. With today's win, his confidence is sure to rise and this won't be
the last time we see him cross the line first.

The goal for Floyd today was to try and hold an even lower power output than yesterday. At least, that's what we joked about in the bus
this morning. Though it's fun to make it a game, conserving energy in these early stages is senous business and will be a cnticai factor
for tomorrow's team time trial and the mountains next week.

There are a couple of things Floyd tnes to do to save energy on these early stages. First and foremost, he is never in the wind. Never. If he needs to move up, he either
carves his way through the pack or has his teammates pull him up the side. By drafting in the pack, Floyd can save between 40 to 50% of the energy he would be
using if he were in the wind. As an example, in yesterday's stage if Floyd did the race by himself or at the front, his average power would have been 410 Walts vs. the
206 Watts he actually did. For all practical purposes, sittng in yesterday saved Floyd 50%.

Another tactic, though somewhat dangerous, is dnftng back on the climbs. That is, Floyd wil move to the front of the pack before a slight roller or climb and then over
the course of that climb, he'll ease up and let himself drift towards.the back. If he times it right, then by the time the pack crests the top of the hil, he'll be towards the
rear. While it's not always wise to get caught in the back, soft-pedaling the hils not only saves a lot of energy, it's also easier on the bOdy to nde a steady pace rather
than a sporadic one.

On the flat or downhil portions, another factor that Floyd tries to stay conscious of is not pedaling. It may sound sily, but over the course of a race a skiled cyclist can
coast 10 to 20% of the lime. In a 5-hour road race, not pedaling for 20% of the time is equal to not pedaling for 1 hour of that race. Those periods of recovery can save
a tremendous amount of energy helping to cut a significant number of miles out of the legs.
One interesting tactic we've adopted specifically for Floyd and his teammates this year is selecting different wheels for different nders based on their specific role for
the day. There are a number of different factors resisting a cyclists' movement. Those factors include gravitational resistance (i.e., hils), aerodynamic resistance (I.e.,
wind), fnctional resistance (i.e., bearings & chain), and inertial resistance (I.e., accelerations). On a flat course like today, the two most important factors to consider are
aerodynamic resistance and inertial resistance. Thus, our goal is to choose wheels that cheat the wind and that are easy to accelerate. While being more aerodynamic
makes intuitive sense, what many people don't realize is that in the middle of a moving pack, where aerodynamics is not .as large of a factor, a rider wil surge
thousands of times, literally between every other pedal strke, in order to maintain position - mere inches away from the wheel in front. The question at hand is how do
we optimize the energy savings for the riders who's job it is to protect Floyd, for Robbie Hunter-the team's sprinter, and of course for Floyd.

To that end, the team is lucky enough to be sponsored by Z1pp- a U.S. wheel manufacturer that has not only provided one set of wheels to the team but five different
types of wheels, each with different rim depths and weights that allows us to minimize the power cost for each nder.

For Robbie, his goal is to go as fast as possible in the final spnnt. Because aerodynamic resistance Increases exponentially with speed and since Robbie's job is to go
the fastest, he ndes the 808 wheel set, which with the deepest depth rim is the most aerodynamic. For the riders protecting Floyd, they need a wheel that is light to help
them with the accelerations and aerodynamic since they're in the wind more than Floyd. To that end, they ride the 404 wheel set that is lighter than the 808 but not as
deep and thus slightiiiess aerodynamic.

Finally, because Floyd is so well protected, the aerodynamics of his wheels are not as important as the other riders. What matters more is saving energy by minimizing
the cost of the accelerations he makes in the pack. Accordingly, Floyd rides the 202 wheel set that are some of the lightest wheels on the market. Though they are not
as aerodynamic as the 808's or 404's, they are stil significantly more aerodynamic than a standard 32 spoke wheel (Table 1 & Table 2). In the end, it's about balancing
aerodynamic resistance with inertial resistance. Since no single rider has the same role on the team, they each use a wheel set that suits their specific needs.

Table 1. The power required to go 30 mph using a standard 32 spoke wheel versus various Phonak Team Zipp wheels at different wind angles.

Table 2. The power savings at a given wind angle between the Phonak Team Zipp wheels and a standard 32
spoke wheeL.

Our hope Is that these subtle tactics will help give
Floyd and his entire team an edge in tomorrow's
team time trial as well as the rest of the race. It's a
long haul to Pans, and every bullet saved now could
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Based on Floyd's power data (Table 3), he had what
could be considered another easy day on the bike
today. He didn't achieve the goal of nding a lower
average power output but it would've been hard with
the extra rollers in today's stage. Those rollers and
the fact that he didn't spend as much time not
pedaling raised his average power. Also, the last
hour of today's stage was especially fast and he had
to bring it up a notch over the last hour, which not
only increased his average power but also caused
him to accumulate a bit more time at lactate threshold
and above. On the other hand, his stress to strain

rgAlien Urn index was lower today than it was yesterday. A good
sign he feels good and is ready to go.

~Allen Urn

Table 3. Floyd's power data from stage 3 as well as the Tour average and the current minimum and maximum for the last two days.
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Floyd's Performance: Stage 4

Powerfeed: landis' team lays it on the line

By Allen Um PhD

o
Here's the iatest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Um
from data collected off the CycleOps Powertap on Landis' bike. Need a glossary?

Route: Tours to Blois
Type: Team Time Tnal
Distance: 67.5 km
Elevation Change: 29 meter gain or 93 feet gain (Average grade = 0.04%)
Total Feet Climbed: 124 meters or 407 feet
Weather: 75' F with overcast skies & cooling off. Perfect riding conditions.

At a Glance:

Stage Placing: 5th
GC Placing: 20th
Time: 01 :12:1 0 (1 :31 down on Discovery)
Estimated Average Power for Floyd Pullng: 557 Walt for 1 minute (14.4 min total)
Estimated Average Power for Floyd Drafting: 334 Watts for 4 minutes (57.7 min total)
Overall Estimated Average Power: 379 Walts
Total Work: 1641 Kjoules

Stress to Strain Index: 1.32

It wasn't a bad ride for the Phonak boys, but as team time trial specialists, they had high expectations. While they might be somewhat disappointed, it was still a solid
performance-one that required a combination of tremendous power and skilL.

Team Time Trial Strategy:

This aftemoon, before the race, the boys got together at lunch to do some last minute review of their team trial strategy. Long story short, the tactic was to lay it on the
line and go fast. There are a couple of key rules that the team uses in that pursuit. Despite the aggression and brute power required for the team time tnal, they all
revolve around cooperation and lelting go of ego. The basic rules are as follows:
1. Maintain a Constant Speed: A key to keeping things moving and obtaining the fastest speed on a course like today is to try and maintain the most even speed or
pace possible. That is, the rider taking a pull will do his best not to try and accelerate or decelerate when he's pullng. Sudden surges within the line can really hurt the
nders in the back. At the same time, any drop in speed can really hurt performance. So how do different riders maintain the same speed as the rider before them if
there are different ability levels on the team? That brings us to rule 2.

2. Pull Only as long as You Can Hold the Speed: Since the goal is to maintain an even pace, the weaker riders may only pull for short periods of time (5 to 30seconds) while the stronger nders wii pull for longer penods of lime (30 seconds to 1 minute). On average a rider will only pull at the front for about 30 seconds before
fallng to the back to recover. It takes really knowing yourself and lelting go of your pride to nde within yourself and not pull for too long. In the end, if a rider isn't honest
with their efforts and blows, that's one less person in the rotation to help provide draft for the others to recover. It's a delicate balance as every rider needs to tow the
line between giving an all out effort at the front while stil having enough to get back on and recover. If a rider is feeling tired, they wil simply move through the rotation
and pull off when they reach the front. It's still faster than if that rider wasn't there. It also allows that nder to recover and contribute later in the race. Of course, the
ultimate question is, who determines the speed? That brings us to rule 3.
3. Stagger Strong Riders Between Weaker Riders: On the Phonak squad riders like Santiago Botero, Robbie Hunter, Oscar Pereiro, and Floyd are the real strong
men in the team time triaL. Their experience and strength are used to help keep the pace high and on course. Thus, these riders are staggered between the weaker
ones so that at any given point in the rotation there is a minimal amount of time between any modulations in pace. if this wasn't done and there are clusters of strong or
weak riders in the line, then there would be periods of time where the pace would be too high and other periods where the pace was too low. The best team time trial
nders, not only have the strength to lift the speed should it drop, but also have the skil to do it over a longer penod of time, thus helping to keep accelerations in the line
at a minimum. Of course, none of this would work without the last and most important rule.

4. Communicate: This is a no brainer, but when the pace is high and riders are on the edge it's hard to remember to let others know how you're feeling or to tell a nder
in front if they're going too fast or too slow. From a practical perspective, there's also the need to make sure those in back know what's coming up front. What might be
a common còurtesy of pointing out a pothole or bump In the road on a weekend ride could be a matter of keeping the train on the tracks or derailing the entire caboose.
Although the nders all know each other well and have an intuitive sense of how everyone is doing, that's the direct resuit of continued and constant communication.
Predicting the Days' Results:

Based on today's course profile, the team's strategy, and their finishing time, J built a mathematical model predicting how much power the average rider had to produce
at the front of the line compared to what they were doing when drafting.

Atthe front of the Phonak line today, the average predicted power to maintain a speed of 56.1 km/hr was 557 watts. For most of the Mers that's 130% of the power
associated with their maximal ability to consume oxygen or V02 max. This means, that there's no way that any of the riders could have pulled for more than 4 minutes,
which is the average length of time an athiete can ride at their V02 max. More Importantly, this also means that when taking a pull at the front, they are relying heavily
on energy from both aerobic and anaerobic sources. Thus, the team trial is one that requires a unique combination of both aerobic and anaerobic capacity.

While sitting in and drafting, I estimated an average power output of 334 Walts. This is about 80% of the athiete's V02 max, which is just below their lactate threshold
(L T) or an intensity they can hold for 1 to 2 hours (More about lactate threshold and V02 max in future articles). With 8 guys pulling for an average of only 30 seconds,
however, there are only 4 minutes just below L T to recover from what is essentially an all out effort.

Thus, even though the weighted average power that I've predicted is oniy 379 Walts for Floyd (an Intensity that is lower than what he'll hold alone in an individual time
tnal), the team trial is an extraordinarily diffcult event because of the hard surges required at the front. It's like an hour of all out interval work with barely enough time to
recover. This explains why, his stress to strain index for today is significantly elevated for today's short ride at a value of 1.33.
I alsò couldn't help but figure what the boys needed to do today to match Discovery's impressive nde. Assuming that the overall aerodynamic drag characteristics and
weight of both teams is equal, then each rider on Phonak needed to produce 5.8% more power or 32 more walts at th.e front and rear to match the winning time. Thus,
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each of the Discovery riders had to be redlining at an average power output just below 400 walls for the one-hour duration. An effort like that is at the edge of what's
humanely possible. It's an effort thaI I'm know Team Phonak wil have their eyes on for next year.

Dr. Allen Um is an exercise physiologist and coach with Thrive Health Fitness Medicine. He received his doctorate at the University of Colorado at Boulder where his
research focused on health and human penormance with a specifc emphasis on optimizing cycling penormance with the use of cycle mounted power meters. Over the
last decade, Dr. Um has helped guide a number of teams and individual cyclists to collegiate, national, world, and Olympic medals. This last year, however, he has
focused primarily on advising Floyd Landis bringing a unique blend of practical, scientifc, and philosophical insight to Fioyd's Tour de France preparation.
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Determining Landis' Power

By Allen Lim PhD

Here's the latest installment of our Powerfeed coverage, with detailed reports on Ftoyd Landis' performance from his power coach, Allen Urn from data
collected off the eycteOps Powertap on Landis' bike. Need a glossary?

o

Route: Chambord to Montargis
Type: Flat Road Race
Distance: 183 km
Elevation Change: 20 meter gain or 66 feet gain (Average grade = 0.01 %)
Total Feet Climbed: 307 meters or 1007 feet
Weather: 727deg:F. Cool and overcast with intermillent sprinkles.

Climbs:

1. Cote de Bellevue (Category 4: 1 km at 4.2%)

At a Glance:

Stage Placing: 105th

GC Placing: 20th
Time: 03:46:00 (Same time as winner Robbie McEwan)
Average Power: 220 Walls
Total Work: 2983 Kjoules

Stress to Strain Index: 1.14

Predicted Average Power at Front: 476 Walls
% Savings due to Drafting: 54%

Recap:

Before I get into today's stage, I thought I'd recap a lillie bit for stage 3 and 4. On stage 3 our goal was lor Floyd to try and conserve even more than he did the day belore. But by the
end of the day he actually had a higher average power. Besides the more undulating terrain, another major lactor to that higher average was a strong tailwind that pushed the peleton
lor most of the day.

Although we normally associate a tailwind with an easier ride, that's really only tre lor the person in the wind. For someone who is drafting, two things happen. First. the overall speed
lor any section of terrain is higher so the power required even when draftng is slighlly higher. Second, the relative advantage of the draft is decreased. For these reasons, it is actually
a lillie harder to sit in the pack. Primarily, you simply can't soft pedal as much. This was definitely reflected in the 16% time at zero walls on stage 2 vs. the 10.5% time at zero watt
on the tailwind aided (or hampered) stage 3.
As for yesterday's team time trial-the good news is Floyd lell great during the race and i think he'll have excellent form in the mountains. The bad news is that the team broke almost
every ruie in team time traling-and that's really the nature of the beast. It is such a delicate balance, that one mistake and the day is done. Yesterday, some of the boys were just a
lillie too ambitious and bit off a lillie more than they could chew. Once that happens, there's no recovering. I think the big lesson leamed, and reinforced, is that beyond tring to hold a
constant speed, each rider needs to pull off the front before they're blown. For pros, that's sometimes hard to do. And that's exaclly why time trialing-especially the team time trial-is
an egoless event where pacing and patience are all important.

Stage 5:

From Floyd's perspective, there's not too much to report from today's stage. It was just another day 01 silling and hiding in the pack and based on the power analysis (Table 1). things
are fairly similar to the previous flat stages. In many ways. however, these flat stages are a whole new experience for him.

During his days with U.S. Postal, he spent most of these early days taking 1 to 5 minute pulls in the wind at an average of 400 Walls per pull. Those pulls are 50% more than what
he's doing now in the pack. But what does riding at 400 Watt vs. 200 Watts actually mean for Floyd's body? To answer that question, we periodically test Floyd either in the lab or in
the field to assess the specific physiological factors determining Floyd's ability to produce power. These same tests are also available to the general public through Thrive Health
Fitness Medicine.

Determinants of Power:

There are 4 key lactors determining a cyclist's abilty to produce power. Those factors are:

1. V02 max: An athlete's maximal capacity to consume oxygen.

2. Lactate Threshold or L T: The percentage of that maximal capacity that an athlete can hold for an extended period 01 time (1 to 2 hours).

3. Efficiency: the percent 01 each calorie bumed that actually gets transferred to the bike

4. Anaerobic Capacity or Power: The maximal amount 01 power or energy a person can produce in a 5 second to 30 second period 01 time.

An athlete's V02 max is the upper limit lor how much oxygen they can consume. Since oxygen consumed by your body is direclly related to how much energy you're using, V02 max
is essentially the upper limit lor how much energy or power your body can generate. V02 max for a cyclist is what maximal horsepower is for a racecar. In practical terms, an athlete's
V02 max is basically the highest power he or she can hold for about a 4-minute penod 01 time. For Floyd, his power at V02 max hovers between 450 and 475 walls depending on
how fit or tired he is. So, if Floyd were to have taken a tum at the front today, he would've been at 476 Walls or 100% of his V02 max. While a pull at that power output for less than 4-
minutes is well within his capacity, any longer and there might be a serious detonation. That's why when you watch the guys at the Iront they're rarely pullng lor longer than 4 minutes
at a time. That's because for most of them they're close to red line when in the wind. Though everyone wants that racecar with the highest maximal horsepower. like max horsepower,
V02 max, while an important lactor in an athlete's success, is by no means a make or break factor. It may be a big distinguisher between the average Tour rider and the average guy
on the street. Amongst top pros, however, V02 max is actually a poor predictor of performance. .
Because V02 max and L T are critical physiological allributes, we use them as a relerence points for analyzing all of Floyd's power data (Figure 1). In the daily power table under
"Zone Distribution" you'll notice that we break up the amount of time he spends in different intensity ranges. The first range or "zone" is simply time not pedaling. The second is what
we çall a "recovery zone," which is the range between zero walls and half the distance to the beginning 01 Floyd's LT. The "endurance zone" is just the range between the top of
recovery to the beginning of LT. The "L T zone" is.the power range associated with Floyd's LT. The "race pace zone" is the range between L T and V02 max. The "V02 max" zone is
the power that eiicHi; Floyd's top end. And finally, "Supra-Max" Is anything above his V02 max. For now, our goal is to accumulate more time in the lower zones. By the time we get
into the mountains there will be a significant shift the other way.
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Although not as large of a detenminant of perfonmance as V02 max and L T amongst professional cyclists, "effciency" is stil
an important factor. If you've eyer touched the hood of a car after driving or gotten way too hot while exercising then you've
just experienced what effciency or ineffciency is. The reason why we and your car engine gets hot is because most of the
energy human and mechanical engines bum is wasted and lost as heat rather than converted 10 useful mechanical ~nergy.
The average cyclist is only 22% effcient on a bike. That means for every 100 Calories they bum while exercising only 22 of
those Calories actually goes 10 the pedals to help move the bike. Some studies have shown that cyclists in the Tour de
France can be as much as 27% effcient, while others studies have shown that untrained individuals can be as low as 18%
effcient. This number ultimately translates to how much food they need to keep them going (more specifically. on food intake
during the Tour soon). The more effcient, the less food a rider needs. During the long stages of the Tour whele running out
of energy and bonking is a real threat, it's the more effcient rider who wil have more energy reserves for the end.
The last factor detenmining a cyclist's ability to produce power is their "Anaerobic Power or Capacity." This is how much
power they can produce for very short periOds of time like a sprint. You might notice that for Floyd, the highest power he's
reached so far in the Tour for a 5 second period is 935 watts. In the realm of anaerobic power, that value sucks. As a
reference, Robbie McEwen was probably in the 1400 to 1700 watt range in the sprint he won today. Needless to say, Floyd
wasn't up there. And that's what is so interesting about the variation in physiology we have at the Tour. For guys like Floyd

f§llen Urn who possess a high L T, their anaerobic capàcity tends to be terrble. Likewise, for the sprinters who have an amazing
anaerobic capacity their L T values tend to barely get Ihem over the hils. The one exception is probably Lance, who can climb with the best and sprint if pushed. In coming stages,
continue to expect low 5-second peak power values from Floyd as well as higher and higher 30-minule and 1-hour power values from him when he reaches the mountains.

Table 1. Power data for Stage 5. All Tour average statistics as well as min and max values exclude lime trial data. Looks like another flat stage.

Dr. Allen
Um is an
exercise
physiologist
and coach
with Thrive
Health
Fitness
MedicIne.
He received
his
doctorate at
the
University
of Colorado
at Boulder
where his

(£llen Urn research
focused onhealth and human perfrmance with a specific emphasis on optimizing cycling performance with the use of cycle mounted power meters. Over the last decade, Dr. Um has helped

guide a number of teams and individual cyclists to collegiate, national, world, and Olympic medals. This last year, however, he has focused primarily on advising Floyd LandIs
bringing a unique blend of practical, scientifc, and philosophical insight to Floyd's Tour de France preparation.
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Figure 1. A representative breakdown of intensity zones determined using lactate threshold and
V02max.
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Powerfeed: Taking It Nice And Easy Into The Mountains

Floyd remains physically and mentally on track despite weather
conditions

By Allen Lim PhD

Stage 6: o
Route: Troyes to Nancy
Type: Flat to Rollng Road Race
Distance: 199 km

Elevation Change: 93 meter or 300 feet gain (Average grade = 0.05%)
Total Feet Climbed: 824 meters or 2,704 feet
Average Elevation: 240:! 88 meters of 788 :! 288 feet above sea level
Minimum Elevation: 111 meters or 364 feet
Maximum Elevation: 398 meters or 1,306 feet!
Weather: 55 to 60°F. Cold, rainy, dangerous and dirt.

Climbs:

1. Cote de Joinville (Cat 4): 1.2 km at 4.5% at 79 km.
2. Cote de Brouthieres (Cat 4): 1.8 km at 4.8% at 102.2 km.
3. Cote de Montigny(Cat 4): 1.4 km at 5.2% at13g.6 km.
4. Cote de Maron (Cat 4): 3.2 km at 5.2% at 182.3 km.

At a Glance:

Stage Placing: 42th
GC Placing: 20th
Time: 04:12:52 (Same time as winner Lorenzo Bernucci)
Average Speed: 47.2 km/hr or 29.4 mph
Average Power: 233 Walts
Total Work: 3523 Kjouies or almost exactly 3523 Kcals burned for Floyd
Stress to Strain Index: 1.07

Predicted Average Power at Front: 444 Walts
% Savings due to Drafting: 52%

Slip and 'Slide:

Today's stage started out dry and overcast but ended cold, wet and dirt. Of course, in conditions like today there are bound to be crashes. As i was driving through the
tight and narrow roads on the course today, I was glad that I wasn't out there nding. luckily, all the Phonak riders avoided the crash and outside of Floyd getting a flat
tire about halfway through the race, the day was actually prett uneventfl. Overall, Floyd thought the conditions made the race a little more diffcult but still rated it a 5
on a 1-10 perceived exertion scale. Today might have been the highest average power output (233 walts) of the road stages so far, but it was stil only a moderate
effort. It looks like we are ramping in nice and easy into the mountains and so far Floyd is physically and mentally right on track.
Calculating Energy Expenditure while Racing:

Part of keeping on track dunng these early stages and throughout the Tour is proper nutrition and consuming enough calories to maintain weight and energy. This is
where the CycleOps Power Tap and our abilty to directly measure the actual power output throughout the race brings us a tremendous level of precision and insight.

You might notice that amongst all of the power data, I report how much work is done in a unit called Kjoules. Today's ride was 3,523 Kjoules. Like a Calorie or
Kilocalone, a Kjoule is just another way to represent energy. Because ¡ltakes energy to do things different things like nding a bicycle or heating a house, there are also
different ways to represent or measure energy. The most common way to measure energy is thermally as the amount of heat something gives off 

when it's burning.That's how we measure how much energy is in food. Someone literally puts that donut in a pressurized chamber, blows it up, and then measures how much heat it
gives off with a thermometer. A calorie is just the amount of heat it takes to raise the temperature of 1 gram of water 1 degree Celsius. So when they say that donut has
way too many caiories, they know what they're talking about.

Another way to represent energy is mechanically as the amount of force resisting movement over a certain distance. if you've ever tried moving furniture, then you've
got a good picture of mechanical work and energy. In the same way that a thermometer measures thermal energy, the CycleOps Power Tap measures mechanical
energy. The basic question, however, is this: What's the relationship between Kjouies and Kcals? In other words, how many donuts do i have to burn to move all that
furniture or pedal my bike?
Calculating Energy Expenditure while Racing:

Part of keeping on track during these early stages and throughout the Tour is proper nutrition and consuming enough calories to maintain weight and energy. This is
where the CycleOps Power Tap and our abilty to directly measure the actuai power output throughout the race brings us a tremendous level of precision and insight.

You might notice that amongst all of the power data, I report how much work is done in a unit called Kjoules. Today's nde was 3,523 Kjoules. Like a Calorie or
Kilocalorie, a Kjoule is just another way to represent energy. Because it takes energy to do things different things like riding a bicycle or heating a house, there are also
different ways to represent or measure energy. The most common way to measure energy is thermally as the amount of heat something gives off when it's burning.
That's how we measure how much energy is in food. Someone literally puts that donut in a pressunzed chamber, blows it up, and then measures how much heat it
gives off with a thermometer. A calorie is just the amount of heat it lakes to raise the temperature of 1 gram of water 1 degree Celsius. So when they say that donut has
way too many calories, they know what they're talking about.

Another way to represent energy is mechanically as the amount of force resisting movement over a certain distance. If you've ever tried moving furniture, then you've
got a good picture of mechanical work and energy. In the same way that a thermometer measures thermal energy, the CycleOps Power Tap measures mechanical
energy. The basic question, however, is this: What's the relationship between Kjoules and Kcals? In other words, how many donuts do I have to burn to move all that
furniture or pedal my bike?
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The simple answer Is this. 1 Kcal is equal to roughly 4 Kjoules (4.186). So if you do 1000 Kjoules on the bicycle, you've really trnsferred about 250 Kcals of energy to
the rear hub. But does that mean you've only burned 250 Kcals worth of food? The answer is no. Remember, that in yesterday's artcle. I talked a litte bit about how a
cyclist's effciency is an important determinant of their abilty to produce power. As a reminder, the average cyclist is only about 22% effcient, meaning for every 100
Calories or Kcals they eat, only 22 of those Kcals gets transferred to make the bike move. The rest mostly gets wasted as excess heat. That means if you burn 1000
Kcals offood while riding a bicycle, only about 220 gets transferred to the hub to make the bicycle moVe. So by a quirk of nature, 1000 Kjoules measured by the Power
Tap is equal to just over 1000 Kcals bumed by your body. For an average U.S. pro the conversion of Kjoules to Kcåls woris out to be about 1.1 Kcals for every Kjoule
(Table 2). For Floyd the conversion while he's in peak format the Tour is equal to exactly 1.0. In today's race, doing 3,523 Kjoules means he burned 3,523 Kcals. And
this is where the fun begins~gelting all those calories replaced so that he can do it all again tomorrow.

Fast Food: For Here and To Go

Everyone always asks me what these guys do In their spare time. Two answers: Eat and Sleep. In addition, to the 3,500 Kcals that Floyd bumed in today's race, he
also has to consume calones to maintain his already high resting metabolic rate. Those extra calories work out to be 3,000 to 3,500 Kcals. Adding it up and at the end
of the day he'll have consumed about 7000 Kcals or 3 to 4 times more than what a normal person needs to eat. Here's a litte breakdown of how all that food goes
down.
Breakfast:

Like most people, every rider has the basic foods they always eat. In Fioyd's case, it's coffee. Whether he was nding in the Tour or hanging out at home he'll always
have Jots of coffee. In addition to that coffee, breakfast always starts out with 2 to 3 bowls of cereal topped with some muesli, yogurt, and soy milk. 3 maybe 4 eggs and
a big plate of pasta follow that. Breakfast or any large meal is eaten at least 3 hours before the race starts so that there is enough time to digest. Those pre-race meals
are also filled with foods that have more protein and complex carbohydrates rather than simple sugars - foods that have what we cali a low "glycemic index.. That is,
they're foods that don't spike their blood sugar too much so that we avoid any sugar highs and iows.

Pre-Race:

The riders wil typically havè a simple snack just before they race -- maybe an energy bar or a few pastries. They're careful not to eat too much within an hour of the
start, otherwise, they have problems with digestion and run the risk of gelting a sugar low when the race starts. Once they start riding and warming up, however, they'llalmost always drink a whole boltle of energy..dnnk. .
Race:

During the race, eating is really diffcult. Most of the food eaten on the bicycle is the exact opposite of what's eaten at breakfast. They're high glycemic index foods.
Foods that bring their blood sugar up really rapidly like candy bars, gels, sweet pastnes, Coke,and of course, lots of carbohydrate/electrolyte drinks similar to
Gatorade. Because there isn't much blood going to the gut dunng hard exercise, the riders wil tr to eat whenever there's a lull in the race to help digestion. They also
get most of their calones in dunng the bike in liquid form, which is easier to absorb. In fact, by the end of the day, almost 70% of all the carbohydrates they take in will
be in simple sugars and liquids. If they tried to eat all those calories in solid form two things would happen. The first is that their stomachs just wouldn't be able to
handle all that mass and wouldn't digest it all or they'd lose their appetites and lose weight. The second is that if they did get it all in, they'd produce so much fecal
malter they probably wouldn't be able to ride the bike the next day.
In the feedbags that are given to the riders at each feed zone and from the cars, there are 3 Power Gels, 2 candy bars, 1 energy bar, 1 small can of coke, 1 boltle of a
carbohydrate/electrolyte drink, and 3 pastnes wrapped in aluminum foil. Today Floyd went through two of those bags and had 4 bottes of energy dnnk. He didn't use
any of the gels, and so by our calculations he ate about 1600 Kcals on the bike today or about 400 Kcals an hour. In the longer harder days, eating about 1/3rd to 1/2
of what he bums each hour is our basic strategy to keep him from bonking. That is really hard to do. Not only on your stomach but it's also just physically hard to do. In
Floyd's case he's adopted this very interesting technique of simply pounng liquids straight down his throat. He just skips the swallowing process all together. He says
that it gives him more time to breathe.

Post Race

This is one of the most important meals of the day if not the most important. Immediately after getting into the bus, the riders clean up and start eating and re-hydratlng.
Immediately after exercise, muscle is really good at reabsorbing energy from food. This enhanced sensitivity is the highest 30-minutes post exercise and slowly fades
within 2 to 3 hours. As a result, the food they eat nght after gettng off the bikes goes right back into their muscles helping them to refuel more quickly for the next day.
The basic strategy is to eat as much as is palatable. Foods wil include more carbohydrate/electrolyte drinks with a litte added protein powder, a sandwich, some boiled
potatoes, pastries, and if possible maybe even a plate of pasta with an egg or two on top and plenty of Parmesan cheese and olive oiL.
On a day like today where he only bumed 3,500 Kcals on the bike it's prett easy for Floyd to replace all the Kcals he burned on the bike post race, especially since
he's eating a lot dunng the race. However, when we get to the really hard stages where he's likely to bum 5,000 to 6,000 Kcals, replacing ali those Kcals immediately
after will be tough. One very important tool we use to help is a simpie scale. Everyhere the team goes, Freddy Viaene, the head soigneur brings the scale. He has the
riders weigh themselves every morning and then immediately after they get off the bikes. After a nde, there is a significant amount of fluid loss that is reflected directiy
in a loss in weight. In the short term, every kilogram of weight lost is equal to 1 kilogram of fluid that needs to be replaced. In the long term, over the course of the race,
all the riders wil lose a Iiltle bit of weight, but if they lose too much too fast, the scale alerts them and they focus on gelting more food in.

Dinner:

By the time dinner comes around, the riders are back to normal food. Except that instead of appetizers, they'll almost always start with two huge plates of pasta with
red sauce and Parmesan cheese or olive oil and Parmesan cheese, both normaliy topped with fried egg whites. Then it's on to an extra large salad. And then finally,
they'll have a nOnTal meal, like your average human that wil consist of some vegetables, rice or potatoes, and some chicken, fish, or steak.
Overall Breakdown:

6,000 to 10,000 Kcals consumed each day or 30 to 50 Krispy Cr? Donuts.

65% Carboydrate - Over half coming in simple sugars and in liquid form.

20% Protein - Much of it from protein powder, egg whites, and 1 or two servings of animai meat for a total of 1 .5 to 2 grams of protein per kilogram of body weight
(Average team rider is 70 kg, so that's about 1 00 to 140 grams of protein. There are 10 grams of protein in 1 egg.)

15% Fat - Olive oil, animal fat, bulter, ice cream, and everything tasty.

Table 1. Floyd's power data for stage 6. Beyond the higher average power output, the data looks fairly similar to the other flat stages, except for a bit more time spent
at L T and above intensities. This is probably directly related to the greater climbing, more unduiatlng terrain, and cold weather that likely motivated the riders to keep
pressure on the pedals.

Table 2. The conversion of Kjoules to Kcals depends on a person's gross
mechanical effciency (GME) or the percent of food energy a person is able to
convert to actual mechanical work. For most individuals GME is equal to 22%.
While the table above descnbes this relationship relative to nder expenence, the
GME is not necessarily dependent on a nder's expenence and can be affected by
a number of factors like training state, biomechanics, temperature, and the type of
ride (e.g., intervals vs. steady). Thus, the number of Kcals bumed for a given
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number of Kjoules can vary from a high of 1.33 Kcals per Kjoule to a low of 0.92
Kcals per Kjoule depending on the individual and condition. While the table above
describes this relationship relative to rider expenence, the GME is not necessanly
dependent on a rider's experience and can be affected by a number of factors

Gross

Mechanical

Effcicnc

.-.t'i;¡ng%;æti;,:n

~:/D~~~l9.%:~~t;:)n

20%

21%

22%

23%

24%

25%

26%

1.9

1.4
1.09

1.04

1.00

0.96

0.92

Amaicur

U.S. Pro

Grand Tour

Pro

(§A/len Urn

guess the powers that be didn't want us to think we were eating hundreds of thousands of calories each day even though in actuality we are.

1 A "Calorie"
spelled with a
capital "C" is
actually equal
to 1000
"calories"
spelled with a
lowercase "c."
Likewise, 1

Kilocalorie or
Kcal is also
equal to 1000
calories. By
convention on
U.S. food labels
1 Kilocalorie is
labeled as 1

(§I/en Urn Calone, not as
1000 calories. i

Dr. Allen Um is an exercise physiologist and coach with Thrive Health Fitness Medicine. He received his doctorate at the University of Colorado at Boulder where his
research focused on health and human performance with a specific emphasis on optimizing cycling performance with the use of cycle mounted power meters. Over the
last decade, Dr. Um has helped guide a number of teams and individual cyclists to collegiate, national, world, and Olympic medals. This last year, however, he has
focused primarily on advising Floyd Landis bringing a unique blend of practical, scientific, and philosophical insight to Floyd's Tour de France preparation.
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Powerfeed: A Week Of Consistency

First week of racing is a mini-taper to the mountains

By Allen Lim PhD

CycleOps

ß
Stage 7: Fnday. July 8th

Route: Lunevile to Karlsruhe
Type: Mostly flat road race with 1 cat 4 and 1 cat 3 climb
Distance: 228.5 km
Elevation Change: - 114 meter or - 368 feet drop (Average grade = - 0.05%)
Total Feet Climbed: 618 meters or 2,028 feet
Average Elevation: 238 +1- 124 meters of 781 +1- 405 feet above sea level
Minimum Elevation: 118 meters or 387 feet
Maximum Elevation: 637 meters or 2,090 feet
Weather. 57 to 62' F. Cool with sporadic rain

Climbs:
1. Cot de la Chipolte (Cat 4): 1.9 km at 4.3% at 45 km.
2. Cote de Brouthieres (Cat 3): 3.5 km at 5.0% at 102.2 km.

At a Glance:

Stage Placing: 85th

GC Placing: 18th
Time: 05:03:45 (Same time as winner Robbie McEwen)
Average Speed: 47.2 kmlhr or 29.4 mph
Average Power. 225 Walts
Total Wonk: 4,101 Kjoules or almost exactly 4,400 Kcals bumed for Floyd
Stress to Strain Index:
Predicted Average Power at Front: 395 Watts
% Savings due to Drafting: 44%

Recap: Wet is Good

After every race, i wait for Floyd at the team bus where i get a minute or two to grab the Power Tap computer off the bike and get an assessment of how the
day went. Then I'm off to the press center to crunch the numbers and get the power feed sent while Floyd is rushed to the hotel to get cleaned up and
recover. That means we don't usually catch up until later in the evening after I've sent the data. So I thought I'd start again by sharing some of Floyd's
thoughts from yesterday.

Most of those thoughts had to do with the rain. It may have been a factor for many of the riders yesterday, but for Floydmwell, he actually enjoyed himself.
Not that he likes riding in the rain. Just that suffering in the rain is a relative thing and it doesn't bother him as much as it bothers many of the other riders.
In particular, on flat cold stages like yesterday and today it's normally the smaller climbing specialists who are most negatively affected.

That's because a person's surface area doesn't change proportional with their body weight. A pure climber might be 10
to 20 Ibs lighter than the average rider but wil only have a slightly smaller surfce area. As a result, they tend to get
blown around a lot more on the flats. It's like having two almost equally sized kites flying in the wind, with one of them
held down by significantly less weight. In addition, the more surface area you have the more area you have to lose body
heat. Since the smaller guys have less body mass and produce less absolute power, they don't generate as much heat
for a given body area as the larger guys do and end up having a harder time staying warm in the cold and wet rain.
When things start going uphil and the temperature rises, however, their smaller bOdy size wil be a major advantage
since they'll have a better power to weight ratio than the bigger riders and since, relatively speaking, they'll be able to

'stay a bit cooler. Thus, from our perspective it's probably a good thing that we've got poor weather conditions now
(§I/en Urn during the fast and flat stage because it ends up hurting the small climbers a lot more than it hurts Floyd.

Given that he doesn't mind riding in the rain, i asked Floyd if he had any particular strategies for dealing with the wet weather. Besides just sucking it up
and dealing, here are a few he relayed that I thought were interesting.
Remember that in dry conditions, If Floyd is trying to conserve, he'll move to the front at the base of a climb and then drift back over the course of the
climb. In wet conditions, Floyd wil do the opposite. Instead of drifting back on the climb, he'll actually do a little more wonk and try and get to the front by
the top of the climb. That way when he starts the descent he gets a good view of what's to come. Then over the course of the descent, he'll actually ride
slower than the other riders and drift towards the back. Not only is he being conservative, he's also lettng riders who are going faster than him run the risk
of crashing on any potential oil patches or slick sections of road paint. In a lot of cases, those crashing riders simply point out where the bad sections of
road are and with Floyd drifting back he's got more time to react. Essentially, by getting to the top of the climb first, he can ride slower on the descent than
others while stil keeping in contact with the peleton.

Another trick; he rubs his fingers between his glasses when they get covered in water. The oil on his fingers actually helps to bead the water off the lenses.
The effect only lasts for a minute or two, but it's better than not seeing anything for those few minutes. Also, if it's going to rain, he makes sure that he's
got a clean or relatively new helmet. If he's wearing an old and dirt helmet, then In the first 5 to 10 minutes of a heavy rain, the accumulated salt in the
pads of a dirty helmet wil run out and sting the eyes. With a clean helmet, this doesn't happen because there's not that much salt in the pads. Finally, he
smiles. When riders get really stressed out in the pack, which is common in the rain, you'll notice that their faces tense up. By actually relaxing his face, he
feels that it relaxes the rest of his body and keeps him less tense. Robbie Hunter, Floyd's roommate here at the Tour, however, was quick to point out that if
he ever caught Floyd smilng at 'him in the rain, he'd clobber him.
Into Germany:
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With dark clouds over head at the start, I actually felt okay about the possibilty of it dumping rain all day. By the end of the day, it actually cleared up and if
any of you back home are getting bored of these flat stages, then you'll be upset to learn that the only thing different about Floyd's data today was that the
race was longer. That extra length, however, does change a few things. At a similar average power output of 225 watts, a longer duration means Floyd did
more work (4,101 Kjoules) and of course burned more Kcals (Just over 4,400 Kcals).

My Bad:

If you've just noticed that today's value for Kcals isn't exactly the same as the number of Kjoules then you actually caught me making a mistake in
yesterday's article that Floyd pointed out to me last night. On cold days, we know that Floyd is not quite as effcient. Thus, the conversion of Kjoules to
Kcals isn't quite 1 to 1. It's closer to 1 to 1.1, or 10% more than the number of Kjoules done. Floyd also wanted me to point out that while he does eat a lot
of food on the bike during the Tour, when he's training and trying to make weight for the Tour he doesn't eat nearly as much. For the average person trying
to lose weight by exercising on the bicycle, it's a good reminder that that bottle of Gatorade and Power Bar is probably better left at home.

In any case, today's race was significant only in that Floyd burned more calories today than any other stage to date and that because of the longer
duration, he also spent more absolute time in each different intensity zone. OtherwisÐ, we are both really surprised by how consistent these opening flat
road stages have been. It's been like the movie Groundhog Day and we're both anxious to either get the girl or get to the mountains.
On Track to Better Training Strategies:

Stil, tracking what the first week in the Tour is all about has been truly insightfuL. It's made us realize that it is possible to use the first week of the Tour as
a bit of a mini-taper. Beyond the shear stress of being at this event, Floyd has been able to really conserve and hide. Understanding this first week is also
giving us a reference point for how we might design the week leading into hard training periods. In the past, I've found that it's really hard to get an athlete
to train all out for more than two weeks at a timÐ before they crack. Thus, it's been hard for me to conceive how someone could get through racing a three-
week stage race like the Tour all out. i guess what we're confinning is that it's not possible. Everyday we move along, the power data we collect will
become more and more valuable. That's because unti you trly understand the actual physical demands of an event, there's no way that you can design a
really optimal training program. To that end, tomorrow, I'LL take some time and talk about the very basic training principles we use to design Floyd's training
and how the power data actually helps bring those basic principles to life.

Table 1. Floyd's power data for stage 7. The major difference between this stage and the previous flat stages was the distance. The riders covered the most
distance today giving stage 7 the highest amount of work and most absolute time in different intensity zones. Otherwise, everything else looks exactly like
the other stages.
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Dr. Allen Um is an exercise physiologist and coach with Thrive Health
Fitness Medicine. He received his doctorate at the University of Colorado at
Boulder where his research focused on health and human performance with
a specific emphasis on optimizing cycling performance with the use of
cycle mounted power meters. Over the last decade, Dr. Um has helped
guide a number of teams and individual cyclists to collegiate, national,
world, and Olympic medals. This last year, however, he has focused
primarily on advising Floyd LandIs bringing a unique blend of practical,
scientifc, and philosophical insight to Floyd's Tour de France preparation.

~Allen Um
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Powerfeed: New Highs

Stage 8: T oday's numbers bring us a taste of what's to come

By Allen Lim PhD

o
Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Um
from data collected off the eycleOps Powertap on Landis' bike. Need a glossary?

Route: Pforzheim to Gerardmer
Type: A perfectly flat course sandwiched between 4 category 3 climbs in the first 50 km and 1 category 2 climb at 216 km.
Distance: 231.5 km
Elevation Change: 361 meter or 1,184 feet gain (Average grade = 0.16%)
Total Feet Climbed: 1,912 meters or 6,273 feet
Average Elevation: 317:! 224 meters of 1045:! 736 feet above sea level
Minimum Elevation: 137 meters or 449.5 feet
Maximum Elevation: 1139 meters or 3,737 feet
Weather: 55 to 65.F. Cool with sporadic rain once again

Climbs:

1. Cote de Dobel (Cat 3): 5.9 km at 5.9% at 14.5 km.
2. Cote de Bad-Herrenaib (Cat 3): 3.9 km at 4.3% at 27 km.
3. Cote de Nachtigal (Cat 3): 3.8 km at 5.8% at 38.5 km.
4. Cote de Zimmerplalz (Cat 3): 1.9 km at 6.7% at 48 km.
5. Col de la Schlucht (Cat 2): 16.8 km at 4.4% at 216 km

At a Glance:

Stage Placing: 27th
GC Placing: 10th
Time: 05:03:54 (27 seconds down on winner Pieter Weening)
Average Speed: 45.7 kmlhr or 28.3 mph
Average Power: 255 Watts

Total Work: 4,650 Kjoules

Stress to Strain Index:1.18

Predicted Average Power at Front: 416 Watts
% Savings due to Drafting: 39%
Stage 7 Recap: Spirits are Good

Almost all the time that I've spent with Floyd has been during really hard training biocks. So when I'm with him, he's usually beat down and tired, while I'm antsy and
wanting to go out. But beat down was exactly how I was feeling yesterday after my first freshman week of Tour madness. When I finally caught up with Floyd at the
hotel, it was actually the first time I've ever seen him so relaxed and happy. The role reversal was a good one, as it definitely helped to lift my fatigue. Compared to
previous Tours Floyd has done, this first week shift is a great surpnse for both of us. Consequently, i don't have much to report from Floyd as I basically just lied on the
floor while he watched Tour highlights on T.V. bursting out in laughter and amazement every time they replayed a late race crash - a crash that he has no idea how he
got through.

Just a Little Taste:

The last climb today caused a decent separation with only 34 riders making the split over the top of the Col de la Schlucht - a category 2 rated climb that began 216 km
into the race and lasted 16.8 km with an average grade of 4.4%. Today, it was this climb and a strong tailwind across the flats leading into it that played the most
sign ificant role in the race and in the changes in Floyd's power data.
In today's race, the vast majority of the time Floyd spent at or above his lactate threshold (L T) occurred in the last 2 hours. It was a fast and hard lead up to the climb,
with Discovery throWing the pace and not gaining too much for it as all of them were dropped on the final climb. While there seems to be a little bit of a buzz about
Lance being isolated, based on Floyd's data, I don't think there's any way that Discovery could have worked that hard and not golten popped.

In fact, you'll notice that today, Floyd achieved his highest peak power outputs for every single time frame in this year's Tour. All of them occurred in the last two hours,
with his peak power for 1-minute, 5-minutes, and 30-minutes each occurnng on the final climb, which took the riders just over half an hour to get over. Though Floyd
only needed to average 376 watts for the Col de la Schulucht - an intensity that Is right at the beginning of his L T, his peak 1-minute power of 524 watts occurred nght
at the beginning of the climb while his peak 5-minute power of 454 watts occurred over the top of the climb. Over the last 10 minutes of the climb, he averaged 435
watts. If this didn't unload a lot of baggage I'm not sure what would. While plenty of guys can handle a hard surge of 454 walls for 5-minutes, very few can handle that
after already riding at close to that intensity the 5 minutes before. _
These efforts are so much greater than anything we've seen this week, that the kind of spli we saw today makes a lot of sense as does the Discovery absence. In the
30 minutes leading up the climb, the pace was the fastest it was all day. Just to sit in during that time period, Floyd had to average 275 walts. Though these new highs
for peak power today are significant, they're stil below the best Floyd, and I'm sure his competitors, have produced this year. Thus, this first climb was just a Iiltle taste
of some real exciting racing to come.

You might also notice in today's data (Table 1) that the finishing time was almost exactly the same as yesterday. I thought that was weird. At almost the same average
speed with a little more distance and close to 4000 feet more climbing than yesterday, the race today was definitely a notch up on previous days. Likewise, Floyd gave
it his highest rating of any road stage so far lifting the day's stress to strain index to 1.18. With a higher average power and just over 5 hours of racing, Floyd burned
more calories today (? 4,900 kcals) than any other stage and I'm sure everyone will be taking an extra serving at dinner tonight. Of note, the strong tail wind and fast
speed resulted in Floyd spending the least amount of time not pedaling in any stage yet. Only 26 minutes of coasting for the longest stage this week, compared to
alrnòst 41 minutes in yesterday's stage.
One last thing I'd like to point out is that in today's race, Floyd rode a total of 1 hour and 48 minutes at or above his lactate threshold. These are intensity ranges that
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are highly dependent on carbohydrate. The average professional cyclist can hold anywhere from 1.5 to 2.5 hours worth of carbohydrate in the form of glycogen in their
legs. Once a cyclist is out of glycogen, they'll bonk unless they ingest more carbohydrate. Because, carbohydrate is also used at intensities below the lactate threshold,
it is absolutely critical that the riders eat plenty of food during stages like today. It's a great reminder to Floyd that even though he's been able to loaf it a bit this week,
the days to come wil be orders of magnitude more diffcult and that right now, the power data is just a strong reminder to stay focused on the basics.

After this race, however, this data wil be the most important intellgence we'll have for designing future training programs for the Tour. In that sense, the real reason
we're collecting the data here at the Tour is because it's the best investment we can make for tomorrow. The fact is that a power meter doesn't change the essential
nature of training, it simply allows us to actually apply the very basic training principles athletes and coaches have been theonzing about for years.

Basic Training Principles Have Not Changed:

Despite all of the sophisticated technology and science at our disposai today, the type of common sense advice that your parents would give you about life when you
were a kid are the same for effective training. Listen to yourself, do your homework, evèrything takes time, if you're tired then rest, and if you're not then get out of the
house. Translated In more academic terms, the fundamentals of training are 1) Specificity, 2) Individuality, 3) Progression, and 4) Penodization.
Spec ificity:

When i was in school, i loved history but hated math. The problem was, doing my history homework and avoiding the math, never helped me in math class. The same
is true with training. If you want to be a good bike racer, you need to race bikes. If you want to win the Tour de France, you need to know what happens in the Tour de
France and train specifically for those demands.

As terribly fundamental as this concept may be, in endurance sports where intensity has historically been measured with heart rate or perceived exertion, measuring
the specific demands of any given event remained an un-definitive often vague process. It was like knowing that the oven needed to be hot to bake a loaf of bread but
never being able to actually measure the temperature of the oven. Instead, you'd stick a loaf of dough in and sometimes it'd come out doughy, sometimes burnt, and
only occasionally just right. Through contlnualtnal and error and years of experience, a good baker would eventually figure it out, as have generations of athletes. But
imagine speeding up that process with simple objective tools. .

In that sense, the power meter has done to training what the thermometer has done for baking and the field of science in general. In fact, if you think about it, the
thermometer, which simply measures thermal energy, is perhaps one of our most important scientific inventions. It was the one tool that brought us out of the dark ages
as almost every chemical and physical process is dependent on knowing temperature. Thus, knowing temperature spawned a golden age of scientific experiments and
discoveries.

Like the thermometer, the power meter also measures energy - mechanical energy - the energy of movement - sometimes play, sometimes toiL. So instead of guessing
how hard it is to drag that suitcase across the room, you can put a number to it. Just like you can put an objective, reliable, and repeatable number to how hot or cold
you feel with temperature, measuring power or walts with Floyd allows us to put objective, reliable, and repeatable numbers to how hard or easy each day in the Tour
is. By doing so, we know very specific things. We know exactly how hard a finishing climb might be after 4 hours of racing. We know how many calories he bums after
a week of hiding in the peleton. We know that the Tour is the hardest race in the entire world. But now we have the specific temperature or waltage that we have to set
his training at to make sure he's belter prepared than the next guy.
Individuality:

Although we can now definitively quantify the absolute power and energy required to compete in the Tour, it doesn't mean that anyone can just do that training and be
ready for the Tour. One of the reasons we feel comfortable about sharing Floyd's power data is because we know It is specific only to Floyd. Two individuals given
exactly the same training wil not necessarily adapt in exactly the same way. in addition, every individual here in the Tour is experiencing something different and doing
something different every day even though they are all racing in the same pack. So it's important to realize that the information we share on Floyd is by no means
representative of the entire pack or individuals in that pack.

With this in mind, you can't follow someone else's recipe for training. You need to take the time to develop your own. Because we have power values and ways to
represent Floyd's individual training, that individualized process actually takes less time than mimicking another's approach. To that end, you really do have to just
listen to yourself and follow your own instincts making as many mistakes as possibie along the way. It's those mistakes that wil teach you who you are and how your
body responds to work. It's a personal process - that's just the way it is.

Progression:

There's an ancient myth about Miion of Crotona, who in 500 B.C. was considered the world's strongest man. As legend has it, he would begin his training each season
by lifting a small calve over his head. As the calve grew, sowould Miion's strength, until he was able to lift the full-grown cow. It's exactly this slow, incremental, and
patient process that is at the heart of training.
In practical terms, by knowing what is required at the Tour de France, we can work backwards in time. So let's say for next year Floyd starts serious prep work in
January. At the point in time we can measure how much power he's able to produce for different time frames, do some long test rides and examine how much work he
can handle, and then from those references we can plot as progressive of a course to what we expect him to do at the Tour. if he doesn't win this year but we know it
would've taken an extra 1 or 2 or 3% more on any given day to win, then we advance that progression so he's we'll prepared for the next year.

This year, he made tiny steps each week, raising his power by 5 or 10 watts dunng each training biock. While it was never a huge jump, it was the fact that we could
always measure those numbers and always had goais set for where we wanted them to be. That's progression in the short term.

In the long-term...well, that started for Fioyd when he was a 15-year old kid who would sneak out of the house at g at night just to ride his bike. The rest, as they say is
history .

Periodization:

The last principle Is about balance. You might have often heard peopie use the word "periodization" when they refer to how they or their coach or their personal 
trainersets up their training. Whiie it sounds like a sophisticated term, it's not actually a real word. I know, cause I tried looking it up. What it actually refers to is breaking your

training up into different periods.

The concept of periodizatio,; was first developed by Russian scientists who found that an athlete's fitness could be optimized if their training was divided into distinct
periods of time, each isolating a specific physiological variable or skill important to performance. On a basic level, unique combinations of volume, intensity, and
technique characterized different penods of the training season. More importantly, there was the idea that an optimal order existed for developing altributes such as
endurance, strength, and speed and that each attribute shouid be emphasized at different penods over the course of a season or athletic career. A final premise of
periodizalion was that the natural highs and iows associated with training and racing could be controlled with the right combination of work and rest to createspecifically timed peaks. .
Unfortunately, predicting and manipulating naturai palterns, in disciplines ranging from biology to economics, has been the bane of scientists and gurus for hundreds of
years. Likewise, the scientific literature examining penodization can be as complex and variable as models for predicting the weather. So here's the long story short. If
you're tired, then rest. If you're not then you better train as hard as you can unti you're tired. Then you can rest again. We applied this simple pnncipie to Floyd before
his Tour prep by setting up 2 to 3 week periods of time (usually with a race in the middle) where he would just attempt to bury himself. When he cracked, he'd get really
irritable and then he'd sleep for a day. Just like shaking off a bad hangover.
So this year our essential phiiosophy was to structure big picture ideas in his training (climb more, train harder, etc...) and then on any given day just let him do
whatever he could handle. The whole time Floyd would really listen to his own body and go by feel, even if it meant that 4 days before the Tour he was canceling his
flight and nding to France. Rather than try to plan everything, we took the opposite approach and tracked everyhing. What occurred was the discovery of a very natural
and consistent oscilation that Is specific to Floyd. Now that we know what his periodization paltem is, we are we'll armed for planning his hard training and recovery for
next' year.
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Table 1. Floyd's power data for Stage 8. Brand new max values all across the board.
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Dr. Allen Um is an exercise physiologist and coach with Thrive Health Fitness
Medicine. He received his doctorate at the University of Colorado at Boulder
where his research focused on health and human performance with a specifc
emphasis on optimizing cycling performance with the use of cycle mounted power
meters. Over the last decade, Dr. Um has helped guide a number of teams and
indivdual cyclists to collegiate, national, world, and Olympic medals. This last
year, however, he has focused primarily on advising Floyd Landis bringing a
unique blend of practical, scientifc, and philosophical insight to Floyd's Tour de
France preparation.
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II
Powerfeed: Peak Power

Landis finds himself having a consistently paced day

By Allen Lim PhD

oHere's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Lim from
data collected off the CycleOps Powertap on landis' bike. Need a glossary?

Stage g: Sunday, July 10th

Roule: Gerardmer to Mulhouse
Type: First mountain stage with 4 category 3 climbs, 1 category 2 climb, and 1 category 1 climb.
Distance: 171 km

Elevation Change: -421 meters or -1,382 feet loss (Average pt to pt grade = - 0.25%)
Tolal Feel Climbed: 2,552 meters or 8,373 feet
Average Elevation: 637 :! 271 meters of 2,091 :! 890 feet above sea level
Minimum Elevation: 245 meters or 804 feet
Maximum Elevation: 1338 meters or 4,390 feet
Weather: 65" to 70"F. Cool...perfect riding weather.

Climbs:

1. Col de Grosse Pierre (Cat 3): 3.1 km at 6.4% beginning at 6.4 km point.
2. Col des Feignes (Cat 3): g km at 2.9% at 22 km point.
3. Col de Bramont (Cat 3): 3.4 km at 6.5% at 33.5 km point.
4. Le Grand Bailon (Cat 2): 21.9 km at 3.6% at 64 km point (High point of stage).
5. Col de Bussang (Cat 3): 6.2 km at 4.5% at98 km point.
6. Le Bailon d'Alsace (Cat 1): 9.1 km at 6.8% at 115 km point.

At a Glance:

Stage Placing: 74th
GC Placing: 12th
Time: 04:14:24 (6 min & 4 seconds down on winner Michael Rasmussen)
Average Speed: 40.3 km/hr or 25.0 mph
Average Power: 259 Walts
Total Work: 3,953 Kjoules
Stress to Strain Index: 1.16

Predicted Average Power at For Floyd Alone: 350 Watts
% Savings due to Drafting: 26%
Stage 8 Recap:

Floyd was chomping at the bit in yesterday's race but was conservative, remaining patient and quiet. He had a good view of all the strong T-mobiie altacks and is excited
about the real racing that is yet to come. His legs feel good and after tomorrow's rest day we'll hopefully get to see how good. Otherwise, other than the psychological 

liftgained by others on the last climb, he didn't see yesterday's stage as all that significant. He was quick to mention that doing an effort like they did yesterday is not that big of
a deal if you only have to do it once. As we saw, there are probably 30 or so guys who can do that. But, only half those guys can do that twice, and only 1/3rd can do it three
times. So when we get into hard consecutive climbs in the Alps and Pyrenees, it wil be a completely different race.

Since i drew an analogy in the Stage 8 article between a power meter and the thermometer, I thought I'd quickly add that even though we can objectively measure
temperature, everyone has a different perception of how hot or how cold it is on any given day. This is especially true if it's windy or humid. Likewise, depending on the type
of course or environment, how steady or unsteady the pace is, and how fresh or tired a person is, their perception of how hard or easy a nde is might change. So to extend
the analogy, in the same way, we often use a "wind chil factor" or "heat index" to correct for temperature, we use the "stress to strain index" to correct for how hard Floyd
feels the stage was relative to his actual power. When you look at the total work done in the tabie, think of that as the actual temperature. Then when you look at the total
work done from perceived exertion or RPE, think of that as the wind chil factor for the day.
Stage 9, Still Waiting for More:

Today Floyd came in with his highest average power output of the Tour. However, at just over 4 hours of riding, the total work of 3,9S3 Kjoules he did today is only slightly
higher than the Tour average. In that sense, it was definitely more of a consistently paced day, but with not too much energy expended, the stage was not as diffcult as it
could've been or as hard as it looked on paper. In fact, though today's profile looked much more aggressive than yesterday's, the 8,373 feet of climbing today was only
about 2,000 feet more than yesterday. Also, remember that in much of Floyd's pre-Tour training, he would consistently put in 5,000 to 6,000 Kjoule days with 10,000 to
15,000 feet of climbing. So we know he can handle the work.

The question at hand, however, is how repeated accelerations and surges within a race affect a ndets ability to handle a given amount of 
work. That is, riding steady by

yourself, even at the same average power output or total work, is not quite the same as racing where a hard combination of attacks or surges can end your day before it
even begins.

To keep an eye on this we pay careful altention to two things in the data table. First, we look at the peak power outputs he achieves, especially for the 5-minute and 30-
minute time frames since most serious altacks occur in this time frame. Second, we look at how much time he spends at and above his lactate threshold, as time
accumulated in these Intensity zones is exponentially harder than time accumuiated below.
In today's data, you'll notice that Floyd achieved new highs values for his 30-second peak power, his 1-minute peak power, and his 5-minute peak power. Although this new
high for 5-minute peak power is a bit of a lIag that today there was a senous punch thrown, Floyd's peak power for 10-minutes and for 30-minutes was much lower than
yesterday's. In addition, that5-minute peak occurred on the first climb of the day, when nders are fresh and probably antsy to test their legs. It'd be a different story if that
peak occurred late in the race when everyone is already fatigued. .

Also, note that in today's stage, Floyd spent 1 hour and 53 minutes at or above his lactate threshold. Though this is only 5 more minutes than he spent at these intensities
compared to yesterday, he did achieve new highs for the Tour for time spent at "lactate threshold" and at "race pace."

Based on all of the data, I'd say it's a toss up as to whether today was really any more diffcult than yesterday. So since, the numbers are ambiguous, I'll tum to the man
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himself who has just swallowed two pears whole. He's not responding, so I'LL just use how I'm feeling relative to how Floyd is looking as a comparison. From my view here in
the bus, it looks like Floyd's on a beach in Hawaii, while I'm gelting pounded in rush hour traffc. He's showered, clean, smiling and about to get on a plane to Grenoble. I'm
sweating, stressed, a bit disoriented and about to drive 5 hours to the same location. So I'd. say today was just like the other. The man is good.
Some Thoughts on Peak Power.

Because, I'm often referrng to Floyd's peak power data, I'd thought I'd take a liltle bit of time and offcially introduce this very important vanable. I'LL start by saying that
everyone is always asking me what Floyd's maximum power is. As if, .he's some sort of racecar and they want a horsepower rating before they haggle with the salesman.

The reality is, there is no such thing as a single maximum power output value for a cyclist. Rather, there are different maximum or peak power values for different time
frmes. So instead of saying that Floyd's max power is an arbitraiy 475 walts, I can say for 5 minutes the highest we've ever seen him hold is 475 walts. That's also why we
use the term "peak" instead of "max." When we say "peak," it's a subtle distinction that means the value is the highest we've ever measured to date. When we say, "max"
there's the understanding that the value is the highest that has ever and wil ever be measured. Since Floyd is stil improving, we stick with peak. When he retires, we'll tell
you what his max was.

In any case, just like runners can have personal bests or PR's for different distances (the mile, a 10 km run, or a marathon), a cyclist can have personal bests or peaks for
different time frmes. We measure those bests as the highest waltage a cyclist can for a distinct time period. In our case, we measure the highest power Floyd holds each
day for 5 seconds, 30 seconds, 1 minute, 5 minutes, 30 minutes, 1 hour, and 2 hours. The reason why we chose these different time frmes is because performing all out
for each requires a distinct combination of physiological altributes. As an example, going all out for 5 seconds is really dependent on anaerobic energy sources (i.e., energy
production without the use of oxygen), whereas going all out for 2 hours is completely dependent on aerobic energy sources (i.e., energy production exclusively through the
use of oxygen). In addition, an all out effort for 5 minutes is very. close to an athiete's maximal aerobic capacity or V02 max while an all out effort for 30 minutes to 1 hour is
very close to an athlete's lactate threshold.
Since, these different time frames place distinct physiological demands on the body, cyclists who are belter at sprinting tend to have better peak power outputs in the 5
second to 1 minute time frame, while cyclists who are belter at time tnaling or climbing normally have belter peak power outputs for the 5 minute to 2 hour time frame. A
sprinter here at the Tour might be able to hold 1700 or more walts for 5 seconds while Floyd probably won't crack 1000 walts. On the other hand, Floyd wil probably be
able to hold over 400 watts for 30 minutes, while a sprinter of equal weight wil be lucky to hold over 350 watts.

Regardless of the type of cyclist, however, there is an exponential or cubic like relationship between a given time trame and the power that can be held. In other words,
there's a real fast and steep drop in peak power output between 5 seconds and 1 minute, and a smaller drop between 5 minutes and 30 minutes, and a shallow drop
between 1 hour and 2 or more hours.

Ultimately, we know what Floyd's all time peaks are for each time frme and here at the Tour we keep a daily check not only on how each day's values compares to the
other but how each day's values compare with what we know his best to be. Although we expect him to record new PR's here at this year's Tour, I'LL just say that we haven1
seen them yet. But I'm sure we wilL.

For a reference table of peak power values for pro cyclists and your average Jane and Joe, take a look at tables 2 and 3.
Table 1. Floyd's power data for Stage g. A higher average power today, but with less time, the total work was not much higher than the ayerage for the Tour. Overall a more
consistent day of work for Floyd with new high peak power outputs at 30 seconds, 1 minute, 5 minutes and 2 hours. For the first climbing day, not quite as hard as
yesterday in tenTS of climbing, but more climbs and stil more time at L T and race pace zones.
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Table 2. Peak absolute power output ranges tor women and men of different racing
categones and tor untrained individuals.
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Table 3.
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output
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Dr. Allen Um is an exercise physiologist and coach with Thrive Health Fifness Medicine. He
received his doctorate at the Universify of Colorado at Boulder where his research focused on
health and human performance with a specifc emphasis on optimizing cycling performance with
the use of cycle mounted power meters. Over the last decade, Dr. Um has helped guide a
ñumber of teams and individual cyclists to collegiate, nationat, world, and Olympic medats. This
last year, however, he has focused primarily on advising Floyd Landis bringing a unique btend
of practical, scientifc, and philosophical insight to Floyd's Tour de France preparation.

êAllenUm
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Powerfeed: How Hard Is That Climb?

Is the Touts system or rating climbs flawed?

By Allen Urn PhD

~
Stage 10: Tuesday, July 12th

Route: Grenoble to Courchevel

Type: Mountain top finish with two category 1 climbs.
Distance: 192.5 km
Elevation Change: 1780 meters or 5840 feet gain (Average pt to pt grade = 0.92%)
Total Feet Climbed: 3,293 meters or 10,804 feet
Average Elevation: 801 ? 577 meters of 2,627? 1893 feet above sea level
Minimum Elevation: 220 meters or 722 feet
Maximum Elevation: 2000 meters or 6,562 feet
Weather: 60' to 75'F and clear. Another perfect day for riding.

Climbs:

1. Coniet de Roselend (Cat 1): 20.1 km at 6.0% ending at 118 km point.
2. Courchevel (Cat 1): 22.2 km at 6.2% ending at 192.5 km point.

At a Glance:

Stage Placing: 11 th (4 min & 16 seconds down on Lance Armstrong)
GC Placing: 10th
Time: 04:52:49 (2 min & 14 seconds down on winner Alejandro Valverde)
Average Speed: 36.5 km/hr or 23.0 mph
Average Power: 268 Watts (Floyd Predicted)
Total Work Estimate: 4,700 Kjoules (Floyd Predicted)
Stress to Strain Index: 1.48

No Excuses from Floyd:

There were a lot of expectations for today's first major mountain stage. In the end, Floyd gave it everyhing he had, but was not there in the finaL. Stil, he is stil
amongst many of the favorites and it is still a very long and diffcult race to come. As the days get more and more diffcult it wil be important for him to ride within
himself and let his natural abilty to recover and his natural endurance bring him up the standings. My Opinion:

In some ways, I feel that the ride today wasn't hard enough to suit his strengths. Since it was the first major mountain stage immediately after a rest day, there were
definitely more guys who were fresh. That combined with only two major climbs and a rejuvenated Discovery team made it a hard day for everyone. As the days wear
on and fatigue mounts across the peleton, I really do believe Floyd wil begin to shine. It's been a tough race so far, but adversity is a good thing and I'm looking
forward to seeing Floyd shine in the really arduous days to come. I know it's what he really thrives on.

It Won't Happen Again:

I am sorry to report that we don't have any power data to report today. Floyd got a rear flat very early in the stage and in the confusion was not able to get a Power Tap
rear, despite there being spares in the car. The mechanics tell me it won't happen again as they know the power data is extremely important to Floyd. In partcular, it's
really the days that don't go as planned that are the most important to us. It's finding the weaknesses that give you the real foundation for becoming strnger.
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How the Power Tap Helps Floyd in the Here and Now:

I was recently asked, however, how the data helps Floyd real time on the bicycle. The major way it helps him
is that it gives him instantaneous feedback to help him gauge his efforts and to help remind him to stay within
the parameters of a particular strategy we may have set.
Although, Floyd is extremely in tune with his body, that highly developed sense of feel has been developed
almost entirely by constantly seeing his power values fiashed before him while racing and training. In fact, in
the last year, today was the first day, outside of a time trial, that Floyd did not have the power meter. The thing
missed most from having it on the bike today, were the constant reminders of where he's at, that in a
millsecond help him to calibrate his effort. In the end, it helps to keep him relaxed and focused on his own ride
in the middle of all the chaos of racing. The infoniation can help him temper his efforts on allacks or help him

f9Aflen Urn establish a more optimal pace for himself on a climb. On the flats, watching the meter was one of the main
ways he is abie to conserve so much energy. It nags him to find the sweet spots in the pack and float. In fact, he found that just a little farther back from the nose of the
pack he was able to save significantly more energy without compromising his safety. That may explain why many of our predictions for energy saving from drafting
hovered around 50% for the flat stages, compared to the 40% that is commonly reported.
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An article or two back, I mentioned that one of the primary reasons why we are collecting all the power data
here is to have a basis for future training strategies. That's one of the reasons why not gelling today's data is
really disappointing.

IlllJi

~ JOu.f ii
~ :lIlJI¡

/'Iili

,,iJ.li

on
I If

l'it.hl.';iii:,ir~

Still, in the middle of a race, it's often about just going for it. The numbers aren't there to obsess about or there to dictate the race. They are there for feedback and to
help record information in a way that is more objective than our best memory of the race.
How Hard is That Climb?
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Because i didn't have any power data to analyze, I took the time to crunch way too many numbers in an attempt to figure out a question that has been bothering me for
a really long time now. That question has to do with the Tour de France organization's system for rating all the climbs during the race and what those different
categories really mean.

The climbs in the Tour are rated using a 4-category system. In reality, there are 5 categories of climbs. The categories are based on 3 majorfactors. They are 1) the
steepness of the climb, 2) the length of the climb, and 3) the position of that climb along the course. Theoretically, a really steep and long climb occunrng late in the
race would receive the most diffcult rating. A climb can be rated a 1, 2, 3, 4 or Hors Categorie (HC). The easiest climb is a category 4 rated climb, while a 3, 2, and 1
are incrementally harder. The "Hors Categorie" is a climb that is so diffcult that it is beyond categorization. In my mind they should just add another number to the
scale and they should reverse the order so a 1 is easiest, etc. In any case, the climb categorization is then used to determine the value of points given for the best
climber or "Polka Dot" jersey competition with more points are given on the harder climbs.

To find out exactly how hard each climb in the Tour is, i actually entered every single category 1 to 4 and out of category climb into a spread sheet and looked at 
thefollowing factors: '

A. The point on the course where a climb as a percentage of the total distance that day.

B. The percent grade of the course.

C. The total distance of the climb.

D. The total feet climbed.

E. The elevation of the climb.

Based on these factors, i figured that if the category system established by the Tour did actually mean something, then by multiplying or adding the percent grade, the
% at which the climb occurred, and the length of the climb, i could get a "Diffculty Index" that would actually tell me how hard a given climb is.

What I found, though, was that my system, which actually did take into account the steepness of the climb, the length of the climb, and the position of that climb along
the course, was only related to the Tour's 1-4 to HC system 65% of the time. After all that work, that finding made me really angry. So I then decided to be an even
bigger nerd and figure out what factors were best related to the Tour's ranking system. I found that if I just took into account the climbs length and steepness, I could
predict the actual Tour category 80% of the time. So long story short, the Tour's category system from what I can tell is best related to the length and steepness of the
climb and only predicts the length and steepness 80% of the time. In my mind the system is flawed. I shared this information with some of the riders and they laughed
at me saying that they could've just told me that the rating system was completely arbitrary. I guess if you are going all out for 3 weeks whether your going up or down
has no bearing on how hard you think things are. '
Anyway, here are some interesting things I learned about the climbs in of the Tour.

For all 64 categorized climbs:

% Grade:
Average: 5.5:! 1.6%
Minimum: 2.9%
Maximum: 10.1%

Length of Ciimb:
Average: 6.8 :! 6.0 Km
Minimum: 0.9 Km
Maximum: 25.4 Km

Elevation Gain:
Average: 1,271 :! 1,230 feet
Minimum: 105 feet
Maximum: 5,059 feet

For all 22 Category 4 Climbs:

% Grade:
Average: 4.6:! 1.1%
Minimum: 2.9%
Maximum: 6.6%

Length of Climb:
Average: 2.7 :! 1.9 km
Minimum: 0.9 km
Maximum: 8.3 km

Elevation Gain:
Average: 363:! 187 feet
Minimum: 105 feet
Maximum: 791 feet

For all 19 Category 3 Climbs:

% Grade:
Average: 5.3 :! 1.2%
Minimum: 2.9%
Maximum: 7.1%

Length of Climb:
Average: 4.3:! 2.6 km
Minimum: 1.2 km
Maximum: 11.3 km

Elevation Gain:
Average: 675 :! 262 feet
Minimum: 190 feet
Maximum: 1,168 feet

For all 8 Category 2 Climbs:
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% Grade:
Average: 5.6:t 2.1%
Minimum: 3.6%
Maximum: 10.1%

Length of Climb:
Average: 11.7:t 5.9 Km
Minimum: 3.1 Km
Maximum: 21.9 Km

Elevation Gain:
Average: 1,829 :t 533 feet
Minimum: 1,017 feet
Maximum: 2,585 feet

For all 10 Category 1 Climbs:

% Grade:
Average: 7.2 :t 0.8%
Minimum: 6.0%
Maximum: 8.3%

Length of Climb:
Average: 11.6 :t 5.4 Km
Minimum: 7.0 Km
Maximum: 22.2 Km

Elevation Gain:
Average: 2,620 :t 919 feet
Minimum: 1,850 feet
Maximum: 4,492 feet

For all 5 Hors Category Climbs:

% Grade:
Average: 7.3:t 0.9%
Minimum: 6.1 %
Maximum: 8.3%

Length of Climb:
Average: 17 :t 5.5 Km
Minimum: 10.3 Km
Maximum: 25.4 Kim

Elevation Gain:
Average: 3,939 :t 805 feet
Minimum: 2,789 feet
Maximum: 5,059 feet

Hardest climb based on steepness, length, and location on course:

- Today's last climb Courchevel at 6.2% grade for 22.2 Km (2,070 feet to 6,563 feet for a gain of 4,492 feet)

Hardest climb based on just steepness and length:

- Tomorrow's climb up the Col de Madeieine at 6.1 % grade for 25.4 Kim (1,503 feet to 6,562 feet for a gain of 5,059 feel)

Dr. Allen Um is an exercise physiologist and coach with Thrive Health Fitness Medicine. He received his doctorate at the University of Colorado at Boulder where his
research focused on health and human performance with a specific emphasis on optimizing cycling performance with the use of cycle mounted power meters. Over the
last decade, Dr. Um has helped guide a number of teams and individual cyclists to collegiate, national, world, and Olympic medals. This last year, however, he has
focused primarily on advising Floyd Landis bringing a unique blend of practical, scientifc, and philosophical insight to Floyd's Tour de France preparation.
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Powerfeed: Consistency Over The Long Haul

Tactics and terrain of stage produce new max values

By Allen Um PhD

~
Stage 11: Wednesday, July 13th

Route: Courchevelto Briancon

Type: Mountain stage with two HC category climbs and a category 1 climb.
Distance: 173 km

Elevation Change: -237 meters or -449 feet loss (Average pt to pt grade = - 0.08%)
Total Feet Climbed: 3,846 meters or 12,619 feet (Most climbing to date)
Average Elevation: 1277 :t 580 meters of 4,191 :t 1,904 feet above sea level
Minimum Elevation: 458 meters or 1,503 feet
Maximum Elevation: 3,645 meters or 8,678 feet
Weather: 70 to 75'F. Mostly clear skies all day.

Climbs:

1. Col de Madeleine (He): 25.4 km at 6.1 % beginning at 25.4 km point.
2. Col du Telegraphe (Cat1): 12 km at 6.6% at 98 km point.
3. Col de Galibier (He): 17.5 km at 6.9% at 115.5 km point.

At a Glance:

Stage Placing: 19th
GC Placing: 11th
Time: 04:48:53 (1 min & 15 seconds down on winner Vinokourov)

Average Speed: 35.9 kmlhr or 22.3 mph
Average Power: 285 Walls
Total Work: 4,940 Kjoules

Stress to Strain Index:1.23

Feeling Better:

Today was great for the team with Floyd gelling a prett comfortable ride into Briancon, following wheels as his teammates Santiago Botero and Oscar Pereiro went on
the attack on some of the longest and consistently steep climbs of the Tour. In the end Botero was able to stay away with Alexandre Vinokourov but got out sprinted at
the line. It was still an exceptional day for Botero who won here in Briancon 5 years ago. He's beginning to show serious foni and the team as a whole is feeling good
about their options in the stages to come.

Floyd in particuiar felt a lot beller compared to yesterday's mountain top finish in Courchevel. He was super excited for his teammates as he rolled into the bus
today, raising his arms in victory as if they had won the race. Regardless of the outcome it is always a great feeling to finish a race knowing that the team was able to
execute without mishap or mistake.
Today's Power:

The power data from today really reflects the tactical and terrain features of the day. In particular, the race produced a couple of significant new max values. A new
high average power of 285 Walls, a new high workload of 4,940 Kjoules, a new high perceived workload of 6,067 Kjoules, a new max power output for 1 hour (359
Watts) and 2 hours (315 Watts), and an almost two fold increase in the time spent at lactate threshold (66 minutes) and race pace (44 minutes).

Table 1

These new highs reflect a more even pace across the day. With Botero and
Pereiro on the attack and Discovery selling a constant tempo to keep them in
check, the intensity was elevated all day but lacked the same kind of high
intensity or supra-maximal surges that we've seen in previous stages. In addition,
with some of the longest and consistently graded climbs that we will see in this
Tour, the terrain called for consistency over the long haul rather than shori
attacks.

Though it could be said that this stage was the hardest yet, it was hard in a
different way. The overall power and work came up, but with average values for
time spent in Floyd's max and supra-max zones as well as unremarkable peak
power outputs for 1, 5, and 30-minutes it is unlikely that there were too many in
the red today - a scenario that is reflected by the larger lead finishing group. The
power from today also demonstrates that even though something may look really
tough on paper it's how an individual, or the peleton as a whole, chooses to ride it
that makes the day easy or diffcult. In fact, today Floyd came nowhere close to
the peak power outputs for 5,10, and 30-minutes that he achieved in stage 8 and
9 on climbs that were rated significantly lower than the ones today.
Calculating Power Old School: A Look at "VAM"

Because the grade and pace on today's climbs were so consistent, it is possible
to do a quick check of the power numbers using calculations that for some are still
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the noni for estimating a ridets fitness and power.

That technique is often referred to as calculating a rider's 'VAM" or Vertcal
Ascent rate in Meters per hour. It's based on the simple premise that the faster
you climb up a hii the more power you have to be producing. Indeed, the physics
of riding up a steep climb (? 7% grade) is actually quite simple. Thus, measuring
how fast someone moves up a hil is one of the simplest ways to derive power.

Up a steep hil, about 90% of the power a cyclist produces is used to overcome
gravitational resistance, which is a function of body and bicycle weight. At the
same speed, a heavier cyclist will produce a higher power output than a lighter
cyclist on a given climb. That's why when we talk about climbing ability we almost
always talk about it in terms of a cyclist's power to weight ratio rather than the
absolute power.

For example, to stay with the lead group today on the Galibier, you would've had
to produce about 5 to 5.5 Watts per Kilogram of body weight. For an average
Tour cyclist who weights 70 Kg or 154 pounds, that would be 350 to 375 Watt.
For a lighter cyclist weighing 60 Kg their power would only have to be 300 to 330
Watts.

In either case, if we know a cyclist's body and bicycle weight, the elevation gain
over the course of a hill, and their time up a hil, we can get a decent estimate of
their power output. The calculation is as follows:

. Power (W) = (Total Mass in Kg x 9.8 x Elevation Gain in Meters)'" Time in
f9Allen Urn Sèconds

As an example, up the Galibier today the riders gained 3,954 feet in elevation or 1,205 meters. Let's say it takes them 45 minutes to get to the top (2,700 seconds) and
that the average rider is 70 Kg (154 Ibs) with a bike weight of 6.8 Kg (15 Ibs). Thus, their power for that time would be equal to:

Power = (76.8 Kg x 9.8 x 1,205 Meters) ., 2,700 seconds = 336 Watts
Remember, however that the power to get up the hil is only about 90% of the total power. The additional 1 0% is used to overcome a small amount of aerodynamic and
rollng resistance. Thus if we add 10% to this value we get a total of 370 Walls to climb the Galibier in 45-minutes.

Since a cyclist's power is just proportional to their rate of ascent, yoU don't really have to calculate the actual power output to appreciate how powerfl a cyclist is.
Instead old coaches and directors would just calculate the rate of ascent in meters per hour using altitude watches while following a rider or the pack. So another way
to look at climbing effort is to simply say that if you can climb the Galibier in 45 minutes, you would be climbing 1,205 meters in 45 minutes or a V AM of 1607 meters
per hour.

Most professional cyciists can achieve a V AM of 1400 to 1500 meters per hour. Really great climbers can climb at a V AM of 1600 to 1700 meters per hour. Finally,
there are a select few (Pantani, Mayo, Armstrong) who have broken the holy grail or 4"minute mile of climbing speed - a VAM of 1800 meters per hour 

which is equal to
about 6.3 Watts per Kilogram of body weight up an 8% grade. That's 455 Watts for Lance Anistrong up L'Alp D'Huez last year.
Remember, however that the power to get up the hill is only about 90% of the total power. The additional 10% Is used to overcome a small amount of aerodynamic and
rollng resistance. Thus if we add 10% to this value we get a total of 370 Walls to climb the Galibier in 45-minutes.

Since a cyclist's power is just proportional to their rate of ascent, you don't really have to calculate the actual power output to appreciate how powerful a cyclist is.
Instead old coaches and directors would just calculate the rate of ascent in meters per hour using allitude watches while following a rider or the pack. So another way
to look at climbing effort is to simply say that if you can climb the Galibier in 45 minutes, you would be climbing 1,205 meters in 45 minutes or a VAM of 1607 meters
per hour.

Most professional cyclists can achieve a VAM of 1400 to 1500 meters per hour. Really great climbers can climb at a VAM of 1600 to 1700 meters per hour. Finally,
there are a select few (Pantani, Mayo, Anistrong) who have broken the holy grail or 4-minute mile of climbing speed - a V AM of 1800 meters per hour wi:ich is equal to
about 6.3 Watts per Kilogram of body weight up an 8% grade. That's 455 Watts for Lance Anistrong up L'Alp D'Huez last year.
In any case, it's really nice to see that what Floyd actually did is extremely close to what we predict for the terrain and speed. Specifically, on today's final climb, the
iead group averaged 20.5 kmlhr or 12.7 mph and climbed at a rate of 1413 meters per hour, which is well within the capacity of many riders here in the Tour. This VAM
combined with the actual power readings at our disposal is further conRniation for the final group size.

Ultimately, if there's a lesson in all the calculations I just listed out here, it's that you can'tjust blindly trust the numbers you get from a power meter, nor can you
assume that riding conditions are consistent enough that you can always know how hard a cyclist is going just by looking at their speed or VAM. In the end, you need
both. A lille bit of old school to confini the new school and a lillie bit of new school to give props to the old.

For a detailed iook at how the percent grade and speed affect absolute power output, power output nonialized to weight, V AM, and the % of power used to overcome
gravity see Tables 2, 3, 4, and 5.
Table 2. Power required for different speeds and grades in a 154 Ib rider.
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$~l 6~ i~ ii~ !l'Ã W~ Table 3. Power to weights (Watts per Kg of body weight) required for different speeds and

grades. Data is based on a 154 Ib rider with a 15 Ib bicycle. Generally speaking, the cyclist
with the highest power to weight. ratio can maintain the highest climbing speed. Many pro
cyclists can hold between 5 to 5.5 watts per kg for sustained periods (10 to 60 minutes)
while ciimbing.
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(/Allen Urn steeper the

climb the higher the V AM at any given speed. Because, the percentage of power due to gravitational resistance increases at steeper grades, V AM shouid only be used
to calculate power at % grades of 6% or greater. Ideaily, an 8 to 10% grade should be the only hils used to estimate power from VAM.
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Table 5. The percentage of a cyclist's power used to overcome gravitational resistance at
different velocities and percent grades. At steeper grades and lower velocities gravitational
resistance is a larger contributor to the total power.

5
7.5

'" 10

i I:;

l- 17.5
:t 1:0

:J.S
:5

~I 1M 2-2 p. -10.' .i~~ $ft5 6'6 72ti S07
121 z.i.! J62 .::t;i òO' 12 346 %6 I(JSì

I 1:0'-i--~l ... 6-6 :;7 Y69 1130 1191 , I~S5 161.l
11)1 .IO! "13 s., 11;iJ6 I:!07 BUS 11\ uno wu
242 .IHJ 1:!5 ... ILO: 1-450 161j! 1')3J 211.l :!'.16
2:l2 $1I5 :H1 1129 1-11 16')1 t'976 2::SI) ': 25.11 J8Z.1ni M.l I;M WL6 "'" l'llJ !2.'W 2.501 299~ 521.'
3M n1 IIlI H~5 1~18 21si 254$ 29ù!l ;i21~ J636
.:1); W" J2l3 t(118 :W21 2-12i' lSJa 31360 3&10 ,IM5

J'.!KCßt:i:;t' orToli 1'l)u RLulrNl Co O'.enme C:nn'ilI
tur n 1(J kJlfls. Ibil'""c ..Ith~ 6.8.ks; iJS lblJ'k,dc:

,.'. Dr. Allen Um is

an exercise
physiologist
and coach with
Thrive Health
Rtness
Medicine. He
received his
doctorate at the

f9Alfen Urn University of
Colorado atBoulder where his research focused on health and human penormance with a specifc emphasis on optimizing cycling performance with the use of cycle mounted

power meters. Over the last decade, Dr. Um has helped guide a number of teams and individual cyclists to collegiate, national, world, and Olympic medals. This last
year, however, he has focused primarily on advising Floyd Landis bringing a unique blend of practical, scientifc, and philosophical insight to Floyd's Tour de France
preparation.
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Stage 12: Becoming A Better Climber

By Allen Urn PhD

Thursday July 14th

Route: Briancon to Digne-Ies-Bains

Type: Mountain Stage

Distance: 187 km or 116 miles

Elevation Change: -588 meters or -1,929 feet loss (Average pt to pt grade = - 0.31 '!)
Total Feet Climbed: 1,740 meters or 5,709 feet
Average Elevation: 973 :! 225 meters of 3,194 :! 737 feet above sea level
Minimum Elevation: 636 meters or 2,087 feet
Maximum Elevation: 1,346 meters or 4,416 feet
Weather 800 to 8soF. Summer is here. It's gettng hot.

Climbs:

Cote des Demoiselles-Coiffees (Cat 3): 4.6 km at 4.8% beginning at 54 km point.
2. Col Saint Jean (Cat 2): 13.2 km at 4% at 75 km point.
3. Col du Labouret (Cat 4): 2.2 km at 3.2% at 113 km point.
4. Col du Corobin (Cat 2): 12.4 km at 4.5% at142 km point.
5. Col de l'Ome (Cat 4): 2.7 km at 3.9% at175 km point.

At a Glance:

Stage Placing: 84th
GC Placing: 11th
Time: 04:30:39 (10 min & 33 seconds down on winner David Moncoutie)

Average Speed: 41.5 kmlhr or 25.7 mph
Average Power: 231 Watts
Total Work: 3,751 Kjoules

Stress to Strain Index: 1.08

Page 1 of3
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Predicted Average Power at For Floyd Alone: 310 Watts
% Savings due to Drafting: 25.5%
Some Thoughts on Previous Thoughts:

On the drive to the finish today, I started thinking a lot more about a question I alluded to in yesterday's report. It was the question about how much rider's actually
save when they're "draftng" or perhaps better stated, "following wheels" on the climbs. The bottom line is, i think I'm right about the very small 7-watt drafting related
saving while climbing on the Galibier yesterday. Though those 7 watt only represented 2% of the total 342 watts required for Floyd to get up the Galibier, the
aerodynamic resistance holding him back was only 37 watts or about 11% of the total power. On the other hand, that7-wall saving represents 19% of the total
aerodynamic drag cost. Since aerodynamic resistance increases with the velocity squared, there would be proportionally less savings from drafting at slow speeds. On
yesterday's climb the average speed was only 12.7 mph. So the numbers check out. For the most part, trying to draft on yesterday's climb was more of a psychological
boost and also a way to help keep one's pace steady. In the end, if the climbing speed is less than 15 mph, there is minimal benefi to drafting. But if it's higher than 15
mph, you better find a wheel and hold on.

I also started thinking a lot about how hard each of these mountain stages are with respect to the climbing load. In particular, it was a comment that Floyd made last
night that this stage was going to be one of the easiest climbing days. So I took the ranking I developed based on the distance and steepness of each climb and ranked
every single stage with climbing points according to their diffculty. That ranking is presented in table 2. In summary, today's stage only ranked 8th out of 18, with
respect to climbing diffculty. More importantly, the hardest and 3rd hardest day of climbing are stil to come.
Thoughts on Today's Power:

The most exciting thing to report about today's data is that Fioyd hit a new all Tour high for coasting at zero walls of 42 minutes beating stage Ts high by 1 minute.
That's right, today Floyd coasted for 42 minutes. Otherwise, today was so average it was kind of weird. In addition, it really looked more like one of the early fiat stages
than a mountain stage. Check out the numbers in Table 1. If I were just looking at the power data, I wouldn't be able to tell that this was suppose to be a mountain
stage. Indeed, of the mountain stage days, the total amount of climbing was the iowest at 5,709 feet. So for today, climbing abilty didn't have much to do with the final
results.

Floyd's Climbing Program:

Of course, a ridets abilty to climb is one of the most if not the most important assets he has at the Tour. For Floyd it was what he focused on the most this year.
Consequently, I thought it'd be neat to share exactly what he did this last year to prepare for the hills and outline a littie hil climbing training program that others can
scale down for their own preparation.

In short, our conversation about training for the mountains early this year went something like this:

Me: So how much do you try to climb each month?

Floyd: About 150,000 vertical feet a month.

Me: You think you can do more?

Floyd: Yeah.
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Me: Okay, cool. Then, I think you should do more.

Floyd: Sounds good.
And that was basically it. By the time Floyd got to the Tour, he had averaged 200,000 feet of climbing each month for the three months prior. That's an average of
about 8,000 feet of climbing every time he went out to train and more than he had ever accomplished. This might sound like a lot, but if you look at the 9 major
mountain stages in this year's Tour and total the elevation gain for each of the categorized climbs, the average is 8,784:! 2,710 feet of climbing with a minimum of
4,882 feet (today's stage) and a maximum of 12,953 feet (stage 15). That's not counting all the lillie rollers and uncategorized hils the riders do.

While, it may sound over simplistic, the fact of the matter is, if you want to improve your climbing, you need to climb. The biggest mistake I see riders make in their hil
climb training is they don't climb enough. No matter what you do, if you don't spend the time in the mountains you won't improve your climbing.

Just climbing more, however, wasn't the only thing involved in preparing Floyd for the hils. It only served as a baseline for more specific work. Just like it is sometimes
important to establish a nice base ofvoiume in the eariy season before any high intensity, it's sometimes good to just establish a big base of climbing volume. After that
volume base is done, it's critical to start forcing yourself to handle a higher sustainable intensity. As you begin to raise that sustainable intensity the next step is
allempting to vary the intensity on the climbs. Finally, no maller what you do, you won't climb at your best if you're not at an optimal weight. So if you're a bit or a lot
overweight, all things being equal, you'll climb faster if your carrying less weight.
Below is a short review of the steps we took to make Floyd better on the hills as applied to you:

1. Volume

Before you start consulting any rocket scientists about how to improve your hil climbing, first, try climbing more and see what happens. When you do that climbing,
don't worr about intensity or how hard you go. Just go as easy as you can to make it to the top and just try gettng over the top of as many climbs as possible. If you
live in an area that's not too hily, doing repeats on a single hil is a viable solution. If you live in a place with no hils at all, then you'll just have to work on your overall
finess and not worr about it.

2.Hard and Steady

After you get comfortable just being in the hils a lot more, start focusing on going hard on those hils. Most importntly, on any length of climb, tr keeping as high and
sustainable pace on that hill as possible. If it's a short hil, then you'll be going harder than a longer, hilL. In the end, it's important to teach your body to go as hard as
possible for any length of climb. Don't worry about blowing up either. Just think of it as positive feedback.

3.Negative Splits

Once you leam how to climb hard and steady, it's time to leam how to bring that intensity up a notch over the top of the climbs. That is, start doing hil intervals where
you goa nice moderate tempo on the first half of the climb and then go crazy over the top. It's a great way to teach your body how to redline on the climbs and if you
can handle it, it's always beller to drop your competitors over the top of a climb so that you can recover from the effort on the descent.

4.Quarter Splits

One of the hardest things to do on a climb is accelerating and decelerating. While many can climb a solid steady pace, forcing someone to surge or being able to deal
with someone else's surge can make or break your race. As an example, if you know you can hold 200 Watts on a hill, try breaking that same hil into 4 equal sections.
On the first section, ride at 150 Watts, on the second, ride at 250 Watts, on the fourth 150 Watt, and on the last section bring it back up to 250 Watt. Although the
average power will be exactly the same, you'll notice that the effort feels considerably harder. Thus, after learning how to negative split (1 st half faster than the second
haif) a hil, it's important to start "quartering" your climbs.

5.Terrain based intervals

In racing, the surges and pace settng is rarely based on some fixed time or distance. Those surges or allacks happen relative to changes in the terrain. Accordingly,
after a certain point in training, I usually throwaway the clock with respect to intervals on the climbs and have riders simply use terrain features, as their cue for how
long and hard different efforts should be. In racing, it's not like riders are going to go all out for a predefined 5 or 10 minutes and then sit up. They'll go hard all the way
over the top, or attck on the steepest sections. Accordingly, Floyd will simply imagine how the allacks might play out on a given climb and try to mimic that in training.

6. Pre Climb Throttling

One important aspect of climbing in the Tour is being able to handle the hard place leading into the climb. It's a common tactic for the strong teams to have their non-
climbing specialists to give the climbers a "lead out" into the hilL. That is, they lift the pace really high coming into the hill to wear people out even more. For Floyd, this
meant that by the time we got close to the Tour, I would motor pace him for 5 to 20 minutes before every major climb he did in training.

7. Losing Weight

Though, I'd rather just focus and recommend that people primarily focus on making their engine stronger, you can't ignore the fact that climbing speed is almost entirely
dependent on a rider's power to weight ratio. Get down to an optimal weight and you'll go faster uphilL. But get too skinny and you may lose valuable muscle mass and
power. One final note, if you do decide to try and lose weight, do not try to lose more than a pound a week. In addition, If your friends or family start freaking out about
how skinny you are, I would recommend listening to them. In my experience, athletes or anyone driven to succeed, are a poor judges of their own body image and
that's all I'll say about that. Happy climbing.
Table 1. Floyd's power data for Stage 12.

Table 2. Stages with mountain points ranked in order of diffculty. The diffculty
index is based on the steepness and grade of the climb.

Dr. Allen Um is an
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coach with Thrive
Health Fitness
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University 01 Cotorado at
Boutder where his
research focused on
health and human
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specifc emphasis. on
optimizing cycling
performance with the use
of cycle mounted power
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RANK S'i:.GE #
TOTAL
SCORE

1 15 397
2 11 355
3 14 259
4 10 258
5 9 237
6 16 225
7 8 160
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9 19 144

10 18 130
11 17 48
12 6 38
13 7 26
14 20 26
15 3 15
16 21 8
17 13 7
18 5 4

_Today's Stage
Completed Stage
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meters. Over the last
decade, Dr. Um has
helped guide a number
of teams and individual
cyclists to collegiate,
national, world, and
Olympic medals. This
last year, however, he
has focused primarily on
advising Floyd Landis
bringing a unique blend
of practical, scientifc,
and philosophical insight
to Floyd's Tour de
France preparation.
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Stage 13: Today's weather conditions create challenges

By Allen Um PhD

~
Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' perfoniance from his power coach, Allen Um
from data collected off the CycleOps Powertp on Landis' bike. Need a glossary?

Friday, July 15th

Route: Miramas to Montpeller
Type: Flat Stage
Distance: 173.5 km or 107.6 miles
Elevation Change: -10 meters or -55 feet loss (Average pt to pt grade = - 0.01%)
Total Feet Climbed: 351 meters or 1,152 feet
Average Elevation: 79.1 :! 49 meters of 260 :t 160 feet above sea level
Minimum Elevation: 10 meters or 33 feet
Maximum Elevation: 185 meters or 607 feet
Weather: 80°F and 78% Humidity. Right on the high risk exercise edge.

Climbs:

1. Col de La Vavede (Cat 4): 1.1 km at 6.1 % beginning at 25.4 km point.

At a Glance:

Stage Placing: 78th
GC Placing: 11th
Time: 03:43:14 (Same time as winner Robbie McEwan)
Average Speed: 46.6 kmlhr or 28.9 mph
Average Power: 213Walls
Total Work: 2,853 Kjoules

Stress to Strain Index: 1.41

Predicted Average Power at For Floyd Alone: 424 Watts
% Savings due to Drafting: 50.2%

Not That Easy:

Today's power data is really interesting as Floyd hit a new iow for time (3:43:14) and for work (2,853 Kjoules), but had a very high stress to strain index. There are a
number of reasons why he thought the stage felt a iot harder than it actually looks from the power data. Those reasons include fatigue, a huge number of very short (5
to 10 second) accelerations, and most notably today's kiier combination of clear skies, heat, and humidity.

After the first 3 minutes, the speed came up and stayed up for the entire race. With close to two weeks of racing (the last 3 in the Alps) it was amazing for me to see
how high the speed was. At 28.9 mph today's speed was exactly the same speed as the average of the first 6 flat stages. But for most òf the riders, it felt a lot harder
and a lot faster.
Unlike those first flat stages the clouds and rain that followed the riders for the first week made way for an oppressively bright sun and a heat and humidity combination
that is considered to be "high risk" conditions for exercise (Table 2).

The Bottle & Weight Count:

Besides racing today, all of the riders pounded through a whole lot of water bollies filled with the team's typical ice-cold carbohydrate and electrolyte solution. Today
Floyd thinks that he drank about 12 bottes while on the bike. He thinks, because when you're going that fast in conditions like today, you're not really counting, just
doing.

With each bottle holding 500 ml's of fluid, that's 6 liters or just over 1.5 gallons of fluid consumed while on the bike today. Still, when he got off the bike at the end of the
stage he was 3 kilograms lighter than he was after breakfast this morning. That means he lost 3 liters (1 kilogram of water = 1 liter of water) of fluid by the end of
today's race or close to 4.5% of his body weight despite all those bottles he went through on the bike. If we add it all up, then Floyd's total sweat loss was equal to 9
liters or 2.4 liters per hour.

The last two figures I just presented are extremely important to keeping Floyd properly hydrated. For most individuals, a fluid loss that is equal to 5 to 10% of their bOdy
weight is enough to cause signs of heat exhaustion. Although, Floyd has felt fine after long days of training with up to a 7% loss in body weight, to be conservative we
make it a goal that while racing he tries not to lose more than 5% of his body weight. Today he just barely made that cut off.
Unlike those first flat stages the clouds and rain that followed the riders for the first week made way for an oppressively bright sun and a heat and humidity combination
that is considered to be "high risk" conditions for exercise (Table 2).

The Bottle & Weight Count:

Besides racing today, all of the riders pounded through a whole lot of water bottes filled with the team's typical iC,e-cold carbohydrate and electrolyte solution. Today
Floyd thinks that he drank about 12 bollies while on the bike. He thinks, because when you're going that fast in conditions like today, you're not really counting, just
doing.

With each bottle hoiding 500 ml's of fluid, that's 6 liters or just over 1.5 gallons of fluid consumed while on the bike today. Still, when he got off the bike at the end of the
stage he was 3 kilograms iighter than he was after breakfast this morning. That means he lost 3 liters (1 kilogram of water = 1 iiter of water) of fluid by the end of
today's race or close to 4.5% of his body weight despite all those bollies he went through on the bike. If we add it all up, then Floyd's total sweat loss was equal to 9
liters or 2.4 liters per hour.
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The last two figures I just presented are extremely important to keeping Floyd properly hydrated. For most individuals, a fluid loss that is equal to 5 to 10% of their body
weight is enough to cause signs of heat exhaustion. Although, Floyd has felt fine after long days of training with up to a 7% loss in body weight, to be conservative we
make it a goal that while racing he tries not to lose more than 5% of his body weight. Today he just barely made that cut off.
3) Pre-hydrate as much as you can before exercise. One strategy i recommend to riders is drinking an entire water bollie while they are waiting at the line. The extra
fluid in their gut serves as a reservoir that helps to delay dehydration. In addition, that extra fluid also creates a bit of a pressure gradient that helps subsequent fluid
enter the body faster.

4) Acclimatize to the heat before competing in the heat. This means that you need to pre-expose yourself to heat if you want to be able to handle exercise in the heat.
The best way to adapt to the heat is to do short and very intense workouts in the heal that elicit a very high sweat rate. Intensity is a stronger stimulus for adapting to
the heat than volume.

5) Stay out of the heat. If the combination of temperature and humidity are in the risky zone, then it's sometimes best to just avoid exercise until it's cooler. In addition, if
you have to compete in the heat, it's always best to stay out of the heat for as long as possible before your competiion. This will help prevent unnecessary fatigue and
actually help your performance.

6) Pre-cool before exercise. Gelling cool before exercising in the heat can actually help your performance in the heat for short events (10 to 30 minutes). While I won't
say much about it now, stay on the iook out for some unique technology Floyd wil be unveiling for the final time triaL.

Table 1. Floyd's power data for stage 13.
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Table 2. Temperature and humidity combinations considered dangerous to
exercise in.

High Ri'sk
Exercise Coiibiiiatioiis

Temp .~. %Humidily

70 100

7S 90

80 80

LLS 70

90 0\0

95 SO

100 40

105 30

Dr. Allen Um is an exercise physiologist and
coach with Thrive Health Fitness
Medicine. He received his doctorate at the
University 01 Colorado at Boulder where his
research focused on health and human
performance with a specifc emphasis on
optimizing cycling performance with the use
of cycle mounted power meters. Over the
last decade, Dr. Um has helped guide a
number of teams and individual cyclists to
coilegiate, national, world, and Olympic
medals. This last year, however, he has
mcused primarny on ad0smg Royd Landff
bringing a unique blend of practical,
scientifc, and philosophical insight to
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Bi
Powerfeed: The Hardest Day Yet

Stage 14: Now, it's not necessarily about who can produce the most
power, but who can hold on to the most power over the rest of the
race

By Allen Urn PhD

~
Route: Adge to Ax-3 Domains
Type: Mountain Stage

Distance: 220.5 km or 107.6 miles
Elevation Change: 1,359 meters or 4,459 feet gain (Average pt to pt grade = 0.61%)
Total Feet Climbed: 3,209 meters or 10,529 feet
Average Elevation: 440 ? 474 meters of 1,444 ? 1,554 feet above sea level
Minimum Elevation: 13 meters or 43 feet
Maximum Elevation: 2001 meters or 6,565 feet
Weather: 85°Fto 92°F and 35 to 70% Humidity. Another hot and dangerous day.

Climbs:

1. Col de Villerouge (Cat 4): 6.3 km at 3.6% beginning at 84 km point.
2. Col de Bedos (Cat 4): 3.3 km at 4.4% beginning at 95 km point.
3. Col des Fourches (Cat 4): 2.2 km at 4.5% beginning at 102 km point.
4. Col du Paradis (Cat 3): 5.8 km at 4.1% beginning at 109 km point.
5. Port de Pailheres (HD): 15.1 km at 8.1% beginning at 176 km point.
6. Ax-3 Domains (Cat 1): 7.9 km at 8.3% beginning at212 km point.

At a Glance:

Stage Placing: 6th
GC Placing: 6th
Time: 05:45:14 (1 min & 31 seconds down on winner Georg Totschnig)
Average Speed: 38.3 kmlhr or 23.8 mph
Average Power: 262 Watts
Total Work: 5,427 Kjoules

Stress to Strain Index: 1.72

Big Day:

By all accounts today was the hardest day of racing in the Tour. So far this was the longest day on the bike (5:45 hr:min), the most work (5,427 Kjoules), the most time
at race pace intensity (50 min), and the most time at an endurance intensity (115 min) range for Floyd. Most importantly, Floyd gave the overall race his highest
perceived exerton rating of 8.5 and 1 O's for the final two climbs up Pailheres and Ax-3 Domains. Everyone was at their limit on the last climb and as Floyd put it,
"racing just doesn't get harder than that." With an even harder stage 15 to come, i don't think there wil be that much room for negotiating GC spots after the riders
finish tomorrow. As hard as today was, it is worth noting that the power outputs on the final climbs in today's stage were not greater than what Floyd has accomplished
in training in the recent past. The difference is that we are now two weeks into racing. Add the heat, stress, and the fact that everyone is gettng tired and you have a
situation where results are not necessarily about who can produce the most power, but who can hold on to the most power over the course of the race.

At this point, it would be diffcult to imagine that we wil'see any new highs for peak power output. In fact, outside of 
the increased work and time spent in the twointensity zones mentioned earlier, today's data, whiie greater than average, is by no means the best of the Tour despite today being the hardest.

Climbing and Cadence:

There are two ways to produce more power on a bicycle. You can either push harder or pedal faster (i.e., increase torque or increase your rpm). The age-old question
has been, which of the two is easier or more effcient. The short answer is that if you want to produce more power, you need to do both. That's because, as we
increase our power output, how hard we can push tends to plateau, so very high power outputs tend to be more effcient or associated with higher cadences.
At the same time, the primary difference between a professional cyclist and a recreational cyclist is that the professional cyclist can simpiy push harder. They don'tnecessarily just pedal faster all the time. In fact, for most cyclists, regardless of their finess, there is almost no detectable change in effciency at a cadence between 80
to 100 rpm. Although much is often made between the cadence difference of Lance Armstrong and Jan Ulrich, they are simply on either end of that neutral cadence
range and when riding side by side up a steep climb they're both producing nearly equal and extraordinarily high power outputs for their body weight.

Thus, the real key to climbing and cadence isn't necessarily pedaling at a particular cadence. It's about having the gears so that regardless of terrain, you can keep
your cadence in a neutral range of 80 to 100 rpm. It's also about finding out what works best for you as an individuaL. Experimenting with a power meter while riding up
steep grades is the most objective way to figure that out. At a constant power output simply try changing your gears so that you ride that power output at different
cadences. You'll be surprised that you can actually feel that there is a difference in how hard it feeis to hold that same exact power output at different cadences.
Practically speaking, whichever cadence feels the best for you is probably the one you should go with.

In general, I find that most riders are simply over geared for the hils. The reaiity is, most bikes sold today are geared for professional cyclists not your average Joe or
competitive amateur. After all, the fact that a pro's bike here in the Tour has the same gearing as that sold in your local bike shop should raise some questions. I mean,
ego aside, you wouldn't use the same transmission on an engine that is only haif as powerfL. So for most cyclists, instead of the standard tooth crank combination of
53 x 39, i recommend a "compact crank" combination of 50 x 34. For the everyday cyclist, it just works better because it heips keep you in that nonial cadence range
on steep climbs. But if you're not ready to let go of those big chain rings, then it might interest you to know that in tomorrow's stage _ the hillest of all 

the Tour stages _Floyd and his teammates will be going "compact." In the end, it's not about pride it's about speed.
Table 1. Floyd's power data for stage 14.
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Dr. Allen Um is an exercise physiologist and coach with Thrie Health Fitness
Medicine. He received his doctprate at the University of Colorado al Boulder
where his research focused on health and human performance wilh a specific
emphasis on optimizing cycling performance with Ihé use of cycle mounted power
meters. Over the last decade, Dr. Um has helped guide a number of teams and
individual cyclists to collegiate, national, world, and Olympic medals. This last
year, however, he has focused primarily on advising Floyd Landis bringing a
unique blend of practical, scientific, and philosophical insight to Floyd's Tour de
France preparation.
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Bi
Powerfeed: Fighting Fatigue

Stage 15: Finding your limit is the best thing possible

By Allen Um PhD

Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Um
from data collected off the CycleOps Powertap on Landis' bike. Need a glossary?

~

Sunday, July 17th

Route: Lezat-sur-Leze to Saint-Lary-Soulan
Type: Hardest Mountain Stage on Paper

Distance: 205.5 km or 127.4 miles
Elevation Change: 1,475 meters or 4,839 feet gain (Average pt to pt grade = 0.72%)
Total Feet Climbed: 4,869 meters or 15,975 feet
Average Elevation: 783 :! 428 meters of 2,570 :! 1,403 feet above sea level
Minimum Elevation: 205 meters or 673 feet
Maximum Elevation: 1,680 meters or 5,512 feet
Weather: 86°F and 55% Humidity. The heat is still oppressive and the sun garish. But not as bad as yesterday.

Climbs:

1. Col de Portet-d'Aspet (Cat 2): 5.9 km at 6.9% beginning at 89.1 km point.
2. Col de Mente (Cat 1): 7 km at8.1% beginning at 93.5 km point.
3. Col du Portilon (Cat 1): 8.4 km at 7.3% beginning at 129.1 km point.
4. Col de Peyresourde (Cat 1): 13 km at 7% beginning at 149 km point.
5. Col de Val-Louron-Azet (1): 7.4 km at 8.3% beginning at 182.1 km point.
6. St. Lary Soulan (HC): 10.3 km at 8.3% beginning at 195.2 km point.

At a Glance:

Stage Placing: 19th

GC Placing: 7th
Time: 06:16:12 (9 min & 34 seconds down on winner George Hincapie)
Average Speed: 32.8 kmlhr or 20.3 mph
Average Power: 249 Watts
Total Work: 5,620 Kjoules

Stress to Strain Index: 2.01

Looking Ahead:

We all knew that today was going to be a diffcult and decisive day. i haven't had a chance to catch up with Floyd in depth yet, but i know he gave it his all.
Unfortunately, he had a mechanical problem on the final climb and had to switch bikes. It cost him some time, but that's bike racing. If anything, it looks like Floyd wil
finish this race in the top ten and while i know he expected more from himself, every day of this Tour has been an invaluable leaming experience and I couldn't be
more proud of what he's accomplished so far.

With the power data we've already collected, we've gained some clear-cut knowledge about ways we can improve his preparation and race for next year. But in the
short term, it's time to really start thinking about the final individual time trial, to get some well-deserved rest tomorrow, and to look for every opportunity to move
forward over this last week. Today may have been the hardest day in the Tour, but the race is far from over and this last week is going to be a diffcult one.

The Numbers:

In short, today we saw the most time (6 hrs & 16 min), most work (5,620 Kjoules), highest rating of perceived exerton (10 out of 10), most work based on perceived
exertion (11,286 Kjoules), highest stress to strain index (2.01), most time at lactate threshoid (69 min), the slowest speed (20.3 mph), and surprisingly, the most time at
zero watts (54 mln).

In addition, we did not see any new highs for peak power output. Though Floyd's peak power values were, for the most part, all above average, they were not nearly as
close to the high power outputs we saw in the earlier mountain stages. As Floyd explains it, at this stage of the game, all of the riders have prett much unloaded their
peak efforts. Now there's just one sustainable power range to hang on to.

While this isn't exactly true, it is Interesting to see that for the major mountain stages, the time spent in different intensity zones was incredibly consistent. In some ways
it does appear that for any given zone, there is a fixed amount of time Floyd can spend in each before cashing out. Of particular interest to me is how similar the time
spent at the top end anaerobic or "supra-maximal" intensity zones has been.
Interesting, because it's the ability to go in the "red" and follow hard attacks that seems to distinguish Armstrong from GC rivals like Ulrich, Leipheimer, Basso, and
Floyd. Anecdotally and theoretically, it's been said that only the truly aerobic based riders can win the Tour as they are the ones who, while not having the highest peak
power outputs, are the ones who fatigue the least and who are able to sustain consistently high power outputs over many hours and many days.

In the Armstrong era of racing, however, it is clear that the combination of an incredible aerobic capacity and an extraordinarily unique ability to accelerate into very
high "red zone" or supra-maximal intensity ranges has been a fundamental aspect of Armstrong's victories. While every racer intuitively understands that if they spend
too much time in these very high intensity ranges that their day could be over before it even starts, it's unknown how much training can push this fixed limit back, If
improving anaerobic capacity inhibits one's aerobic capacity (or vice versa), or if all of these attributes are simply genetically fixed. Whatever the answer, the very small
variabilty in the supra-maximal data we've collected so far does highlight that some sort of limit has been consistently reached in this yeats Tour. For us, finding limits
is the best thing possible because you can never push back what you can't see.

Causes of Fatigue:

While I'm on the topic of rate limiters and since I've already talked a bit about how fatigue at this stage of the Tour may have put a cap on peak power outputs, I thought
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I'd talk a little bit about what causes fatigue. In effect, what are the different mechanisms or reasons for why we get tired when we exercise?
1. Accumulation of Metabolic Product:

If we're talking about high intensity exercise, or all out exercise lasting for seconds to minutes, the primary reason for fatigue is the accumulation of metabolic products
- nameiy lactic acid.

Our bodies have two basic ways of making energy - aerobically (oxidative) by burning fat, carbohydrate, and sometimes protein with oxygen or anaerobically (non-oxidative) by breaking down stored carbohydrate in muscle without oxygen. '
Whether we produce energy using oxidative or non-oxidative energy pathways is not ,necessarily dependent upon whether oxygen is or isn't present. Rather, it's
dependent on our power output or how quickly we need energy (i.e., the relative exercise intensity). This is because non-oxidative energy pathways have significantly
fewer steps and thus can produce a limited amount of energy extremeiy fast. Think of it as the fast lane in Germany (This analogy wouidn't work in the U.S.). You can
only stay in that lane for very short periods of time before moving over but while you're in that iane you're hauling.

Unfortunately, hauling in the fast lane has a negative consequence in the form of lactic acid accumulation. That is, whenever you produce energy anaerobically (and
you're almost aiways producing at least some of your energy anaerobically when exercising), your body produces lactic acid as the by-product. In most cases, your
body is always producing and removing lactic acid, but when you're red lining your body can't remove that lactic acid as fast as it's made. As a result, the acid
associated with the iactate (lactate in and of itself does not cause fatigue) can quickly build up and actually inhibit muscular contractions as well as ,cause the sensation
of pain (I.e., "The Bum") in working muscle. What is interesting and what I alluded to earlier is that there seems to be a fixed number of times you can "pass" in the fast
lane before that entire lane just shuts down and you're forced to retreat to that slow moving but ever consistent "long haul trucker speed." I don't know the answer to'
this but the answers could be related to how the accumulation of lactic acid or other metabolic waste products effect some other variables listed below.

2. Depletion of Substrate:

The flp side of accumulating a metabolic by-product that causes fatigue is running out of metabolic substrates or fueL. In short, if the fumes don't get to you first, you'll
probably run out of gas later. The type of gas that is the most critical rate limiter is carbohydrate, especially the carbohydrate stored in working muscle in a form we call
glycogen.

Though endurance athletes use fat as a primary fuel source and protein can also help to contrbute 10 energy metabolism, fat and protein are essentially unlimited,
while glycogen or the carbohydrate you can ingest through your gut is fixed. More importntly, once carbohydrate is depleted, athletes fatigue regardless of how much
fat or protein they have in reserve. This is because in nonial conditions your central nervous system is fueled entirely by carbohydrate or your blood sugar. So if you've
ever "bonked" or "hit the wall" during exercise, it's because you've run out of carbohydrate, you're blood sugar has dropped, and your brain and central nervous system
are depleted.

Another reason why running out of carbohydrate is so devastating is because the breakdown of carbohydrate is also important to fat metabolism. Thus, when you're
out of carbohydrate, your abilty to use fat as a fuel is impaired despite the fact that even the scrawny Tour cyclist has ample fat stores to keep him going. The following
analogy isn't exactly biochemically correct, but think of it this way. Your metabolism is like a buming candle where carbohydrate is the wick and fat is the wax. If you
just bum the wick, it bums hot and it bums fast. If you just bum the fat, all you get is a big waxy mess. But put the two together and you've got a steady flame. Thus, it
is sometimes said that, "fat bums in a carbohydrate fiame."

For most pros in the Tour, the best way to maintain carbohydrate stores is to eat a high percentage of carbohydrate all the time and to eat a lot of carbohydrate
immediately after exercise. While racing, ingesting as much carbohydrate in the foni of energy drinks, coke, pastries, gels, candy bars, energy bars, and fruit is critical
to keeping the machinery going as the intensities and energy expenditures are so high tliat there would be no way to ever store enough carbohydrate or glycogen to
get any of these cyclists through a single day on the bike here, let alone 21 days. With this in mind, we often say that the most critical asset a Tour de France cyclist
has is an iron gut. In fact, it's probably not a stretch to say that for many of these athletes, their gut's (i.e., the small intestine) ability to process and transport valuable
carbohydrate and fluid into the body is probably the most critical determinant of fatigue. One final substrate that may possibly limit these cyclists is stored creatine
phosphate - a compound important for producing energy anaerobically. Though there is currently no evidence that creatine phosphate loading improves aerobic
perfoniance, there is evidence that it can help with maximal strength perfniance. The unknown question is whether or not more creatine would help with repeated
top end accelerations and attcks. My instinct is that it would not, as there are some other potentially negative side effects for endurance athletes loading on too much
creatine. But who knows. Maybe it's this substrate or lack of it that shuts down the fast lane.

3. Neural:

When we think about sports, we think of things like our muscles, heart, and lungs as rate iimiting our perfoniance. There is good evidence, however, that fatigue in
both strength athletes and endurance athletes is not related to those "peripheral" parts, but to the electrical wiring or nervous system that controls it all.

The classic example of this is an athlete wired up with external electrodes who, after reaching a point where his muscles are completely fatigued, is able to do more
work when those same tired muscles are externally stimulated with an electrical jolt that mimics our own nervous system. Thus, it may not be our muscles that get
fatigued but our nerves. This could be related to something as simple as the balance of sodium and potassium in our bodies that are criticai to creating the electrical
signal that run down our nerves. Or it could be valuable neurotransmitters that get depleted or lost after a long day of hoping junctions from one nerve cell to another. In
fact, there is some evidence that serotonin re-uptake inhibitors - drugs nonially taken for depression - can actually help athletic performance by limiting neural fatigue.
Finally, I have to mention that the agonizing and completely fatiguing exercise induced muscle cramp may Indeed be a neural issue. Of course, this couid be directly
related to how electrolytes like sodium and potassium control nerve impulses. However, it's probably more related to that simple "knee jerk" reflex that occurs when a
doctor taps your knee with that little hammer. I nside each muscle is a very small set of fibers called intrafusal fibers that tell your nervous system whether your muscie
is shortening or lengthening. It's this delicate fiber that gets stretched when your knee is hit with the doctors hammer and which sends a reflex signal through your
spine that makes your quad contract. It's theorized that these little intrafusal fibers fatigue before the larger muscle fatigues, thereby causing an electrical stoni that
causes an uncontrolled muscle cramp.

4. Endocrine:

Over the course of many days of hard training or racing like the athletes are facing here, it is common if not inevitable that our endocrine system actually fatigues. That
is, the hormonal pathways responsible for producing vital hormones such as testosterone actually get tired and stop producing nonial amounts of honiones important
for recovery, immune function, and normal health. As an example, this endocrine fatigue is thought to be a major player in the bone loss and loss of menstrual cycle in
many elite female endurance runners. For some professional cyciists we know that bone loss is a real and significant health issue. And while they don't lose their
menstrual cycle, they do iose their libido. Just ask their wives.

5. Heat Load:

in the last few days, this had to be a major factor causing fatigue in many of the cyclists. In fact, over heating and becoming dehydrated is a factor in performance that
just can't be ignored. So have a drink and stay cooi cause there's still one more week of hard racing left to go.

Table 1. Floyd's power data from stage 15.

Dr. Allen Um is an exercise physiologist and coach with Thrive Health Fitness
Medicine. He received his doctorate at the University of Colorado at Boulder
where his research focused on health and human performance with a specific
emphasis on optimizing cycling performance with the use of cycle mounted power
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meters. Over the last decade, Dr. Um has helped guide a number of teams and
individual cyclists to collegiate, national, world, and Olympic medals. This last
year, however, he has focused primarily on advising Floyd Landis bringing a
unique blend of practical, scientifc, and philosophical insight to Floyd's Tour de
France preparation.
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II
Powerfeed: Lost Computer

Stage 16: The PowerTap took a flyer, leaving Floyd riding commando

By Allen Um PhD

~
Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Um
from data collected off the CycleOps Powertap on Landis' bike. Need a glossary?

Route: Mourenx to Pau

Type: Mountains with Flat Finish
Distance: 180.5 km or 112 miles

Elevation Change: 98 meters or 322 feet gain (Average pt to pt grade = 0.05%)
Total Feet Climbed: 2,392 meters or 7,848 feet
Average Elevation: 783 t 428 meters of 2,570 t 1,403 feet above sea level
Minimum Elevation: 112 meters or 367.5 feet
Maximum Elevation: 1,709 meters or 5,607 feet
Weather: 78°F and 69% Humidity

Climbs:

1. Col d'ichere (Cat 3): 4.4 km at 6.2% beginning at 46.1 km point.
2. Col de Marie-Blanque (Cat 1): 9.3 km at 7% beginning at 61.2 km point.
3. Col d'Aubisque (Cat HC): 16.5 km at 7.2% beginning at 92 km point.
4. Cote de Pardies-Pietat (Cat 4): 2.6 km at 5.2% beginning at 158.4 km point.

At a Glance:

Stage Placing: 44th
GC Placing: 8th
Time: 04:42:04 (3 min & 24 seconds down on teammate Oscar Pereiro)
Average Speed: 38.6 km/hr or 23.9 mph
Average Power: Floyd thinks maybe 230 to 240 Watts
Total Work: 3,976 Kjoules based on Floyd's guess
Stress to Strain Index: 1.60
Today's Race:

After Sunday Oscar Pereiro was fired up to go out on the attack again today. He was so fired up to make something happen and rode what i think is one of
the most incredible races ever. The team was In an emotional frenzy when he crossed the line. It was prett cool.

Today's Power Data:

The computer fell off the bike. It's embarrassing to say, but that's what happened. About 10 km from the line through a really bumpy section of road, the
computer came loose from the bracket and the next thing Floyd knew he was riding commando style. We thought about going back to get it, but as the
saying goes, "when your keys fall in molten lava, you just need to let them go...just let them go."

And so, i guess for today, that's exactly what i have to do. It's a serious bummer for both Floyd and myself, because the
climbs on today's stage were hard. He says that on the last 3 km of the Col de Marie-Blanque there were consistent 12%
pitches. He also thinks there could've been some new peaks for the 5 to 10 minute range, but beyond that everything, at
least for the climbing, was really similar to the previous stages. So we're going to go back later and look at video of the
climbs and based on the ascent rates, back calculate the average power for the climbs. How we are going to do this is
actually pretty interesting.

Yesterday I got to meet the owner of Mat Sport Timing. He operates the photo finish system here at the Tour and came
to us because he's been seeing Floyd cross the line everyday, with the PowerTap and was really stoked that he was
doing the entire Tour with it (He gave me some pictures of Floyd crossing the line in this article). Anyway, he's hooking
us up with a system that searches the time code on the video here at the Tour. It wil allow us to sync the clock on the
PowerTap to the exact time in video. Not only wil we be able to search today's data, and based on the course map make
some invaluable assessments of the day, but we'll also be able to go back and see what was going on for any given

f9Allen Urn piece of power data. I guess that makes me feel a little bit better about the PowerTap computer getting launched today.

Other Thoughts:

I was going to search Floyd's power data today with a specific bent on examining whether there are any signs of over-reaching and over-training in his data
from the last few months. Since the data took a flyer, my brain sort of followed, so I'll save any deep thoughts on that topic for tomorrow. Until then, I'LL
leave you all with a controversial teaser. There is no such thing as overtraining...just under-resting.

GDC00827
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Bi
Powerfeed: A Stage Filed With Contrast

Stage 17: The longest stage of the Tour produces one of the lowest
power outputs

By Allen Um PhD

~
Here's the latest installment of our Powerfeed coverage, with detailed report on Floyd Landis' perfoniance from his power coach, Allen Um
from data collected off the CycleOps Powertap on Landis' bike. Need a glossary?

Route: Pau to Revel
Type: Flat with some rollers
Distance: 239.5 km or 148.5 miles
Elevation Change: -2 meters or -7 feet loss (Average pt to pt grade = -0.001%)
Total Feet Climbed: 1,042 meters or 3,419 feet
Average Elevation: 289? 61 meters of 948 ? 201 feet above sea level
Minimum Elevation: 185 meters or 607 feet
Maximum Elevation: 407 meters or 1,335 feet
Weather: 84°F and 48% Humidity

Climbs:

1. Cote de Baleix (Cat 3): 1.6 km at 7.1 % beginning at 19.9 km point.
2. Cote de Belbeze (Cat 4): 2.2 km at 6.4% beginning at 86.3 km point.
3. Col d'Aubisque (Cat 4): 1.8 km at 4.9% beginning at 157.7 km point.
4. Cote de Pardies-Pietat (Cat 3): 2.7 km at 5.1 % beginning at 229.7 km point.

At a Glance:

Stage Placing: 33rd

GC Placing: 9th
Time: 06:16:12 (22 min & 48 seconds down on winner Paolo Savoldell)
Average Speed: 39.5 kmlhr or 24.5 mph
Average Power: 198 Walt

, Total Work: 4,326 Kjoules
Stress to Strain Index: 1.26

Wind Up:

This was a strange race day. i guess you could say it was filled with a lot of contrast. At only 198 walls, it was Floyd's lowest average power output for the entire tour. It
was, however, the longest race of the Tour at 148.5 miles and one of the longest at just over 6 hours for Floyd.

Initially, I thought that the low average power output was due to a combination of the duration and the relatively fiat roads. Generally speaking, the longer the race the
lower the power output. And as we saw frm the flat stages in the first week, the tremendous savings from drafting can really drop the averge power output.
To see if this was the case, I broke down the race by each hour and found something prett interesting. In the first hour, Floyd's average power output was 259 watts,
the second hour was 168 watts, the third hour was 170 walls, the fourt hour was a measly 141 walt, the fift hour was 175 watts, and the last hour was 272 watts.
Over the last hour, the first quarter (5:00 to 5:15) of that hour was 207 watts, the next 15 minutes (5:15 to 5:30) was 251 walls, the next 15 minutes (5:30 to 5:45) was
257 watts, and the final 15 minutes (5:45 to 6:00) was an amazing 371 watts.

Based on this information, the low average power output really had nothing to do with the length, it was largely dictated by extremely low wattage in the middle of the
race. In fact, there was so much floating in that middle section that over the course of the race, Floyd rode at zero walt for 84 minutes.

Essentially, these guys ripped the first hour, did nothing for the next 4 hours, and then ripped it for the last hour. Actually, they really put it down for the last 30 minutes.
In fact, over the last category climb, Floyd sustained a power output of 474 watts for 5 minutes. That's only 4 walts less than the best he was able to hold on stage 9.
So nobody was holding back on that climb.

Unfortunately, Floyd found himself a little too far back on that climb and got gapped. It won't happen again.

Table 1. Floyd's power data,for stage 17.

Dr. Allen Um is an exercise physiologist and coach with Thrive Hea Fitness
Medicine. He received his doctorate at the Universify of Cotorado at Boulder
where his research focused on healtti and human performance with a specifc
emphasis on optimizing cycling performance with the use of cycle mounted power
meters. Over the last decade, Dr. Um has helped guide a number of teams and
individual cyclists to collegiate, national, world, and Olympic medals. This last
year, however, he has focused primarily on advising Floyd Landis bringing a
unique blend of practical, scientifc, and philosophical insight to Floyd's Tour de
France preparation.
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Powerfeed: Exceeding The Limits

Stage 18: The culture of the Tour is to yearn for more than what was
ever thought possible.

By Allen Lim PhD

Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Lim
from data collected off the CycleOps Powertap on Landis' bike. Need a glossary?

o

Route: Albi to Mende
Type: Climb, descend, climb, kinda flat, climb, rollers, hard climb to finish.
Distance: 189 km or 117.2 miles
Elevation Change: 868 meters or 2,848 feet gain (Average pt to pt grade = 0.46%)
Total Feet Climbed: 2,108 meters or6,916 feet
Average Elevation: 644:t 252 meters of 2,112 :! 827 feet above sea level
Minimum Elevation: 182 meters or 597 feet
Maximum Elevation: 1,084 meters or 3,557 feet
Weather: 7lF, clear, and 50% Humidity

Climbs:
1. Cote de la Bessede (Cat 4): 8.3 km at 2.9% beginning at 44.7 km point.
2. Cote de Raujolles (Cat 3): 2.7 km at 5.2% beginning at 96.3 km point.
3. Cote de Boyne (Cat 2): 9.2 km at 5.3% beginning at 121.3 km point
4. Cote de Chabrits (Cat 3): 1.7 km at 7.1 % beginning at 178.3 km point.
5. Cote de la Croix-Neuve (Cat 2): 3.1 km at 10.1% beginning at 184.4 km point

At a Glance:

Stage Placing: 20th
GC Placing: 9th
Time: 04:49:43 (12 min & 7 seconds down on winner Marcos Serrano)
Average Speed: 39.1 km/hr or 24.3 mph
Average Power: 222 Walls
Total Work: 3,859 Kjoules

Stress to Strain Index: 1.91

Tired:

The riders came across the line looking tired today. It's kind of strange how you don't notice the really subtle changes that occur each day. But this race has been
wearing on the athletes from day one and for whatever reason you could just see it across the peleton as they came up the final climb today. They look noticeably
thinner, haggard, quieter, and more direct with their actions - as if realizing that every movement is a precious use of energy.

The Climb:

And yet, on that last climb the very physics of movement have left me in awe. Today, after 17 days of racing, and 184.4 km into this stage, Floyd came up the 3.1 km
Cote de la Croix-Neuve in 10 minutes and 16 seconds. Ata grade of 10.1% he climbed that hill at a VAM or rate of ascent of 1823 meters per hour averaging 11.2
mph. That is like climbing just over one vertical mile (1.13 miles) or well past Boulder, CO from sea level in one hour. Based on the physical climbing rate, the math
says that Floyd would have needed to produce 430 walls to climb that fast. In fact, isolated and riding alone, he averaged exactly that - 430 walls or 6.46 wall per kg.
This is only 5 walls less than Floyd's highest 10-minute piiak power of 435 walls that occurred on stage 8 during the last part of the final climb into Gerardmer, where
riders were fresh and chomping at the climbing bit. If you think any of this is impressive then consider this, Floyd got dropped.

Possibilities:

A climb like today's is a real great one for us to analyze. Based on the power numbers from Floyd's PowerTap and the confirmation of those values against basic
physics and math, we can get a nearly exact understanding of what Floyd would have needed to do to stay with the Yellow jersey group. To make up the approximately
30 second gap that the others had on Floyd over the top, Floyd would have needed to produce about 5% more power or 24 walls extra for a totai of 454 walls. That
would put him at a power to weight ratio of 6.78 walls per kg, a V AM of 1920 meters per hour, and a speed of 11.7 mph.

So there you have it. We just found another line and another goal. It is in my experience, what could be at the very limit of human possibility. But thaI's the cuiture of
the Tour -to yearn for more than what was ever thought possible.

Table 1. Floyd's power data for stage 18.

Dr. Allen Um is an exercise physiologist and coach with Thrive Heatth Rtness
Medicine. He received his doctorate at the University of Colorado at Boulder
where his research focused on health and human performance with a specifc
emphasis on optimizing cycling performance with the use of cycle mounted power
meters. Over the last decade, Dr. Um has helped guide a number of teams and
individual cyclists to collegiate, national, world, and Olympic medals. This last
year, however, he has focused primarily on advising Floyd Landis bringing a
unique blend of practical, scientifc, and philosophical insight to Floyd's Tour de
France preparation.
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Powerfeed: Going Wireless

Stage 19: New equipment makes life easier for everyone

By Allen Lim PhD

o
Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Urn
from data collected off the CycleOps Powertap on Landis' bike. Need a glossary?

Route: Issoire to Le Puy-en-Velay
Type: Hard Rollers
Distance: 153.5 km or 95.2 miles
Elevation Change: 269 meters or 883 feet gain (Average pt to pt grade = 0.18%)
Total Feet Climbed: 1,491 melers or 4,892 feet
Average Elevation: 823 :! 192 meters of 2,702 :! 631 feet above sea level
Minimum Elevation: 358 meters or 1,175 feet
Maximum Elevation: 1,196 meters or 3,924 feet
Weather: 86°F and 60% Humidily, clear hot skies.

Climbs:

1. Cote des Gerbaudias (Cat 4): 6 km at 3.1 % beginning at 17 km point.
2. Col de St. Eroy la Glaciere (Cat 3): 11.3 km at 3.2% beginning at 27.2 km point.
3. Col des Pradeaux (Cat 2): 11.4 km at 5.6% beginning at 56.6 km point.
4. Cole des Terrasses (Cat 4): 2.9 km at 3.7% beginning at 93.1 km point.
5. Cote de Malaveile (Cat 4): 2.9 km at 5% beginning at 104.6 km point

At a Glance:

Stage Placing: 71 st
GC Placing: 9th
Time: 03:37:35 (4 min & 31 seconds down on winner Giuseppe Guerini)
Average Speed: 42.3 kmlhr or 26.2 mph
Average Power: 223 Watts
Total Work: 2,911 Kjoules

Stress to Strain Index: 1.79

Sweet Freedom:

A couple of days ago, i ran out of clean underwear and had to make an important executive decision about my options here at the Tour. At the same time, we made a
very similar executive level decision about Floyd's Power Tap, going somewhere we've never gone before - wireless. i wanted to keep it quiet for a few days. Get use
to it and see how it worked before i made any long-term commitments to the idea. After the last three stages, I must say, the feeling is really incredible and the
equipment has never worked beller.

That equipment is the CycleOps PowerTap SL 2.4 which features coded digital technology that literally blasts Floyd's power data from hub to handlebar, no strngs or
wires attached. The compuler also features a coded digital heart rate receiver and is USB downloadable. One of the perks of working with Floyd here at the Tour is
being the first to access the lalest and grealest in technology. Though Ihe new wireless PowerTap has been working great for us now, it won't be available for purchase
unti early 2006.

On a side note, going wireless really got the team mechanics exciled. They are as much about the functionality of the equipment the riders use as the aesthetic.
Tearing off that wire, gelling rid of that highly visible line on the backside of the bicycle, and showing off the clean lubes of Ihe new BMC bike Floyd is riding with those
oh so sexy low top Zipp 202 carbon rims, made them as giddy as a group of 81h grade school boys on a topless beach in Nice. Hmmm...maybe it's time to go home
now.
Fast and Furious:

When Floyd crossed the line ioday, he had this look on his face. it's the kind of look that I'd imagine someone jumping off a plane while trying to figure out a really
complex calculus probiem would have. Wind blown, wide eyed, and thrilled - all while being utterly confused and perpiexed. Though the numbers don't quite show iI,
today's stage into Le Puy-en-Veiay was an impressive one ihat left Floyd in awe at the strength of his teammates and the pelelon. At a rating of perceived exertion of 8
out of 10 for an average power of only 222 walls, loday was de,finilely unique. There was just never any let up on a course that was much harder than it appeared on
paper.

It wasn't so much the speed as the consistency of the pace and the never-ending undulations in lerrain that made this slage hard. Based on the course profile map
given to the riders by the Tour organizalion there was a total of 4,892 feet of total climbing listed on what was Ihis year's second shortest road course. Every day, I've
been asking Fioyd to confirm that number using his own internal baromeler, and he swears thaI there had to be at least 8,000 feet ot climbing today. On the big
mountain stages, his inluition was always within 500 feet of the actual, and so i have no reason to believe he's too far off. What the course maps just don't list are the
hundreds of small lillie rollers that can add up and really make a day harder than expecled.

Other factors that were major players in today's race included the heat and the accumulated strain of racing for almost 3 weeks. I wouldn't call il fatigue. I'd call it "when
is this race ever going to end?" Floyd would call it "I just want to have an ice cold beer and a burrito in my own backyard." Whatever you want 10 call it, it didn't have a
large effect on the power numbers from ioday. We had new lows for total lime and dislance and a surprising new low for Floyd's 5-second peak power (731 walls).
Though there were also new lows for time spent at his endurance zone and supra-maximal zone, they really just refiecl the lower overall time as the percent time spenlin different zones is very similar to the Tour averages. .
Health vs. Performance:

One thing I've been thinking a lot about lately as I watch these guys perform at super-human limits is literaily how insane all of this is. Don't get me wrong, I'm as
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impressed and inspired as Ihe nexl guy at what these athletes are able to do. It's just that elie athletic performance is not necessarily synonymous with good health or
wellness. As we get close 10 the end of this year's Tour, i think it's really important to emphasize Ihat the numbers I've been broadcasting are truly bizarre and at the
top end of what the human body should or can be asked 10 handle. As a point of reference, the Surgeon General defines "Physical Fitness" as, "the abilty to canr oul
daily tasks wiih vigor and alertness, without undue fatigue, and with ample energy to enjoy leisure-time pursuits and 10 meet unforeseen emergencies." Furtermore, to
be physically fi, ihe Surgeon General recommends that the average American, accumulate 1500 Kcals or Calories (approximately 1350 Kjoules) of physical activity perweek. This means, that we should be doing things like walking, cycling, mowing ihe lawn, lifting weights, and jumping up and down to the extent that we bum 1,500
Calories doing so each week. It doesn't necessarily maller if we do that for 30-minutes each day, for 1-hour every other day, or at low or high intensities. It just mallers
Ihat we do it.

As an example, a normal person wil burn 100 Calories for every mile they walk. To walk a mile you need to take about 2,000 steps. So if you walked, 5 mUes a day or
10,000 steps 3 times per week, you'd be at the recommended 1500 Calories. If you walked just over 2 miles a day, every day, you would be close to ihe Surgeon
General's recommendation. The bollom line is, il doesn't lake a lot of physical activity to be physically fit. Just walk more.

if you compare that 1,500 Calorie or 1350 Kjoule recommendation for cycling with Floyd's average day of 4,013 Kjoules here at the Tour de France, Ihen you start to
see how extreme this bike race is. At an average of 4,000 Kjoules a day, over a week, Fioyd would have accumuiated 28,000 Kjoules of exercise. That's aimost 19
times more than what is recommended by the Surgeon General. Based on Ihe numbers, I wouldn't exactly say what he's doing here is healthy.

Comparing how Floyd feels on most days relative to the Surgeon General's definition of physical finess is another story. For the most part, when he's not racing his
bike, he's not exactly the poster boy for carrying "out daily tasks with vigor and alertess." And if we're talking about "undue fatigue" then all of these guys are hurting.
Finally, if anyone thinks that Floyd or any of his teammates has "ample energy to enjoy leisure-time pursuits and to meet unforeseen emergencies" at this yeats Tour,
then they are out of their mind.
In fact, being this physically fit is in no way healthy. The Surgeon General defines "Health" as the, "capacity to enjoy life and 10 withsland challenges. It Is not merely
the absence of disease." With that in mind, the question, "are we having fun yet" is really an important one. If I was racing, my answer would be, "maybe...if I wasn't on
a mostly liquid diet, trying to bum more calories than a toaster oven left on high all day, all while navigating unknown roads at terrorizing speeds." Add to that the
significant bone loss faced by many of these cyclists, the significantly impaired immune function from the stress of exercise and travel, their overdrawn hormonal
systems, and the various musculoskeletal aches, pains, and injuries sustained during this race and healthy becomes the last word I'd use 10 describe a Tour rider.

Ultimately, the bollom line is you don't have to train for or ride in Ihe Tour de France to be Physically Fit and Healthy. If anything not doing the Tour almost insures Ihat
you are physically fit and healthy. In the end, the value of something like the PowerTap technology and monitoring everything we monitor here at this race lies in
helping to improve the quality of lives of every day individuals. The numbers here may be extreme, but tracking your own numbers and being disciplined about your
own health and well-being shouldn't be. One Ihousand five hundred Calories a week. That's all it takes.

Table 1. Floyd's power data for stage 19.
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Dr. Ai/en Um is an exercise physiologist and coach with Thrive Health Fitness
Medicine. He received his doctorate at the University of Colorado at Boulder
where his research focused on health and human performance with a specifc
emphasis on optimizing cycling performance with the use of cycle mounted power
meters. Over the last decade, Dr. Um has helped guide a number of teams and
individual cyclists to collegiate, national, world, and Olympic medals. This last
year, however, he has focused primarily on advising Floyd Landis bringing a
unique blend of practical, scientifc, and philosophical insight to Floyd's Tour de
France preparation.

r§Allen Um
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Stage 20: Tour riders are a class in themselves

By Allen Lim PhD

Here's the latest installment of our Powerfeed coverage, with detailed reports on Floyd Landis' performance from his power coach, Allen Lim
from data collected off the CycleOps Powertap on Landis' bike. Need a glossary?

Route: Saint-Etienne 10 Saint-Etienne
Type: Individual Time Trial
Distance: 55.5 km or 34.4 miles
Elevation Change: -3 meters or -10 feetloss (Average pt to pt grade = -0.01%)
Total Feet Climbed: 619 meters or 2,031 feel
Average Elevation: 625:l 145 meters of 2,049:! 475 feet above sea level
Minimum Elevation: 475 meters or 1,558 feel
Maximum Elevation: 834 meters or 2,031 feet
Weather:.79°F and 34% Humidity

o

Climbs:

1. Col de la Gachet (Cat 3): 5.7 km at 4.5% beginning at 34.3 km point.

At a Glance:

Stage Placing: 6th
GC Placing: 9th
Time: 01 :13:48 (2 min & 2 seconds down on winner Lance Armstrong)
Average Speed: 45.1 kmlhr or 28.0 mph
Average Power: 379 Predicted Walls based on speed, terrain, and drag
Total Work: 1678 Predicted Kjoules
Stress to Strain Index: 1.32

The Time Trial:

Alii can say, is those guys went fast. After three weeks of some incredible racing, i am once again in awe at how much power these athletes can produce. With a 6th
place finish in today's stage and a top ten GC almost all wrapped up, Floyd is really happy with his performance. He gave it his all and powered to an incredibie finish.
It's a really great start and an even beller learning experience for the future. The bar has been sel and we intend to reach Ihe mari.

As for today's time trial, I did a bit of modeling again to predict what Floyd's power output needed to be for his time, Ihe terrain, and the current conditions. i also
decided to model a "what if." What if Floyd had the same time as the 5 riders ahead of him? What would his power be?
For the 1 :13:48 that Floyd posled, i believe his average power was approximately 379 walls. If Floyd had finished at the same time as Armstrong, his power would've
been 410 walls - a whooping 8% beller. For the riders just ahead of Floyd, Ihe % difference was not as great with Basso, Julich, and Vinokourov finishing at modeled
power outputs that for Floyd would've been 1%,2%, and 3% beller. Like Armstrong, Ulrich seems 10 be in a class of his own at 7% beller than Floyd (Table 1).

r FLOYD'S

POWER (W)
FOR nimR ~T. nlr-rEflLNCI!

I"/\i\1E lJ~m lnm INPC)WHll
ARMS"mONG 1:lhU;

I

JID ~~.

U1.RICH J~12:0i) J04 7~',

\'I~OKOUROV 1:13:02 I 39\ J%
JULICH 1:13:19 I 386 2~1

ß,\Sso 1:13:.16 I 38l 1~~
LINI'IS 1:1J:48 I 379 n~t.

Table 1. Based on Floyd's aerodynamic drag, body weight, and coeffcient of rollng resistance as well as
today's course profie and environment, the above table shows what Floyd's power output would be for his
lime and the lime of the competitors ahead of him. Thus, Ihe power listed and the % difference in power are
not the power outputs for Floyd's competitors but the power outputs Floyd would have needed to do 10 match
their time.

lIT Warm-Up Strategy:

I've been gettng a lot of questions aboul Floyd's warm-up slrategy for today's time triaL. The reality is thaI his
warm-up isn't really Ihat complex, especially for a longer TT like the one here in SainI-Etienne.

f9Allen Urn

Essentially, the mechanics wil put Floyd's time trial bicycle on a trainer using a standard clincher-training wheel about an hour and a half before his scheduled start
time. They'll put his disc wheel on right before he rolls out to the start.

For a time trial of this length, Floyd will only warm up for about 45-minutes, especially if it's warm out. He tries to finish his warm-up about 15-minutes before Ihe start,
so today he was on the bike about an hour before his start.
During the warm-up Floyd tries to ride a fairly moderate pace, with maybe 3 to 4 intervals close 10 but nol over his lactale threshold. One thing we've found is that if you
go too hard during the wann-up you don't always produce the same kind of power output that you would if you went a lillie easier. The key is to really warm-up the legs
and get comfortable riding the bicycle, not to kil yourself. For Ihat reason, Floyd rarely does any high intensily surges or maximal efforts while warming up. It's all just
moderate to somewhat hard with a few efforts just approaching hard. In a typical warm-up Floyd wil average 275 walls, with a few efforts in the 350 to 400 wall range.

Today, Floyd was holding a cadence in Ihe 85 10 95 rpm range during his warm-up. Jonathan Vaughters was hanging out with Floyd at the lime and suggesled that for
his next time trial, Floyd try a much higher cadence of 110 to 120 rpm. I asked why, and Jonathan replied ihat he felt an important aspect to the warm-up was to get theneuromuscular system fired up and that pedaling al a faster Ihan normal rate helped with Ihis. Jonathan has a huge amount of knowledge and instinct in every aspect
of cycling and we wil definitely be trying his advice for the nexl TT.
During the warm-up Floyd tries to ride a fairly moderate pace, with maybe 3 to 4 intervals close to bul nol over his lactale threshold. One thing we've found is that if you
go too hard during the warm-up you don't always produce the same kind of power output that you would if you went a litte easier. The key is to really warm-up the legs
and get comfortable riding the bicycle, not to kil yourself. For that reason, Floyd rarely does any high intensity surges or maximal efforts while warming up. It's all just
moderate to somewhat hard with a few efforts just approaching hard. In a typical warm-up Floyd wil average 275 walls, with a few effort in the 350 to 400 wall range.
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Today, Floyd was holding a cadence in the 85 to 95 rpm range during his warm-up. Jonathan Vaughters was hanging out with Floyd at the time and suggested that for
his next time trial, Floyd try a much higher cadence of 110 to 120 rpm. I asked why, and Jonathan replied that he felt an important aspect to the warm-up was to get the
neuromuscular system fired up and that pedaling at a faster than normal rate helped with this. Jonathan has a huge amount of knowledge and instinct in every aspect
of cycling and we wil definitely be tring his advice for the next TT.
The next slrategy is to use an ice vest under his jersey during his warm-up. Essentially, it's a vest with an ice-like gel material embedded throughout that we keep in ice
water before his warm-up. The ice vest helps to keep his torso really cold. The torso is essentially the radiator of the human body. When blood vessels dilate on your
back, hot blood is brought to the skin surface where evaporating sweat can cool it off. By using the ice vest, we actually increase blood flow to his iegs, because less
blood needs to flow to ihe back for cooling. This effect actually can last for the first 10 10 30 minutes of the time trial as well, because the cold skin on his torso prevents
his brain from regulating his body temperalure at a higher than normal temperature which is typically the case during exercise. This means that more blood is allowed
to flow to his legs because less blood is needed to keep his body cool. In addition, by keeping his torso cool, he doesn't have 10 sweat as much during his warm-up
helping to keep him hydrated. What a lot of people don~ realize is Ihat one of the biggest ratè limiting factors in time lrial is not just having enough blood for oxygen
delivery but having enough blood to keep the engine from over-heating. Once the body over heats it doesn't maller how much oxygen you can consume or how
powerful your engine is, because everyhing just shuts off.

In summary, for Floyd's warm-up we tr to gel him on the bike an hour before the start. He rides at a moderate to hard intensity, but never goes in the red. We'd like to
use a trainer with a more realislic road like feel so we can experiment with higher cadences. And finally, we do everylhing we can to keep him cool while he's gelling
hot.

Dr. Allen Um is an exercise physiologist and coach with Thrive Health Fitness Medicine. He received his doctorate at the University of Colorado at Boulder where his
research focused on health and human performance with a specific emphasis on optimizing cycling performance with the use of cycle mounted power meters. Over the
last decade, Dr. Um has helped guide a number of teams and individual cyclists to collegiate, national, world, and Olympic medals. This last year, however, he has
focused primarily on advising Floyd Landis bringing a unique blend of practical, scientifc, and philosophical insight to Floyd's Tour deFrance preparation.
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Powerfeed: It's Only The Beginning

Insight into the most challenging endurance event in the world

By Allen Lim PhD

o
Here's the last installment of our Powerfeed coverage, with detailed reporls on Floyd Landis' performance from his power coach, Allen Urn from
data collecled off the CycleOps Powertap on Landis' bike. Need a glossary?

Route: Corbeil-Essonnes to Paris Champs-Elysees
Type: Flat Stage
Distance: 144.5 km or 89.6 miles
Elevation Change: -25 meters or -82 feel loss (Average pt to pt grade = -0.02%)
Total Feet Climbed: 304 meters or 997 feet
Average Elevation: 70 :! 42 meters of 231 :t 138 feet above sea level
Minimum Elevation: 40 meters or 131 feel
Maximum Elevation: 172 meters or 564 feet
Weather: 66°F and 94% Humidity with a Iighl drizzle

Climbs:
1. Cote de Gif-sur-Yvelle (Cat 4): 1.5 km at5.5% beginning at 56 km point.

At a Glance:

Stage Placing: 91 st
GC Placing: 9th
Time: 03:40:57 (Same time as winner Vinokourov)
Average Speed: 39.2 kmlhr or 24.3 mph
Average Power: 164 Walls
Total Work: 2,174 Kjoules

Stress to Strain Index: 1.22

Today's Stage:

As expected, today's stage was one of the easiest of the Tour, scoring the lowest average power output (164 wall), the lowest total work based on power (2,174
Kjoules), the lowest rating of perceived exertion (4), the lowesl totai work based on perception of effort (2,651 Kjoules), the shortest distance (89.6 miles), and nearly
the shortest time (3:41 vs. stage 19's 3:38). In addition, today Floyd spent the least amount of time at all intensity zones except zero walls and his recovery zone. It was
a day, that I'd take Ihe risk of saying I might have even been able to finish. Well, maybe if I hadn'i spent my last three weeks sittng in a car.

While today's stage was the easiest, it wasn't all a walk in the park. Over the last 30 minutes, the power did come up 10 an average 0/263 walts during the finishing
circuits. Floyd spent most of that time floating and trying to slay out of trouble. As beautiful of a stage as it was, I guess it was a bit anticlimactic from a power
perspeclive. That said, over the course of this Tour we've gained some incredible insight on an event that I truly believe is the most challenging endurance event in the
entire world.

Totals:

Over the last three weeks Floyd raced his bike (including time trials) a total of 86 hours and 26 minutes, give or take a handful of seconds. That's about 29 hours a
week, which is close to what he was averaging in the two months before the Tour. Over Ihat lime, he rode a total of 2,116 miles. In doing so, he took approximately
443,922 pedal strokes.

At an average power output of 232 walls over those three weeks, he did a Iota I of 70,914 Kjoules ofwori, burning somewhere around 74,460 Kcals. That's equal to
about 143 large McDonalds Fries, 133 Big Macs, or 372 Krispy Kreme donuts. And while ihat might sound like a iot, compared to the energy we actualiy use back
home, it's barely even a hiccup in the grid. For example, for the total amount of energy that Floyd expended in this year's Tour de France, he could have kept the state
of California powered during peak energy usage for only 22.69 seconds, give or take a second. That means if we were abie to harness all 0/ the energy from Ihe entire
peloton from all three weeks, we might have kept California going for about 1 hour and 11 minutes.

Finally, looking back at where Floyd spent his energy, the short story is that he spenl 30% at or above his lactate threshold and 70% below it. In a sense, 30% o/his
total time was spent at intensities he'd consider hard to all out, and 70% of his time cruising.

In the end, however, we believe it was Ihe time he didn't or couldn't spend al supra-maximal inlensities that had the biggest impact on Floyd's Tour. At a total of 234
minutes or 3.9 hours at or above 500 walls, we think that if Floyd was able to spend 10 more minutes (4% more) at that lop end, he might have been on the podium.

In any case, we leamed and experienced more than we ever expected and couldn't be happier about getting through and being a part of this year's Tour. Thanks for
taking the time for reading and learning with us.

Table 1. Floyd's power data for slage 21.

Table 2. Total values for the entire Tour de France, 2005.

Dr. Allen Um is an
exercise physiologist and
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A dedicated scientist takes some time out from the numbers to get in
touch with the true spirit of the Tour de France

By Allen Lim PhD

It's been over a year and a half now since I first met Floyd Landis. Ai the time, I was close to finishing grad schooL. But instead of feeling optimistic about the
future, I was biller, burnt, and broke. My only plan was to leave Boulder and head back to Los Angeles. i figured I could live with my mom for a while - keep
her company and help out around the house. Looking for a career or a future was the lasl thing on my mind. I just wanted to ride my bike, take some lime to
figure things out, and just be.

Before i had time 10 pack up, I got a call from David Cathcart, a close friend who also happened to be Ihe director of marketing for CycleOps. He called to tell
me that they had just signed a deal with Floyd who was leaving US Postal 10 ride for Phonak. David wanted to know if I'd be interesled in helping Floyd out
with a camp he was pulling on.. Both Floyd and David would be coming through Boulder and they were interested in meeting to talk details. So a week later i
found myself meeting Floyd at a local coffee shop listening to an anlhology of unsolicited and unfiltered rants that blasted with Ihe energy of a broken fire
hydrant. I thought to myself, "are you kidding me, this guys more bitter than i am..., and why am I so biller."

After Floyd's camp, Robbie Venlura, Floyd's coach asked if I would help wilh Floyd's trining and power analysis. Compared to Floyd, Robbie was like a
bouncey-ball that had just been launched from a 20-story building. Robbie beamed with so. much positive energy that it was almost inconceivable that he and
Floyd could co-exist in the same space. We sat there in Floyd's living room as Robbie translated for us, rallying the troops like we were getting ready for a
field trip to the moon. Bul it wasn't until I heard Floyd say, "hey AI, I think i can win the Tour. What do you think?" that i really started to pay allention. It was
the first time in a long time.

By early May, I was on a flight from Denver to Barcelona heading for Glrona, Spain to help a former Mennonite from Pennsylvania take on the biggest race
in the worid. I arrived in Girona worked and with no bags to find Floyd about 10 feast on a dinner of cereal and gummy bears. I looked at him and he iooked
at me. I shook my head and he shrugged his shoulders and then I shyly asked, "Is thère a market around here?"
An hour later we had a dinner fit for Kings or maybe the odd couple - two eggs over pasta with some Spanish version of Ragu on top. It was a beller
alternative. We ate on the couch in Floyd's dorm size apartment and watched Star Wars, waxing philosophic about the force, dark side, and Luke
Skywalker's inherenl belief that he was destined for something bigger than the desert of Tatooine.

Maybe it was the selling, but I feil like a freshman in college all over again - the same fear, hope, and naive confidence about the future and all ot its
unknown possibilities. For the first time in a long time, I also missed home. It's that feeling you get when you know you have to go but don't want to. I didn't
know the language, I didn't know where I was, and I didn't have my iuggage. But my bags eventually arrived, I started picking up the local lingo, and over the
next month we both began figuring it out. We set up camp in the Pyrenees and I watched Floyd train harder than I've ever seen anyone train in my entire life.
Unfortunalely, we came short of our expectations at the Tour. It was humbling but I think we both came home better.

This year, things have been quite different. I took a job with Slipstream Sports as the full time sport scientist for the TIAA-CREF Cycling Team run by
Jonathan Vaughters. All the hype about "what's next" at the end of last season was driving me crazy and I thought I'd just go help Jonathan with "what's
now." At the same time, Floyd was having the early season of his life and with all of the new found allention, the team played a much more active role in his
preparation. For the first lime, Floyd was running the show and had Ihe respect and care he deserved. So beyond time together in Mallorca for iraining
camp, some wind lunnel lesting, the races back at home and the Dauphine, we didn't get ihe same quality time roughing it in the Pyrenees like we did last
year. Coming back 10 the Tour this year, I've found myself sentimental for what seems like a whole other era.
Perhaps it's that sentiment, Ihat has me looking ahead at this year's Tour with a different perspective. It's the human perspective on the facts and figures that
I slaved over at last year's Tour. Although my job this year includes daily power analysis for Floyd and additional teammales who will be riding the
PowerTap, I've come to ieam over the years thaI's it's not Ihe numbers that makes you good. There's so much more. So in between ihe average power
outputs, the time spent in different zones, peak power outputs, and calculations òf ascent rates, I want to try and share more of the human and daily slories
that drive this team and all of the individuals associated wilh it.

Today, Floyd, Robbie Ventura, and Jésse Bartholomew who wil be my power analysis assistant went for a ride to check out the prologue course. As we
started rolling out, Floyd started to sing some tunes by Kid Rock. It put a smile on all of our faces. I looked at Floyd and he laughed and I thought, "wow, this
guys going 10 win the Tour de France."
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Riding the prologue course with Floyd Landis puts power in
perspective

By Allen Lim PhD

Everyone always asks if I get to ride a lot while I'm at ihe races and my basic answer is, never. But this year,Jesse Bartholomew, Robbie Ventura, and i all
decided to bring our bikes to the Tour. Although our job is to help Floyd ride as fast as he can each day, we figured that between the three of us, we could at
least motivale each other to find the occasional hour to get out on the bike. So when Floyd asked us to meet him to pre-ride the prologue course again this
morning, we immediately began making plans for the big day.

All week long we've been playing odd-ball games. From naming lines in movies to seeing who can lose the most weight after using Ihe bathroom, our
techniques for passing the time span from benign to prett stupid. And despiie the fact that Floyd is a world-class athlele leading a team in the Tour de
France, we stil like to imagine Ihat we can compare or even compete with him. Basically, when you get us all logether we're like a bunch of kids trying to
trmp the other with the latest "high score." So this moming the goal was to see who could put out the biggest one minute power effort on the prologue
course. And with oddly deluded reasoning we thought we could make things fair by just normalizing to body weight On the elevator ride down from our
rooms, we all made our 'your mama" predictions. Floyd laid claim to 700 walls and we all just swaggered with confidence like that was a litte number. We
played it cool, Ihinking, "whatever man, bring it on."

We took the first lap prett easy, checking out the best lines through the comers and looking for the smoothest asphalt to cruise over. Floyd got comfortable
in his time trial position, lelling other riders and teams fly past him as he sellied into an easy rhythm, challing it up with us and humming his favorite tunes. I
was feeling good and looking forward for things to get started. Unfortunately, none of us really coordinated exactly when or where we were going to do our
effort. And as we came through on the second lap, Floyd decided to open it up a bit. Before we knew what hit us, we we're scrambling like we stole
something, fighting for Floyd's wheel as if our lives depended on it. I won that ballle, but soon realized that there's prett much zero draft behind Floyd when
he's in his time trial position. The first thing i thought was, "oh man, i am screwed." AClually, the person who got screwed was Jesse as i gapped the
guacamole out of him. Jesse claims that he wasn't fighting for Floyd's wheel cause, of course, in his words, "there's no freaking draft behind that guy." To his
credit, Jesse closed Ihe gap bringing Robbie in tow. I was done, but having got in at least a one-minute effort, i figured i was good for the day. Robbie then
came around Jesse giving him some protection and while they both get an A for effort, Floyd evenlually sawed them off. I just cruised and waited for him to
lap me, which i figured would lake less than 8 minutes. After downloading the data, it was confirmed that our best 1-minute efforl did indeed occur in that
initial dogfight for Floyd's wheeL. And, of course, Floyd kicked all of our bull at an eslimated 9 walls per kg. I came in at a respectable 6.9 walls per kg,
while Robbie and Jesse were tied at 5.8 walls per kg.

Later this aftemoon, Floyd's luck wasn't quile as good. While cruising around the start house he got a deep cut in his rear wheeL. He decided to play it safe
and let the mechanics change it. Unfortunately, his disc wheel doesn't have a quick release and the whole thing tumed out to be more of a hassle than
expected. Some time was lost at the start, but having stil finished in the lop ten, we were all glad that he played Ii safe instead of sorry.

To try and shed some perspective on the days results and weed out the bad luck at the beginning, i set to work on some mathematical modeling to calculate
out the estimated power outputs of his competitors and to also calculate Ihe virtual power outputs for Floyd had he actually won the race. In the top chart
attached below, you can see what his competitors achieved and what Floyd actually achieved based on his real velocity (not time). Also in the chart, you can
see what Floyd would've had to do to malch the winning time. Essentially ihe difference in time amounts to a 4-wall difference in power oulput. On today's
course that extr 4-walls can come from anywhere. As an example, we estimate that Floyd had to coast for 30 seconds today through the corners. Had he
only coasted 26 seconds he would have gained those 4 extra walls. In any case, the math and the actual result give us a lot of confidence. Things happen
and we're not losing any sleep over it. Inslead we're looking ahead to stage 1 as we've all got bets on how low Floyd can keep his average power in
tomorrow's flat stage. In the meantime, Robbie, Jesse, and I will be scheming for more points.
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ESTIMATEO POWER OUTPUTS FOR Top lOIN PROLOGUE:
Moving Pedallng

Tunc Søecd Power PO'r'ir
Name ~1i Scc kiivhr mpli Waus '..alls

I Thor HusllOVd 8 17.00 51.43 31.89 487 519
Georre Hincaníe 8 17.73 51.5 31.84 460 490 ..
VirliiFb~:t;~:; 1;:"8'. lii.2"6: sl3ô, ':3í:8f:!

Dave Zabriskie 8 21.1 51.00 31.62 434 462
Sebastin LiU 8 21.80 50.94 3 1. 8 460 490
Aleiandro 'llwrde 8 21.92 50.92 31.57 419 445
Smart O'Gradv 8 21.93 5M2 31.57 44 468
Michael Rol!ers g 23.30 50.78 31.49 453 482
Paolo Savoldell 8 25.02 50.61 31.38 425 452
Real FIvd 8 26.26 50.49 31.30 425 451
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ESTIMATEO POWi:R OUTPUTS FOR FLOYO IN EACi-
DIFFE:RENT Tel" 1 (J PLACJNGS:
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Tune S ed Power

:Vlin See klUlhr n Ii Watt

8 17.00 51.43 31.89 438.4

8 17.73 51.5 31.84 436.6

alG6::5't;j~j;åit8Ùj '!;,~~itj;~.j
g 2L21 51.00 31.62 428.3
8 21.80 50.94 31.8 426.9

8 21.92 50.92 31.57 426.6

8 21.93 50.2 31.57 426.6

8 23.30 50.78 31.49 423.4

8 25.02 50.61 31.8 419.5

8 26.26 50.49 31.30 416.7
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454

454

454

450
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443
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When you sit down and try to figure out how to win the Tour de
France, the first thing you realize is that you can't really look at it as a
three-week race

By Allen Urn PhD

Our guess is that at this year's Tour there will, hopefully, only be eight days in the pain cave, thirteen days al medium heat, and three days just riding bikes.
Of those eight hard days, two will probably occur in the first week (Sun 10 Sat), two in Ihe second week, and four in the last week. The only problem with
those four days in the last week is that by the time you get that deep into the cave, everyone's flashlight is dimming and iI's unlikely you'd find a spare battery
waiting for you...unless, somebody's already been down that cave, but that's a totally different story.

Of the thirteen medium or average daýs, seven wil likely occur in the first week, four in the second week, and one in the last week. Finally, of the three days
of just riding, zero wil occur in the first week, one wil occur on the first rest day in Bordeaux at the beginning of the second week, and two will occur in the
last week - Ihe rest day in Gap and ihe ride into Paris.

Long story short, we're all just trying to take it easy right now. And that includes Ihe riders. With that in mind, there's really not that much to talk about with
respect to the power data, except for the facl that it's taking us more time to break everyhing down each evening. Unlike last year, where Floyd was the only
one on Ihe team who rode the PowerTap each day, Ihe "i want 10 be cool too" factor has given us four additional riders who wil be on power meters this year
- Koos Moerenhout, Robbie Hunter, Victor Hugo Pena, and Nicolas Jalabert. In addition, last year nobody on the team except for Floyd was interested in the
data, but this year Jesse and i are spending our evenings writing up summary reports for the directors, doclors, riders, and our chef Gisbert (he just likes to
be in the know).

Preparing for these reports has been diffcult because they need to be detailed enough to give everyone an exact picture of everything that is going on wilh
each rider and the team, while also serving as this team's first introduction to a concerted moniioring process. So deciding on exactly what power data and
accompanying information 10 give Ihe team has been a challenge. Here's whal we've sellied on:
1. Basic stage and general classification infonmation. This includes finishing lime, place, time gaps, distance and speed.

2. Weather Information. Temperature, humidity, wind, radiation, and heat Index measures.
3. Race Notes. A short summary of what happened and how individual riders felt about the day. This is my favorite thing 10 read back on when I look at old
training diaries.
4. Average Power or Stress. This is broken down into power when the bicycle is moving versus the power produced when the rider is actually pedaling
(I.e., excluding coasting time). Power data is given in absolute terms as a "Wall" and normalized to body weight in "Walls per Kg of Body Weight." In very
simple terms, the average power is the average of intensity of the race.
5.Strain. This is basically a perceived rating of how hard or intense the riders felt Ihe race to be and a measure of Ihe rider's heart rate response - a
physiological measure of the iritensity of the race. This information is extraordinarily important because wilh this infonmation and the power information, we
have what aclually happened from a mechanical or physical perspective (power) and how the athletes responded, from a psychological and cardiovascular
perspective.
6. Work Done. When you take the average intensity and factor in the totalUme of the ride, you get the total work done or energy expended. Because we
draw intensity measures from power, perceived exertion, and heart rate we get wori scores for all Ihree that we then normalize 10 Kjoules - a mechanical
measure of work versus the Kcal, which is a thermal measure of wori.
7. Work Ratios. All things being equal, the wori done measured with the power meler should match the work measured by perceived exertion (RPE) and
heart rate. Generally speaking, if the rider thinks that the ride was a lot harder or easier than it actually was, then the ratio between wori measured by power
(Stress) vs. work measured by heart rale or RPE (Strain) rises or falls. Looking at these ratios is a lot like looking at Ihe actual iemperature versus the wind
chil factor or heal index. There's what's actually happening and how you're responding to it and it's that very simple dose-response paradigm that is at the
heart of proper training.
8. Power Distribution. We look at how the power output was distrbuted each day in three ways. The first is time not pedaling. It's kind of a side competition,
bul in actuality it's a great measure of how much rest a rider is gelling. The second way we look at power dislribution is normalized to body weight in
increments of 1 wall per kilogram of body weight. From the team's perspective, this wil probably be the most important measure on the make or break days
as there is an absolute power to weight that a rider Is going to have to be able 10 do to stay wilh the leaders or win on Ihe climbs. More importantly, if you
aren't spending the same amount of time in different power to weight zones as the leaders, you probably aren't near the lead. And if you are spending the
same time, as the leaders in these zones but aren't in the lead, you're eilher a wicked strong super domestique helping a learn leader or just a really bad
bike racer.
9. Peak Power Output. We list oul Ihe besl power output for different time frames ranging from 5 seconds 10 1 hour as well as the distance they occurred at
so the riders can reference their road maps and see when they pounded big efforts.
10. Surges. This is a counl of how many times a rider spikes above 6 walls per kg, 8 walls per kg, and 10 walls per kg. It's really indicative of how many
allacks to place and how unsteady the race was. Generally speaking, training looks like a calm lake compared to Ihe turbulence of a race.
11.Hydration and Energy Status. We weight the riders before and after each stage and take a count of all Ihe bollies and food they drink. This allows us 10
figure out their sweat rales, sweat loss, and help give the riders feedback aboul their drinking needs. By combining Ihis info with the "Work Done" and
"Weather" Into we can make future predictions about their fluid needs based on the race profie and weather.
12. Climbs and Special Features. In this section we break down exactly what happened on a particular ciimb or "special" moment. And there are always a
lot of special moments. Anyway, we do a malhematical estimate of what should've happened and then compare that with what actually happen. Since all of
this analysis is performed relative to terrain, Ihe riders have a deeper frame of reference for those numbers as Ihey all orienl to geography when they think
about their race. It's never, "when i was doing my best 5 minute effort in my E2 X-Beta Alpha zone." Instead it's something like, "when I was pulling Ihe
smack down after the left when we passed the van down by the river."
Despite the depth of these reports, what I'm trying to get at is that during the first week of this race, whal we're really hoping to show the riders, and what we
are expecting, is that things are pretty normaL. Not too easy, but not too hard. And so, there's not too much to talk about rig hI now, despiie the fact that I'm
way over my word limit. Right now our majorfocus is 10 just have the riders be aware of what exactly is going on. To help them tune their own sense of feeL.
This focus will change as we hit more challenging stages.

Attached is Floyd's report. If you don't want to look at iI, all you need to know is he did an average of 205 walls while moving, 250 while pedaling, spent 45
minutes coasting, burned 3075 Kjouies or 3167 Kcais, drank 10 bollies of water, losl only 0.4 kilograms of body weight, and thought the day was not easy,
but not hard, but probably more easy than hard. I'm sure thaI makes perfect sense.

GDC00841
1_...1..--.1'-___ ....._1_~_ l' . /. 1 ,. 11" /r\r... -l _ ...... .. ..,..... .. ........



Powerfeed Stage 1: Break it Down

, ..
_J~~:'~~~~~""~,+.,':~!f.:,..:.~~,,

1.£ TOUR acclii DA.ILV ANALyala FlEI"ORT

SliigltJ :§tr§;; k,S.liyS~riÍlrg,r¡n.sfcll

Floyd Ladis

Siaee ResÚl: '18M 1.. _ 4l. k#'M1U"¡';
lhce:.. Thnt..l'r'J.mln -li-L Gilp:~i¡%i--~ci:

~
S,.\l\JS

SJlilild)iJIiNblll

TOJOp: .. -F 'j! -C IIl1midii:..: % ¡i., Ind"... "F .' l. 'C

GC.Resii: J91.: k,,rlJdit -".;i-t.'21:~ ",PJ

P~~~.. Tii~e:..llN.J.i::n 1.6 l.~ G~p:JLhr1-LidltìiC\

p,", .

Racl= SOf~s: T,,'d~.tb.:: -;uys iisl cruî:i: Ji was fi tllC Watt" side: and i.ht i:.Y%ip=w.a;i bi. oei\'D' bw anon iiU ii \'liia, i1 prt cbildil'Y ibr.a

invoh'C.

',lÆ.lle.it RJik\\ikRPE û~p,~ilR"'~ l'Wir.
i f'owi: wli ~loYi ~ Powct wh(t Pcdii&i suii

Vi~l.. W~h.I1t.. Wallt. W:lIt'l1k RPH í 119

lGS i.~i 2!O J.56 J.s ¡ ui
Work ii Stress it Kiub FiiiD~
1'im"U RPE 1m.
J.IHS 3.in 3.1,,~

êæ
Prepared By ~Allen Lim

ii i.
p:wr .lr
1.117 1.111

;:DT\~''O! irOlVl'!=~"#~
'trtl1lttB~ siulmll

1-#1-
~jI-~~
;;D!V,o! ¡iDlV,'(I

. øf)\in! i$Div'.'O!

t.u_./I......_......i.;.......l.:.... ...._/+......_.....c.._..../..-i:..1../f\ COtV.,..l -, 11""" 1 AO..'" 1 n f'£\1_~.__1

Page 2 of2

GDC00842



Powerfeed Stage 3: Developing A Sense Of Self Page 1 of 1

BI
Powerfeed Stage 3: Developing A Sense Of Self

There's no context for any of the power values without a sense of
what an athlete feels

By Allen Lim PhD

How'd you feel today? It's probably the most common question that the riders get asked when they roll in each day. How was it? All good? How'd it go?
Cava?

Despite all of the technology we unleash on these guys and all the analysis we do each day, the bollom line is stil feeL. As a professional athlete at the Tour
or a weekend warrior at a local triathlon, there is no substitute for developing a deep and intui~ve sense of self. Not that these guys are ultra-sensitive touchy
feely Iypes, but when you ask them how they feel, they all have a prett extensive vocabulary for it.

When I asked Victor Hugo Pena how he felt the other day, his first reaction was, "Oh ya, it was hard." Which was quickly qualified by an explanation that it
was only hard because the race is just gettng started this week and the legs are stil "opening" up. That was further clarified by an explanation about how it
wasn't actually hard relative to how hard it will get or can get or actually is or could be or should be. A couple of hand geslures and discussion points laler, it
all boiled down to, "So ya, it wasn't that hard. Maybe a 4, you know, compared to olher races. Butit was hot, so more like a 4.5." i was kind of spacing at Ihis
point, thinking about how this discussion might go for Victor "The Shari" Pena in the bedroom. That turned into a laugh and i replied, "Cool, she'll give you, I
mean, we'll give you a 4.5."

We use a simple 1-10 rating of perceived exerton scale, popularized by Carl Foster, who demonslrated that taking a simple 1 to 10 measure of perceived
intensity and multiplying it by time in minutes, gives an extraordinarily robust measure of an athlete's training load - a measure of load that could be used
across different sports and which is predictive of changes in performance during the season. For me, Ihis is probably one of the most important things we
monitor each-day. The bollom line is that there's no context for any of the power values without a sense of whal an athlele feels. In fact, we're not using
these numbers to teli these guys what 10 do. We're using these numbers so that they can develop a deeper understanding of their personal responses
relative to an objective measure of their performance - its just feedback. And feedback is really the most importnt thing. Knowing Ihat you need to hold a
bazilion walls per kg for 30 minules to win the Tour is one thing. Knowing that you feel great doing it. That's prett cool.

Anyway, it's the Fourth of July and Floyd wants to blow something up, so i need 10 run and help celebrate. Allis good with the team though Victor lost some
time today. I haven't talked to him about it yet, but I'm sure the explanalion wil be good.
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Powerfeed Stage 2: Just The Basics

All these power stats can be complex so we're breaking it down and
giving you just the basics

By Allen Urn PhD

Now that we are two stages into the Tour and can aciually start looking at averages (albeit only two days worth), I've included the basic data chart that we'll
be giving you guys during the race. While I'LL be adding other metrics here and Ihere and focusing on different events over the course of the race, this chart
wil be the basic info that we'll compile each day. It's a lot less detailed than the report that we give the team and riders each night, but there's no way Ihat i
could get that much information across online each night, nor would the team be too happy about that. So here are the basics.

In the chart, you'll see a comparison of Floyd vs. the Team. Besides Floyd, the riders on the learn who are being monilored include Victor Hugo Pena (The
Shark), Nicolas Jalabert (The Poor Ja Ja), Koos Moerenhout (No nickname required), and Robbie Hunter (The Enforcer...for references, see Popovych vs.
Hunter at the Tour of Georgia). For both Floyd and the Team, we'll be looking at what happened each day, the average for the Tour and the minimum as well
as the maximum values.

Fundamentally, Ihe most important feature is the average power while moving and while pedaling. At this point i~ time, the guys are trying to get as much
"float" time as possible, so there's a fair amount òf coasting which brings down the average power when moving while increasing the average power when
pedaling.

The nexl set of data is the work information, which is simply the average power or intensity multiplied by time. I like to break the tolal work or load into whatactually happened vs. what the riders actually felt happened. We're stil trying to get our calibration and communication down for the team as a whole so until
we nail that down I'm leaving the team info there as "not available."

On really hard days, you'll see big differentials between what happened and what the riders felt happened. Beyond average power and work, it's also
importnt to look at how that power is distributed. For simplicity, I break that inlo three zones for the riders based on Iheir perception of effort _ easy to
somewhat hard, somewhat hard to very hard, and anything over very hard. These three zones correlate almost perfectly to time below the lactate threshold,
lime at lactate threshold, and time above the lactate threshold. From a practical and linguistic standpoint, however, I find it's way easier to just use verbal
cues for the zones. The high correlation means it works just the same for describing training distrbution.

In the peak power category, the two time frames i find the riders most interested in are their 5-minute power and 30-minute power. The 5-minute power
correlales highly with their power at maximal aerobic capacity (i.e., V02 max), while the 30-minute power correlates highly with their lactate threshold power.
Finally, the last feature, I've included is the number of times each rider attacks or surges above 10 walls per kilogram of bOdy weight. Essentially, this is a
top end anaerobic effort. It's a bullet and the more bullets a rider fires, the more fatigued Ihey get regardless of Ihe duration or average intensity. So it's a
great way to look at how many punches get thrown each day. This is where Floyd suffered a lot last year. Our goal has been not 10 see that problem this
year.

So there's ihe data for the day. As for other news, everylhing is prelly steady here at the Phonak camp. Having just left our first hotel, we're all just gelling
setted into a daily routine - working out the kinks and trying not 10 rip it to hard yet.
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Powerfeed Stage 4: Keeping Fioyd Cool

Subtle assistance by fellow teammates is critical to Floyd's success

By Allen Um PhD

Today was a lot easier for the whole team. With a lillie bit of rain this morning, it wasn't as hot as it was yesterday and the terrain was less aggressive with
only two categorized climbs as opposed to yesterday's five. As you can see from the summary data, the average power outputs were a lot lower. More
importantly, there were fewer spikes In power. At any given power output, a steady profie is always easier than one that undulates a lot. With this in mind,
the fact that Floyd cut the number of surges he did above 10 watts per kg of body weight by aimost half played a key roie in a more relaxed nde today.

While the terrain and the steady chase by Quick Step and Davitamon was a major factor contributing to this steadier profie, we noticed that in the previous
days downloads that Robbie Hunter's power profiles were significantly steadier than any of his other teammates including Floyd. Floyd joked this moming
that it was because no one screws with Robbie. So the suggestion was made that Floyd just follow Robbie. Looks like it helped.

It's this subtle assistance and the less subtle assistance of fetching water bollies or helping Floyd chase back on after a flat that will be cntical to Floyd's
success here at the Tour. In this first week, the only thing that the team is concerned about is making sure that Floyd has as easy as a nde as possible. In
yesterday's race, for example, the guys estimate that they went back to the car ciose to 10 times for bollies. Most of those bollies ended up going to Floyd
as he claims that he drank close to 20 over the stage. Based on the fact that he lost less than 300 grams of total water weight this might have been possible.
In contrast, the rest of the team losl between 2 to 3 kilograms of water weight. It's like a bunch of worker bees fiapping their wings to keep the queen cool.
However it works. One thing is for sure: Floyd is staying prett hydrated out there.
In the final spnnt today, the team also did a fantastic job of bringing Floyd up to the front to keep him out of trouble. Robbie took a monster pull between the
5 km to go and 3 km to go markers and was the only one on the team to lose time. But it was worth it. We're just glad that the crash in the final didn't take
Floyd out. Outside of that, it was another prett uneventful day for us. The real news is that France won the football match tonight. The fireworks are
definitely going off now. A day late perhaps, but this far away from home, we'll take what we can get.
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Powerfeed Stage 5: An Amencan Invasion

Team Phonak has done more than make American Floyd Landis their
team leader..they've embraced his culture

By Allen Urn PhD

When we arnved to the hotel this afternoon we were greeted by the team mechanics in the parking lot. They were thrusting their arms high in the sky as we
rolled in like they had just won something, screaming, "Thank You Amenca, Thank You Amenca." I just looked at them and smiled, thinking that they were
just being goofballs or making fun of us. But when we got out of the car and we all said our hellos there was a real sincenty to their jocularity.

I had slept most of the way dunng the transfer and was still shaking off the grogginess as the mechanics met us and waved us over to the hotel restaurant
for some food and dnnk. Cyrile, the lead mechanic here was in a super up-beat mood and immediately grabbed me to ask if I knew where we were, invading
all of my personal space in the process. I was thinking that I was somewhere between his left armpit and nose, but i just looked at him and shook my head
no. And as I shook, he looked me nght in the eye and says, "You are in America." "What?" I ask. "AMERICAI" he enthusiastically replies.

Then it suddenly hit me that we were in the city of Caen, just below the D-Day invasion beaches. Utah, Omaha, Gold, Juno and Sword. As it dawned upon
me, Cyrile begins expressing his thanks. In broken English and with a heavy French accent, he asks Jesse and i if we can imagine what it was like. He
literally asks us why our country even cared. "If I am an American, I think, who is France. Why I die for this countr." He motions like he's holding a machine
gun and sounds, "ra-ta-tat-tat...ra-ta-tat-tat," then solemnly sighs, "0 Man Dieu." We get lunch and for the next hour, the staff assigned to work the hotel
transfer, gathers around to talk. They ask about how my family immigrated to the U.S. I show them some pictures and they smile and laugh as I bnng them
back home. It was the first time I've heard one of the Spanish mechanics, Modesto, ever speak English, asking Cynlle how to say certin words so he could
talk for himself.
For the most part, I've always felt like an outsider with this team. With the majonty of my time spent with TIAA-CREF in the States, my agenda with this
program has only been about helping Floyd. But as we sat their laughing and shanng, I realized that these guys were making me a part of their team. I also
realized that more than any other team on the Pro Tour, this team - the management, staff, and sponsors, has done more than make an Amencan their team
leader. They've embraced his culture.

When I first met Cyrille in January he could barely speak a word of English. Since then English has become the official language of the team and in less than
6 months, he's practically fiuent compared to my French. Last year, as I broke down Floyd's data at the races, i was essentially ignored. But in the fall they
sent their team doc, Denise, to Boulder to leam more about what I did all year and now I spend my evenings writing reports for the staff and riders, meeting
with Floyd and John Lelangue, the team's manager each moming to go over the numbers. In 2007, I-Shares, an American company wil be taking over as
the title sponsor and they've already shifted to other Amencan products like Giro, Oakley, and Nike. At this yeats Tour of Califomia and Tour of Georgia the
team sent their "A" squad to support Floyd, placing as much pnority if not more on these races than many events here in Europe. Even in this yeats Tour,
the riders are completely commilled to protecting Floyd. While he spent almost all of the first week at last yeats Tour dnftng solo towards the back, he's
almost never out of the top 30 this year and is aiways surrounded by green and yellow. And finally, after introducing the team to keg sized cans of the
caffeinated energy drink "Monster," at the Tour of California, Floyd has got the team addicted and we even have planned delivery dates for this sweet nectar
here at the Tour.

Though it might be easy to call It another Amencan invasion, compared to the sacnfices made here over sixty-two years ago, any comparison is moot. The
metaphor that this race is a war...well compared to the history around us now, I'd say it's more like a water balloon fight. If there's any amount of importance
in that or any social responsibilty here, I guess it's that it makes people happy.

Today, Floyd barely avoided a handful of sketchy crashes and ended up having another relatively easy day on the bike. That makes us really happy.
Attched below is a summary of the day's stats. Notice, that Floyd (today) and on average and the team (on average) threw a total of 31 water balloons
thrown over 10 watts per kg by Floyd today (I checked the data...a weird quirk). But at some of the lowest average power outputs, they'll all be ready to fight
tomorrow.
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Powerfeed Stage 6: Looking Beyond the Surface

The numbers say the day was diffcult, but American Floyd Landis felt
otherwise

By Allen Urn PhD

If you just look at the numbers from today, you would think that this was the hardest stage of the Tour to date for Floyd. There were definitely new highs
today - a 223-wall moving average (new maxi, a 275-watt average while pedaling (second highest by 1-wall), and a new maximum best 5-minute power
output of 422 walls. But if you watched Floyd and the guys at dinner tonight, you would've thought that they just cruised around the park today. They were
talkative, cracking jokes, and really relaxed. When i asked Floyd how the day felt, he commented that it was probably the easiest day so far. "Oh ya, it was
easy," he remarked. "It was finally cool. It felt good, I could actually do some work."

Things are rarely what they appear on the surface and sometimes it's important to take a closer look. Today the real story was the weather giving the guys
on the team some reprieve from what felt like oppressive heat on stage 3 and 4. It cooled down a lot yesterday as well which gave the guys an additional day
to unwind before tomorrow's long time tnal. In addition, the normally strong winds around Normandy we're relatively calm over the last two days and played
no factor for us on either day of racing. While the nders did have a bit of a headwind in yesterday's stage, it was actually welcome.

As Floyd explains it, "It's always easier silling in when there's a head wind. The speeds are lower and you get more draft." And he's nght. Whenever he's
sittng on and draftng into a head wind, his average power outputs arè always lower compared to sitting in a tall wind. Today, there was slightly more cross
and tall wind sections, and that was reflected by an increase in average power while moving from 196 watts yesterday to 218 walls today for the team.
Similarly, Floyd's average from yesterday of 196 watt increased to 223 watts today. This same pattem was observed in the team and Floyd's power output
while pedaling. And yet, from the ridets perspective today wasn't as diffcult.

The initial heat stress experienced by the nders also resulted in what may initially appear to be surprising increases in bOdy weights. For stage 1, 2, 3, and 4,
the average body weights for the team were 71.47, 71.50, 71.49, and 71.58 kilograms before the start of each respective stage. These values aren't just
prett consistent, they're statistically insignificant differences. But on the moming of stage 4, every nder on the team showed an increase in body weight and
the team average went up to 72.46 kilograms - an increase of 0.875 kilograms for the team. So what gives? Well, if we rate the heat index or load the nders
faced on each stage, or even just look at the bailie count across the stages, we'd see that the heat load faced by the riders was normal, hot, way too hot,
normal, cool, and almost cold for stage 1 through 6, respectively. That sudden increase in body weight occurred on stage 5, three days after the first really
hot day at this yeats Tour and after two continuous days of hot conditions.
Based on the timing, this increase is a normal part of heat acclimatization. While it may take a person who isn't use to exercising in the heat up to 2 weeks to
adapt, elite athletes and individuals who have been previously exposed to exercise in hot weather can respond much more rapidly. For our population of
riders, one of the first adaptations to the heat is an increase in plasma volume (i.e., an increase in plasma or fluid in blood) and drops in resting and
exercising heart rates due to a net increase in the total cardiac output. This type of plasma volume expansion can range from 5 to 30%, and assuming a
blood volume of 5 liters, may result in an increase in fluid weight of .25 to 1.5 kilograms. Sii we're in the ballpark. Normally, this expansion is also
accompanied by an increase in salt retention and when the doctor checked the nder's electrolyte levels yesterday, there was a significant increase in
sodium. And of course, because blood is composed of plasma and red blood cells, any increase in plasma would dilute red blood cell concentration. While
this might scare many athletes, the fact of the mailer is that it's not an athlete's hematocntorconcentrationofred blood cells that matters, it's their total red
blood cell mass. Keeping the same mass and increasing plasma which dilutes that mass actually improves performance as the output of the heart actually
increases.

Ultimately, looking beyond the surface is often revealing. Power, weather, and an athlete's perception - these are all factors that play into performance. As
we prepare for tomorrow's long time tnal, reviewing and checking all of the elements of a fast ride is at forefront of all of our minds. So before i leave for the
night, I'LL leave you with one last thought. Amongst professional cyclists who are already so similar in their ability to produce power, it's unlikely that the
strongest rider wil win tomorrow's time tnal. The winner wil be one of the most aerodynamic. And with Floyd's seemingly "funny" position, we're feeling
prett good.
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Powerfeed Stage 7: Everyhing Counts

Bad luck impacts Landis' time

By Allen Urn PhD

Back in early January, I was silling in Floyd's garage as he was showing off his latest time mal innovations. He had recently sawed apart some black PVC
pipe and hand bonded two sliced halves together to create armrests that literally cuffed his wrists together. They were zip tied near the top of his aero-bars
as were a similar but wider (bigger pipe) set of pads closer to the bottom for his elbows. He was prett excited about his latest creation. As he got on the bike
to demonstrate the new position, I got prelly excited too. i imagine that if we worked some duck tape into the part we would've really impressed the ladies.

A month later, we reconvened at the Alled Aerospace wind tunnel in San Diego with a cast of characters that included Scott "the human wind. tunnel"
Warren, Mark Lucas a coach on scholarship from New Zealand, and members of the Phonak squad who brought a box full of goodies from BMC. After
getting reference vaiues for Floyd's 2005 position and equipment, we spent the next few days methodically testing part after part, body positon after body
position. We even broke out the clay, cardboard, and, of course, the duck tape. But the biggest revelation was Floyd's garage tinkered bars. After
reconfirming the results and smilng as Floyd got his "I told you so" in with the team who never really felt his position was quite nght, i thought to myself, "this
guy knows speed."

Although it's initially diffcult to see all of the changes made in Floyd's equipment and position from 2005 to 2006, the list of modifications is extensive. They
include changes to his arm extensions, arm pads, handlebar fairing, water botte, crank, stem, seat post, skewers, helmet, arm angle, arm width, seat
position, and elbow placement. Each of these changes removed grams of drag - in some instances 15 to 20 grams and in other instances just over a 100.
While this might seem a bit obsessive, even minute changes in aerodynamic drag can result in enormous changes in power.

Specifically, aerodynamic drag changes exponentially with speed, while the power to overcome aerodynamic drag changes cubically with speed. That
means if you want to double your speed on a flat road, you need to increase your power eight-fold. Another way to think about it is to realize that at 30 mph
an average professional cyclist may only have about 2600 grams or 2.6 kilograms of drag holding them back. You could literally lasso a cyclist galloping
along at 30 mph and pull back with a force equivalent to dropping a 6-pound weight and stop them in their tracks. Most kids can curl more than that.
Moreover, relative to the weight bike manufacturers allempt to shave off their frames to help overcome gravitational resistance, the amount of speed gained
going uphil by dropping a pound of weight off your bike is negligible compared to a pound of drag on the flats.

In today's time tnal, some bad luck and the subsequent addition of some extra grams of drag may not have lost him the race, but these events definitely had
an. impact on his final time. Before the start, we modeled that in the worst-case scenario, Floyd would finish with a time of 1 hour, 2 minutes, and 6 seconds.
In the best-case scenano he would finish in a time of 1 hour, 1 minute, and 35 seconds. This 31-second spread amounts to a power range of only 10-walls.
In reality, Floyd came in at 1 hour, 2 minutes, and 44 seconds for 2nd place - a whole 38 seconds off our worst-case scenano, 70 seconds off of what we
hoped, and 60 seconds off the winning time. So what happened?

Well, the first thing that happened was Floyd had a bit of a mishap. At kilometer 13 he hit a speed bump and this bar extensions snapped clean off. It was
amazing he didn't crash. So Floyd gets a bike change, losing valuable time, and switches to a spare bike that is missing the new prototype water bollie that
was on his first. Then, and I can't even believe this happened, but his bars on the second bike slipped forward. After reviewing some of our wind tunnel data,
i estimate that the loss of the bailie and the change in handlebar position, gave Floyd 80-grams of additional drag. At his velocity and assuming the length of
52 kilometers this is equivalent to an additional 38-seconds. So had Floyd been on his onginal bicycle, he would only be about 23-seconds out of first place.
And that 23-seconds could've easily been lost in the bike change. On TV., it looked like the time lost was about 20 seconds. Assuming a 20 second bike
change and 80-grams of extra drag, Floyd still might have lost by about 3 seconds or a 1/4 to 1/2 of a wall. In any case, that's bike racing. Everyhing counts
but in the end, it is what it is. Things should've, could've and would've been beller if this and if that. But who really knows. We're all just glad that he's safe
and still had a great ride despite a few problems. He kept it cool today and based on his "virtual" power that I've modeled between 410 to 417 walls he's on
track for a great Tour.
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The gap between the next generation of American cyclists and Floyd
boils down to time and hard work.

By Allen Um PhD

Note:
Because of the rest day tomorrow and the transfer down to Bordeaux, the bicycles won't be arnving until late tonight and the nders won't be here until
tomorrow. As a result, I'LL be posting the power data from Floyd and the team for today's stage tomorrow after I catch up with them. From what I've been told,
the team had to do some work today to keep the breakaway in check, but neither the team nor Floyd were all that stressed.

Since we weren't going to get the computers this evening I thought I'd review some data from Floyd's Tour of Georgia to write about. But that got me thinking
about other things, so on the car drive down, I wrote the fallowing story. And yes, I am really carsick now.

Bndging the Gap:

It had been a long day in the car and I was anxious to get back to the hotel. I was following Mike Friedman, Brad Huff, Rahsaan Bahati, and Mike Creed _
members of Team TIAA-CREF and some of Amenca's most talented up and coming cyclists - on a training nde in the Pinos Altos National Park just outside
of Silver City New Mexico. It was the first week of February and most of us had already been on the road for the past two months. Road weary does not
even come close to descnbing how we all felt. The 5 hours in the car that day felt" like an etemity and I was beat. But it was a small thing compared to the
weanness I could see in the boys. We still had 45 minutes to go, but every mile the speed steadily waned. So when I saw Rahsaan pull off the road
exhausted, my first instinct was to just pack him up in the car. His day was over. Or so it appeared.

As I pulled over to talk to Rahsaan, his head hung low over his handlebars and he straddled his bike like a rag doll. I got out of the car and walked over but
he didn't look like he wanted to talk to anyone. I approached slowly to give him some time and to figure out what I was going to say. But before I reached
him, Mike Creed who had been slaughtering the guys all day rolled over and crouched down so that his head was even with Rahsaan's.

Angry, surly, and intense are just a few adjectives to describe Creed and I felt a twinge of apprehension as I prepared to listen to what he was about to levy
on Rahsaan. But the words that came out of Creed's mouth weren't mean or aggressive. They were gentle and calm. "I know it hurts man. I know you want
to stop," he said, "but this is the only way. This is the only way." Before I could say anything, Rahsaan took a deep breath, clipped back into his pedals and
got back on the road. And as i got back in the car to follow, those simple words kept echoing in my head. "This is the only way...this is the only way."

What wil it take to bnng the next generation of Amencan's to the Tour and are we even capable? As I sit here in France watching Floyd take on the World,
my mind keeps dnfting back to that day outside of Silver City and the enormity ofwhat lies ahead for those young men. But what I've come to realize, what I
believe, is that the U.S. is home to some of the most talented cyclists in the world - that when it comes to raw power, we could fill the peleton here at the
Tourwith a prett sizable collage of wall age. But power and talent dont always mean results and at the end of the day there is no prize for best 5-minute
power.

This point hit home this moming when i was reviewing Floyd's power data from the Brasstown Bald stage at this year's Tour of Georgia and decided to
compare his numbers and results with the power data I gathered frm TIAA-CREF nder Will Frishkorn. On this particular day, Floyd redeemed himself with
an amazing nde up Brasstown Bald, holding onto the wheel of climbing phenom Tom Danielson to ensure his overall win at Georgia a year after losing to
Tom by seconds. Seventy some odd nders and over 18 minutes later, Wil rolled across the line. That's not just a small gap, that's a whole other race.

But when you look at the numbers for Floyd and Will you wouldnt be able to predict the chasm in the results. As an example, Wil finished with a higher
average power output while moving and while pedaling, did more work, spent more time between 4 to 6 watts per kg and above 6 walls per kg, and had a
higher peak power output for 5-minutes than Floyd. In addition, he was about a kilogram lighter than Floyd at the time, which significantly raises his power to
weight ratio.

So what happened? Well basically, Wil had an incredible ride, but his goals that day were different from Floyd's. Wil's job was to help Lucas Euser, our
team's KOM leader into an eany breakaway. Not only did Will do this, he drove the break taking two pulls for each pull taken by the 4 other breakaway
companions with Lucas silling on. After helping Lucas make it to the KOM climbs to so he could duke it out with Jason McCartney, he throllied back and
rode in easy over Unicoi Gap and Brasstown Bald. As a side note, we saw the same higher power values in the Phonak riders who spent all day working to
support Floyd.

The fact that race tactics plays such an important role in both an athlete's power profile as well as the end result is one of the reason's why Floyd is so open
about sharing his power information. Beyond tactics, terrain, weather, food intake, and mindset are also cntical determinants of perfrmance. Thus, you can't
assume you know anything about the nder or the race by just looking at the numbers. As a result, Floyd knows he's really not giving anything away unless
there's another Floyd Landis in the peleton doing the same ride and having the same expenences. At the end of the day, he is the only one who understands
the mynad of factors that impact his race.

With that in mind, the numbers are extremely teiling If you don't ignore and stay aware of how these factors impact you. In fact, having the power data is the
best tool we have in parsing out all of these complex variables. It helps us to understand if the differences we see between riders are actually physiologic or
psychological, technical or cultural, giving us references that are cntical to goal selling.

So if we discover a cyclist who is only a 1/2 wall per kg away from being capabie of winning the Tour, we can set goals to help that athlete develop. But it's
not just, hey you need to do an extra 1/2 watt per kg, it's you need to do an extra 1/2 wall per kg w~en you don't want to be at the races, when it's cold and
miserable, when you're missing your glrlfnend, don't speak the language, are missing your bags, and feel terrible. Because the bottom line as a pro is it's
your job now. And sometimes, going to work sucks. In the end the gap between the next generation of Amencan cyclists and Fioyd boils down to time and
hard work. it's been and will continue to be the oniy way.

Three months after Rahsaan had his rear handed to him on that training nde outside of Silver City, he retumed for the Gila Stage race. On one of the stages
the team rode briiliantly to bring back a breakaway and lead him out for the sprint, but he didn't come through for the guys. The next day, however, in the
critenum he made us all proud when he lit up the sprint for an impressive win. it was the firsttime an African American has ever won a race on the US
National Racing Calendar. Perhaps in a few years down the Champs Elysees, history will be made again.
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Floyd is human, he's vulnerable, and he feels pain. everyday

By Allen Um PhD

I wasn't quite sure how to approach today's story, so I went and asked Floyd what he thought I should say. His response was simple. "Just talk about it from
your perspective," he told me.

My perspective? i can't even begin to imagine that my perspective can do the situation justice. And I guess from my perspective we've kept it a secret for so
long that I don't even know how to talk about It without wanting to hide from people the misery I've seen him go through. Because it means he's human, he's
vulnerable, and he feels pain - everyday.

I found out that Floyd had avascular necrosis the very first day I met him. We were supposed to be talking about his upcoming camp, but after a Iitte bit of
small talk, he just started pebbling me with questions. "What do you know about avascular necrosis?" "Do you think I can nde with an artificial hip?" "How
long do you think I can go before I need to get it a new one?" I was completely unprepared.

About a month later, Floyd had surgery to tr and increase the blood flow to his right hip. A hip that frm every x-ray and MRII saw was just thrashed. Bone
on bone -an oddly shaped and atrophied shaft that fit into the socket like a square peg rammed into a circle. He didn't tell me about the surgery unti after he
had it done and when i asked if he told the team, he told me no. I understood. It had been a rough enough transition from the U.S. Postal Cycling Team to
Phonak and he was afraid he'd lose his job. So from that point on, we stopped talking about his hip. Instead it was his finger.

I could always see the misery in his face when it hurt. Simple things like walking, gelling out of a chair, and straddling his bike before a nde were diffcult. If
you didn't know him, you'd mistake the look for anger or a sarcastic scowl. His training and racing were at times erratic and he generally opted to nde alone
so that he could hide his obvious discomfort from others. Sadly, I often felt that the energy it took to hide it wore on him more than the gnnding mass inside
him.
When we talked tonight he was the most relaxed I think I've ever seen him. it was as if tellng the world had lifted an enonnous weight. We joked that it was
one less thing he had to worry about now, and one more thing for everyone else to think about. That he was giving everyone the "finger." But then he asked,
"Do you think I'LL be here next year?" I said, ''You'll be here next year." He paused and whispered, "I'm scared." I had no reply.

Alii know is that he needed to tell people what was really going on and that he couldn't wait. He had to free himself of the burden before tomorrow's stage
when the Tour really begins. He didn't want to make excuses, but he was sick of people assuming that they knew what was really going on.

i asked him, "Do you remember the tunnel." He laughed and said, "Hal They must of thought i was a real jerk." I rolled my eyes and said, "Ya you were a
real ass." We went to the tunnel because we needed to find a position that wasn't just more aerodynamic, but one he could pedal in. He built those bars
because it was the only way he could open up his hip angle. But nobOdy else knew that. And when they suggested a different position, one that appeared
even faster than his position now, he just walked out and curtly told everyone, "I'm done."

I sat there not saying a word as the others shook their heads in dismay and disgust. i sat there and thought about the first week of last yeats Tour. About
how he'd sometimes come into the bus after a stage and tell me how he thought he was going to vomit, the pain was so bad. But it never stopped him.

We all have fears. After all, the world is an uncertain place. But when you accept it, when you bathe in it for a long enough time, the surprising thing is that it
becomes all right. You can~ hide from it cause it'll find you. As long as you keep on moving forward...as long as you don't give up there wil always be
enough hope to balance the doubt. So we're going to keep moving forward. One day at a time. Cause as Floyd puts it, .I'm 100% of what I am now." And
he's nght. That's just who he is - one hundred percent all the time. Kind of puts all the data in a different perspective doesn't it.
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It's nice to get this show going and boy is it going

By Allen Um PhD

We are finally in the mountains. It's nice to get this show going and boy is it going. Today, Floyd hit new maximums for average power, total work, time spent
at and above his lactate threshold, peak power for 5 minutes, and peak power for 30 minutes. Ahd yet, the day stil wasn't quite as hard as it could have
been.

The first major climb today was the Col d'Osquich. It started 44 km into the race and took 14 minutes for an average power output of 344 watts. That wallage
is actually lower than the average 10 minute best that Floyd has already accumulated through this race, so it was prett light. The next climb of the day was
the Col de Soudet, 87 km into the race. That took the front group 44 minutes to climb and Floyd averaged 355 walls up it. Again, well within limits. And
finally, the Col de Mane Blanque, 141 km into the race took the main peleton 28 minutes for an average of 366 walls for Floyd.

Still, many nders including some from our squad did have some diffculty. The transition from nding the flats to the climbs can be pretty rough so the team's
staying prett relaxed about the situation. Part of the diffculty probably stemmed from the fact that there were a lot more nders around fighting for position at
the base of those three climbs. In Floyd's power profile, the surges leading up to those climbs were frequent and volatile. Though, he didn't surge much
above 10 wall per kg he had almost 500 spikes above 6 walls per kg. Although those surges only last for 1 to 10 seconds on average, there enough to
tenderize even the toughest nder after a while.
Otherwise, there really aren't too many dramatic stones to tell about the day. i bumped Into Dave Zabnskie and he sang for me at the start, Tom Boonen
showed me all of the different World Championship decals on his bicycle, Chnstian VandeVelde waxed philosophic about a big chocolate croissant he had
for breakfast, and Floyd recited a bunch of Jack Handy quotes. One about seeing someone fall on an ant and not laughing cause you could've been that ant
was particularly funny. Finally, when I got to the hotel today, the staff and i had a really good time watching the race on T.V. At fist we were all screaming
and yellng, but after about an hour all 5 of us fell asleep. That was a good nap. So that's about it for today. The race has begun. Tomorrow won't be as easy.
But i think i'll still take a nap.
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Realizing a dream not only requires phenomenal personal effort, it
requires the acceptance of a phenomenal group effort

By Allen Um PhD

When i watched Floyd cross the line today, I had to take a moment and step out for some air. So I got on my bike and rode up the mountain away from the
team hoteL. About a mile down the road I got a call from Robbie Ventura who was at the finish. Robbie could barely talk he was so choked up, which got me
all choked up. He told me that when he saw Floyd, the look in his eyes...well, the look was something he had never seen before. The man was so proud.

At dinner tonight, we all lifted our glasses for the man, for Floyd. He was initially coy, perhaps surprised or uncomfortable with all of the attention. But then
his eyes smiled brightly and I saw what Robbie was talking about - a lifetime of effort accumulating in a singular moment of self-respect. And as we
celebrated i marveled at how present everyone was to this moment. As if time had just stopped.

It struck me in that moment, that realizing our dreams not only requires phenomenal personal effort, it requires the acceptance of a phenomenal group effort.
I realized that Floyd's initial shyness at accepting the congratulations of so many was the same hesitation that any of us have when we ask anything of
anyone.

We live in a culture where we're taught that asking is a sign of weakness. That being self-reliant, pullng harder on one's bootstraps, and going it alone is the
only way to prove our wort. But so many people have come together to help see this morient happen. To see this yellow gown bestowed upon our leader.
So many people share in this dream, simply because he asked.

There names are, Bert Grabsch, Robbie Hunter, Nicolas Jalabert, Axel Merckx, Koos Moerenhout, Alex Moos, Victor Hugo Pena, Miguel Angel Perdiguero,
Andy Rihs, John Lelangue, Juan Femandez, Jacques Michaud, Adnano Baff, Monika Zuercher, Georges Luechinger, Denise Demir, Markus Sugg, Jose
Luis Boente, Moises Leboso, Moises Leboso Jr., Juan Pujol, Jose Teixeira, Freddy Viaene, Wemer Lenk, Modesto Perez, Cyrille Pemn, Antonio Rodriguez,
and Gisbert Kunz. They all raised their glasses tonight. These are the names that make up the team here in France, brought together to support one man,
who's here to support t1is entire family. And nght now, we are all so proud.
Below is a summary of today's data. Again, Floyd has achieved new maximum values in almost every metric we measure. Compared to last year, however,
Floyd has stil not yet hit the same peaks. Of course, he also played a tactically conservative race, following wheels, and waiting for the simple alltion of the
climbs to wear people out. There wasn't a single climb that was exceptionally diffcult. In fact, the climbing speeds or V.A.M rates (vertical ascent in meters
per hour) are significantly lower this year compared to last. But the simple number and duration of climbs took its toll and while everyone wil be tired .
tomorrow, some of the hardest racing is stil to come.
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Despite the lack of climbs, the pace and heat took its toll

By Allen Urn PhD

Despite not having any major climbs longer than 15 minutes today, the speed and the heat definitely made things diffcult. At an average power output of 244
walls and just under 4,100 kcals burned, the overall intensity and load today was only slightly Jess than the first day in the Pyrenees (stage 10). Unlike that
first day, however, the vanabilty in power and overall speeds were significantly higher today.

When the power profie is less steady, the strain on the body is much greater. lts similar to the way that stop and go traffc with continuously high revs Is
hard on your car and bad for gas mileage. But unlike stop and go traffc, the speeds today were extremely fast. So imagine jerking back and forth in a car as
the dnver continuously accelerates and decelerates all above the going highway speed limit. In a crude way, that's what it probably felt like for Floyd today.

Now imagine doing that in a convertible on an extremely clear, hot, and sunny day. Not that I laughed, but when l saw Floyd come to dinner tonight he had
this boiled lobster like glow to him. Perhaps all that yellow he had on today was reflecting more rays.

Another contributing factor to the hard day was some very aggressive nding by other teams that put Phonak on the offensive. Many of the allacks were short
and volatie and so it's not so surpnsing that Floyd hit new maximum values for his best 5-minute and 10-minute power output at 465 and 426 watt,
respectively. While they are the highest we've seen in this year's Tour, they're still lower than. the best 5-minute of 478 walls and 435 walls we observed last
year. So just like yesterday, the stages are gettng harder, but the most diffcult days are still likely to come.

One last note, in the final 2 kilometers, Floyd threw 7 surges over 10 walls per kilogram of body weight. For Floyd, that type of an effort is a full on spnnt.
And it's not like Floyd is exactly known for his spnnting abilities. I've actually never seen him put those many top end efforts in the final kilometers of a stage.
I think Floyd was equally surpnsed. The expression on his face when he asked, "did you see that finish man," was the same kind of expression someone has
when they asked if you saw the road kil down the road. Stil, the fact that Floyd had the motivation and energy to follow the spnnters at the end as they
duked it out is a really good sign. Other than that, all is good at the Phonak camp. And that yellow bike. Ya, it's prett cool.
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The guys were slower, thirstier and more miserable thanks to the
warm temps that filled the day

By Allen Urn PhD

In my expert opinion it was hot - really, really, really hot. A Claustrophobic, oppressive, and unkind hot. The kind of hot that makes you want to curl up under
whatever patch of shade you can find and suck on a Popsicle. Except you don't have a Popsicle and if you did it would just melt all over you before you
couid even lick it. And then you'd just be one hot sticky mess. That's how the guys felt and looked when they came across the line today. Of course, my
training makes me an expert at recognizing frustrated melted Popsicle heat syndrome.

We could quantify the physiological effect of this type of heat in many ways since heat, like power, is just another form of energy. I was actually planning on
transmilling our GPS data to a geographical information system network so we could get real time information about the wind, humidity, temperature, and
radiation on the course. My intent was to overlay this data with Floyd's power profie to produce a second to second animated thermograph. Since we know
his gross mechanical effciency, his body surface area, and the heat of vaponzation of sweat (0.56 kcals per ml evaporated) it would have been easy to
calculate the net thermal heat exchange via conduction, convection, radiation, and evaporation given all the other known variables. But, only after quantifying
his total fluid consumption and body mass change over the race. Unfortunately, Floyd didn't want to step on the scale today, I think after someone made a
comment about how well the I-Shares logo stood out on his shorts. So I got screwed on that project. But I guess t1e lesson is, if anyone ever asks you if his
or her bull logo makes him or her look fat, in the name of science, just say nol

So to answer the question that's probably on everyone's mind; that question, of course, being, what kind of impact did the heat play on the riders today, I'LL
just have to assume that the following was due to the heat. First, they were all a lot slower (slowest flat stage so far). Second, they had to dnnk a ton (at least
20 bollies for Floyd from what he recalls). And third, they were miserable, which is of course relative. After all, the podium girls are hot everyday and when
you realize that, you just don't feel as bad.
Actually, today was really unique as the average power was the lowest it's been all Tour at a measly or perhaps toasty 178 walls. Actually, today's average
power was only 14 watts higher than the ride into Pans last year. And that day, those guys were drinking champagne, not Gatorade. In any case, the time
spent between zero walls to a somewhat hard intensity was the greatest it's been all Tour while the time spent above a very hard intensity was the least its
been for the Tour. Finally, the power profie was also the steadiest it's been all Tour. What all of this tells us is that the guys were crawling today. And with
the limited data i have, once again, I can only assume that this was due to the heat, which at one point caused the thermometer in the car to read 42
degrees Celsius or 108 'F.

Tactically, the guys weren't going to do diddly about the breakaway. It's like the movie, "The Sandlot," where its just way too hot to play baseball and the
guys go to the pool and in a moment of true genius, Michael "Squints" Palledorous puts the move on Wendy the lifeguard. Except that, the guys couldn't go
swimming today. And I'm not exactly sure if anyone kissed Wendy. Instead, they actually eased up near the end to give Oscar P the jersey - a fnendly game
of hot potato. It's a good move. There's no reason we need to bum anything before the Alps.

Below is a summary of today's data. And since you probably can't read it, you'll just have to trust me. Floyd moved slowly and it was hot. .
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The daily routine is wellOo'so routine I don't even know where we are
anymore.

By Allen Urn PhD

As exciting as it is to be part of the Tour, there's very lillie glamour about the daily grind. This moming at breakfast, it was obvious that the long days are
beginning to wear on both the riders and staff. It was quieter and everyone looked a bit tired. Not the "I can't go on" tired, but more like the, "I wish I could
take a nap...and maybe even suck my thumb...with a pilow between my knees." You know, that kind of tired.

Each moming the staff typically wakes up at 6:30 to 7:00 am, for breakfast at 7 or 7:30. Gisbert, our chef is usually up a litte earlier gelling the race muesli (a
mix of organic oats, yogurt, nuts, dried fruit, fresh fruit, preserve, honey, & cream), assorted cereals (ranging from Special K to Sugar Smacks), pasta, nce,
sauce, cheese, omelets, yogurt, coffee, tea, milk, soy milk, juice, chocolate croissants, .apple strdels, fresh frit, and assorted vitamins and supplements. Of
course, most of this food is for the nders. For the staff the norm is some coffee, a croissant, and maybe a little muesli.

In any case, breakfast normally lasts about 30-minutes and then the mechanics and soigneurs are out gelling everything ready for the day. Tires are
pumped and bikes are inspected. Cars are washed, vacuumed, and racked with spare bikes (Floyd has two on each of the two follow cars). The van is
racked with race bikes (Floyd's race bike is identified with a red saddle). The bus is disinfected (how this is done I have no idea). Vehicles are fueled. Two
hundred and fift to three hundred bollies with a carbohydrate and electroly1e solution are filled. Coolers are packed with these bottes as well as water,
Coke, Red Bull, and Orangina. Bottes of frozen water are hammered apart for ice. Sandwiches for staff (lunch) and nders (post-race) are prepared. Race
food ranging from fresh frit, to litte sandwiches, pastnes, energy bars, and candy bars are wrapped in a special paper foil that makes it easier for the riders
to open. Thirt musette bags filled with two bottes, two gels, two bars, two candy bars, two pastnes, and some fruit are made. Luggage is brought down and
packed in the trck. Clean laundry is sorted and distnbuted. Rain bags (individual bags filled with each nders rain cape, spare shoes, change of race clothes,
gloves, and extra helmet) are inspected and loaded. Food is loaded in the camper. Finally, race coordinates and deviations are programmed in each
vehicle's GPS.
Once all of this is done, the mechanics truck, camper with food, and one soigneur van head to next hotel at about 10 am to unload bags, prepare kitchen,
and organize rooms. Two caravan cars, one media car, the bus, and a soigneur van sit waiting to take the riders to the race at around 10:30 am.

The nders 'are typically scheduled to wake up an hour later and usually tnckle in at about 8 or 8:30 for breakfast. The exception is Floyd who every moming
of the Tour has been up with the staff and is normally at breakfast with them. The funny thing is that we have separate tables set up for staff and nders since
our staff is so large and because the ndets table has so much more food on it. It's kind of like the adult table and the kid's table at Thanksgiving. So Floyd
always ends up eating breakfast alone at this smaller table filled with way too much food, while 20 staff members all sit at a separate even larger table
starring at him. I always give him a nod and he just looks around and shrugs his shoulders. After Floyd eats, he goes back to sleep and usually waits until
the last minute to get on the bus in normal street clothes while the other nders all suit up before. Floyd's not big on chamois time.

The nders usually get to the race an hour before the start and have a meeting with the team's directors in the bus about the day's tactics. Then they hang out
in the bus and smack talk behind the very darkly tinted windows. Sometimes, I leave them things to ponder, like web pnnt outs of articles from "The Onion,'
Jack Handy quotes, and pictures of various types of American and European mullets. I'm sure this kils lots of time. Or they just get a coffee in the Tour
Vilage. You can also get a hair cut and samples of local cuisine in the Vilage. I plan to get my head completely shaved there while eating a crepe before the
final time triaL. Somewhere in this time the riders also sign in and about 10 minutes before the start roil to the line. The race starts and grown men suffer for
the next 4 to 6 hours.
Back at the next team hotel, we're hauling staff and nder bags into each of their respective rooms after just finishing a 2 to 3 hour drive in gridlock. The
unloading and distribution of bags is equally time consuming and involves a lot of sweating and grunting. Except nobody's naked. It really sucks. While the
bags are gettng done, Gisbert or "Chef Man' as I call him (he calls me "Computer Man"), goes shopping for fresh organic food and prepares the kitchen. He
tells me that the most important part of his job is making sure the kitchens are sanitary as food poisoning at the Tour isn't just something Floyd makes fun of,
it's actually a very real possibility. At the same time, the mechanics are busy getting their work area together and catching up on anything mechanical they
have to do. After the bags are done, I start number crunching and preparing my daily stories while watching the Tour on T.V. If the soigneurs and mechanics
are done with their work, we usually all gather in the lobby or one room to watch the race. Almost always, everyone falls asieep while watching.

When the riders get done with the race, they either nde back to the hotel (as happened today) or they shower in the bus, refuel, and sette in for a 30 minute
to 2 hour transfer to the hotel depending on where we are staying relative to the finish. The guys head directly to the "Food Room" where more muesli, fresh
fruit, sandwiches, cereal, fluid, and all sorts of Scooby snacks are waiting. They then get checked on by the team docs, get a massage, then get any
adjustments or rehab work done by our osteopath.

By 8:30 pm the riders are having dinner that starts with pasta, nce, potatoes, or all of the above with eggs, sauce, and fresh Parmesan cheese. Then they
have a big salad. Once their done with this, they actually have a normal dinner - the same dinner that the staff will eventually have about an hour later.
Desert is always a possibility as is wine and lots of cheese. We are, after all, in France.

I normally skip dinner to crunch the data from the day and to wnte these stories. Eventually, everyone goes to bed and we repeat. Nothing changes. I don't
even know where we are anymore.

With that in mind, today was another hard day. Go figure. Actually, it was really unique because the stats were very comparable to stage 11 -- the hardest
stage so far. Floyd held an average of 265 walls today, only 3 walls less than stage 11. The difference was that today's stage was shorter and over flatter
terrain. So the nding was less steady and extremely volatie, especially in the first hour. In fact, today Floyd did more surges above 8 and 10 watts per kg of
body weight than any day of the Tour. Those accelerations aren't his forte, so today was a tough one. The nice thing is that Flpyd likes it hard, because if it's
hard for him, it means everyone is hurting. That all said, tomorrows rest day is really welcome - for all of us.
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Powerfeed Stage 14: The Daily Grid
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Confidence and happiness abound in the Phonak camp

By Allen Urn PhD

Today was a beautiful day. It's hard to describe the emotion here at the Phonak camp so i won't even try. I'LL just say that Floyd is happy and confident. We
all are.

On the course today he was strong, in control, and had a tactically and physically perfect race. More importantly, the team showed its strength today and
proved that they can be there for Floyd when it counts the most. Perdiguero's lead out at the base of L'Alpe d'Huez was perfect. Merckx, making the early
break and then his strong work in the final, could not have worked out any better for Floyd. In the end, it was all up to Kloden to do the work as he was down
on GC from Floyd and had to fight to tr to separate himself from Floyd and the others. But Floyd was simply too strong to be dropped and though he could
have gone on the allack, nght now, yellow is the only thing that matters.

With that in mind, we had some unfortnate luck with the PowerTap. Floyd got a flat 100km into the race and because of the wheel change we lost data from
that point on. So we missed some of the most.cntical data of the Tour, it's a real bummer. We dropped the keys in molten lava...again. But, yellow is the only
thing that matters.

In an attempt to salvage or resurrect some data, I went and talked to Michael Georges of Matsport, the man responsible for timing this entire race. He took
me on a tour earlier today and showed me how all the timing systems work- the chips on the bicycles, the timing sensors on the road, and the GPS network
that gives them real time info on time gaps. It was computer geek nirvana, not that i was impressed or anything. Anyway, he told me that he had set up some
special sensors at the base of L'Alpe d'Huez today so that he could get everyone's time up the mountain. It was just something he was interested in. So I
tracked him down and he has offered to give me all the splits. The terrain profie on L'Alpe d'Huez is so detailed that it will be possible to get a fairly accurate
estimate of Floyd's power on the climb. It wil take me some extra time tonight to crunch those numbers, but hopefully I'LL be able to report a bit on that
tomorrow.

As for tomorrow, my thought is that it wil be one of the most importnt days of the Tour. Yes, today was hard, but we know from the Dauphine earlier this
year that the 18.4 km climb up to Toussuire, though not the steepest, will take it's toll, especially after the Galibier (42.8 km, 4.5%), Col de-La-Croix de Fer
(22.7km, 6.9%), and Col du Mallard (5.8km, 6.8%). So it's stil one day at a time. It's just how dreams work. One day at a time. And right now the dream isyellow. .
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Despite cracking on today's stage, the fire is stil there and Floyd isn't
going home without a proper fight

By Allen Um PhD

What do you say after a day like today? Do you say that it's all right when it's actually not? Do you sit around and micro-analyze every detail to find an
answer when you'll never really know? Or do you just say it is what it was - a really bad day.

After the chaos of media and spectators died down tonight a few of us stepped out with Floyd for a beer. Rather than being in a fowl mood, Floyd was just
happy to be acting like a normal person again. As we sat there, he got a text message from Jonathan Vaughters that got him laughing as he announced,
"this is the best thing I've heard all day." Floyd read the message to us. A message that basically said, "I know that everyone is tellng you that it's all okay
and to keep it in perspective, that its not the end of the world. But this sucks ass!" Finally, a lillie bit of truth..today sucked ass.

Everybody is doing the best they can otherwise they'd be doing beller. That was one of my lines for the evening. Floyd's response was something on the
order of, 'What kind of crack are you on?" I replied, 'Well at least we'll have something to do for next year." His answer was short and sweet, "I'm going to
kick your ass." So I'm happy to report that despite cracking on today's stage, the fire is still there and this boy isn't going home without a proper 

fight.

Long story short, he didn't feel good frm the get go. Yesterday was a big effort and no matter what you do, sometimes a big effrt means the next day isn't
going to be so prett. There's no amount of eating, sleep, magic potion mixing, or aromathèrapy that is going to fix that in under 18 hours, especially after 2
weeks of racing. Floyd didn't bonk, he wasn't dehydrated, and his hip didn't feel bad. It just wasn't there for him. He felt awful and spent most of the day in
damage control.

For every nder at the Tour, bad days just happen. In the end, which day your number gets called is almost luck of the draw. If today's terrain had been even
a notch lighter, he would've been all nght. Why did it have to be today? I don't know. But not everyhing is due to random chance or lives in the realm of
mystery. We're beller than that and hopefully in lime smarter than that. All we know now, is the Tour is unrelenting. It's like no other test of human strength
and detennination and at times it's just simply unreasonable, not just for Floyd but also for everyone who suffered up to Toussuire today. We'll figure it out
though. He'll figure it out.

In time, he'll understand why an otherwise reasonable average power output of 259 walls felt like he was being beat by a wrecking balL. The previous and
currnt days nutritional, energy, and fluid intake wil be re-assessed. Files will be compared and analyzed. The latest scientific joumals will be dissected.
Ideas wil come and plans wil be made, tested, and re-tested. And sometime next week Floyd wil be back at home drinking a beer in his yard with a big old
smile on his face. So rather than analyze his power profie and GPS data from today, I'm just going to enjoy thinking about next week and the possibilties
that stil remain between. Cause this race isn't over yet. He's just angner now and the dream remains - raw, unsympathetic, and once again provoked.

Yes, today sucked. And yes, maybe it doesn't help to try and keep it in perspective. But, i am beaming with pride for Fioyd tonight. Because, without even
knowing it, he's got it in perspective - he's made it all okay. He's wiped off the dirt and is gettng on with it. I mean we all know that the world loves a winner,
but at the end of the day, hopefully your friends, your family, well, hopefully, they only love you. That's Power.
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Today Floyd proved that he has it. Today he gave everyone a reason
to believe.

By Allen Um PhD

I'm so overwhelmed nght now, i can barely even wnte. This morning he was so angry..so mad at himself. He had the music cranked to max as he paced
around his tiny hotel room like a wild animal, foraging for his belongings so he could pack his suhcase for the transfer. His appetite for redemption was so
raw and you could see his thirst for blood as he proclaimed, "I'm the strongest guy in this racer And yesterday was crapll may lose this Tour, but it's going to
cost them!"

I stood there with a scale and a piece of paper in my hand. ..i need to weigh you," I said. His allention suddenly shifted and with one quick shove he
slammed the bed up against the wall to open up some floor space. "Here, we've got some room now and you can sit on the bed," he said. I put the scale on
the floor and he threw me a small book. It was a book of Jack Handy quotes that I asked Scoll Thompson from Quality Bicycle Products to send. "Scoll sent
these," he said proudly. "I know," I said. And then we just sat there and read each other Jack Handy quotes for the next 15-minutes. He laughed louder than
I think I've heard him laugh all Tour.

i showed him the piece of paper. On one side was every reason I could think of for his bad day. i asked him what he thought and his answer was simple. "I
just sucked yesterday but it's not going to happen again." On the other side was a list of power values showcasing his best moments at this yeats Tour. i
showed tiim the numbers and he once again proclaimed, "I'm the best guy here. Today, I'm going ape shit. Today, I'm going to win." .

We took his weight. i told him good luck then headed off for the finish. But he's never really needed luck or any sentimental "Chicken Soup" for his soul to get
over a bad day. Just a bit of humor to lighten the mood, loud music, a wide-open road with nothing to lose, and the unyielding belief that he's the best in the
world. Well, whatever it takes, today he proved that he has it. Today he gave everyone a reason to believe.

- 5 hours 23 minutes and 36 seconds.

- Covering 200.5 kilometers (130 km alone in the wind).

- At a speed of 37.175 km/hr.

- Averaging 281 watt when moving for the whole nde and 318 walls over the last two hours.

- Averaging 324 walls while pedaling for the whole ride and 364 walls over the last 2 hours.

- At an average cadence of 89 rpm.

- Transfernng 5,456 Kjoules of energy to his Cycleops PowerTap.

- Taking, no joke, a total of 70 water bottles (480 ml each) from the car to keep himself cool and hydrated.

- Allacking about a quarter of the way up the Col des Saisies for 30 seconds at 544 walls, which settled into a 5-minute peak of 451 watts, which continued
for 10 minutes at an average of power of 431 watts, and left everyone in his dust after 30 minutes at an average power of 401 walls.

- Spending 13.2% of his time or 43 minutes coasting like a rocket on the descents and another 60% between 4 to 7 watt per kilogram of body weight (aka,
the pain cave).

- Holding onto 373 walls over the Col de Joux-Plane.

- Hittng a max speed of 83.7 km/hr (51.9 mph) and flying like a Phoenix on his way to the most incredible moment in sports I have ever witnessed.

GDC00860
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The last 24 hours have literally been the busiest of the Tour as Floyd
prepares for the final time trial

By Allen Urn PhD

It was another hot day today and Floyd didn't do anything but hang out in the peieton, eat, and drink. Call it 200 km of fueling up for the final throw down of
the Tour. So there's really not that much to report. The power file looked like a stroll in the park compared to yesterdays data and though Floyd was feeling
tired this moming, today's nde wasn't bad for recovery. If only the bad day was today. After yesterday's amazing ride, it's almost beller that things worked out
the way they did. Well, maybe not. But, sometimes you never really know what you're made of until you've hit bollom.

Which, of course, bnngs me back to yesterday. t can't stop thinking about it This moming I talked to Floyd about the day and he was still beaming from it. As
we reviewed the data, both of us were impressed at the tevel of effrt the day required. At the same time, however, we both also realized that the nde was
well witlin his capaCity. That he had done ndes this big in training. Yes, it was a truly amazing effort, but both of us already knew how strong he is. The day
was speCial because he finally got to show the world that strength. He found himself again and he never stopped believing. Thats how he won that race. It
was because he believed and no one else did.

With that in mind, I'd thought it'd be interesting to share a few more stats from yesterday - specifically, the power outputs on the climbs.

Col des Saisies (6.4%): 395 watt in 36:55.
Col des Aravis (7.1%): 371 walls in 16:49.
Col de la Colombiere (5.8%): 392 watts in 27:45.
Cote de Chatillon-sur-Cluses (4.9%): 374 watts in 11 :07.

Col de Joux-Plane (8.5%): 372 walls in 37:34. As a point of reference, these power outputs were very similar to the average power outputs over the 5 climbs
on Stage 11 where Floyd first took yellow. More interesting, is the fact that over the course of the Tour, Floyd's best power output for 1 O-minutes didn't
actually happen in the race. It actually happened on Monday's rest day when he decided to open it up on a hil near the hotel and cracked 460 walls. He was
doing similar efforts in training before Georgia and before the Tour. So long story short, the conservative first two weeks was, in hindsight, not really true to
his talent or styie and I'm certain that this wil be the last time we see Floyd do what everyone thinks he's suppose to do.

Now everyhing hinges on the time triaL. While we are all confident that he wil rage tomorrow, we're not taking anything to chance. This evening we had what
looked like every engineer from BMC working on Floyd's time tnal bike. It is truly impressive the quick and superb work these guys have done to re-spec
Floyd's bike since the UCI rule change that forced him to lower his bars and the accident in the first long time triaL. In addition to the bike, the directors drove
the course tonight and it looks like the first 10-15 km is fairly technical, the middle 20-25 km is where most of the time wil be made, and the final 

10-15 km isfairly flat to downhil which wil tend to keep the time differentials low. Floyd wil be pre-nding the course in the moming to take a look for himself. In the
meantime, we've got different pacing models built up for each 5 km section and have some prett good idea about what he'll be able to hold and need to
hold for Yellow. This thing isn't even close to over yet and the last 24 hours have literally been the busiest of the Tour. This staff has really ralled behind
Floyd's incredible nde and we'll be doing everything we can to ensure he has the best ride of his life. What we all know though is that tomorrow he'll be
carrying us. Uke I said at the beginning of this Tour, 'this guy is going to win the Tour."
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What you'll suffer through to make the dream happen

By Allen Urn PhD

As much as we all believed that Floyd would win, when he crossed the line today I couldn't believe it was happening. The moment was so unreal, so unlike
any1hing I was prepared for, and at the same lime so normal and expected. It left me in a daze. It's really diffcult to try and express how everyone feels, how
i feel. Of course, we're all happy, relieved, and excited; But I'm also feeling exhausted and pensive. It has been such a long and hard road to get here. Many,
many bad days - more than just the one Fioyd had last Wednesday. Now all balanced by this Yellow prize. Last year our joke was that the Tour was 99 One,
which stood for 99% bullshit, 1 % pure magic. We've been living and working for the magic ever since and it really does feel great to tum all that crap into
gold. A lot better than losing, I'LL tell you that much. But i can't help ignoring the other 99 nght now. Because it was all that misery to get here that makes it
wort it

We were up at 6 this moming. No change in the routine. Gisbert squeezed fresh orange juice, just like he had every morning of the Tour and brought out a
bucket of muesli. The pasta was made, eggs scrambled, and chocolate croissants spread out. Floyd was again, the first one at breakfast. The room felt
really quiet, the way it does when the world isn't quite up yet. We talked more about the power he did on Stage 17 and Floyd got a kick out of it I told him
that i thought he'd do a 1 :08:40. He thought it was too fast By 7:45 am, we were out the door to check out the time trial course.

Keeping with tradition, Robbie Ventura and I joined Floyd to pre-nde the course. Floyd was in a great mood, just happy to be on his bike. It rained, but it
didn't change how much fun we were having. We were like kids nding our bikes - very far from the senousness of the day ahead. Along the course the fans
were already out in force and it wasn't even 8:30 am. As we rode along, everyone on the side of the rode lit up with "Allez Floyd," or "C'est Landis." It gave
me goose bumps. He's become an overnight legend here in France.

After the ride, Floyd headed back to the hotel for food and a nap. At 3 pm, he was back at the start. The warm-up wasn't hard. He kept it light so that he
wouldn't get overheated as the day was already gettng close to Popsicle sucking hot. He used an ice vest, drank water and an electrolyte-glucose drink, had
two gels, and listened to "Fist of Rage" by Kid Rock many times.

For his Tour winning performance, i estimate his average power output at 394 Watts, about 3.5% better than he did in the final time inallast year, but not as
strong as the 410 Watts that he unleashed on the first time tnal. it was plenty.

When we got back to the hotel, the champagne, beer, and i don't know what started flowing like a damn broke. The mechanics broke out in song while
puttng yellow handlebar tape on all the bikes and everyone got busy congratulating each other.

I didn't want to miss dinner (as I normally have been to do these stories), so i found an empty room to get this wrillen as quickly as possible. In the middle of
puttng this piece together, I was surpnsed to see Fioyd side step the celebration outside and join me and my brother who flew in yesterday to help me keep
my shit together (it's been a brutal Tour). Floyd was feeling the same way i was. Dazed and perhaps even sad that it's all over. I asked him what he was
thinking and how it felt to put on that Yellow jersey. His reply was that he thought that maybe the process was more fun than the victory. It was the most
sentimental thing i think I've heard him say all month. I asked, "You think the 99 is better than the One?" He replied, "It's never 

the same as you imagine."

So maybe it's not all the misery that makes getting here worth it. Maybe we just love the misery - the process of believing so deeply in your dreams that you'll
suffer through anything to make them come true. After all, "passion" is to suffer. We've arrved and it really is magical. These memones are seanng in my
mind like a hot iron. And Floyd is truly the happiest and the proudest I've ever seen him. But there's no way we're pulling it in park now. We can't. Cause
time just keeps moving forward and though we have no idea what lies ahead, we have no choice but to follow. A new era has begun and a new road liesahead, once again expectant and impatient. So before we start moving again, before the trucks get packed up and start their way towards Pans and the
inevitable future, i just have to say thanks. Thanks Floyd. You've made my dreams...you've made all of our dreams come tre.
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Floyd is offcially the Tour champ, let the part and the thanks begin

By Allen Urn PhD

Page 1 of 1

It's a mob scene here. I can't get anywhere.near Floyd right now, let alone his bicycle, so I'm going to file this last report without checking out his victory day
stats. What I can tell you is that last year, he averaged 164 walls. I'm wiling to bet that today's power profile was exactly the same as last year's for this
stage. The only difference is that this year, he's the winner...1 told you so.

I'm about to head off to the team part right now so I need to keep this short. In time, I think I'LL be able to find the words to express all the emotion that this
win has created for myself, Floyd, and the huge team of nders, staff, family, friends, and fans that made this all possible. Right now, I'm just too exhausted to
put it into words. So for now I just want to say thanks to anyone and everyone who ever lifted a finger for us. We are indebted to so many people. At the
hotel today, seeing all the family and friends who have come into Pans to greet all the nders made that point obvious and clear.

Although the list of people to thank is way too extensive, and I will probably screw this up, I have to thank David Cathcart and CycleOps Power as well as
Robbie Ventura for connecting me with Floyd, and starting this crazy ride more than a year and a half ago. Of course, to my fnends and family who were
always unconditional in their support even if they never really understood what it was I did or whether or not it was a real career. Not to scare you, but i still
haven~ figured that one out yet. Thanks, to everyone on the TIAA-CREF Cycling Team and all the athletes/students/fnends who have taught me more than I
could ever teach. In partcular, to Michael and Dede Banr, Chnstian VandeVelde, Alex Candelario, Jesse Bartholomew, and Dr. Shannon Smith _ you guys
kept me in this game at times when I was ready to pack up and fly home. And finally, to Dr. Wiliam Byrnes, my mentor at the University of Colorado at
Boulder - not a day went by at this year's Tour that I didn't hear your voice in my head, forcing me to rethink, re-analyze, and suffer over every statistic, idea,
or bit of advice I gave Floyd. Thermoregulation...how cool is that.

All of you had one thing common. You all believed. Floyd believed and he made me believe and we all believed together. Fora science guy, I have to say,
that was the best leap of faith I've ever made. Just believe...anything is possible.
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Dr Brendan M Buckley FRCPl FFPath FfSEM

The Cork Clinic
Western Road

Cork

Dr Una May,
AnU-Doping Unit,
Thè Irish Sports Council,
Block A, Top Floor,
West End Office Park,
Bb:inchardstown,
Dublin 15.

09 June 2006

Dear Dr May

Re:
The analyticalfindings on urine of an athlete sampled out of
competition on September 30th 2005 and analysed in the Drug
Control Centre of King's Coflege London and therein coded
A382195.

Dear Dr May:

The AuthorisedExpertGroup, convened by the Irish Sports Council to

co~sid~r the analytical findings detailed above, met on 5th May 2006 and

sUQseauently further considered the data provided to us by thelSC. These

data include the results of analysis ofthree prior and two subsequent urine

samples from the same athlete.

The Authorised Expert Group, having regard to the abnormal results of the

tests on sample coded A382195 as well.as their relationship to the normal

results of prior and subsequent samples, considers that

1. The results deviate significantly from the range of values normally

found in humans.

2. Are unlikely to be consistent with normal physiological endogenous

production.

GDC00864



3.' Are unlikely to be consistent with endogenous production due to a

pathological state such as a congenital abnormality of androgenic

steroid production, or an androgen,.secreting tumour, or any other

known pathological condition.

We therefore advise that we concur with the conclusiÒris stated by

Prófessor Cowan in his report of 28th April 2006 toyou that the urine

sample obtained by you .onSeptember 30lh200S and analysed. in the

Drug Control Centre of King's College London and therein coded

A382195 contained an abnormal concentration of testosterone,

consistent withtneadministration of testosterone or of a substance that. . ~~~..."y~_,~~~"~~v~...,~.".,,..
rais.esthe concentration of testosterone.--N.._--~~~~--~-~--~
Yours Faithfully

Dr Brendan MBuckley

Consultant Endocrinologist. Bon Secours Hospital, Cork.

Unanfmouslt. on behalf of:

Professor T.JosephMcKenna
Consultant Endocrinologist. St Vincent's UniversityHospÎtal,.Dublin

Dr James Gibney,

Consultant Endocrinologist, The Adelaide and Meath Hospital, Dublin. Incorporating

the NationalChifdren's Hospital
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rRMS Data provided by the W ADA accredited Laboratory in Turin,Italy.
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Referencing strategies and techniques in stable isotope
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Stable isotope ratios are reported in the literahte in terms of a deviation from an international

standard (ô-values). The referencing procedures, however, dier from instrment to instrment and

are not consistent between measurement facilties. This paper reviews an attempt to uni the

strategy for referencing isotopic measurements. In parcular, emphasis is given to the importance of
identical treatment of sample and reference material ('IT principle'), which should gude all isotope
ratio deterinations and evaluations. The implementation of the priciple in our laboratory, the
monitoring of our measurement quality, the status of the interational scales and reference materials
and necessar correction procedures are discussed. Copyright (j 2001 John Wiley & Sons, Ltd.

Roughly 15 years ago a new and relatively economic
chromatograpluc method to measure stable isotope ratios
with lugh precision became commercially available. Carrier
gas or on-line isotope ratio analysis systems now cover a
wide range of applications and have led to a dramatic

increase in the number of stable isotope ratio measurements
worldwide. Although tls has been a benefit to this field of
science as a whole, it has also created a number of problems.
We feel that the depth of knowledge that the few origial
experts possessed has been diluted considerably over the
years with the consequence that the overall precision and
reliabilty of isotope ratio values may have declined. In
particular, the accuacy of reported ¿¡-values relative to an

international standard may have suffered from the vast
increase in analyses made.

On the other had, such a large increase in the number of
analyses offers the opportty to establish fully automated
analysis sequences that include a proper referencing

strategy. Tls opportty should enable the reliabilty of
isotope ratio value assignent to be improved. Although
tls has happened to a certain extent in many laboratories,
referencing strategies have certainy not been unied
thoughout the community.

Tls review wil be of considerable value both in

*Correspondence to: W. A. Brand, Max-Planck-Institute for
Biogeochemistr, P.O. Box 100164, 07701 Jena, Germany.

E-mail: wbrand(Qbgc-jena.mpg.de
E-mail: rwerner(bgc-jena.mpg.de
a The variation of stable isotope ratios in natue is smalL. The smal

diferences are convenientlr expressed as delta values (0) in per mill (%0)
deviation from a reference .3.8 according to

¿¡ ¡roo J = (Rs. /Rref - 1) . 1000

R. and R,e1 are the sample and reference isotope ratios, respecvely.

DOI:1O.1002j rcm.258

educating students and also newcomers to the excitig field
of lugh precision stable isotope ratio measurements. In
parcular, we want to emphasize technques for reliable
standardization in carier gas or on-line technques where an
accepted protocol for assigng ¿¡-values' on an internation-
ally accepted scale has not yet been defied. We feel
parcularly suited for tls task because we were given the

opportty to star a large isotope ratio measurement

facilty from scratch two years ago and thus had to develop
all the techques and protocols for such an endeavor

recently.

(1)

Stable isotope ratios and their international
scales
The stable isotope ratios measured most widely include
13C/12C, 1~/14N, 180¡I60 and 2H¡IH (or simply DjH).

Oter less frequently measured ratios are inter alia 170j160,
34S/3is, 33Sj3is. The common featue of these ratios is tht

they can be determied using a few light gases (COi, CO, Ni,
Oi, Hi, and 502), Hence they share a common technology
termed (Gas) Isotope Ratio Mass Spectomet.

The principle of the classical method is very easy to
understand: Two gases are stored in containers connected
via capilaries to a switclug unt, the 'changeover valve'l

(Fig. 1). The latter serves to direct one of the gases to the ion
source of an isotope ratio mass spectometer (lRM)2,3,4,5,6
wlule the other gas flows to a waste vacuum lie, and vice
versa. The ion curents are measured separately from both
gases and compared a number of times. The measured
relative difference in ion curent ratios is then calculated

relative to an internationally agreed isotope ratio scale.
Table 1 is a compilation of the international stable isotope

ratio scales in use together with the presently accepted

absolute ratios and their errors. When comparing samples

Copyrght (! 2001 John Wiley & Sons, Ltd.
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Istope raoma sp

Sam gas

Figure 1. Schematic representation of a dual inlet system
featuring the 'Changeover Valve' as the classical referencing
technique in Stable Isotope Ratio Mass Spectrometry. While the
gas in one volume is flowing to the mass spectrometer, the gas in

other goes to a waste line and vice versa.

with one of the standard materials, however, the errors are
generally considerably smaller owing to the fact that a

relative measurement has far fewer sources of error than an
absolute determation.

Carbon
The international scale for 13C/12C stared as a carbonate
laboratory stadard for oxygen and carbon isotope ratios in
the group of Harold Urey at the University of Clucago in the
early 1950s?,8 Being representative for carbon in the litho-
sphere that precipitated from the world ocean, PDB was
later proposed as the international reference material for the
carbon and oxygen ¿¡-scale by Harmon Craig.9 The Cretac-

b 0'80NB_19 ;: -2.20/00 vs. VPDB; Ó'3CNB _ 19 ;: +1.950/00 vs. VPDB

Table 1. International isotope ratio scales 12

nI
eous belemnte material was picked from the Pee Dee

formation in South Carolina, hence 'PDB' for Pee Dee
Belemnte. The origial material no longer exists. It has been
replaced by assignng exact ¿¡-values (both ¿¡13C and ¿¡180~ to

another carbonate (NBS-19) relative to PDB.10,li Tls new
scale is termed 'VPDB' (Vienna PDB) in recogntion of the
role that the International Atomic Energy Agency (IAEA),
located in Vienna, has played in redefing the PDB scale.

The IAEA played a similar role for the other ¿¡-scales that
have a 'V' preceding the original scale name.

Unfortnately, isotope ratios of CO2 must be determed
using the molecular ion masses 44, 45 and 46. The l3C

inormation comes in disguise. It is available from the 45/44
ion curent only afer subtractig the ~7"!o contrbution from
12C170160+ (see 'Correction of isobaric interferences'). Tls

complicates the exact comparability of ¿¡13C values between

different laboratories.

Oxygen
High precision isotope ratio measurements of oxygen were
fist made on CaC03, O2 and H20. Again it was Urey's
group that developed these applications for paleoclimate
reconstrction.2,19,20,21 The two accepted international scales

(VSMOW and VPDB) have developed over time. A variety of
carbonate (including PDB) and water standards were used
until 1961, when Harmon Craig proposed SMOW (Standard
Mean Ocean Water). SMOW isotopically represents the
hydrosphere with the world oceans as the largest reservoir of
oxygen (and hydrogen). Interestigly, the standard that
Craig proposed was not available as a reference materiaL. It
had a ¿¡-value that was believed to represent average ocean
water based on experience accumulated over time. It was
precsely defied relative to the (now exhausted) water

standard NBS-l that was almost 80/00 off the new ¿¡ISO-scale

and 47.60/00 off the simultaneously defied ¿¡D-scale. Both

Craig and the IAEA engaged in developing a reference
material with an isotopic composition of SMOW, wluch led
to the current VSMOW scale. Tls material presently is still
available in limited amounts from the IAEA in Vienna. A
new batch of reference water matchig the VSMOW scale as
closely as possible in all isotope ratios is cuently being
prepared.

180/160 ratios are measured using CO2 afer appropriate

conversion from the origial materiaL. Due to the fact that the

Isotope ratio International scale Accepted ratio (x 106) Error of ratio Error of ratio (000) Ref.

13c¡12C VPDB 11180.20 H.8 :12.5 Chang and'Li13
1.0;'60 VSMOW 2005.2 :10.45 :10.22 Baerlchi 14

VPDB 2067.212 using +30.920/00
170;'60 VSMOW 379.9 :10.8 :12.11 Li et al.'S

VPB 386.012 with +30.920/00 and À = 0.52
15Nj14N AI-N2 3678.2 :11.5 :10.41 DeBieVle et al.'6
2HlH VSMOW 155.75 :10.08 :10.51 De Wit et alY
"sf2s VCDT 44150.9 :111.7 :10.27 Ding et aI.'8

Isotope ratios are reported as o-values in per mill (0/00) deviations from the origi of the respective international scale. Please note that for oxygen two
internationaly accepted scales coexist.
o Chang and Li report a 13Cj12C value of 0.011202for NBS-19. The 013C_ value of NBS-19 is +1.950/00, defig the VPDB scale. The previously established

13Cj 12C PDB ratio value9 of 0.0112372 is 50/00 higher.
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behavior of terrestrial 170 and 180 are closely lied via

mass fractionation laws, 170/160 ratios (measured using O2
gas) are analyzed only occasionally.

When carbonates or CO2 in air are measured, oxygen
isotope ratio values are preferentially reported on the VPDB
or VPDBgas scale and tls can lead to confsion when the

scales are not stated explicitly. The reason for the coexistence
of two oxygen scales is that measurements of ¿¡-values

agaist a chemically identical or simar reference can in

principle be made with enhanced precision. VPDB has a
¿¡180 value of +30.920/0022 on the VSMOW scale. The CO2 gas

'developed' from hypothetical VPDB (= VPDBgas) at 25°C
using pure, water-free Hsl04 is 10.250/00 heavier;23,d it has a
¿¡180 value of +41.50/00 on the VSMOW scale. It should be

noted tht ¿¡-values can not be added or subtracted in a

simple way when referring to different standards.e

Hydrogen
The isotopes of hydrogen have the largest relative mass
diference. Since most isotope fractonations in natue
roughly scale with relative mass difference, the largest
variations in terrestral isotope ratios are found for hydro-
gen. Although the large mass diference makes the isotope
signatues easier to detect, the low abundance of deuterium

(only about 150 ppm in ocean water) can create problems
during high-precision analysis. Consequently, two interna-
tional reference materials are in frequent use to cover the
natual range of isotope ratios for D IH. The basis of the
interntional scale is the same as oxygen, VSMOW. The other
reference material is a water sample named SLA (Stadard
Light Antactc Precipitation) that is, relative to VSMOW,
more than 42% depleted in deuterium (-4280/00). The
difference between VSMOW and SLAP is used to correct
for the nonlear behavior of instrmentation and (or)

sample preparation during analysis.

Nitrogen
Unlike the ¿¡13C and ¿¡180 values in atmospheric COi, the
¿¡1~ value of atmospheric N2 does not change with
measurement precision over time or space?4,25 Tls is due to
the fact that the atmospheric pool of nitrogen is by far the
largest of all nitrogen-bearg pools on ear and thus carot
be altered signcantly by known processes. It parcipates in
all natual processes as source and sin so that the net

change over time is close to zero. Consequently, AIR-N2 has
been adopted as the international reference material for all
nitrogen isotope ratio analyses. Tls does not imply that the
isotope ratios are easy to measure. From air, N2 must be
isolated without isotopic fractionation for use as a primar
reference. For convenience (and thus enable better data
comparabilty) the IAEA has made secondar stadards
(mostly ammonium and nitrate salts) available for direct use
in sample preparation lies involving combustion.

d More recently, a value of 10.440/00 has been reported. by Ki and

O'Neil.52
e The b-value for a sample (sa) measured against a working standard

(ws) on an international scale (is) is given by

¿¡sa/is = ¿¡s./ws + ¿¡ws/is + ¿¡sa/ws X bws/is/l000 (2)

Copyright (! 2001 John Wiley & Sons, Ltd.
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Sulfur
Sulf is most commonly measured as S02 gas on the

molecular ion masses 64 and 66. Unfortnately, the isotopes

of oxygen directly interfere with the sulfur isotopes (isobaric
interferences) at these mass positions and thus cannot be
measured independently (the ion curent at mjz 66 comprises
34S160i and 3is160180+). Using SF6 as the measurement gas

avoids tls problem, but preparation of SF6 requires fluorine
gas as a reagent and preparing clean SF6 is difficult. Hence,
SF6 has found only limited use. The international ¿¡-scale is
defined by VCDT (Vienna Cañon Diablo Troilite)26 The
origial CDT,28 adopted as the primar stadard in 1960,

was prepared from the FeS phase of a large iron meteorite
found at Meteor Crater, Arizona. Improved measurement
precision has revealed that CDT is not sufciently homo-
geneous27 to be contiued as the primar reference material

and, as a consequence, the CDT scale has been replaced with
VCDT. VCDT is defied by assigng a ¿¡Msvalue of -0.30/00

(exactly) to IAEA-S-l (formerly NZ-l, Ag2S).26 It is wort
notig that the absolute Ms/3is ratio in VCDT given in Table
1 differs from the previously established value (45004.5)28 for

CDT by about -200/00. Tls afects the correction for 180
contribution (see 'Correction of isobaric interferences').

Referencing techniques in isotope ratio mass
spectrometr and the principle of identical
treatment
Dual inlet system and changeover valve. The breakthough in
classical isotope ratio mass spectrometr was the dual inet
mass spectrometer, introduced by Urey in 19482 and
described by McKiey et al. in 1950.3 Despite signcant
improvements in electronics, vacuum system design and full
computeriation, the basic principles embodied in tls mass
spectrometer stil form the basis of modern stable isotope
ratio mass spectrometers for rugh-precision analysis of clean
analyte gas.

A key featue of the McKinney instrent is the ' change-
over valve'l (Fig. 1), wruch allows contiuous flows of
reference and sample gas to be alternated between the
mass spectrometer and a waste line vacuum pump. The
'changeover valve' is the classical referencing technque.
Together with the dual variable volume (or mercur piston)
reservoir system for introduction of sample and reference
gases, it allows a direct comparison of ion curents and ion
cuent ratios. Intrmental effects like temporal flucta-
tion of sensitivity or temperatue drift cancel almost
completely.

In order to avoid isotopic composition changes of the gas
in either reservoir over time due to molecular effusion into
vacuum, the connection between the gas reservoirs and the
'changeover valve' is made with trun capilaries (0.1-0.2 mm
i.d.) of about 100 em lengt that are crimped near the end.29
The hole right at the capilary crimp also constitutes a
molecular leak. However, provided the pressure in the
capilar is sufficiently rugh (typically )-50 mbar for hydro-

gen and )-15 mbar for other gases), the flow through the
capilaries is viscous, not molecular, and thus prevents the
isotopically enrched gas at the crimp from diffusing back
into the reservoirs.4 Trus viscous flow condition establishes a
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Table 2. Measurement of two CO2 gas samples by different laboratories

013C (%0 VPDB)

nI
Sample 00 INSTAA CSIRO Heidelberg Scpps std. dev.mean

GS-19 -7.502 -7.517 -7.516 -7.539 -7.465 -7.508 0.273
GS-20 -8.622 -8.624 -8.617 -8.635 -8.575 -8.615 0.0231

0180 (000 VPDB-CO,)

Sample 00 INSTAA CSIRO Heidelberg Scpps std. dev.mean

GS-19 -0.193 -0.790 -0.617 -0.426 -0.126
GS-20

-0.430 0.280
-0.991 -1.580 -1.38 -1.191 -0.915 -1.211 0.274

lower limit to the mimum amount of gas tht can be
determined with lugh precision. Smal amounts of gas may
be frozen into a small volume ('microvolume') in front of the
capilar. Making tls reservoir as small as is physicaly
possible (~250 i-L) and operatig at 15 mbar results in a
minium sample size of about 4 bi-Lf gas.

Using modern dual inet mass spectrometers it is possible
to obtain a precision of 0.010/00 for O13C (and similar values for
other isotope ratios) by comparg the ion cuent ratios of
the gases in both reservoirs a number of times for several
seconds. The mean is calculated and such measurements are
compared a number of ties during the course of a day.
However, precision is not the same as accuacy. On the next
day the results may again be very precise. The mean,

however, may difer from the mean from the previous day,
or from the previous week, month, or year.
The situation is ilustrated by results from a recent

intercomparison of CO2 gas intiated by the Gronigen

Centre for Isotope Research (CIO).3o The ring test involved

two gases (GS-19 and GS-20) sent to five promient

laboratories for isotopic determiation. The results from
the ring test are given in Table 2.

The precision of the o13C-values is approx. 0.0250/00 and

appears acceptable, whereas the O180 data show an
unacceptably large scatter. Tls fiding is attbuted to

different referencing methods or materials in the labora-
tories. If GS-19 is used as the reference (o-value set to 0.00/00)

and GS-20 measured against it, the precision of the reported
diferences improves to 0.0090/00 for O13C and 0.0160/00 for

O180. Though direct referencing, the O13C results are
improved by a factor of 3 and the O180 situation improves
almost 20-fold.

How can the precision that these mass spectrometers are
obviously able to deliver be conserved and converted into an
accuracy figue over long time periods? How can diferent
mass spectrometers deliver results that can be compared
reliably at a precision level of 0.010/00?

These questions require some discussion before a more

f 1 b¡iL ('bar microliter') is an amount of I¡iL gas at SI.

g Please no.te that c:ping of the capilaries will not necessary result in
the same signal height for the same gas pressure on both sides. In fact,
~hen referencing through the sample line ('IT priciple'), it is more
important to have a long lifetime for the standard gas and thus make the
crimp for the capilary tighter on ti side.

Copyright (! 2001 John Wiley & Sons, Ltd.

general conclusion can be reached. Several points need to be
considered:

. The capilaries to the 'changeover valve' are carefully

heated and the inet system is conditioned until the ratios
for the same gas, introduced to both reservoirs, is close to
zero ('zero enrichent test)ß However, in the real world,
the two gases are diferent and may even differ in their
trace gas impurties. Traces of water or other protonation
agents can give rise to an isobaric interference of C02H+

(mlz 45) resultig from ionlmolecule reactions in the ion
source. Similar protonation reactons are possible for other
gases resultig in Ht or N2H+.

. The isotopic composition of a sample and reference gas
should not be ver different; however, in reality, they
always wil be and, as a consequence, balancing the major
ion beam means that the mior beams will have different
readings. If the response of the measurement charels is
not perfecty linear (and it never wil be), tls is a source of

error that can var with tie.
. The measurement precision and results for O180 from CO2

gases depend critically on the natue and the cleaniness of
the internal suraces of the reservoir and the transfer
capilares. Not only can CO2 exchange oxygen with

surace water, it may even exchange with other form of
loosely _ bound oxygen on the surface and hence cause
uncontrolled isotopic fractionation. Tls may be different
for the two capilaries and may change over longer tie
periods.

. Different mass spectometers (even from the same manu-
facter) can have several sources of error in determig a
given isotopic diference. Tlus has been shown for
hydrogen where the isotope ratio differences are often
large. It is also important for other gases like CO2 when the
measured (¡-values difer by 100/00 or more and the required
accuacy is lugh.

It is common practice in laboratories that strive for the
lughest long-term precision and accuracy to have sample
and reference gas measured from the same (sample)

reservoir of the dual inet system. The gas in the reference
volume serves as a temporar mediator between the

different ru. Proceeding in tls marer, sample and
reference gas are handled in a lughy comparable, almost
equal, fasluon and, as a result, some (but not all) of the errors
discussed above tend to cancel out.
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Figure 2. Referencing technique in isotope ratio monitoring
applications. Helium enters a small glass tube through a fused-
silca capilary. Another fused-silica 'sniffing' capilary (usually
1000 mm long and 0.1 mm i.d.) connects to the ion source of the
mass spectrometer. Reference gas pulses are generated by
moving a third capillary between two positions, one upstream and

the other downstream from the sniffing point.

The IT principle
We wil refer to 'Identical Treatment' of sample and
reference material as the 'IT principle' for relative measure-
ments. The IT principle, wruch does not apply exclusively to
the dual inet technque, serves excellently for maintaing
long-term laboratory performance records for other isotope
ratio measurement techniques as well (see 'Performance

chars').
It is rare that the measurement gas is identical to the

original sample. Typically, a carbonate, a water sample, an
organc compound, a piece of bone, soil, hair or a gas mixture
etc., is selected from wruch the measurement gas has to be
produced or extracted. During tls transformation it is
critical to avoid isotopic alteration. In carbonate analysis or
water equilbration the IT principle has been common
practce for a long time. Carbonates are effectively standar-
dized by rug carbonate reference material alongside the
samples on a daily routine basis. Water samples are
equilbrated together with reference water standards in the
sarne temperatue-controlled bath. Because the isotopic
fractionation occurring in the CO2 liberation or the isotope
tranfer reaction to the gas phase is strongly temperature

dependent, the reference material is subjected to the same
reaction conditions. The isotopic fractionation cancels as
long as the chemical natue of sample and reference is
closely comparable. The same argument applies to water
reduction methods for hydrogen isotope ratio analysis. Here,
irespective of the specifics of the reducton process, the

Copyrght (! 2001 John Wiley & Sons, Ltd.
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potential for isotopic fractonation is encountered in almost
every detail of the reaction including the type of vessel, the
temperatue, the amount of reduction material, and the
timg sequence of the reduction reacton. Hence, rug
reference water samples concuently with unown sam-
ples in every batch is requied in order to obtain reliable
results.

Isotope ratio monitoring technques
Isotope ratio monitoring ('irm') encompasses all technques
for rugh-precision determiation of stable isotope ratios that
employ a helium carer gas for transferrg the analyte gas
as a transient into the isotope ratio mass spectometer.31 The
term 'ir-GC/MS' was introduced by D.E. Mattews and
J.H. Hayes in their pioneering paper in 1978.32 Popular

acronyms in common use for specifc irm couplings are GCI
C/IR (GC/combustion/IR) and EA/IR (elemental
analyzer/IR). The technques were origially developed

to measure 13C/I2C and 15N/14N. More recently, DIH,
Ms/3is and 180/160 ratio determition has become

available, accompaned by a host of new acronyms.
In ir systems the sample gas leaves the appropriate

sample preparation and separation device as a peak

entrained in helium. The chromatograpruc separation not
only ensures that the analyte gas is pure or comig from a
single precusor, it also separates the stable isotopes (i.e.
isotopomeric molecules) of the analyte to a certain extent. In
irm-GC/MS applications the separation often exceeds
100 ms between e.g. the 13C moiety of the anlyte, wruch

elutes fist, and its 12C counterpar.31,3
Referencing can be cared out in a number of ways. The

most common method is to inject pulses of reference gas
directy into or in parallel to the GC effuent stream.34 The
time window or windows for the reference gas pulses must
be carefully selected in order to avoid interference with any
analyte material entering the mass spectrometer concur-

rently. Oter methods include the admixtue of reference
compounds to a GC mixtue (internal standards) or, less
favorably, the direct comparson of ratios from chromato-
gram to chromatogram.

Figue 2 shows schematically an example of a reference
gas injection mechasm. Inide a closed, th ( .:1 mm) glass
tube, the effuent stream from the interface is fed in
contiuously with a fused-silca capilar. Downstream a

second fused-silca capilar acts as the tranfer line to the
mass spectrometer. Usually, tls capilar has an internal

diameter of 0.1 mm and a lengt of 1000 mm. Together with
the pressure drop from atmosphere to about 10-5 mbar, tls

capilary allows for a flow of about 400 bJ.L per minute. The
flow though long, th capilaries under viscous flow

conditions follows the law of Hagen-Poisseulle. For a given
pressure difference the flow is lied to the 4th power of the
radius and linearly to the lengt of the capilar. Hence,

when doubling the radius, the flow wil increase by a factor
of 16 wrule keeping the other parameters constant. The thid
capilar (see Fig. 2) serves to inject pulses of reference gas.

Using a piston mechanism it can be switched between two
positions: one upstream and one downstream from the
sniffing point of the transfer capilary. Ony the upstream
position wil deliver reference gas to the snifing point.
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Figure 3. Graphical output of a irm-GC/MS system, in this case from a Gasbench II run (see ¿¡ 180
determination). Three GC traces are monitored simultaneously with different sensitivity factors. The
upper trace is an overview over the whole run. The middle window ('45/44 Ratio Trace') represents the
instantaneous 45144 ion current ratio. The first, flat-topped peak represents a post column injection of
reference gas. Forthe sample peaks, please note the isotope swing going positive first which is indicative
of the partial separation of the isotopomers on the GC column. Reference pulses do not show this
behavior. At the flanks they exhibit a reaction to the fast changing intensity due to differences in the
ampliier time constants.

Downtream the helium carier wil sweep away any effuent
from capilar thee. Figue 3 shows an example of a simple

GC ru (in ¿¡13C measurement mode). The first, flat-topped
peak is a reference gas injection lastig for about 30 s. The

other peaks are from sample gas analyses. Their shape is
tyical fortls tye of gas chromatography. Please note the
variation of the intantaeous (45/44)-ratio along each GC

peak going positive fist due to the 13C moiety eluting earlier

than the pure I2C compound.
The priciple of moving capilaries in the open split region

has been utilied in a number of ways. Multiple reference

gases can be introduced, the GC effuent gas can be diluted
with helium fuer to cover a wider dynamc range35 or the

tranfer capilar may be switched into a clean helium

cusruon for 'hearcuttg' (i.e. selectig or selectively
discarding) GC peaks.

Oter mean of injectig reference gas pulses include
rota valves equipped with an injection loop or carefully
designed multiple valve systems. The drawback common to
all of these systems is that during switchig a short

interrption of the continuoua flow of carier gas occurs

wruch leads to problems in the background defintion of the
reference gas peaks and, hence, to reduced precision.

It is important to note that referencig solely relative to
reference gas pulses is an immediate violation of the IT
principle introduced above. Sample peaks are generated
frorn origial material going though a combustionl separa-
tion or separationl combustion step whereas the (working)

Copyrght (! 2001 John Wiley & Sons, Ltd.

reference is pure gas. The principle governg long-term
precision and, more importantly, accuacy requires that
sample and reference be identical in natue and follow the
same sample isolation and conversion pathway. Hence, a n-
heptadecane sample should be referenced with a n-hepta-
decane reference.

Ofen gas chromatograms are very complex. The conver-
sion efficiency of n-heptadecane should be very close to n-
hexadecane or n-octadecane. Even an n-C25 alkane should
be a valid reference point provided the stabilty of the mass
spectrometer is rugh and the conversion unt reliably works
close to 100% yield. Hence, even whole chromatograms can
serve as references in pursuit of the IT principle. In th case,

reference gas pulses again tae the role of a mere mediator
between rus, very much as the stadard gas in dual inet
analyses. In principle, the number of reference ru is

determined by the precision required for the experiment in
question.

The workhorse in most modern isotope ratio laboratories
is the combination of an elemental analyzer with isotope
ratio mass spectrometr (EA-IRMS or ir-EAMS, sometimes
termed BSIA 4 for bulk sample isotope analysis). As with irm-

GC/MS, the immediate or working referencing is commonly
made though co-injected reference gas pulses into the
effuent stream. Earlier commercial versions of tls instr-

mentation relied solely on comparing from sample to
sample, without reference gas peaks. However, precision
of a single measurement is improved when comparg

Raid Commun. Mas Spectrom. 2001; 15: 501-519

GDC01194



nI
standard and reference more closely in time. Data secuity is
an issue when a single result relies on the measurement of
the whole sequence.

In order to work under the rule of the IT principle
individual sample results versus a gaseous working stan-
dard can be compared with results from reference material
that has passed the full sample line in the same sequence of
measurements.

Day-to-day working envionment for high-
precision isotope ratio analyses and generation of
performance chars
In our laboratory we have implemented a number of routie
measurement schemes for the following tyes of analyses:

. ¿¡I3C from bulk solid (and liquid) matenal (irm-EAMS

system)
. ¿¡1~ from bulk solid (and liquid) material (ir-EAMS

system)
. ¿¡D from water samples (Cr-reductionl dual inet)
. ¿¡180 from water samples (C02/H20 equilbration fol-

lowed by irm analysis)
. ¿¡I3C apd ¿¡180 from CO2 in air samples (crogenic

separationl dual inet, in development)
. 02/N2 ratios in air samples (changeover system with open

split, in development)

The first step in settg up routie protocols is the

establishment of effectve laboratory standards that can be
used and monitored on a daily basis. General rules for
laboratory standards are difficult to fix, they largely depend
on the tye of analysis.

The second step is the development of consistent analysis
sequences, i.e. the decision how on a daily basis samples,
reference material, and blans (if applicable) are positioned
in a sample carousel or autosampler. In tls respect,
economic aspects, such as the number of samples per day
and week, schedulig of routie maitenance, number of

samples per reactor, etc., are of importce and must be
considered with great care and separately for every type of
analysis. In our laboratory we have tried to adjust the
measurement cycles to the diural and weekly cycle of the
human operators, to optimie thoughput without sacri-
cing precision.

Selection of laboratory reference materials
Afer having obtained the relevant pnmar reference

matenal from the IAEA or other agency, secondar or
laboratory standards must be prepared for every day use.
The IAEA recommends not using the origial matenal on a

h The previously recommended value of -29.74%0 was adjusted to
-29.78%0 by the 8th Advisory Group Meetig on Future Trends in Stable
Isotope Reference Materials and Laboratory Qualty Assurance, IAEA,
Vienna, Sept. 18-22, 2000.

; Carbonates can exchange oxygen isotopes with air-C02, 1hs effect
depends on grain size, humdity, nature of the carbonate, and frequency
of opening when the material is kept under inert gas. Water reference
material can alter its isotopic composition though evaporation and
tranpiration though contaier wal. Hence, the frequency of openig

the reference water contaier can affec the isotopic stabilty. GC
injection mitues may chage their isotopic composition and concen-
tration via evaporation when low boilng point material is used as a
reference.
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Referencing techniques in IRMS 507

daily basis. Primary reference materials in general are in
short supply and their commercial availabilty is restricted.

For ¿¡13C analysis using a combustion technque, NBS-22

(-29.780/00h vs. VPDB) is a valid reference material for almost

any purose. The secondar laboratory standard should be
chosen according to the following criteria:

. easy to hadle during weigrung or other preparatory steps.

. preferably a pure single chemical compound.

. isotopically homogenous down to the smallest amount
used durg analysis.

. stable and constant in isotopic content over a long time
period. For liquids, in parcular water, large quantities are
advantageous in order to mimize evaporation losses. The
isotopic composition should be stable versus frequent use.;

. easy to replace if exhausted.

. chemically identical or close to the samples to be
measured. Tls point must be evaluated in terms of the
corresponding analysis. It is probably easy to use some oily
matenal lie NBS-22 for referencing almost any bulk

combustion (¿¡13C). However, using carbonates for referen-

cing water samples is more difficult if not impossible in

pyrolysis systems (¿¡180)?6

. the isotopic composition should be in the range of the
samples to be measured. Isotopic diferences can be
measured most precisely when small. Because most
natual organic material is produced pnmarily though
C3-photosynthesis, ¿¡I3C values around -250/00 vs. VPDB
are recommended for the laboratory standard.

. non-hygroscopic. Tls is of partcular importance for

oxygen and hydrogen isotope ratio analysis using high-
temperatue carbon reducton ('pyrolysis') systems.

Ir-EAMS
We analyze any bulk matenal that can be combusted

quantitatively to COi, N2 and H20 (+ other oxides if
applicable) using the combination of an elemental analyzer

(NA 1110, CE Instrments, Milan, Italy) with an isotope ratio
mass spectrometer (DELTA+XL, Fingan MAT, Bremen,
Germay). The coupling interface is a ConFlo II(§, modified
in-house to a ConFlo II,35 wruch includes two open splits,
one for the couplig, the other one for reference gas

introduction. The coupling split can be vared over a wide
range from zero to 64-fold dilution of the effuent stream
without causing detectable isotopic fractonation. Two
reference gases (mostly CO2 and Ni, alternatively H2 and
CO) can be actuated under computer control. H2 and CO
reference gases are used when the system operates in rugh-
temperatue 'pyrolysis' mode with a Fingan MAT TC/EA
for DIH or 180/160 isotope ratio analysis. The operation of
the system generally follows a well-defined protocol.
Samples, reference material aliquots, and blans are
weighed and filled into the 32-position autosampler carousel
according to a loading list (Fig. 4). Please note that each list
represents samples for thee carousels (we use 96-position

sample trays for storing samples in a desiccator before

measurement). it serves as input for the sequence inorma-
tion in the mass spectrometer control software.

The prefilled positions in the loading list are mandatory.
They are used in a post-run off-line evaluation on a

Raid Commun. Mas Spectrom. 2001; 15: 501-519
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EA Loading List - C onlv

Total weight max.: 100 mg Sample, without Dil.: 30-210..g C, plus Dil.: max. 5000 ..g C

Name: Date: C%: Tray identity:

Line Sample ¡mg)Total Sample ImglTotal Line
Weight Weight

1 Al Ali-jl E1 49

2 A2 bl (blank) E2 50

3 A3 Ali-jl E3 51

4 A4 Ali-jl (Ref) (71,09%C) E4 52

5 AS E5 53

6 A6 E6 54

7 A7 E7 55

8 A8 E8 56

9 A9 E9 57

10 AI0 EI0 58

11 All Ell 59

12 AI2 AIi-jl E12 60

13 81 bl Fl 61

14 82 bl F2 62

15 B3 AIi-jl F3 63

16 84 AIi-jl F4 Ali-jl 64

17 B5 F5 AIi-jl ¡Ref) 65

18 86 F6 66

19 B7 F7 67

20 B8 F8 Caf-jl 68

21 89 F9 69

22 810 FIO 70

23 811 FI1 71

24 B12 Car-jl (49,44%C) F12 72

25 CI GI 73

26 C2 G2 74

27 C3 G3 75

28 C4 G4 AIi-jl 76

29 C5 G5 bl 77

30 C6 G6 bl 78

31 C7 G7 AIi-jl 79

32 C8 AIi-jl G8 AIi-jl 80

33 C9 Ali-jl ¡Ref! G9 81

34 CI0 G10 82

35 CLL Gll 83

36 CI2 Car-jl G12 84

37 01 HI 85

38 02 H2 86

39 03 "3 87

40 04 "4 88

41 OS "5 89

42 D6 H6 90

43 07 "7 91

44 08 AIi-jl "8 92

45 09 bl H9 93

46 DlO bl HI0 94

47 011 Ali-jt HI1 95

48 012 AIi-jl H12 AIi-jl 96

Figure 4. Typical loading list for sequential isotopic analysis of samples and reference materials in a prescribed fashion. The 96 positions

('line') on this list represent samples for three carousels with 32 positions each.

Copyrght (! 2001 John Wiley & Sons, Ltd. Rad Cummun. Mas Spectrum. 2001; 15: 501-519
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510 R. A. Werner and W. A. Brand nI
Ö13C performance of Caf-j1

Scale based on AIi-j1 lab reference material
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Figure 6. Performance Chart. ò13C-values of a quality control standard as a function of measurement time. The scale

is based on reference material that went through the same preparation channel as the OA standard. Each sequence of
32 samples measured holds one OA standard that is represented by a single point.

standardized spreadsheet (Fig. 5) for assigng the fial ¿¡-

values on the respectve interational scale.
The spreadsheet evaluation37 star with the origial

values diectly tranferred from the host computer ('15-
DAT' from Fingan MAT). Column 1 to 5 (Fig. 5) hold
inormation about the sample including the sample name
and weight, the integrated peak area and the measured 1513C_

value based on the injected reference gas. The average peak
area (Vsec) and ¿¡-value (0/00) of the blan measurementI are
used to correct the data for blan contribution applyig a
simple mass balance correction.

¿¡I3Ctot x areatot = ¿¡13Csa X areas. + ¿¡I3Cblk x areablk (3)

The suffies in Eqn. (3) refer to the total (tot), sample (sa)
and blan (bIk) propertes, respectively.

Usually the correcton is very small. The data in column 8

(Fig. 5) represent the blank-corrected prelimi ¿¡13C_
values (0/00) when the reference gas is used for standardiz-
tion. The following columns denote the laboratory stadards
selected for fuer correcton and final positionig of the
data onto the VPDB scale. Ali-jl (Acetanlide-Jenal) has been
determied directly versus NBS-22 oil and USGS24 graprute

a number of times and has been assigned a 1513C-value of

-33.940/00 on the VPDB scale. The measured average ¿¡13C_

value of the selected Ali-jl samples in Fig. 5 is -34.010/00.

Thus, there is an offset of 0.070/00 to the accepted ¿¡-value that

j We found that the carbon blan in our laboratory mostly has a o13c_

value around -25%0 vs. VPDB. The major contrbutions are carbon in the
tin containers and memory in the combustion reactor. Often the blan
area is so small tht the 013C measurement is erroneous (outside the

natural abundance range). In such cases we replace the wrong 0'3C_value
of the blan by our average value, -25%0.

Copyright (! 2001 John Wiley & Sons, Ltd.

is used to correct al data (Eqn. (2). The data in column 13 are
the fial 1513C-values on the VPDB scale. The last two

colui are average and precision of the selected Ali-jl data.
In principle, tls procedure represents a one-point

calibration of the ¿¡13C-values; our scale expansion factor is

1.000. For measuring larger differences in isotopic composi-
tion it wil be necessar to include a scaling factor in the

calculations (see Fig. 10 and the discussion in 'Furer
correctons').

Not shown in Fig. 5 are furter routie calculations of the
carbon elemental contents based on the measured peak area
and the known carbon content of the reference material (Ali-
jl, 71.09% C). The 151~ analyses are made in a completely
analogous fashion.

Generation of performance chars
We use one dedicated sample position for determg a QA
standard (quality assurance), in tls case Caf-jl (a caffeine

sample from a 'Traube synthesis' in larger supply), in every
sample carousel we run. We have chosen tls material
because it is off the usual ¿¡I3C values for C3-plants by about
-200/00. With tls QA standard, wruch does not enter the
reference calculation, the long-term performance of the Ir-
EAMS line has been monitored (Fig. 6 for ¿¡I3C and Fig. 7 for
1515N).

Figues 6 and 7 are representative for all measurements
made on our irm-EAMS systems (in total from thee
different mass spectrometers and two different interfaces)
since we stared routie analyses. We measured both ¿¡I3C

and ¿¡15N from the same sample until April 1999. From the

performance chart we noticed that the accuracy, especially
for 151~, was not satisfactory and needed improvement.
Careful analysis of the data indicated that the problems were

Raid Commun. Mas Spectrom. 2001; 15: 501-519
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õ1SN performance of Caf-j1
Scale based on AIi-j1 lab reference material
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Figure 7. Performance Chart Same as Fig. 6 for ¿¡15N-values

caused by tailng of the CO2 peak into the nitrogen
chromatogram of the subsequent sample. Most materials
analyzed had an elementa content of ::2% nitrogen and
:240% carbon. For analysis the CO2 had to enter the GC
coluin (porapak Q) and, due to the relatively large amount,
was stii present and decling steadily during the subse-

quent nitrogen arlysis. CO2 +. ions undergo unmolecular
decay in the ion source resultig in a 10% CO+ contrbution
at m/z 28 and 29 that interferes with N2 +. and has a very
different isotopic signatue. The background assignents of
all peak in the nitrogen chromatogram were afected and
hence precision and accuracy suffered. As a consequence, we
decided to stop simultaeous isotope ratio measurement

using irm-EAMS altogether. For ¿¡15N determination we now
trap CO2 in a chemical (Ascarte) trap intalled between the
water trap and the GC coluin of the elemental analyzer.

The performance or qualty chart is also the perfect tool to
monitor the status of the laboratory reference materials. Any
contamation in either the laboratory standard or the QA
standard will show up as a step. Slow long-term alteration
(e.g. evaporative loss in water standards) wil show as a drif.
We recommend using such char as a general tool for
maintaing and proving analytical performance in every
isotope laboratory for every tye of analysis.
In order to demonstrate the effect of the rigorous

implementation of the IT principle, we have compiled the

li13C performance of Caf.j1
Scale based on reference gas only
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l)15N performance of Caf-j1

Scale based on reference gas only
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Figure 9. Performance Chart. ¿¡ 15N-values as in Fig. 7. The scale is solely based on reference gas.
Compared with Fig. 7 a larger scatter and some outlers are evident.

results of our QA standard based exclusively on our

reference gas (Figs. 8 and 9). The data clearly exmbit a larger
scatter than the data compiled including the IT calculations.
For both ¿¡1~ and ¿¡13C, the precision has increased by about

50%. It is also wort notig that a number of marked outliers
are present in Fig. 9 tht are not seen in Fig. 7. These outliers
might have escaped our attention if the IT principle had not
been included in the measurement and evaluation.

The composition of the N2 gas inside our 50-L mgh-
pressure cylinders has not changed much over the reported
time span. There is a slope of 0.040/001 a in the solid line in Fig.
9 that is not present in Fig. 7. Ths slope probably represents
a change in the Nz reference gas. To explai the diferences

between the graphs we suspect a number of sources of error
that all contribute to the observed dependence of the data:

. the pressure regulator on the tan is critical. Most
regulators alter the isotopic composition of the dispensed
gas at least temporarily, the size of the alteration being
dependent on the gas itself and on the surfaces inside the
regulator.38 The same applies to the second tye of GC
regulators (porter) in the interface. The alteration for the
isotopic composition of CO2 is in the sub-per mill J"ange.

. The combustion and (or) the reduction tube can be
contamiated with previous sample material giving rise
to memory effects.

. The combustion effciency may var slightly thereby
alterig the isotopic composition.

. The efficiency of the reduction tube for scavengig excess
oxygen and for reducing nitrous oxides may change with
time.

. When dilutig the CO2 effuent, a change in isotopic
composition may occu due to diffusion effects.35

As long as the reference material sufers from the same
deficiencies during preparation, the errors wil at least tend

to cancel out and the long-term data monitored by a QA
standard wil exmbit much better laboratory performance
than with pure stadard gas referencing.

Copyrght (! 2001 John Wiley & Sons, Ltd.

D/H determnation from water

Measurement of ¿¡D-values from water samples is caried out
on a fuy automated chomium reduction system at 900°C
('HI Device', Fingan MAT, Bremen, Germany) direcly
coupled to the sample inet of the dual inet system of our

MAT 252 isotope ratio MS.39 The samples, positioned in a GC
autosampler tray (AS200, CTC Analytics, Switzerland), are
tranferred to the hot injection port via a gas-tight syrige

(Model 702, Hamiton, Switzerland). The quar reactor
(Finngan MAT) is filed with chromium powder (100 mesh,
Alfa Aesar, Karlsrue, Germy). The reaction of water
vapor with the hot chromium is almost instantaneous. The
valve at the end of the reactor is opened afer a preset time
and the H2 gas is tranferred to an intermediate equilbration

volume. Again, after a preset equilbration time (in order to
avoid diffusive alteration of the isotopic composition of the
hydrogen gas), the reactor valve is closed and the H2 gas is
passed to the sample volume of the dual inet for measure-
ment. The equilbration and tranfer times are critical and
must be under computer control.

We routiely run 60 analyses (~20 h) in a sequence with
the laboratory reference water and the QA standard
distrbuted in a prescribed loading list similar to that
presented in Fig. 4. All data enter a spreadsheet for final
calculation of ¿¡D-values (Fig. 10).

The data in column 3 (Fig. 10) are the original results as
automatically tranferred from the mass spectrometer Pc.
All samples are run in triplicate. The data treatment is more
elaborate owing to the fact that multiple effects must be
accounted for. First, we apply a memory correcton (column
4) to the ¿¡D-values against the workig gas. The magntude
of the correction is 1% car over from the previous sample
plus 0.2% from the sample before. The effect of the memory
correction can be judged from the triplets where the
difference to the precursor sample is large.

Next is the IT calculation, that is, replacement of the
hydrogen gas reference by the laboratory standard water

Raid Commun. Mas Spectrom. 2001; 15: 501-519
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43 144D.Sc -146175 -147.07 -149.07 -14.2 -144.2 -14.2 -14.80
44 144DSå -147.00 -147.18 -149.17 -14.19 -144.2 -14.2 -14.78
45 144D.Sc -147.476 -14H8 -149.49 -149.24 -14.39 -144.27 -144.43 -14.31 -14.43 -14.31 -144.98 -14485 0.11
4811\ 19lD.Så -5.83 -5878 -6.99 -55.77 -55.82 -55.82 -55.75
47 .11\ 191D.Sc -57421 -555 -6.76 -5.42 -547 -547 -55.40
48 .11\ 19lD.Sc -587176 -58.72 -6.93 -689 -5.45 -55.55 -5.51 -5.60 -551 -55.60 -5.44 -s53 0.9
49 145 A/D.Så -140A11 -141.39 -143.41 -137.81 -137.88 -137.8 -13838
50 145 A/DSc -141.2 -141.38 -143.40 -137.68 -137.75 -137.75 -13824
51 145 NEDSc -141.67 -141.68 -143.70 -14350 -137.85 -137.78 -137.93 -137.85 -137.9 -137.85 -13843 -13835 G.
52 150 A/DSc -137.474. -137.04 -139.45 -13348 -133.58 -133 -134.03
53 150 A/D.Sc -137.517 -137.51 -139.53 -13344 -13352 -133.5 -13399
54 150 .6D.Sc -137.56 -137.58 -139.59 -139.53 -13337 -13343 -133.48 -133.51 -133.48 -133.51 -13393 -133.98 o.
55 112.6D.Sc -11'.õ1 -111.26 -113.35 -107.00 -107.10 -107.10 -107.38
58 112 NED.Sc -11088 -110.82 -112.91 -10644 -108.54 -106 -10682
õ1 112 NED.Sd -110981 -110.98 -1.13.07 -113.11 -10648 -10664 -108.58 -108.74 -106 -10674 -10686 -107.02 0.31
58 VW1Ms -71.53 -71.07 -73.25 -053 -æ.64 -6 -6.64
59 VW1A1 -71.00 -7092 -73.10 -026 -038 -æ -037
60 VW1A1 -71.00 -71.00 -7318 -73.18 -022 -034 -034 -045 -6 -æ'45 -033 -6.45 0.17

Figure 10. Spreadsheet calculation of data from the H/Device sample preparation line showing the evaluation of the raw data to the final

o-values on an international scale. See text for further explanations.

samples in the ru. The oD-value (-66.450/00) of WWj-lA
(workig water-JenalA) has been established by direct
measurement againt VSMOW and SLA samples (freshly
opened ampoules) obtaied from the IAEA in Vienna. Using
tls oD-value and the actually measured average of WWj-

lA, the apparent working reference gas offset (-2.35%0, Fig.

Copyright (! 2001 John Wiley & Sons, Ltd.

10) is calculated according to:

offsetwgas = (-66.45 - avgwwi)/(1 + avgwwi/1000) (4)

Tls offset is used to correct the raw memory corrected
oD-values and to provide a prelimiar positionig relative

to VSMOW (Eqn. (2).
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82H Perfrmnce of RWBJ1
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Figure 11. Performance Chart. o2H-values of the quality control
standard RWB-J1 as a function of measurement time.

The next columns constitute a two-pass drif correction.
The drif correction is necessar because the hydrogen

reference gas in the dual inet changes isotopic composition
over tie (a complete 60-sample sequence takes about 20 h).

Tls is due to the fact that lengt and crimping of the

capilaries are a compromise between CO2 and H2 work. To
avoid back diffusion of isotopically altered gas into the
variable volume, the capilaries would have to be twce as
long for H2. Alternatively, a different crimp on reference vs.
sample side could be used so that the reference could be
operated at a much rugher pressure. The magntude of the
drif depends on the filing state of the reference bellow
volume at the beging of the sequence. We have observed

dri of 3-50/00 in 20 h when starg with a full reservoir.

Less reference gas results in larger drifs. Because the drif
should follow an exponential fuction, we have implemen-
ted our analysis sequence with thee reference water

measurements in positions 34 to 36 and thee more at the
end of the sequence. The results for these reference water
injectons are used to correct the reference gas drif. A fie

adjustment is made in column 13 (Fig. 10) that is only
necessar for mag the data mathematically consistent
afer dr correction (in the example shown the data are

identical). The last correcton involves scalig according to
the observed scale contracton.40 On average we have
measured -4250/00 instead of -4280/00 for SLA vs. VSMOW,
hence all data are corrected by multiplying the difference

from WW-IA by 1.007. The last two column are the fial
oD-values on the VSMOW ISLA scale and their precision.

k Usually pure CO2 gas is used for equilbration and a mass balance

correcton accordig to:

Otre = Omeas + IXXgas(Omeas - Og.s)/xw (5)

is applied (ix = exchage fractonation factor, Og., is the 0180-value of the
added CO2 gas before equilibration and Xga, and Xw are the mole
fractons of gas and liquid, respecvely).

In our case, due to the smal amount of CO2 in the gas phase, the
correcon can be neglected down to about 50 ¡iL H20. Equation (5) also
applies to the equilbration of hydrogen gas with water.

Copyrght (! 2001 John Wiley & Sons, Ltd.

nI
In every 60-sample sequence we measure RWB-jl (re-

ference water B-Jenal) as a QA standard for generatig the
performance char associated with the DIH procedure.

Figue 11 shows the data as a fuction of measurement tie.
The overall precision of 0.83%. vs. VSMOW -is certainy
acceptable. There is a tendency to more negative values at
the end of the sequence that deserves fuer attention.
Durng the short period of measurements tls is not likely to
be caused by a relative drif of our laboratory workig
waters. However, most of the internal precisions measured
are better than 0.80/00 (see also Fig. 10). We attibute tls
fiding to the fact that we do not determie the SLA I
VSMOW scaling factor for every sequence in contrast to
frequent measurement of the Hit factor. We stared by using
water samples with about 600/00 difference for implementig
tls correcton. Tls difference tued out to be too small in

relation to the measurement precision, leading to erroneous
scalig factors. On the other hand, measurg water with
about -4000/00 ID in the same sequence afects the memory
correction and the thee samples following tls negative
water would have to be discarded. The potential for
improving the performance char precision to about 0.50/00

is with reach using the techque described.

Equilbrationfir-analysis for ¿¡t80

determination
The 180 abundance in water samples is usually measured
with a modified C02/H20 equilbration technque. With a
syringe we inject 400 iiL water aliquots into 10-mL glass
containers ('Exetainer') topped with a septum. Before water
injection the glass vials are filled with a mixtue of 0.5% CO2
in helium.k Equilbration taes place inside a 96-position

autosampler rack held at 30°C (::O.L 0c) that is par of the irm
interface (GasBench II, Fingan MAT). We operate the
autosampler rack in two separate stages holding 48 sample
tubes each. Wle one sequence of 48 samples is measured,

the other batch of 48 samples is allowed to equilibrate for
roughly 20 h. With tls loading scheme we manage to have
the system analyze samples almost contiuously, i.e. 6 days
per week.

Following equilbration, the sample vial is analyzed by
piercing the septum with a double wall needle. The needle
has a feed (He) and an exit (sample CO2 in He). The flusrung
rate is approximately 0.3 mL/mi. The sample gas flows
over a Nafion~ dryer and then though an injection loop
from wruch the GC ru (poraplot Q) is stared. From a single
sample tube we inject about ten times. The ten CO2 peaks are
evaluated isotopically and the results are transferred to a
spreadsheet for fuer data evaluation.

The measurement sequence is assembled as before, i.e.
following a rigid strcte determed by a dedicated
loading list. Hence, the evaluation follows a similar pattern:
a mean O180 is calculated for all CO2 peaks from a single
sample. The o-values are referenced at first to co-injected
CO2 standard gas peaks that serve as a mediator between the
samples.. WW-JIA water samples strategically located in the
48-sample sequence again serve to position the preliminar
o180-values onto the VSMOW scale. As in deuterium
arlysis, a light reference water sample is used to establish
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Figure 12. Performance Chart. ¿¡isO-values of the quality control
standard RWB-J1 as a function of measurement time. Analysis is

made using an equilbration/irm-GC/MS system (GasSench II,
Finnigan MAT).

the final scale normaization so that SLAP retus a value of
-55.50/00 vs. VSMOW.
Figue 12 shows the long-term ¿¡180-penormace of our

RWB-Jl QA reference water. Each point corresponds to a
single RWB-Jl sample in a 48-sample sequence. Apar from
the scatter of the individual sample measurements, the
i If the reference matenal has been determed ten times in the sequence

and the precsion of the measurement is 0.10/00 then the istopic value of
the reference is detennned with an error of t _(0.10/00)/ .)10 = 0.0630/00. The
Student factor t (2.0 in our case) reflecs the statiticaly low number of
measurements.

1l
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overall precision of 0.140/00 also includes the error of the

reference water determiation in the respectve analysis

sequence.l

Isotopic analysis of CO2 in air
The isotopic composition of CO2 in air is important for
constrainig the sources and sin of tls important green-

house gas in the atmosphere. The average ¿¡13C-value of CO2

in the atmosphere has remained fairly constat over milions
of years at about -6.50/00 vs. VPDB. During the last 200 years
anthopogenic input from fossil fuel burg has lead to a
decline with an average ¿¡13C-value of about -80/00 at present.
The declie contiues at a rate of about 0.030/001 a. The

seasonal cycle of ¿¡13C vares with latitude and is a fucton of

photosynthesis as well as human activity. At the South Pole
the size of the cyclg is about 0.050/00 (peak to peak) and

increases to a maximum of 0.80/00 at rugh nortern latitudes.41
These rather smaI isotopic signatues comprise multiple

components including fossil fuel burg. Their measure-
ment requires a rugh precision and accuacy analytical setup.

Ou extraction lie is schematically depicted in Fig. 13.

From a Multiport valve the air passes thugh a capilar

with a crimp, over a water trap at -70°C and a trap kept at
-196°C. Here, CO2 is frozen out at a pressure of about
400 mbar. The air is pumped though the pumping lines of
the dual inet system of our MAT 252 mass spectrometer.42

Sample CO2 is measured directly from the sampling
reservoir via a crimped capilar to the 'changeover valve'.
The system is under fu computer control for reliable timig
and unattended operation. The precision of the system is
aimed at and close to 0.010/00 ¿¡13C vs. VPDB and 0.0250/00 ¿¡180

vs. VSMOW. It is very dificult to routiely prepare CO2
from the prima reference materials (carbonates) across
different laboratories at such levels of accuracy. Hence, the
atmospheric CO2 isotope ratio scales are refined scales that

'~I
Capinar 0.5 mm '80 an

i-MIRMS

Duallnlll
M

i

Va 3

Trap 2 (-196C)
do wal \r,
slrl stel I Go

BGC -AirTrap

Figure 13. Schematic layout of the automated extraction system ('BGC-Airtrap) for high precision measurement of
CO2 isotope ratios in air.
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use air samples and air in high-pressure cylinders as

reference materiaL. Consequently, the referencing in our.

system is made by a combination of permaently attached
reference air (Multiport valve positions 1 and 2) as well as air
in l-L flasks that are exchanged routiely with other

laboratories. The major problem here derives from the fact
that gases are volatile. To keep them as reliable references
requies a ruerarchy of reference gases and a strategy that

automatically detects mutual drifs in order to take correc-
tive action. Without internl referencing rugh-precision

measurement and international comparabilty of data would
not be possible.

O-lz ratios in air
Complementary to the increase of CO2 in the atmosphere
there is a decrease of O2, For every carbon atom burt from
fossil fuel one O2 molecule is lost to CO2. O2 has sources and
sins that differ greatly from those of CO2, Thus, by studying
the decrease of Oi, i.e. measuring the 02/N2 ratio with rugh
precision, a great deal can be leared about the global carbon

cycle including the partionig of sins for CO2 between the
oceans and the land biosphere.

We have built a mass spectrometric inlet system for
measuring 02/N2 ratios with a precision at the 5 perMeg'
level that is capable of monitoring small changes in atmo-
spheric O2 concentration. The system includes a 16-connec-
tion Multiport valve and an open split wruch is fed
alternately from a sample and a reference gas, both switched
on and off from a common transfer point, to a Delta +XL
isotope ratio mass spectrometer (Fingan MAT, Bremen,
Germany). Referencig is made in a very simlar fashion to
that for CO2 in air by measuring versus an air reference and
implementig a multiple referencing ruerarchy system.
There is no international scale for tls kid of work.

Curently, consistency in the data is acrueved by matchig
the scales of longer-term records measured by diferent
laboratories. An intensive cooperation to overcome these
limits to the comparabilty of data is under way by a group of
laboratories involved in this tye of analysis.

Correction of isobarc interferences

A review of referencing in isotope ratio measurements

would not be complete without a discussion of the necessar
corrections to the raw data. The precise measurement of
isotope ratios is often hampered by interfering ion currents
from other species ruttg the same Faraday cup detectors.
Among the most prominent examples are the contrbution of

m 1 perMeg is 0.0010/00 in o-units. It corresponds to a concentration

change of 0.2 ppm Üi in air.
n The numerical values in Eqn. (6) may be treated as variables. In this

case, a set of water equilibration experiments with CO2 gas tht has
identical carbon but diferent oxygen isotope ratios and vice versa can be
made to determne the values of these variables. A correcton based on
these values wil result in corrct o13C-values irrespecve of the exact

knowledge of the oxygen isotope fractonation factors (T.B. Coplen,
private communication).
o If the kinetics of the reactions causing isotopic fractonation are

governed entiely by the res~ective zero point ene~ differences it can
be shown tht À = ((¡i16)- 5 - (¡i17)-05);r(¡i16)-O - (¡i18)-O.S), with ¡i
being the reduced mass. Using exact masses for a C-O bond the result
is À = 0.5273 which represents an upper limt for kinetic processes. In
equilibrium processes, the value for À can be as high as 0.531.43

Copyright (! 2001 John Wiley & Sons, Ltd.
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HI on the mass 3 channel where ¿¡D is measured and the

isobarc 12C180170+' ion cuent at the mass 45 position

where ¿¡13C from CO2 is determied. Here we intend to

summare some of the more important corrections. Furer
inormation for in-depth treatment is given in the cited
literatue.

170 correction for c513C determination

Using CO2 gas, ¿¡I3C canot be measured independent of the

oxygen isotope ratio uness the mass spectrometer used

provides a working mass resolution of ::52000. CO2 gas
contains a number of species with different masses ('iso-
topomers'). All combinations of stable isotopes are present,
some of them very low in abundance. The list of isotopomers
includes the major species 12C160160 (m/z 44), 13C160160 and
12C170160 (m/z 45), I2C160180 (m/z 46), as well as the mior

species 13C170160 and 12C170170 (m/z 46), 13C170170,
I3C180160 and 12C170180 (m/z 47), 12C180180 and

13C170180 (m/z 48) and I3C180180 (m/z 49). When workig

in the natual abundance range of the isotopes the contribu-
tions of the mior species is small enough to be neglected.

The 170 moiet at ml z 45, however, has a 7"10 contribution to
the mass 45 ion curent and must always be corrected for
when determig ¿¡I3C-values.

The square-root formula for correctig the 170 contribu-

tion to the 45144 ratio is someties referred to as the Craig
correcton. Haron Craig9 assumed a tight relationsrup
between 170 and 180 with a fractionation coefficient Å. of 0.5
exactly and devised a simple correcton expression:

¿¡13C = 1.067645 ¿¡mea - 0.0338¿¡180
(6)

The numerical values in tls expression are the ratio terms
45R/I3R and 17RI (213R) of the reference gas evolved from the

PDB standard as determied or used by Craig. As explicitly
pointed out in the paper these numerical values do not apply
to other standards and must therefore be used with great
care.n Moreover, the average relation of 170 and 180 on
eart (Craig equation: e8Rsa/18Rsi)). = 17Rsa/17Rsi) cannot be

described exactly using a fractionation factor Å. of 0.5.
Instead, 0.51643 seems to be closer to the correct value for

Å..o The debate about the exact relationsrup found on eart is
ongoing with new experimental values of 0.524 and 0.528
reported for Å..44,45

PDB has been superceded by VPDB and the absolute ratios
of the reference scale have been refined. In order to keep
literature data consistent, Allson et ai.46 have compiled a
recommendation for the 170 correction that keeps the 0.5
fractionation factor and provides exact values for all ratios
involved. On the other hand, Santrock et ai.47 have shown in
a H20 I CO2 equilbration experiment that data for ¿¡13C were

not independent of the ¿¡180-values of the equilbration

water when using the Craig equation. The correction
proposed includes a fractonation factor of 0.516 and an
iterative correction procedure because the exact equations
cannot be solved analytically for I3e. The dispute is not yet
settled. Whatever correction algorith is chosen (the mass
spectrometer softare should provide a choice), it is
important to make sure that the reference gas isotope ratios
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used in the calcuations are consistent with the ¿¡13C-values

assigned to the prima reference material.
Please note that the correction is only valid for CO2 from

terrestral sources, not for tracer studies. In addition, there is

a strong 170 anomaly in ozone in the stratosphere that affects
other trace gases including CO2 sampled from the atmos-
phere.

Ht correction
Inide the ion source of the mass spectometer ions are

produced from neutral molecules m by 70 e V electon impact

according to:

m +e- -+ m+' +2e-

The molecular radical cation m+' is produced in a variety
of exited states. If the internal energy is rugh enough,
molecular ions may decompose in a unolecular decay

reaction resultig in a daughter ion and a neutral (mostly a

radical) giving rise to the observed mass spectrm. Another
process can take place when ions with the ion source rut a
neutral molecule. In tls case, secondar ions may be formed
via ionl molecule reactions. The formation of Ht follows
such a mechansm:

H2 +- + H2 -+ H3 + + H

The reaction constant of Eqn. (8) is proportonal to the
number of both H2 +. and H2. For a given sensitivity of the
mass spectometer, the number of H2 molecules is propor-
tional to the H2 +. ion cuent, hence:

lH3 +) = k x lH2 +f

and the ratio ¡HtJ/¡HtJ is a linear fuction of the mass 2 ion
current (= k x ¡Ht)). The proportonality constat k is called
the 'Ht factot. It is conveniently expressed in (ppm/nA)
unts.

In practice, the ion source is tuned to a large acceleration
field across the ioniation volume in order to mimie the
time for the ionl molecule reaction (8) and hence suppress
Ht production. The Ht factor is measured by observg the
mass 3 ion cuent as a fuction of mass 2 ion intensity; a
liear fuction is fitted though the data points. The

correction involves a simple point-to-point subtraction of a
linear porton of the mass 2 ion cuent from the signal
observed at mass position 3. Tls is usually performed using
the (clean) working reference gas. In partcular, when helium
carier gas technques are used, there may be other sources of
non-liearty of m/z 3/2 including isobaric interference of
He2+ ions at m/z 2 that should be studied and evaluated
separately or traces of hydrocarbons that constitute a
diferent source for Ht ions.

There are other means of correcting the contribution of Ht
to the measured 3/2 ion current ratio.40 The simplest
correction is no correction at all wruch wil obviously re~ult
in diferences beteen reference and sample that are too

small. Provided there are several isotopically known
samples interspersed with the analyte material, a correcton
can be deduced from the results of these that may fully cover
the requirements. As a general guideline, however, we feel
that all effects should be studied and quantied as precisely

Copyright (! 2001 John Wiley & Sons, Ltd.
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as possible in order to apply a valid correction and keep
track of the details.

(7)

180 correction for ¿j345 determination using 502 gas

As for carbon isotope ratio analysis, the ion curents of S02
are inuenced by the oxygen isotopes. In order to extract ¿¡Ms
the 3is160180+' contribution to the mass 66 ion cuent
(about 8.3%) needs to be taken into account. Unfortately,
there is no independent measurement of the other oxygen
isotope, 170, wruch would enable a strategy simlar to that
for carbon isotope ratios. Intead, the established correction
aims at keeping the oxygen isotopes in the sample and the
reference S02 identicaL. In tls case, the measured ¿¡66 -values

can be converted to ¿¡34S-values according to:48

¿¡34S =66 ¿¡meas + 218R/34R x (66 ¿¡meas - ßè180) (10)

(8)

In Eqn. (10) 18R/34R refers to the isotope ratio values of the

standard gas and L'¿¡180 is the 180 diference between sample
and reference S02. Since theses values carot be measured
independently in a simple way the expression 18R/34R is

usually computed using the ratio values of VSMOW
e8R = 0.0020052, see Table 1) and VCDT (34R = 0.041509)
and L'¿¡180 is set to zero. Hence, the correction simply

involves multiplying 66¿¡rneas with 1.091 for obtaing ¿¡Ms.
The simpliication of Eqn. (10) applies strictly only when

the oxygen in both sample and reference S02 are isotopically
identical (L'¿¡180 = 0) and equal to VSMOW and the sulf is
isotopically equal to VCDT. Hence, tls can only be regarded
as a first-order correction. Fortately, small errors in the
adopted ratios do not alter the analytical result sigrcantly.
A diference in 180 content in terms of ¿¡180, however,

translates into an error of the analytical result that is 9% of
the L'¿¡180-value.

Due to the 'stickiness' of 502 on surfaces, fuer
corrections are necessary and recommended.49 A systematic
scaling factor of about 1.035 between sulf measurements
using SF6 and others using 502 has been observed by many
laboratories. The simplest overall correction is scaling the
measured and fist-order corrected 502 data with known
isotopic compositions of reference material prepared to-
gether with the unown samples. For sulfides, IAEA-S-2
(+22.66000 VCDT) and IAEA-S-3 (-32.300/00 VCDT) provide
good references for the scalig exercise. For analyzing

barium sulfates, IAEA-5O-5 (+0.490/00 VCDT) and IAEA-
50-6 (-34.180/00 VCDT) wil serve the purose. Please note
tht the latter two values are provisional.h

For irm techques, where the S02 reference gas comes

from a rugh-pressure cylider, calculation of data should be
made exclusively in terms of 66¿¡rneas-values up to the point
where the reference is a sample processed exactly as the
other samples (identical treatment again). Only then is the
oxygen isotope signature similar enough to use the fist-

order correction given above.50

(9)

Furher corrections
Drift corrections

Dug analysis of a series of measurernents one often observes
a drift of the results as a function of time (or sample number).
Drifs can have multiple causes including isotopic chage of
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the reference gas in the dual inet system during an analysis
sequence, build up of water or other contamiants durg
analysis, chngig conditions of the mass spectrometer for

instace following a fresh pump down of the vacuum system,
deterioration of ion source conditions and many more. Many
of these causes can and should be fixed by changing the
conditions of the analysis. However, tls can only be
accomplished reliably when the overall design of the

analytical sequences allows easy detection and provides
mean for correction of the drifting results. The design rules
are simple: A sufficient number of identical samples are
interspersed with the analyte samples and used to correct the
drif. For an example of drif correction please refer to the
spreadsheet in the hydrogen isotope analysis section (Fig. 10).

Linearity corrections

Simlar to drif in time is a drif with size, i.e. the measured
ratio is a fucton of the size of the sample (or a reagent).

Commonly observed size or linearty effects are the
dependence of the measured ratio of the analyte gas on the
size of the major ion beam ('pressure effect), the observed
fractonation of hydrogen isotopes as a fuction of the

amount of reduction reagent used, or the dependence of
measured o180-vahies on temperatue during an equilbra-

tion experiment. The fist and obvious choice is to elimate
the causes of the liearity problems by improving tempera-
tue stabilty or reducing the dwell time of the ions in the

high-pressure region of the ion source. Tls is often

successfu for reducing the size of the effect. However, a
small fracton wil alost always remain and thus will have

to be corrected for. The general correcton strategy is similar
to the one descrbed above: A suficient number of known
samples are measured togeter with the analyte samples. In
tls case the amount of material is varied in order to detect
the size of the required linearty correcton.

Correcting cross contamination in dual inlet
measurements (r¡-correction)
Followig a switcrug acton of the 'changeover valve' from

one gas to the other a delay tie ('idle time') is necessar to
await complete exchange of the gases in the ion source.
Depending on the gas tls can be rather short (~4 s) or it may
take up to several miutes for a complete replacement. Gases
like H:z Ni, SF6 or N20 have little surface activity and, hence,
are pumped away fast whereas S02 and CO2 can take
considerably longer to exchange completely. The time

depends on the material of the sputtered surfaces, on the
sensitivity of the instrment, on the tightness of the ion
source design and other parameters. The tre o-value can be

calculated from the measured value according to:51

otre = ome.s/(1 - 2r¡ - r¡ome.s/l000) (11)

with r¡ describing the cross contamiation affectig the
background of the subsequent measurement. (please note
that Eqn. (4) in Ref. 51 is cast in absolute terms of O, not ino/oo

'unts'). Meijer et ai.51 also suggested a correction strategy
wruch comprises (1) experimental determation of the cross
contamition parameter r¡ by introducing natual isotope
abundance and enrched gas followed by (2) application of
Eqn. (11) to the raw analytical results. For CO:z the numerical

Copyrght (! 2001 John Wiley & Sons, Ltd.

nI
value for r¡ mostly ranges between 0.001 and 0.01. In some
cases (when the ion source is rather tight, the sensitivity is
rugh and the sputtered surface area is large) the r¡ correction
can be as large as 10/00 for DI3C in CO2 when the isotopic
difference exceeds 400/00.

An alternative and recommended correction for cross
contamiation is scaling to precisely known (large) differ-
ences of reference materials as is routiely done in hydrogen
and oxygen isotope ratio analysis by scalig to the SLAP I
VSMOW difference. Besides hydrogen and oxygen isotope
ratio determiation th scale. normalization has proven

madatory for sulf (measured as S02) and might also tu

out to be required for carbon, in parcular when the
measured isotopic diferences are large and (or) the precision
requirements are rugh.

Reportng of experimental data
Isotope ratio data often enter into a multidimensional puzzle
from wruch fuer conclusions are drawn. Ths is the case in
almost any carbonate or precipitation study; it is obvious
also in CO2 in air analyses. Sometimes isotope ratio data are
valued by other researchers in a way that the original author
had not anticipated. As a consequence, isotope ratio data
reported in the scientic literatue should be presented

together with the necessar context that accompanies the

pure number. Wherever the source of the scale that was used
for referencig experimental values to an international
standard may have arisen from, the procedure should and
must be described.

For intace, most combustion analyses are calibrated
with NBS-22 oil using a published o13C-value of, for
example, -29.740/00 on the VPDB scale. Tls value, however,
has been revised a number of times; the latest revision to
-29.780/00 happened only recently.h Thus, when published
data are compared with other data reported vs. VPDB based
on a different value or even based on a diferent material,
adjustments can be made, provided the basis of the scale is
clear. In addition to the final o-values, precision (= 10",

standard deviation) as well as sample preparation and
measurement technques should accompany the data in
order to judge the relative merits of published data.

Simiarly, for reportg o2H-values of substances other

th water, it is recommended that the author's measured

o2H of NBS-22 oil, NBS-30 biotite, IAEA-ff-7 polyethylene
foil, or other internationally distributed reference material be
reported, as appropriate to the analytical method. Please

note that normalation to the -4280/00 difference of SLAP

and VSMOW, as is madatory for water analysis, requires
the availabilty of new internationally distributed reference
materials. The normalization procedure should be stated in
the author's report.

For reportg o180-values of substances other thn water

or carbonates (including the measurement of pure CO2 gas),
it is recommended that the author's measured O180 of NBS-
28 quar, NBS-30 biotite, NBS-127 barum sulfate, atmo-
spheric oxygen or other internationally distrbuted reference
material be reported, as appropriate to the analytical
method. The O180 scale should be normalized such that the
O180 of SLAP reference water is -55.50/00 VSMOW exactly,
and so stated in the author's report.

Rad Comun. Mas Spectrom. 2001; 15; 501-519
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nI
CONCLUSIONS

We have described some of the recently developed tech-
niques for referencing stable isotope ratio values in routie
operation in our laboratory. The quality control for long-
term accuracy is built into the daily cycles. Performace or
quality chart help detect errors in rugh-precision referen-

cing early and provide means for correction. It is common
practice in many laboratories to treat sample and reference
material in an identical marer. We propose to adopt ths
practice as the general principle guding the positionig of
measured isotope ratios on international scales.
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. BRENNA ET AL.

Although high-precision isotope determinations are routine in
many areas of natural science, the instrument principles for their

measurements have remained remarkably unchanged for four
decades. The introduction of continuous-flow techniques to iso-
tope ratio mass spectrometry (lRMS) instrumentation has pre-
cipitated a rapid expansion in capabilities for high-precision
measurement of C, N, 0, S, and H isotopes in the 1990s. Elemen-
tal analyzers, based on the llsh combustion of solid organic
samples, are interfaced to IRMS to facilitate routine C and N
isotopic analysis of unprocessed samples. Gas/lquid equilibra-
tors have automated 0 and H isotopic analysis of water in
untreated aqueous fluids as complex as urine. Automated cryo-
genic concentrators permit analysis at part-per-milion concen-
trations in environmental samples. Capillary gas chromatogra-
phy interfaced to IRMS via on-line microchemistry facilitates
compound-specifc isotope analysis (CSIA) for purified organic
analytes of 1 nmol ofC, N, or O. GC-based CSIAfor hydrogen
and liquid chromatography-based interfaces to IRMS have both
been demonstrated, and continuing progress promises to bring
these advances to routine use. Automated position-specifc iso-
tope analysis (PSIA) using noncatalytic pyrolysis has been

shawn to produce fragments without appreciable carbon scram-
bling or major isotopic fractionation, and shows great promise
for intramolecular isotope ratio analysis. Finally, IRMS notation
and useful elementary isotopic relationships derived from the
fundmental mass balance equation are presented. (Ç 1998 John
Wiley & Sons, Inc., Mass Spectrom Rev 16,227-258, 1997

I. HIGH-PRECISION MAS
SPECTROMETRY

Mass spectrometr (MS) is best known among chemists

as one of the most important analytical techniques for
the characterization of molecular strcture and amount,
elementa composition and spatial arangement (Burlin-
game, Boyd, & Gaskell, 1996). Remarkably, among a
large cross-section of biomedical, biological, and other
natural scientists it is better known as a tool to reveal the
origin, genesis, or state of complex systems though high-
precision isotope ratio measurements. Careful determna-
tion of isotope abundances reveal ths other dimension of
matter, which often is not available from strctural or

quantitative studies.
Soon afer the "natual" abundances of the elements

were determed, varations lied to material sources

were noticed, and systematics were described, starg

with Nier and Gulbransen's 1939 observation that the con-
centration of 13C is greater in carbonates than in organc
carbon (Nier & Gulbransen, 1939). Isotope varation due
to natural processes is now known thoughout natural sci-
ence and has provided important data on phenomena as
diverse as respiration in trees (Dawson & Ehleriger,
1993), dietar studies of ancient humans ("paleodietar
reconstrction") (Stott & Evershed, 1996), and contempo-

rar anals (e.g., seal lion foodwebs (Hobson et aI.,

228

1997), nitrfication rates in forests (Starle & Har 1997),
biodegradation (Aggaral et aI., 1997), and the climate
history of the ear (Schoell et al., 1994). In ecology and

biogeochemistr alone, two volumes (Ehleriger & Run-
del, 1988; Ehleriger, Hall, & Farquhar, 1993) and at least
one meetig (Grifiths, 1996) devoted to applications of
high-precision isotope measurements have appeared in the
last few years. Isotope ratio MS (IRS) has penetrated
areas of biological science to a greater degree than organc
mass spectrometr. In addition to studies of natural var-
ability, high-precision isotope measurements facilitate a
number of tracer technques in the biomedical sciences,
including the doubly labeled water method for energy ex-
penditure (Schoeller et al., 1986), protein tuover studies
(Chapman et al., 1990), fat metabolism (Brenna, 1997),
and a range of breath tests with the potential to revolution-
ize clical diagnostic testig (Ghoos, Rutgeerts, & van

Trappen, 1995).
The early history of MS was domiated by physical

measurements to establish the nomial, terrestral isotopic
abundances of the elements. The early parabola method
resulted in the discovery of two forms of Ne in 1911 by
J. J. Thompson, with the recogntion in 1919 that these
ions were isotopes, using the fist mass spectrograph (As-
ton, 1942). The latter event is arguably the first gas isotope
ratio mass spectrometr (IS) experient. Determa-
tion of the isotopic abundances of the elements was an
application so domiant that one of its most productive
parcipants, F. W. Aston, is said to have predicted the
demise of MS as a field of research once the isotopic
abundances of all the elements had been determned (Svec,
1985). It was, however, difficult to foresee the utity of

high-precision isotope ratios as clues to a sample's origin
or history, or the importance of isotopes as arficial trac-
ers. Even in the 1930s, before the isotopic abundances of
all the elements had been established, the MS analysis of
stable isotopes as tracers was yieldig important break-
thoughs in the bio-sciences (Clarke, 1948).

Natural abundance applications for the most par re-
quire the high-precision technques introduced in the late
1940s; these technques domiated IRS for four decades.
They focused intialy on the analysis of bulk environmen-
ta materials of high chemical complexity such as plant or
petroleums reduced to simple analysis by combustion to
CO2 or conversion to N2 or H2. Analysis of chemically
pure materials was much more common for compounds
that occur in relatively pure form in nature such as water,
because off-lie separation is a tie-consumig afai
fraught with the risk of contamnation and subtle isotopic
fractionation. Much less common is the even more cum-
bersome analysis of intramolecular isotope ratios, which
require the manual isolation of individual positions in a
molecule following chemical isolation, all in an isotopi-
cally representative and uncontamnated form.
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Fundamenta changes in inet systems introduced to
multicollector IRS in the 1980s, permttig detaled
analysis of complex mitures, are now fuelig a revolution
in IRS, in the same way that analogous inovations

did for organc MS in the 1950s and 1960s (Gohle &
McLaffert, 1993; McLafert, 1997). High-precision
"compound-specific isotope analysis" (CSIA), couplig

GC separation to IRS, ushered in dramatic improve-

ments in sensitivity and analysis speed for chemically pure
analytes and complex mitues. Referred to generically as
contiuous flow (CF) instrments, their commercial ap-

pearance around 1990 precipitated a dramatic increase in
research on instrmentation and methods in high-precision
isotope ratio mass spectrometr. Recent advances also of-
fer the promise of automated high-precision position-spe-
cific isotope analysis (pSIA), a field that has seen remark-
ably little experimenta advancement in spite of the ubiq-
uity of intramolecular isotopic varabilty in natue.

It is our purpose to review the curent status of CF-
IRS instrmentation. After a brief review of classical
IRS instrmentation, we focus on CF introduction sys-
tems, which facilitate rapid, bulk, compound-specific, and
position-specific isotope analysis. We close with a review
of some basic calculations that are essential for the manp-
ulation of high-precision isotope ratio results.

A. Isotope Ratio Mass Spectrometry (IRMS)

1. High-Precision

All mass spectrometers can measure isotope abundances

in one way or another. The distiguishig characteristic
of isotope ratio mass spectrometers (IS) is a measure-

ment at high-precision, which is defined generally as a
stadard deviation in the range of 4-6 signficant figures.
High-precision isotope measurements by MS are possible
for all polybarc elements of the periodic table by one of
thee instrment types, generaly referred to as gas IRS,
thermal ionization MS (TIS) for metas, and static gas
or noble gas instrments. The designation IRS usually
refers to the gas-source machie that is dedicated to the
analysis of light elements, and frequently the term gas
IRMS (GIRS) is used to distiguish it from TIS. IRS
operates on different priciples than TIS or noble gas
machies, which are outside the scope of ths review. A
recent review documentig commercial vendors for all
these instrments has appeared (Newman, 1996).

High-precision is accomplished at the expense of
flexibilty. IRS instrments accept the analyte in the
form of one of a limted number of gases, which must be
isotopically representative of the original sample. 13C/12C,
2H¡iH, 15N¡i4N, 180/160, and 34Sp2S analyses are performed

though analysis of the pure gases of CO2, H2, N2, N20,
NO, O2, CO, and S02 or SF6; for CF applications. these

HIGH-PRECISION CONTINUOUS-FLOW ISOTOPE RATIO MS .

Magnetic Sector

Universal
Faraday Cups

FIGURE 1. Diagram of a generic isotope ratio mass spectrometer, not
including inets. A tight electron impact ion source efficiently generates
positive ions that are mass-analyzed by a single magnetic sector. Multiple
Faraday cups permt simultaeous and contiuous monitoring of the
analyte major isotopomer masses in a split flight tube for hydrogen or
for other gases. Universal collectors with a central narow cup and two
outer wider cups are used for captung higher mass gases such as CO2
and N2.

gases wil usually be in He carer gas. These gases are

the only ones that are admitted to the ion source of the
IRS.

The mass spectrometer design was developed by A. O.
Nier in the 1940s and is the basis of modem instrments
(Nier, 1940; 1947; Murphey, 1947; McKenney et al.,
1950). A diagram of the basic instrment is presented in
Fig. 1, which shows the ion source, single magnetic sector,
and multiple collectors for the varous isotopomers. Sev-
eral featues distiguish the components of the IRS in-
strment from mass spectrometers used for strctual stud-
ies, which we refer to as organic MS. These features are
drven by the high-precision aspect of IRS that requires
that the detection probabilty be maxzed to optie
countig statistics. In effect, the flexibilty of organc MS
is sacrificed to talor the IRS to very lited but high-
performance measurements. An excellent detailed discus-
sion of the design and theoretical performance of the ion
source, ion optics, mass analyzer, and collectors for an
IRS is available (Prosser, 1993).

2. Ion Source and Dual Inlet

The IRS employs an electron impact (EI) ion source
specifically tailored to maxze ionization probability.
Organc MS EI ion sources are designed so that the analyte
stream passes though the electron beam once, where ana-
lyte molecules are either ionized or pass out of the source
and are pumped away. Ionized molecules are rapidly accel-
erated into the analyzer section before collsions can take
place. Reactive collsions that result in ions of weights

greater than the analyte molecule would complicate EI
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mass spectra greatly, because the highest mass ion would
no longer be the putative molecular ion, and spectra would
be dependent on ion source pressure. In addition, ion
sources would require frequent cleang, because reactive

higher molecular weight products are more prone to con-
densation than lower molecular weights. Effectively, or-
ganc EI sources are nearly collsionless and are referred
to as "open" sources.

The IRS ion source is referred to as a ' 'tight' '
source, because the goal is to conta analyte molecules
until they are ionized to maxze ionization probabilty.
Analyte gas molecules undergo many collsions with each
other and the interior source walls prior to electron impact .
ionization, and nascent ions undergo collsions with neu-
tral analyte molecules. In ths regard, the IRS EI source
is much more lie an organc chemical ionization (CI)
source, which depends on collsions to faciltate proton
exchange or other processes. Ion-molecule reactions do
occur for IRS gases when there is a source of hydrogen
in the ion source. The most common source is the
H2-Hi reaction that results in the formation of Hi, which
is an important interference in hydrogen analysis. The high
collsion rate of the EI source is one of the pricipal rea-
sons why the analyte must be converted to a low molecular
weight, relatively unreactive gas, and why hydrogen must
be excluded whenever possible.

The ion source produces a 70-e V electron beam, coll-

mated by small source magnets, for the EI ionization of
gas molecules. The tight source produces high ion eff-
ciencies of about 1 ion per 103 molecules that enter the

source. Ths effciency compares to that of about 1 ion in
106 molecules for the conventional open organc ion
sources that are used for strctual chemical analysis. Ths
sensitivity advantage is usually even greater on a per mol
analyte basis, because analyte molecules must be con-
verted to an acceptable analysis gas. For instace, each
molecule of methyl stearate introduced to an organc MS
has a single chance for ionization. IRS analysis requires
conversion of the 19-carbon methyl stearate molecule into
19 molecules of CO2, each of which has an independent
probabilty of ionization in the IRS. Differences in ion-
ization energies and cross-sections, and extent of fragmen-
tation exist between large organc molecules and CO2.
Neverteless, an advantage of an order of magntude in
sensitivity can be expected in our example.

From ths example, and in contrast to organc MS, it
can be seen that it is inappropriate to quote "detection
lits' , for IRS in the classical analytcal chemical

sense. Rather, the mium amount of analyte required
for analysis is appropriately expressed as mol of analyte
element (e.g., C, N, etc.) required to yield a specified

precision. For some elements, such as C, the weight of
analyte is closely related to the molar mass; thus, it is
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simplest to express lower analytical lits in terms of

analyte mass. For example, the lower limits of analysis
for an amo acid of molecular weight 100 and for a
protein of molecular weight 100,000 are both approxi-

mately 10 ng, or about 1 nmol C.
Collsions in the ion source interact in a complex way

to produce a well-known nonlear dependence of ion cur-
rent ratios with source pressure. The electron beam-coll-
matig magnets exert a mass-dependent influence on the
flght path of nascent ions as they are accelerated out of

the source. The precise region with the source from
which ions escape is related to source pressure; hence, the
degree of flght path infuence is related to source pressure
(Kishenbaum, 1951). It is easy to show that a plot of ion
curent ratio vs. m/z 44 intensity, 1451I44 vs. 144 for carbon
analysis, has a liear dependence on pressure that can be
essentially eliated by using He carer gas to buffer
analyte concentration changes (Tobias & Brenna, 1996).
In the absence of a buffer gas, high-precision and accuracy
demand that sample and standard be analyzed at the same
pressure, which should be as constat as practical.

The dual-inet system was fist introduced in 1947 by
Murhey (1947) for the analysis of gas diffusion rates,
and it was soon incorporated into the classic analytcal
IRS instrment design of McKiey et al. (1950). That
design is a landmark usually taken to be the bir of high-

precision IRS. Modem dual-inlet systems are computer-
controlled with adjustable welded-meta bellows in which
sample and stadard gas are stored. The pressures of the
bellows are matched so that both gases enter the ion source
at the same flow rate and pressure.. In addition, the capil-
lar used to feed the gases into the source is criped to
set flow resistace and permts flow rates to be matched.

Though the use of automated valves, the sample and stan-
dard gases can be alternately delivered into the IRS
while the other volume is depleted and vented to waste at
a matched rate to maitai equivalent pressures in both

bellows.

3. Analyzer

Mass resolution is sacrificed to optize stability and

transmission, which are the two most importt features
for IRS mass analysis. The IRS analyzer section stars
with an entrance slit that is typically of fixed width and
gives a workig resolution of about m/l1m = 100, which
is suffcient to separate the masses of interest while mai-
taig maxum transmission. Ions are extracted and ac-
celerated out of the ion source at 2-10 keY, colliated
into a beam by electrostatic lenses, and deflected electro-
statically into a magnet with a field of around 0.75 tesla.
The analyzer is always a single magnetic sector, which
is someties a permanent magnet, requirg that mass

adjustments be made by adjustig the accelerating voltage.
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A uniorm magnetic field is required to produce multiple
well-defined ion beams emerging toward the detectors.
High mass resolution is not required and, thus, electrc
sectors are uncommon.

In the parcular case of CF analysis of lI enterig

the ion source in a stream of He, high-pedormance mass
analysis is desirable. High-abundance sensitivity is useful
to separate the tail of the very large He peak at m/z 4
from the adjacent lI peak at m/z 3. One manufacturer

introduced such an instrment in 1995 that can comfort-

ably make ths analysis; ths instrment wil be detailed

in the hydrogen section below.

4. Detection and Data Acquisition

The majority of organc MS instrments employ electron
multipliers (EM) for ion detection, with the most promi-
nent exception being trap-type instrments such as Ion
Cyclotron Resonance (Marshall & Verdun, 1990) and a
recently reported advance in d ion traps (Soni et al., 1996).
IRS instrments are probably the only analytical gas
source mass spectrometers in commercial production at
ths writig that employ faraday cups (FC) for ion detec-

tion. Multiple cups are in routie use, one for each ion
beam of interest, to maxze dwell ties and eliate
the need for peak-jumping. Simultaneous measurement

also improves precision dramatically, because it eliates

varabilty in analytcal conditions that cause correlated

changes in signal intensity such as filament brightness.

Deep cups with secondar electron suppressers captue
analyte ions and the secondar electrons emitted upon

impact of high-energy ions onto the metal sudace. Dedi-
cated amplification electronics are required for each mass
chaneL. FCs are generally less sensitive than EMs, but
are superior for IRS because (1) the high count rates
required for high-precision place IRS signals in the nor-
mal detection range for FCs, but would rapidly damage
EMs; (2) FCs liearly detect very large ion currents with-
out gai adjustments; (3) they are highly stable; and (4)

with the low atomic weight elements used in IRS, they
have very long lifeties that are measured in decades.

Amplification of signal at the FC is accomplished by
dedicated circuits mounted in close physical proxity to

the detectors. The feedback amplifiers are usually highy
shielded, sometimes held under vacuum, and are made
with high pedormance resistors to yield amplification fac-
tors correspondig to the approximate isotopic abundance
in natue. For example, the feedback resistors for H2 and
lI are in the nomial ratio 1: 1000 and, when digitized,

produce signals that have heights about 1:0.3, correspond-
ing to the 150 pars-per-million abundance ofD compared
to H, afer correctig for the dual probabilty of D appear-

ance in lI. Matchig of signals is critical for the high-
precision comparsons central to IRS data analysis in

HIGH-PRECISION CONTINUOUS-FLOW ISOTOPE RATIO MS .

dual inet analysis, because there is no He carer gas to
equalze pressures. It is much less important for contiu-
ously varing analyte signal in CF analysis, except for H
analysis. Poor signal matchig is the major factor why
signals that diverge signficantly from natual abundance
(in tracer experients, for example) commonly yield poor
precision and accuracy.

The dual-inet data stream is extraordinarly straight-
forward. A sample from each inet is admtted to the

IRS, the signal is allowed to stabilize, and data are col-
lected at a plateau leveL. Mter a preset measurement tie,
inlets are switched and the cycle is repeated several ties.

Ion curent ratios are converted to isotope ratios using the
delta notation suggested by Urey in 1948 (Hayes, 1983),
shown as follows for the specific case of carbon:

645 = (RSPL - Rsr) x 1000 = (RsPL - 1) x 1000;RsrD Rsr
R = (45) (1)x (44)'

where (45)/(44) is the ion curent ratio, and ó45 includes
contrbutions from both l3C_ and 170-substituted CO2. For

carbon, an expression for l3C112C is normally desired, and
correction procedures have been devised to use the mass
46 signal, which is priarly representative of the
12CI80160 species, and the correlation in natue between
180 and 170, to convert 645 to ól3C, relative to the workig

stadard (Craig, 1957; Santrock, Staney, & Hayes, 1985).

A fial adjustment converts the sample isotope ratio into
term relative to the international stadard Pee Dee Belem-
nite, in pars "per mil" or "per mille" (%0). Ths notation
has two advantages. First, it emphasizes that the high-
precision component of the measurement is relative to a
standard, rather than an absolute measure. Second, isotopic
fractionation in natue is subtle, yieldig changes in the
four signficant figure and beyond; the Ó13C notation

eliates the leadig digits common among nearly all

but arficially enrched samples and focuses on changing

digits. We retu to isotope notation later.
Analogous calculations are pedormed for CF data,

except that the ion curent ratios are normally derived

from peak areas rather than plateau regions. The CF data
stream consists of a time aray and two or thee signal
arays, which are most analogous to selected ion monitor-
ing chromatographic traces in organc MS. Signals must
be digitized to about 20 bits (~106) to retai suffcient

precision, and suitable precisions are available on modest
cost chromatography data acquisition boards designed to
record data from a flame ionization detector (Fl), and

offer effective duty cycles of greater than 95%.
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5. Isotopic Standards

We briefly mention the existence of international isotopic
standards for the IRS elements because more complete
discussions can be found elsewhere (EWeriger & Rundel,
1988). Stadards are often calbrated by several labora-
tories in "round-robin" or "rig" tests, where many labo-

ratories blidly analyze carefully prepared alquots (for

example, see (Schoell & Faber, 1983)). A 1987 Mass Spec-
trometry Reviews arcle lists IRS international standards

for H, C, N, and 0 complete with references (Table I of
(Hachey et al., 1987)). Many of the priar stadards are

available today and can be obtaed by individuallabora-
tories for use as calibrants for day-to-day workig stan-
dards.

For C, N, 0, and S, a single international stadard is
normaly adequate for isotope ratio calbration of natually
occurg samples. Hydrogen is somewhat unique in its
requirement for stadards, because the range of natually

occurg DIH concentrations is so large that calibration
with a single stadard can lead to signficant errors for
samples of isotope ratio that are very different than the
single stadard. In 1978, GonfiantI (1978) proposed a

normalzation of hydrogen and oxygen isotopic data by
using bD and 8180 = 0%0 for the reference water Vienna-
Standard Mean Ocean Water (V-SMOW), and 8D =
-428%0 and 8180 = -55.5%0 for the reference water Stan-
dard Light Antarctic Precipitation (SLAP), creatig the
VSMOW-SLAP scale. Individual instrments analyze
VSMOW and SLAP, and assign the quoted values to the
SLAP data, where the subscript represents normalzation
to the VSMOW-SLAP scale (Coplen, 1988; 1996). Ths
calbration is known in the isotope ratio field as a "stretch-
ing or shrg" of the isotope ratio scale, so that a
second reference material is set to a defined 8D value
relative to the fist reference material. In essence, this

procedure is a two-point calbration of ion-current ratio to
isotope ratio.

II. DUAL INLET ANALYSIS

A. Off-Line Sample Preparation for Organics

We briefly mention off-lie sample preparation for dual
inlet analysis. A more detaled discussion is available in
previous Mass Spectrometry Reviews arcles on IRS

(Hatchey et al., 1987; Wong & Klein, 1986). Typically,
off-lie preparation involves multiple steps on custom-

designed vacuum lines equipped with high-vacuum and
sample-compression pumps, concentrators using cryo-
genic or chemical traps, reactions in fuaces using cat~-
lysts or tre reagents, and microdistillation steps. Contam-
nation and isotopic fractionation are possible at any step,
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and, in general, manual off-lie methods are slow and
tedious, usually requirg large sample amounts, and often
requirg considerable operator skill and stama to pro-
duce useful results.

A purfied organc sample can be combusted to CO2

and H20 using cupric oxide NV ong & Klein, 1986), either
by a static method (Sofer, 1980; SchieIman & De-
Niro, 1993), where the sample is oxidized in an evacuated
sealed tube (Boutton et al., 1983) contag copper oxide
at :; 700°C; or by a dynamc method (Craig, 1953), where
combustion is performed in a vacuum lie in the presence
of excess oxygen. CO2 can be analyzed diectly or cryo-
genically separted from the water, and analyzed for its
13C/12C ratio using dual inlet analysis. For DIH measure-

ment, the purfied water can be reduced by zinc at :;450°C
in a sealed tube (Coleman et al., 1982) or dynamcally
reduced over hot uranum (Frazer, 1962) or zinc (Fried-
man, 1953) with subsequent dual inet analysis. However,
problems of isotopic fractionation and sample memory
effects NVong, Cabrera, & Klein, 1984) result from the
diffculty with workig with water vapor. The diect con-
version of organc hydrogen to hydrogen gas utizing py-
rolysis at :;900°C (Sofer, 1986; Sofer & Schiefelbein,

1986) can eliate the need for handling water vapor in

a vacuum line.
Nitrogen samples can be converted to amonium by

Kjeldahl digestion for total nitrogen analysis, followed by
amonium oxidation to nitrogen gas by the Rittenberg
technque (Sprison & Rittenberg, 1949) for 15N/14N isoto-
pic analysis (San Pietro, 1957). A superior alternative to
ths technque is Dumas combustion (Steyermark, 1961),
where organc matter is converted to nitrogen in a single-
step process NVada et al., 1977; Pella, 1973). However,
the use of an apparatus that is usualy employed for nitro-
gen isotope analysis can lead to inaccuracies though con-
taants such as CO, small hydrocarbons, and nitrogen

oxides, which produce isobarc interferences with the
masses of interest (mlz 28, 29, 30). A combustion proce-
dure using calcium oxide for total removal of CO2 and
H20 has been developed and helps avoid these problems
(Kendal & Gri, 1990). Al of these off-lie chemical
technques for C, H, and N isotopic analysis are very
laborious and tie-consumig. Usually, the determation
of 180/160 ratio in organc matter is performed by mass
spectrometrc analysis of CO2. Nickel is often used for
organc combustion to CO2 (Brenneijer & Mook,
1981) or samples can be prepared using the HgClz pyroly-
sis method at 550°C described by Hayes (Schiel-

mann & DeNiro, 1993; Wedekig & Hayes, 1983).

B. Water Analysis

The isotopic analysis of DIH and 180/160 in water is a
special application of parcular interest to nutrtional and
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environmental studies. A useful review of off-line sample
preparation for DIH and 180/160 isotopic analysis of water
and organc samples appeared in a previous Mass Spec-
trometry Reviews arcle (Wong & Klein, 1986). The in-
convenience of the off-lie static sample preparation for
water analysis using the chemical reduction routie parc-

ularly for DIH measurements can be reduced by the use
of batch processing (Kendall & Coplen, 1985) but off-lie

preparation contiues to demand high operator skill and
staa to produce acceptable results. Electrolytc conver-

sion of water to plolecular 01 and Hi (Kishenbaum, 1996)
for subsequent isotopic analysis is problematic due to se-
vere fractionation without complete conversion. The pro-
cedure is tie-consumig and requires large sample quan-

tities (Wong & Klein, 1986), but can be brought down to
20 mi per sample with a microelectrolyzer (Bocek,
Deml, & Tesar, 1973).

Direct mass spectrometr of water has been attempted

for 0 isotopic measurements with lited success. An on-
lie, static system commercially avaiable in the 1980s al-

lowed the simultaneous determation of DIH and 180/160

in aqueous samples (Wong, Cabrera, & Klein, 1984). TIs
system consisted of an on-line uranum furnace, for con-
version of H10 to hydrogen gas, precedig a dual mass
spectrometer for HDlHl and Hl8oIHl60 detection. TIs
system suffered from severe memory effects and required
a washout procedure consistig of more than six injections
of a sample between analytes of diferent enrchment be-
fore accurate data could be obtaied.

An alternative that reuies very litte operator interac-
tion is the equibration technques that have ben used for
180¡i60 for decades, but only recently have ben practicaly

applied to DIH. The 180¡i60 ratio is measured from C01,
with known 0 isotopic composition, equibrate with the
water sample at room temperatue (Cohn & Urey, 1938):

msO + Cl601 "' m60 + C1601S0. (2)

The DIH ratio is measured from Hi, with known H isotopic
composition (Horita et al., 1989; Coplen, Wildman, &
Chen, 1991), equilbrated with the water sample:

Pt

H20 + HD "' HDO + H2.

The use of these chemical equilbration methods for
water analysis reduces sample preparation requirements

compared to chemical reduction. The isotopic composition
of hydrogen in equilbrium with water can be very temper-
ature-dependent (6%of'C). To achieve reproducible results
using a fast equilbratig Pt catalyst, extremely high tem-

perature stabilty is necessar (::O.1 -0.05°C). Slow equil-
bratig Pt reagents are the only viable solution yet demon-
strated to mitigate the effects of ths sensitivity (Scri-
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geour et al., 1993). In addition, these methods produce
hydrogen gas with a severely depleted DIH ratio, which
is taken into account durig the calbration procedure. Be-
cause precision depends on the number of counts of the
less abundant isotope, ths depletion requires additional
measurement tie to yield precisions that are equivalent to
samples that are less fractionated durig their preparation.

SOl is the most common gas employed for S isotopic
analysis; however, SF6 has been used and has the advan-
tage that F is monoisotopic so that there are no isobarc
intederences with S isotopes. Off-lie conversion of sam-
ple S to SOl requires several chemical steps in which

the sample is fist converted to BaS04 by acid digestion!
precipitation followed by reduction to H1S and a multistep
conversion to SOl, as outled elsewhere (Gieseman et
al., 1994). These procedures typically require four hours
per sample to generate isotopically representative SOl.

II. CONTINUOUS-FLOW (CF) IRMS

(3)

The seeds for CF-IRS derive from the early days of
organc MS, when it was shown that separation coupled to
analysis by MS yielded results of unparalleled sensitivity,
speed, and usefulness. Intedaces between gas chromato-

graphs (GC) and MS, and later other separation devices
and MS, focused on th~ contiuous delivery of an analyte
with intact strctue to the MS in a gas phase form for

strctual analysis.

The earliest arcles to demonstrate purposeful on-lie
chemical alteration prior to MS intendig to simplify isoto-
pic analysis appeared in the late 1970s, stag with Sano
and coworkers (Sano et al., 1976), who coupled a GC to
an organc MS by means of a combustion furnace. They
combusted their sample to CO2 and set the mass spectrom-
eter to alternate between masses 44 and 45, thereby moni-
torig the carbon isotope ratio. Their samples were metab-
olites of a l3C-labeled drg, from which they identified
labeled peak as indicative of metabolic activity. Soon
aferward, Matthews and Hayes reported a GC-combus-
tion-MS system based on a single collector organc MS
(Mattews & Hayes, 1978). The GC effuent was com-
busted, and dred with a semipermeable membrane, Naf-
on™, which passes water and retais COl. The dred ef-
fluent was admtted to a single collector MS that was
optized for isotopic analysis and that determed C and
N isotope ratios. The system was the fist to yield sufficient
precision to detect isotope ratio variability in natural
sources in compounds separated on-lie. Four years later,
Markey and Abramson reported a simlar approach with
on-lie chemistr called the chemical reaction intedace

(CRI) MS, which is based on the processing of a GC
effuent in a microwave cavity to yield small molecules for
isotopic analysis at low precision for biotracer experiments
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(Markey & Abramson, 1982). All of these systems rely
on a carer gas to transport the analyte though a stage

of on-lie chemistr for conversion to a form acceptable

by the MS. Ths process is one of the fundamenta prici-
ples underlying CF-IRS.

A. Bulk Samples: Elemental Analyzer

With the wide use of stable isotopes for bulk analysis in
fields such as geochemistr, ecology, biomedicine, and
nutrtion, a great demand exists for the rapid analysis of
large numbers of solid samples. Time-consumig conven-
tional preparation technques are diffcult to automate, and
they lit the number of samples that can be analyzed.

A classical method for elemental analysis is based on
the flash combustion of samples in a fuace followed by
quantitative analysis of the resultig gases (Holt &
Hughes, 1955). A commercialy available approach to
these analyses is automated flash combustion followed by
GC separation of CO2 and N2 and nondestrctive detection

using a thermal conductivity detector, with the effuent
stream ultiately vented to waste.

In 1983, Preston and Owens (Preston & Owens, 1983)
demonstrated the fist CF interface to a multi-( dual) collec-
tor IRS for the bulk analysis of nitrogen from solid
samples. Precisions of about SD(815N) = 0.7%0 were ob-
taied for 3.5 t.mol alquots of N2 derived from urea in

the CF mode afer flash combustion and separation in a
GC equipped with a gas separation column. These authors
observed a degradation in the precision due to ion source
nonlearties when analyzing samples of varing size, as
is now observed in demandig CF analyses. Ths system
was the fist high-precision multicollector CF-IRS. Two
years later, these authors extended the instrment to the
analysis of C with simlar reproducibility (preston & Ow-
ens, 1985).

Modern commercially available elemental analyzers
provide an automated means for on-lie high-precision
isotope ratios for bulk analysis of solid and nonvolatie
liquid samples. Samples are placed in a capsule, tyically

silver or ti, and loaded into a carousel for automated

analysis. The sample is dropped into a heated reactor that
contais an oxidant, such as copper oxide for Cor S analy-

sis, where combustion takes place in an He atmosphere
with an excess of oxygen. Combustion products are trans-
ported by flowing He though a reduction fuace for re-
moval of excess oxygen and conversion of nitrous oxides
into N2. A dring tube is used to remove any excess water
in the system. The gas-phase products are separated by

GC, and detected nondestrctively by thermal conductivity

before introduction to the IRS. Recent work has demon-
strated the analysis of S isotopes (Gieseman et aI., 1994),
where samples must first be converted to BaS04 prior to
loading into the elemental analyzer. For all elements, 00-
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FIGURE 2. Diagr of the Cryoflow system for cryocusing of analyte
gases denved from an elementa analyzer (redrawn from (Jry et al.,
1996)). Furace temperatue, He carer flows, and trap conditions are
adjusted for optimal analysis of CO2, N2, or S02' For instace, for CO2
analysis the furace is held at 600°C with a slow He flow rate of 2 mL
mi, trap 1 is at -86°C to remove water, and trp 2 is either imersed
in liqnid nitrogen to concentrte CO2 or +22°C to release CO2, Trap 3
is necessar for S02 only.

tial sample sizes in the mg range are most easily analyzed
with these instrments.

Oxygen and hydrogen are the two most recent ele-
ments for which elemental analyzer data for bulk com-
pounds have been presented. Oxygen-contag samples
are converted on-lie to CO by pyrolytic reaction with
carbon (the "Unterzaucher reaction") as fist shown by
Brand et al. (Brand, Tegtmeyer, & Hiert 1994), using a
GC-based system; several other reports using ths priciple

subsequently appeared, showing elemental analyzer (Ko-
ziet, 1997; Werner et al., 1996) or diect injection analysis
(Begley & Scrigeour, 1997). The very recent report of
Farquhar et al. (Farquhar, Henr, & Styles, 1997) demon-
strates the automated on-lie conversion of the oxygen in
water or nitrogen-contaig plant dr matter to CO, using

a pyrolysis-based reaction on nickelized carbon at about
1l00°C. CO is separated from N2, using a GC with a
molecular sieve column; precisions- of SD(8180) = 0.2%0
are obtaed. Begley and Scrigeour (1997) have shown

the analysis of oxygen and hydrogen (8D) on a single
sample by measurg the isotope ratio of H2 gas produced
in the pyrolytc reactor with a high mass dispersion IRS,
with an abundance sensitivity that capable of fully resolv-
ing analyte lI from excess 4He carer. Precisions for

water, ure, and volatie organc compounds are about

SD(8D) = 2%0 and SD(8180) = 0.3%0.
Low sample size analysis has been an importt goal

in recent instrment work. Fry et al. (Fry et al., 1996)
described an elementa analyzer-IRS system for measur-
ing C, N, and S isotopic compositions of gas samples in

the 10-1000 nmol range. In ths CF interface shown in
Fig. 2, which the authors refer to as Cryojlow, samples

are injected or dropped into a quar tube that is parally

filled with reduced copper and that is held at a temperatue
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of 600-1 OOO°C, with a contiuous flow of He. For samples

requirg combustion, oxygen was added diectly from a

tan, or by ming the sample with V 205, or a combination

of both. Afer reaction in the combustion furnace, gases

are transported by normal high flow-rates of He though
a series of traps for purification and collection of the taget
analyte. Once the analyte gas is trapped, the flow-rates are
lowered and the trap is heated to permt flow of the analyte
into the IRS. In this interface, all separation is conducted
via cryogenic traps; no column is used, as is the case with
the stadard elementa analyzer interface. In ths sense,
the system is a hybrid between a CF and batch system,
but clearly demonstrates that the CF priciple works well
with cryotrapped analyte. Sequential analysis of all thee
elements is possible for a single sample by holding analyte
gases in the traps whie the IRS tunig is adjusted to
optize for each element. Straightforward modifications

to the IRS should make possible the automated analysis

for al thee elements. Precisions of SD(ó) .: 0.3%0 for

samples:; 50 nmol C, N, or S could be routiely obtaied.

B. Trace Gases

Interest in stable isotope measurements of trace gas spe-
cies, parcularly eIL, N20, and CO2, contiues to increase
because of the utility of isotopic information for interpre-
tig concerns such as cliate change, global warg, 03
production, and OH depletion (Conny & Curre, 1996;
Morse et al., 1996; Ciais et al., 1995). CH4 carbon isotope
ratios in natural systems are indicative of mechansms and
pathways ofCIL cyclig (Sansone, Popp, & Rust, 1997). It
is frequently desirable to determe high-precision isotope
ratios of envionmental gases present at very low ambient
concentrations in either gas or dissolved form. An example
is atmospheric methanè analysis, which often requires 50
L of sample to yield sufficient methane for a precise isoto-
pic analysis (Lowe et al., 1991). Considerable effort has
been diected to optize the detection limts for analysis
of environmenta trace gases, in the atmosphere, and dis-
solved in water. To address ths problem, an automated
cryogenic system, referred to as "PreCon," was presented
recently for analysis of N20 and CIL (Brand, 1995). A
1 () mL bulb of sample gas is mounted atop a unit
equipped with one manual and two automated liquid N2
traps that serve to concentrate or purify one of the two
gases prior to a final purfication by GC, before introduc-
tion to the IRS. CH4 originally at 1700 ppb in laboratory

ai was analyzed at a precision of SD(ó13C) .: 0.2%0,

whereas N20 analysis produced about 0.2%0 for nitrogen
and oxygen ratios.

In a very recent report, Sansone and coworkers dem-
onstrate the operation of cryogenic trapping systems that
are capable of the automated analysis of 200 pmol CH4
dissolved in either water (1-50 nmol CH4) or gas samples

HIGH-PRECISION CONTINUOUS-FLOW ISOTOPE RATIO MS .

(45-250 ppm CIL (v/v)) (Sansone, Popp, & Rust, 1997),
as shown in Fig. 3. Water samples are automatically

loaded into a sparging column, where dissolved CH4 is
removed by flowing He. Sequential dring and ascarte
traps remove water and CO2, respectively, before the CIL
is cryotrapped prior to cryofocusing for GC-combustion-
IRS analysis (to be discussed below). Precisions were
SD(ó13C) = 0.8%0 for replicates of 1.5 or 25 nM CIL in
seawaters. These authors also descrbe preparation systems
for low-level gas analysis, where trace quantities of CH4
are purfied, preconcentrated, and separated from 021N2
prior to crofocusing on a GCC-IRS. Precisions of
SD(ó13C) = 0.3%0 for a laboratory gas stadard of about
100 ppm CH4 in He are obtaed.

C. Breath Tests

The isotopic analysis of breath CO2 is increasingly im-
portant in biomedical applications because of numerous
putative diagnostic tests that rely on the measurement of
isotopic labelig of breath CO2 afer oral ingestion or in-
jection of a test substace (Halliday & Renne, 1982).
Typicaly, a substrate is chosen so that the labeled sub-
stance is metabolized to CO2 at a rate that is lited by

the process to be measured. The labeled CO2 is diluted
many-fold by a much larger volume of body CO2 before

being expired, leadig to very small enrchments over
baselie and the attendant requirement for high-precision
analysis. The 13C breath test is a nonradioactive alternative
to 14C breath tests, and has been validated for use in clini-

cal diagnosis and medical research for the detection of
a number of conditions, includig pancreatic functional
impaient (Watks et al., 1977), gastrc emptying
(Ghoos, Rutgeerts, & van Trappen, 1985), and gastrc in-
fection by Helicobactorpylori (Marshall & Verdun, 1990).

CO2 must be purfied from an excess of water vapor
and ai gases prior to analysis. Automated systems based
on cryogenic purification have been used for years
(Schoeller & Klein, 1979), but are slow and canot be
used for samples from subjects whose breath is conta-
nated with appreciable concentrations of gases that co-
condense with CO2 or that yield isobarc interferences,
such as ethanol or ketones. CF analysis of breath was fist

conducted by manual injection of sample into the carer
flow of an elemental analyzer interfaced to an IRS (Pres-
ton & McMillan, 1988). Ths system avoided cryogenic

purification by using a GC column to purfy CO2, A fully
automated system was described soon afterward that sam-
ples breath gas from vacutaiers along with GC purfica-
tion (Prosser et al., 1991). Commercial dedicated systems
are now available for breath gas analysis from four manu-
factuers based on very simlar priciples.
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FIGURE 3. Diagram of the automated sparging system from Sansone et al. (Sansone, Popp, & Fry, 1997).
Sample water is loaded into a sparging chamber and dissolved gases are removed, purfied though dring
and ascarte traps, and crogenically concentrated for analysis. The IRS (not shown) is located after the
GC (reprited with permssion from Anal. Chern. 1997,69,40-44, Fig. 1, copyright American Chemical

Society, 1997).

IV. COMPOUND-SPECIFIC ISOTOPE
ANALYSIS ICSIA)

A Gas Chromatography (GC) and Carbon

The fist high-precision GC-combustion-IRS (GCC-
IRS) based on a multicollector IRS drew from the
early work on GC-combustion (Mattews & Hayes, 1978)
to demonstrate that isotopic analysis with a dual collector
instrment produced isotope ratios an order of magntude
more precise than demonstrated for an optized single

collector instrment. Bare et al. (Bare, Bricout, & Ko-
ziet, 1984) used a combustion furnace filled with C0304
coupled to a crogenic water trap to prepare CO2 from a
mitue of natural flavorig compounds. Precisions were

about SD( o13C) = 1 %0, with a small negative bias of about

1 %0 observed for the calibration with CO2 gas; that bias

was nearly eliated when calbration was conducted

agaist an analyte peak used as an internal standard.
Many acronyms are in use to describe essentially the

same fundamenta instrment approach. GC- IRS and
GC-C-MS were used for the earliest commercial instr-
ments by separate manufacturers. The term "mass frag-
mentography" used by Sano and coworkers was replaced
by the earliest acronym to be widely adopted, "isotope
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ratio monitorig GCIMS" (irGCIMS) introduced by
Mattews and Hayes .(1978). The latest may be Com-
pound-Specific Isotope Analysis (CSIA), introduced re-
cently by Schoell (Brand, Tegteyer, & Hilkert 1994;
Schoell & Hayes, 1994). None of these abbreviations in-
eludes the distiguishig characteristic of the technque as

now practiced~ high-precision, and most could be used to
describe other analytical technques. Because the choice
is rather arbitrar and they are not lied to commercial
instrments, we use GCC-IRMS or LCC-IRMS, and high-
precision CSIA (or PSIA below) when a more general term
is desirable.

Fundamentas of the modem GCC- IRS instrment

for the analysis of carbon isotopes dier very litte from

the priciples in Mattews and Hayes (1978) and in Bare
et al. (Bare, Bricout, & Koziet, 1984). Commercial in-

strments have been available since 1990 with metal oxide
combustion fuaces and either Nafion or cryogenic water
traps. A schematic of an instrment is shown in Fig. 4
(Goodman, 1997). The GC is an standard capilar system
with any of the usual injectors, split/splitless or on-column.
The GC effuent is diected to a combustion reactor, which
is normally a ceramc or quar tube with capilar connec-
tions at the entrance and exit. The reactor is usually loaded
with a meta oxide derived from oxidizing meta wire,
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FIGURE 4. Diagram of a GCC-IRS instrment, after Goodman
(1998). A conventional GC is intedaced to a switchable valve that
directs the column flow to waste while the solvent peaks elute, or to
the combustion furnace when analyte elutes. In the waste mode, He
with a small concentration of O2 for reagent recharge flows through

the furace. The combustion reactor converts organics to CO2 and

HzÜ, using CuO reagent and Pt as a catalyst. The capilar is bathed
in cryogen to trap water, th,en is directed to an open split for admission
of purified CO2 to the IRMS.

such as Cu, along with Pt catayst intended to promote

completion of the oxidation reaction. At 600°C, CuO is a
source of O2 via

60°C
2CuO(s) "' 2Cu(s) + 02(g).

As is clear from ths equation, CuO is a secondar reagent
in the reaction and must be replenished periodically. TIs
replenishig (or "recharging") can be accomplished auto-

matically by includig a small amount of O2 in the stream

of carer gas flowing though the fuace in-between sam-

ples (Merrtt et al., 1995). It is necessar to divert solvent
peak away from the furnace, because solvent would other-
wise prematuely deplete ths reagent. Most systems ac-
complish ths diversion by a backfush switchig of flow
pressure under computer control so that He is forced back
though the furnace toward the capilar column (Good-
man & Brenna, 1992). Because optial flow-balancing
can be tie-consumig, an automated rota valve can be

substituted in place of the backfush. The valve switches
solvent flow to waste (or a flame ionization detector) while
clean He is flowing though the fuace, or connects the

capilar with the fuace once the solvent peak has eluted,

as shown in the Fig. 4.
CO2 and H20 representative of the combusted organc

analyte emerge from the furnace. Water must be removed
prior to admssion to the ion source because it protonates
CO2 to produce HCOt, which intederes with analysis at
m/z 45. Either a Nafon™ tube or a cryogenic trap is em-
ployed to remove the water of combustion. A Nafion-type
trap consists of a length of the fluoriated polymer tube
attached to a capilar at its entrance and exit. The analyte

stream passes into the tube, where water passes though

HIGH-PRECISION CONTINUOUS-FLOW ISOTOPE RATIO MS .

(4)

the walls and is swept away with counterfowing He, while
CO2 is quantitatively retaied. TIs trap offers the advan-

tage that it operates continuously at room temperature
without attention. Its priciple disadvantage is that it intro-
duces two connections, which offer the possibilty of leak,

as well as two diameter changes, which compromise chro-
matographic resolution.

The cryogenic trap shown in Fig. 3 consists simply
of a lengt of capilar or tubing bathed in an appropriate

cryogen, which retais water but passes CO2, TIs ap-
proach has the disadvantage that the trap must be wared
periodically to remove trapped water. However, as shown
in Fig. 3, it offers the possibility of using a contiuous
capilar from the end of the GC column though the

combustion fuace and water trap and diectly to the open
split leadig to the IRS. il ths design, the oxidant wire

is theaded into the capilar to an appropriate point, and

the capillar is anchored at each end of a ceramc tube.

One end of the capillar is attched to the rota valve in

the instrment, and the end emerging from the fuace
passes though a cryogen bath and to the open split. When
the fuace is fist operated, the protective polyimde coat-

ing outside the capilar bums away to leave a bare fused
silca capilar that is mechancally stabilzed at the fur-

nace temperatue by the ceramc tube. This system is resil-
ient in use over many months as long as the furnace tem-
perature is maitaed, and offers the advantage of best-

case chromatography and leak-free operation as long as
capilar contiuity is maitaed. The open split referred

to above is required to feed analyte gas at a stable flow
rate to the IRS; splits of ths sort are common in MS
applications.

High column bleed is a parcular problem in GCC-
IRS, because the combustion furnace convert all or-
ganc compounds to CO2 before analysis. Unle the or-
ganic MS, no additional separation based on mass analysis
is possible. Hence, high bleed rates translate into high
backgrounds and dished dynamc range.

Carbon isotope data from a single GC peak are shown
in Fig. 5. Thee traces, representig masses 44, 45, and
46, are recorded as the analyte CO2 passes though the
ion source. The peak are intentionally of comparable
magnitude because of the mismatch of amplifier gains that
was mentioned previously. For CO2, the relative gais in
the Fingan MAT 252 are 3 to 300 to 1000 for m/z 44,
45, and 46 charels, respectively. The ratio of m/z 45 to
44 is plotted above the chromatograph to ilustrate the
commonly observed phenomenon that the 45 peak is ob-
served to elute prior to the 44 peak, yieldig a "positive-
negative going" ratio trace. TIs reversal is thought to
be due to the differences in intermolecular interactions
between the isotopically substituted peaks and all 12C

peak. 'These traces are used to generate integrated areas
by applying either the summation or curve-fittig algo-
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FIGURE 5. Traces of the m/z 44, 45, and 46 mass chanels as a GC
peak are analyzed in the IRS. The signals are of comparable size,
because the amplifications are set to match naturl abundance. Peaks are
integrated and areas are used to calculate isotope ratios.

riths, as discussed above. Isotopic calbration can be

accomplished if one of the peak in the chromatograms is
an internal stadard (Cai, Houghton, & Brenna, 1994).

More commonly and conveniently, a pulse of calbrated
CO2 from a gas botte is admtted to the ion source though
a separate inet during a period where no peak elute from
the Gc. Precisions of SD(813C) .c 0.3%0 are routie for

well-resolved, strong peaks that are integrated and cal-
brated in ths way. For carbon, the mium sample size
required to yield a precision of ths level is about one

nmole carbon (Merrtt et al., 1995; Goodman & Brenna,
1992; Merrtt & Hayes, 1994).

One of the analytical litations of GC-combustion

is the dynamc range over which enrchments can be accu-
rately and precisely measured. In our hands, carbon iso-
tope ratios much above 813C = 1000%0 will compromise
precision and accuracy, pary due to the large difference
in isotope ratio between them and natual abundance stan-
dards. Ths problem can be remedied in par by the use
of enrched standards; however, ths measure does not

overcome the mismatch in amplifications among the chan-
nels, which, as noted previously, are set to make natual
abundance signals of nearly equal magntude. It is very
difficult to overcome ths problem, because the amplifiers
must be set simultaneously to the ratio anticipated for
the enrched samples and for the baselie samples, which
inevitably are analyzed in the same chromatogram.

An alternative solution to ths problem has been pre-
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sented, where the GC is simultaeously coupled to a com-
bustion- IRS system and an ion trap mass spectrometer
(Meier-Augenstein et aI., 1994; 1995; Meier-Augen-
stein, 1995). The flow of separated analytes emerging from
the capilar column is sent though a splitter, which sends
about 10-20 pars to the combustion-IRS and one par to
the ion trap. The split ratio is chosen in these proportons,
because the ion trap can detect with ease sub-nmoles of
most organc compounds, whereas the IRS requires
higher analyte levels to maxze countig statistics. Ex-
cellent liearty was achieved thoughout the low and high

enrchment ranges, indicatig that ths approach is the
means of choice for wide dynamc range determation of
carbon isotope ratios.

B. CSWCF Data Analysis

A separate discussion of data analysis for CF data is war-
ranted and is best considered for GCC- IRS of carbon,
for which most of the work has been done and is suitably
representative of all but hydrogen analysis. One of the
commercial data analysis algoriths in routie use has

been published in some detal (Ricci et al., 1994), and is
based on the most common algorith used for chromato-
graphic peak analysis, known as the "summation"
method. The sta of a peak is identified in the highest
abundance mass chanel trace (mlz 44 for CO2) by com-
parg the slope from a rollig five-point regression to a
user-defied theshold, and the end of a peak is determed
as the fist point afer the apex that drops below some
fixed percentage of the apex maxum. The most abundant
peak is used, because it wil have the highest signal-to-
noise (SIN) ratio. Peakops are defined in the other mass
chanels. Because of the slightly differig chromato-

graphic elution ties of isotopomers, the mass scales of

the other chanels are adjusted so that apices of al mass
chanels correspond in a procedure known as "tie-shift-

ing," in order to identify the peak stas and stops. The
background can be identified and subtracted, and the ex-
cess peak area summed to yield the abundances. These
peak areas are ready for calbration. Ths procedure works
well near natual abundance, but is less effective at very
high enrchments, where the area of the mior isotope

peak, for instace mlz 45, is of disproportonate size and

is not subsumed by the major isotope. Tails of the mlz 45
peak extend well beyond the lits of the m/z 44 peak,

and are not integrated. The solution to ths problem is to
use the mlz 45 peak for detection and to tie-shift the

mlz 44 chaneL. TIs process, in our experience, compro-
mises little in terms of effective peak detection but sig-
nificantly improves the results.

There are a few published studies on varous issues
and data processing. We investigated the effects of incom-
plete chromatographic resolution on the calculation of iso-
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FIGURE 6. (a) Results of a study of the effect of peak overlap on
isotope ratios calculated from area derived by the summation method
(open symbols) or by cure-fittig (closed symbols) (Goodman &
Brenna, 1994a). Two compounds (methyl trdecanoate and butylated
hydroxy toluene ) of nearly equal ,PC are analyzed individually and under
chromatographic conditions producing graded overlap. Isotope ratios de-
termed by sumation sta to diverge from best values at 10% valley
even though precision is unafected. Cure-fittg using the exponentially

modified gaussian function retans precision and improves accuracy. (Re-
printed with permssion from AnaL. Chern. 1994,66, 1294-1301, Fig.
5, top left panel, copyright American Chemical Society, 1994.) (b) Re-
sults of a study of cure-fittig on well-resolved, low signal-to-noise

peak (Gooan & Brenna, 1994b). Cure-fittig (open symbols) pro-
duces considerably better accuracy and precision than conventional sum-
mation (closed symbols). (Reprited from the Journl of Chromatogra-
phy, VoL. A 689, Fig. 3, pp. 63-68, 1995, with kid permssion of
Elsevier Science-NL, Sara Burgerharstraat 25, 1055 KV Amsterda,
The Netherlands.)

tope ratios by the summation method and by curve-fittg,
using several functions designed for chromatographic ap-
plications (Goodman & Brenna, 1994a). This procedure
consists of nonlear least-squares fittg, using the Mar-

quardt-Levenberg algorith to interrogate parameter

space. Goodness-of-fit parameters are calculated for each
set of fitted coeffcients and the best values are determed
by iteration. The fial, fitted-area parameter is used in

HIGH-PRECISION CONTINUOUS-FLOW ISOTOPE RATIO MS .

fuer ratio calculations. Figure 6(a) shows the results of

increasing peak overlap on calculated isotope ratios for
two compounds, methyl trdecanoate (Me13:0) and butyl-
ated hydroxytoluene (BHT) that were separated using a
capilar column, combusted on-lie, and admtted to the

IRS. The two compounds had carbon isotope ratios that
matched to about 0.5%0 of one another. For an equal abun-
dance mitue and at an overlap as small as 10% valey, the
isotope ratios are signficantly different, with the earlier-
eluting compound apparently depleted and the latter-elut-
ing apparently enrched by about 1-2%0. At 70% overlap,
the isotope ratios have diverged so that they are 7 -10%0
from the correct value. The remarkable observation is that
the precisions are excellent for all but the 70% valey
case, indicatig that even small amounts of overlap have
a dramatic effect on isotope ratios calculated from areas
using the summation method. The degradation in accuracy
is not apparent from any degradation in the precisions.
The effect is even more pronounced for the smaler of a
pai of mismatched peak. Figue 6(a) also shows that
cure-fittg with a common chromatographic function,

the exponentially modified gaussian, recovers the accurate
isotope ratio without sacrificing precision, up to a 40%
overlap.

Furer work on cure-fittig (Goodman & Brenna,

1994b) showed that precision could be preserved at very
low signal levels with cure-fittg for well-resolved

peak, as ilustrated in Fig. 6(b). Cure-fittg's strengt
is well-known to be superior for low SIN data and our
results confied ths observation for CF isotope ratio

analysis-as shown. Thus far, cure-fittg has not been

incorporated into any commercial IRS data reduction
software.

Others have shown that the tie-shi procedure is

critical to preserve accuracy when chromatographic pa-
rameters are altered (Meier-Augenstein, Watt, & Langh-
ans, 1996). For example, the alteration of temperatue-
ramping parameters, which produce an alteration in back-
ground slope due to column bleed, caused changes in cal-
culated isotope ratios. The most straightforward method
to deal with ths problem is to employ an isotopically
calbrated stadard that elutes at precisely the same tie
as the analyte. However, ths procedure is much less con-
venient than the simple inclusion of a pulse of isotopicaly
calbrated gas at an uncluttered section of the chromato-
gram.

C. GC and Nitrogen

In 1994, descriptions of two systems were published that
demonstrated the high-precision CSIA of N (Preston &
Slater, 1994; Merrtt & Hayes, 1994) on multi-collector
instrments, and that applied to amo acid analysis. The
two most importt chalenges to N analysis are the very
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low concentration of N in organc compounds compared
to C, and the necessity to prepare Nz, which requires reduc-
tion chemistr, as opposed to C, which requires oxidation.

The system of Preston and Slater diects the output of the
analytical GC to a conventional combustion fuace,
which convert volatile amo acid derivatives into COz,
CO, HzO, and Nz with, presumably, nitrogen oxides as
well. A cryogenic trap removes water, COz, and higher
oxides of N, and a second GC separates Nz from CO. That
overlap would be a serious isobarc interference at m/z 28
if CO were permttd to enter the IRS. For seven nmol
of phenylalane, these authors report a precision of
SD(815N) = 5%0 by using an internal stadard, and they
report that ths precision is limited by the precision of
their IRS.

Merrtt and Hayes reported a simlar system with the
addition of a reduction reactor loaded with Cu wire to
reduce N-oxides to Nz and to remove Oz, and with the use
of a higher precision IRS. Their system also included a
combustion furnace and cryogenic trap for water removal,
and it produced a precision of SD(815N) = 0.2%0 for a
sample size of two nmol of an amo acid, with an accu-
racy better than 0.05%0. Ths system's performance was
superior at the expense of added complexity.

D. General CF Analysis of Hydrogen

The methodology for CF analysis of C and N isotopes
involves advanced on-lie sample chemistr with microre-

actors and separation trps, and can be applied to aspects

of hydrogen isotopic analysis. However, obstacles to CF-
IRS of hydrogen isotopes, such as memory effects due
to water, make H a more formdable goal. For instace,
experience with a dual IRS that was introduced in the
mid-1980s and designed to analyze water samples diectly

injected into an inlet suffered severe memory effects and
required 6-20 injections between sample changes to flush
the system of any remaig previous sample (Wong, Ca-
brera, & Klein, 1984). Ths system did not use an He
carer, and, therefore, was not a CF system in the modem
sense.

In CF methodology, the inert carer gas, usually pure
He, is used to sweep the analytes of interest into the mass
spectrometer. He presents another challenge for IRS H
analysis because it interferes with an lI measurement in
two ways. First, stadard laboratory grade He gas contas
~ 1 ppm 3He isotope that adds to lI measurement, but
can be corrected for by background subtraction. Second
and much more importt, the abundance sensitivity of
conventional IRMS is not great enough to resolve lI

from the tail of a much greater 4He + beam. The 4He + tal
often results in a satuated m/z 3 detector. Other obvious
inert gas choices that might be used as a carer, such as
Ne, Ar, and Xe, have numerous disadvantages including
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FIGURE 7. Effect of coadmtted Nz on hydrogen isotope ratios. The
presence of Nz co-admtted to the ion source with Hz (.Â) measureably
alters the ion curent ratios determed for HDlHz, compared to pure Hz
(.), in par because of isotope-dependent reactions in the ion source.

Hydrogen, including contanants from, for instace, combustion/reuc-

tion of N-contang compounds, wil be subject to ths bias and may
not be effectively calibrated using pure gas.

(1) compromised chromatographic resolution due to their
high mass, (2) very high densities and low ionization po-
tentials compared to He, leading to high-intensity ion
beams that rapidly damage ion optical components and
insulators that lead to electronic problems (Tobias et al.,
1995), (3) for Ne and Xe, very high cost, and (4) sensitivity
of isotope ratio to co-admtted contamants. The latter
effect is demonstrated in Fig. 7, where a co-admtted con-
taant, Nz, produces a statistically different D/H than

for pure Hz. Ths difference can be an importt consider-
ation in organc analysis using chromatography, where

heteroatoms such as N or S wil be converted to stable
species that wil be admtted to the ion source along with
the analyte gas unless a purification step is included.

In 1995, Prosser and Scrigeour (Prosser & Scri-
geour, 1995) introduced a novel mass spectrometer with
an extra collector spur, using a large radius that achieves
a high dispersion of m/z 3 from m/z 4. The diagram in
Fig. 8 shows the simultaneous detection of the m/z 2 and
3 beams, whereas the m/z 4 beam (not shown) is not suff-
ciently deflected in the magnetic field and colldes with
the flght tube walls. Ths configuation yields remarkably
high abundance sensitivity, and prevents any measurable
interference from 4He without resortg to elaborate high-
vacuum pumping systems common in high abundance sen-
sitvity TIS instrments.

Another approach developed at the same tie by Tob-

ias et al. (1995) is the Pd filter system (PFS), in which
carer is completely prevented from enterig the IRS
ion source. A Pd foil membrane held at elevated tempera-
tues is used to selectively admt only hydrogen and deute-
rium into the MS while divertg the carer gas to waste.
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FIGURE 8. Diagr of a high-abundace sensitivity IRS taored to the CF analysis of hydrogen in
He carer gas (Prosser & Scrgeour, 1995). The ta of the very large 4He normaly inteneres with HD
at mlz 3 is eliminated using very high dispersion. Hz at mlz 2 and HD are detected simultaeously while
4He at mlz 4 colldes with the vacuum chamber wals. (Reprinted with permssion from Anal. Chern. 1995,

67,1992-1997, Fig. 1, copyrght American Chemical Society, 1995.)

Ths membrane can be made of pure Pd metal, but more
often is a Pd alloy. A vanadium alloy, with a th plate
of Pd on both suraces, can also be used to facilitate greater
permeabilty and lower dependence of isotope permeabil-
ity on temperatue (Tobias & Brenna, 1996). These two
developments faciltate the CF- IRS of H isotopes and
permt the development of on-lie chemical technques for
specific sample analyses.

E. Water Analysis

Prosser and Scrigeour demonstrated a CF- IRS method
for water analysis with their high dispersion instrent.

They applied the method of Horita (Horita et aI., 1989),
wherein water and hydrogen gas are equilbrated with a
Pt catayst (Prosser & Scrigeour, 1995), and report preci-
sions of SD(8D) -: 4%0 for the resultig hydrogen. Very
recent, Begley and Scrigeour reported a pyrolysis system
for CF analysis of either water or volatile organcs (Beg-
ley & Scrigeour, 1997). Their system used carbon-coated

nickel to convert water or volatile organcs to H2 and CO
for the analysis of DIH or 180/160, respectively. The IRS
was a high-dispersion instrment with suffcient abun-
dance sensitivity to fully separate the ta of4He from HD.
Ths system produces SD(8D) = 2%0 and SD(8180) -:
0.3%0 for water or organc samples. A nickel plug inserted
in the injection port prevents salts and nonvolatile organc
matter from enterig the system, and permts the diect

analysis of urie with a precision equivalent to that ob-

served for water. Some memory effects of -:2%0 are ob-
served for both isotopes. Ths type of system has an iner-
ent potential advantage over a PFS, because more than
one isotope can be analyzed in a single analysis.

The diect analysis of pure hydrogen gas, using the

PFS with a pure Pd membrane, results in a precision of
SD(8D) -: 6%0. These data result from sample sizes that
were matched to avoid nonlearties associated with hy-
drogen isotopic analysis-that topic wil be addressed in

detal below. An on-line chemical reduction scheme devel-
oped by Tobias et aI. can be used for diect water analysis
for its DIH afer conversion to H2 (Tobias et al., 1995).
Water samples (100 nL) are introduced into an He carer
stream via aGC injector, and are subsequently reduced to
hydrogen gas by the use of a micro-reactor that is filled
with Ni metal and is held at :;850°C. The use of a Nafion
water trap eliates problems associated with any resid-

ual unreduced water vapor, and it does not afect isotopic
measurement. There is no evidence of memory effects
over a 8D = 5000%0 range in isotope ratio. Ths on-lie

chemical configuration is compatible with the high-disper-
sion instrment (Begley & Scrigeour, 1996) and makes

it convenient for doubly labeled water samples, because
it can be used to analyze the isotopes of 0 and H from
water by using the same instrmenta configuration. Nick-
elized carbon can be used to generate CO from H20 to
allow for the analysis of 180/160 from CO.
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F. CF Analysis of Hydrogen:
Correction Procedures

One of the critical issues facing CF H analysis is the
presence of two nonlinear effects that result in ion current
ratios that depend on the chemical composition in the ion
source. One of these factors is the pressure-dependence

mentioned previously and common to all IRS elements.
That dependence is effectively elimated by the carer

gas background pressure. In chromatography experients,
CF analyte levels are difficult to match between different
analyte components in a sample miture and usually var

over a large range. Ths varation is an important consider-
'ation for hydrogen analysis as a result of the false contrbu-
tions to the mlz 3 signal due to effects in the tight IRS
ion source that change with varing analyte quantity. The
situation contrasts with dual inet analysis, where sample
and stadard pressures are always equalzed and such

problems are easily addressed. Ion current ratios depend
on the tota gas pressure in the ion source due to pressure-

dependent mass selection (Kishenbaum, 1951). The selec-
tivity toward the higher mass ions is observed because of
the interaction of the fields from the colliating magnets
on the acceleration of ions. In effect, the ion source acts
lie a small mass spectrometer. Space charge, which in-

creases with the amount of analyte gas in the ion source
chamber, also contrbutes to mass discriation (Scri-

geour et al., 1993). For hydrogen, the second and much
greater effect is the production of Hj in an ion-molecule
reaction that depends on hydrogen - hydrogen collsion fre-
quencies:

Hi + Hz -- Hj + H.

The Hj formed in ths reaction is proportonal to the square
of the amount of H2 in the ion source, and is not resolved
from HD in commercial IRS instrments.

Empircal correction procedures for these effects have
been proposed for over a 2- fold signal intensity range by
Prosser and Scrigeour (1995), and up to a 22-fold range
by Tobias et al. (Tobias & Brenna, 1996). These effects
depend on specific instrment tunig parameters. Any

nonliearties that result from, for example, unmatched mlz
2 and 3 detector tie constants, can complicate correction

procedures by introducing another second-order depen-

dence of measured mlz 3/2 ion current ratios on mlz 2
peak area. Matching of detector responses results in a
liear dependence and makes correction procedures more

straightforward. In these procedures, the characterization

and correction of ion source effects are conducted afer
hydrogen peak detection and isotope ratio calculation.
Such procedures are referred to as peakwise to reflect their
application afer peak detection. These routies require the
analysis of analyte over a wide signal range to characterie
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FIGURE 9. Diagr of the Pd filter system (PFS) for CSIA ofH using
a GC. The GC effuent is sequentialy combusted and reduced, and the
flow is stepped up using a modified GC injector, and directed onto a Pd-
V - Pd sandwich foil held at 600C. Hydrogen and its isotopes diuse
though the foil at an efficiency of about 20%, while the carer stram
and any contanants are vented to waste. (Reprinted with permssion
copyrght American Chemical Society, 1996.)

and correct the nonlinearities. A pointwise correction,
where characterization and correction of ion source effects
are conducted before hydrogen peak detection and isotope
ratio calculation, should not require correction data over
a wide signal range. In our hands, a pointwise procedure
was not effective, seemigly due to unkown effects from
contiuously varing signals (Tobias, 1997). Peakise
corrction procedures prior to isotopic calbration are in
curent use for CF H analyses (Begley & Scrigeour,
1997) .

(5)
G. CSIA for Hydrogen

Tobias and Brenna (1996) fist demonstrated CSIA for H
using the PFS coupled to GC, with an apparatus shown
in Fig. 9. An on-lie combustion microreactor, filled with
CuO held at 850°C, and a reduction reactor filled with Ni
meta held at 950°C, are used to convert separated organcs
to hydrogen gas. Evaluation of the system, using benzene
as an internal standard in a miture of ethyl benzne and
cyclohexanone in hexane, results in precisions of SD(ID)
-: 5%0 with organc analytes at quantities of -:3 ng (-:300
pg H). Sinar results are demonstrated in a procedure

developed for hydrogen isotopic analysis of components
in natural gas mitures using the PFS.

Long capilar columns are often required when ana-
lyzing complex mixtures of organics. We found that long
capilares lead to lower flow-rates and carer pressures

at the Pd filter, resulting in a decreased hydrogen sensitiv-
ity. A make-up pressure unit was inserted between the on-
lie reactors and the Pd filter to increase the pressure with

which the carier and analyte impinge upon the Pd surface

to faciltate an increase in hydrogen transfer.
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There are at least two serious problems with the on-
lie chemical conversion of organcs to hydrogen. First,
chemical reductants used to date have very lited life-

ties; in our hands, 8 h or so. Ths litation is exacer-

bated by the emission of O2 from the obligatory combus-
tion reactor placed in-lie prior to the reduction reactor.

Besides being a nuisance, frequent recharges of the reduc-
tion reactor usually require system recalbration; that step
costs additional tie. Second, chemical reduction by the

addition of atomic oxygen to a solid meta implies a reac-
tion that depletes the reagent's active surface. Ths deple-
tion seems to manfest itself in a tie-dependent passiv-
ation of the reducing capacity, which recovers with a tie

constat of minutes. Because the reagent eventually must

be replaced, ths phenomenon is consistent with the solid
state diffsion of oxygen into the bulk meta and a restora-
tion of reducing capacity as bulk metal diffses to the

surace.
Whether or not ths explanation is correct, there is

clearly a need for an alternate means to rapidly convert
organc H to H2 in a robust, on-line maner. Sofer has
presented high temperature as a means to generate H2

from hydrocarbons, and has shown that high temperature
produces a precision of SD(bD) .. 3%0 when implemented
off-lie in sealed reaction tubes (Sofer & Schiefelbein,

1986). The chemical reactions for hydrocarbons are

CHn -+ ¡ CH4 + (1 - ¡)c

CH4 "' C + 2Hz,

thus demonstratig that the reaction proceeds via methane.
Above about 1000°C, the latter reaction favors the prod-
ucts and the equilibrium constant is about 100 at 1200°C.
The mai advantage to ths strategy is that it can be used
as a litless reduction source, and that it results in a

more robust and low maitenance CF-IRS system for
hydrogen. In our recent work on such a system (Tobias,
1997), an empty alumia tube heated to 1150°C (a safe
maxum temperatue for the existig fuace in the sys-
tem) replaces the two on-lie chemical reactors. Tests to
determe whether the 600°C Pd filter plays any catalytc
role in reduction showed that nearly all of the measurable
hydrogen signal is due to conversion in the hot pyrolysis
fuace. For small hydrocarbons in natural gas mitues,
precisions of isotope ratio measurements are shown to
average SD(bD) .. 2%0 because of reduction reproducibil-
ity. In addition, isotopic measurement stability was excel-
lent over 24 h, and it appears to be indefinite, dependent
only on instrment stabilty. The disadvantages of the tech-
nique are that the maxal pyrolysis temperature vares
with compound type. That varabilty may result in a dif-
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ferig fractionation of hydrogen isotopes between different

compounds. The possible role of heteroatoms giving rise
to hydrogen-contag products such as H20 may also

induce fractionation. These problems can be remedied by
the inconvenient but effective procedure of calbration for
each compound of interest. For chromatography, the PFS
offers the advantage that co-elutig contaants, such as
N2, do not enter the vacuum system along with the analyte
hydrogen. In addition, the PFS prevents instrment con-
taation from unreduced organcs due to ineffciencies

of thermal degradation with on-lie pyrolysis. Ion source
contaation may be parcularly importt for pyrolysis-
induced H2 generation from compounds with heteroatoms.

H. Liquid Chromatography-Combustion
(LCq-IRMS

(6)

The major litation of GC-based systems is their require-
ment for a volatie and thermally stable analyte. Although
nonvolatiles are routiely chemically derivatized prior to
GC analysis, most derivatizing agents add extreous C,
H, 0, or N to the molecule that canot be distiguished
from the analyte elements by the IRS, and, therefore,
must be taen into account in later calculations to yield
accurate analyte isotope ratios. Isotopic fractionations ex-
istig at reaction centers can substatially complicate the

correction procedure by alterig the analyte carbon isotope

ratio by an unpredictable degree. These considerations are
parcularly applicable to biomolecules, which, with few

exceptions, require derivatization or simply canot be
made volatile.

The most critical featue for an LC interface is a reli-
able and reproducible solvent removal prior to analyte
introduction to the combustion furnace. Of the several
popular approaches to LC-MS interfaces, the moving
transport and parcle beam devices are the only ones that
include an effective desolvation stage prior to introduction
to the MS. Pror to its applications to MS, moving trans-
ports were used to interface LC to flame ionization detec-
tors (F), and about 200 were built and sold commer-

cially in the 1960s and 1970s, makg it the only interface
known to remove solvent well enough for a solvent-sensi-
tive detector. Common to FI and IRS interfacing is
the necessity to remove solvent and to combust analyte at
atmospheric pressure. Those requirements are more mod-
est than for organc MS interfacing, which requires a series
of vacuum chambers to move the belt int%ut of the vac-
uum system and a means to desorb intact analyte mole-
cules once in the vacuum system. In 1991, Moin and
Abramson were able to couple the moving transport inter-
face to demonstrate LC/CRIS on a conventional single
collector organc MS (Moin & Abramson, 1991). We,
therefore, intially pursued the moving transport approach
to test whether it could be used in a high-precision system.

(7)
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FIGURE 10. Diagram of a moving belt combustion interface for LCC-IRS (Cai, 1995). The contiu-
ous loop stanless steel belt is cleaed in a furace and the LC eluent is pneumaticaly sprayed onto the
belt. The belt passes though a dring oven to remove solvent and a combustion fuace to convert analyte
to CO2 and H20, where He carer sweeps the bands of gas to a Nation water trap, and to the IRS. No
open split is necessar after the water trp, because the fuace is open to atmosphere and serves as a split.

1. Moving Transports

To extent compound-specific carbon isotope analysis to
nonvolatie and thermally labile molecules, we introduced

an interface that couples liquid sources, includig liquid
chromatography (LC), with high-precision combustion-
IRS (LCC-IRS) (Cai & Brenna, 1993; 1995). In
our original transport system, a solution contag the
analyte of interest was coated onto a precleaned moving
wire, solvent was reproducibly removed in a dring oven,
and the analyte was quantitatively combusted in a CuOI
Pt-charged fuace maitaed at 850°C. CO2 and water

bands that result from analyte combustion were transferred
via a samplig capillar to a Nafon-based water trap.

Following water removal, the analyte CO2 was admitted
into the IRS ion source as a series of bands in He carer
gas. Precision and accuracy for ths system were compara-
ble to that of GC-based systems for 50-mg samples. Hard-
ware improvements in the original LC interface system
resulted in a sensitivity enhancement of about 300-fold
(Cai & Brenna, 1995). However, a priar litation
of wire-based transport systems is poor sensitivity due to
the lited capacity of the wire to captue more than 1-

3% of the tota analyte. Belts are well-known to retai far

greater levels of analyte, parcularly in pneumatic spray
systems, in which the analyte fans out and is not contaed
with a smal volume.

We describe here in some detail the most recent ver-
sion of the moving transport interface (Cai & Brenna,
1995). The transport is a contiuous-loop, moving belt
that captures an estiated 20% of the total analyte sup-
plied. The prototye moving belt interface is shown in
Fig. 10. The belt (0.08 mm X 1.5 mm X 115 cm) fist
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passes though a cleaner furnace (900°C) that is purged
with a paralel flow of O2 (15 mL mi-I), loops around a
pulley, and enters an enclosed coatig block. In the block,
the analyte solution is converted into a heated (l50°C)
pneumatic spray that is diected at a 45° angle at one

surace of the belt, as described previously in deta

(Cai & Brenna, 1995). Any solvent remaig afer the
coatig process evaporates as the belt subsequently passes

though a 12-cm dring oven (200°C) purged with He gas

(l00 mL min-I). Analyte material deposited on the belt
is combusted into CO2 and H20 as the belt passes though a
CuO/P-charged fuace maitaied at 850°C. The fuace

consists of an umestrcted quar tube (2 mm i.d. X 20
cm long) with two He purge inets (leadig and lagging

flows) maitaied at a flow rate of approxiately 30 mL
min - i. A thd port is used to sample the products of
combustion and to transport them to a lO-cm long Nafon-
based water trap. The dred CO2 is transferred to the IRS
instrment. All moving belt studies reported here were
done in flow injection mode without an in-lie chromatog-
raphy column. Accuracy and precision of the isotope ratio
measurements were assessed using multiple inections of
isotopically calbrated lioleic acid (2.5 mg) standards

with graded 13C/12C ratios.

Peak-shapes obtaed with the wire- or belt-based
LCC- IRS interfaces are comparable, and indicate that
band-broadenig can be mized. Compared to the best
published wire system (Cai & Brenna, 1995), detectabil-
ity in the belt system is improved 40-fold. TIs improve-
ment can be diectly attbuted to the ability of the belt to
capture a larger proporton of the total analyte compared
to the wire systems. Injections of as little as 25 ng of
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FIGURE 11. Diagram of the LC/CRIS interface, redrawn after
McLean (McLea et al., 1996). LC eluent flows sequentialy though a
thermospray pneubulier (TSP), a solvent trp, a gas dision cell

(GDC), and a momentum separator to prepare desolvated analyte par-
cles for admssion to the chemical reaction interface (CRl unit. The CRI
couples microwave power and reagent gases to convert analyte into smal
molecules such as CO2, which are diected to the IRS for analysis.
The system can also be interfaced to GC.

analyte yield signals clearly discernble from baselie
noise, although peak below the 250-ng level could not
be reliably detected or defined by the stadard peak identi-
fication software. The response of ths interface is liear

(,- = 0.993) for analyte loads ranging from 250 ng to 5

mg. Using conventional data reduction, the LCC-IRS
system yields a precision of SD(ó13C) -: 1%0 for analyte

loads :; 1 ¡ig. However, as observed previously with both
wire systems, with low sample loads, in ths case -: 2 ¡ig,
the isotope ratio deviates significantly from the known
value that is calbrated agaist a gas pulse. Biases of ths
nature have been observed previously in the analysis of
low signal levels with GCC-IRS (Goodman & Brenna,
1994b), but they appear at much lower sample levels.
The improvement in GCC-IRS data with cure-fittg
inspired its use for ths application, and we have observed
simlar improvements in LCC-IRS data qualty (Cai,
1995).

2. LC/Chemical Reaction Interface (CRI)/IRMS

Abramson and coworkers have reported couplig a
thermo-spray/parcle beam interface with CRIS to pro-
duce an analyte stream from LC (and GC) that is suitable
for analysis with a high-precision IRS (Teffera et al.,
1996; Abramson et al., 1996), referred to by the authors
as HPLC/CRIS. Figure 11 is a diagram of the system
and is adapted from a non-IRS publication from the
same laboratory (McLean et al., 1996). The eluent from
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an LC is diected to a thermospray (TSP) vaporization

stage, which volatilizes most of the solvent that condenses
on the walls of a desolvation chamber. Analyte parcles
entraied in a high flow of He are cared though a longi-
tudial membrane-based gas diffsion cell (GDS). Finally,
they pass though a momentum separator, which is the
fial desolvation stage, and out to a CRIS interface. The
Universal interface is the commercial name for the cou-
pled TSP/GDC. Compared to the moving transport, an
importt advantage of the CRIS interface is the ab-
sence of any mechancal moving pars. Possible concerns
are the satisfactory removal of solvent and the absence of
nonlear isotope effects in the plasma chemistr, includ-
ing reactions that do not proceed to completion.

Replicate injections of 1.2 ¡ig of D-ribose into the

HPLC introduced about 120 ng into the IRS to yield

precisions of SD(ó13C) -: 1%0. There was some smal de-
pendence of the isotope ratio on the amount injected be-
tween 10 and 20 ¡ig, a dependence that the authors specu-
late to be due to a mass interference, possibly C2Hsü+,
arsing when CRIS reactions are not complete. Replicate
injections of 2 ¡ig chlorophyll-a from two different
sources, spinach and algae, produced SD(Ó13C) = 0.5-
0.6%0 when calbrated agaist an internal stadard. These

two sets of data were found to be signficantly different.
Solvent removal and isotope effects did not appear to af-
fect the performance in these experients.

To summarze the state of LC-based CSIA, systems
based on two dierent priciples have been demonstrated

to yield high-precision results with sample sizes in the one
¡ig range. No commercial versions of these instrments
are yet available, although there is some commercial inter-
est in the idea (Brand, 1996). It is probable that consider-
able work remais to brig LC to the high-precision ap-
plications community. It should be noted that tracer
applications with more modest precision and accuracy re-
quirements may benefit fist from these advances.

TABLE 1. Isotope ratio results from the moving belt
intedace demonstrate high-precision below 5000-ng load,
using either sumation or cure-fittg, and systematic bias

at lower levels when calbrated agaist pure CO2 admtted
to the IRS from a gas ta.

Load (ng) Sumation Cure-fit

5000 -27.67 :t 0.1 -27.69 :t 0.10
2500 -27.23 :t 0.32 -26.94 :t 0.08
1000 - i 6.30 :t 0.97 - 1 6.27 :t 0.86
750 - 12.67 :t 3.04 -13.62 :t 2.02
500 -13.77 :t 0.49 - 13.63 :t 0.39

250 -7.62:t 1.71 -7.35 :t 1.

245

GDC01226



. BRENNA ET AL.

v. POSITION-SPECIFIC ISOTOPE
ANALYSIS (PSIA)

Position-specific measurements, that is, measurement of
intramolecular isotope ratios, for detection of natural var-
abilty, have been published but are generally limited only

to the most importt problems because of the cumber-

some chemical degradation and separation steps that are
required prior to IRS analysis. The earliest position-
specific research is that of Abelson and Hoering (Abel-
son & Hoerig, 1961), who in 1961 manually isolated the
carboxyl position of amo acids via the niydr reac-
tion, and showed the carboxyl group to be enrched relative
to the rest of the molecule. They fuer showed indiect
evidence that glycolysis proceeds without isotope discri-

ination. Alost a decade passed before any furter work
appeared. A classic arcle on isotope fractionation estab-
lished the precise enzymatic step at which acetate carbon
is fractionated, resultig in the well-known depletion of
13C in lipids (DeNiro & Epstein, 1977). Pyvate oxidation

to acetate was accomplished by procedures to isolate the
carboxyl and methyl carbons of acetate for conventional
bulk analysis. Results showed that the isotopic composi-
tion of these two positions were very different and that a
kietic isotope effect that discrinates agaist 13C at the

acetate carbon is the depleted site. These results predict
alternatig 13C abundances along fatty acid alphatic
chais. That prediction has been verified experimentaly

(Melzer & Schmdt, 1987; Mouson & Hayes, 1982a,
1982b). In related work, Hayes and coworkers analyzed
the 13C content of the carboxyl and olefinic C in mono-
unsatuated fatt acids from microorgansms (E. coli and
S. cerevisiae), and the refined models of fatt acid metabo-
lism that are based on their position-specific isotopic re-
sults (Monson & Hayes, 1982a; 1982b; Volger & Hayes,
1980; Monson & Hayes, 1980). These studies required
Schmdt decarboxylation and oxidative ozonolysis to iso-
late specific carbon positions prior to high-precision deter-
miation. A representative review of research up until
1985 can be found (Galov, 1985), including a discussion
of the Galov theory of biological isotopic fractionation.
More recently, Ivlev and coworkers have discussed the
relationship between isotopic fractionation in photosyn-
thetic cells and the order of amo acid synthesis (Ivlev,
1986). Most recently, Weilacher et al. investigated intra-
molecular isotope ratios of C in several positions of caf-
feine and theobromie in order to study one-carbon metab-
olism (Weilacher, Gleixer, & Schmdt, 1996). In natural
samples, they report a higher enrchment in fused-rig
positions 2 and 8, which originate from the tetrahydrofo-
late pool, than in methyl groups that derive from S-adeno-
sylmethonie (813C: -21.7%0 vs. -39%0); results from
chemically synthesized samples showed much smaller av-
erage differences. In total, the body of scientific work on
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the intramolecular distrbution of carbon isotopes clearly
indicates that they are indicative of a varety of importt
physiological processes, and might be routiely analyzed
if an instrment were available to do so conveniently.

Such an instrment would also faciltate many tracer ex-
perients that are presently accomplished with high en-

richments and analyzed using either NM or organc MS.
Until recently, high-precision position-specific measure-
ments were at a simlar stage as was CSIA prior to the mid-
1970s, and required manual isolation of carbon positions
with a molecule prior to analysis. That process is labor-
intensive and practicaly impossible for determg many
internal positions (Ivev, 1991).

The bulk of recent work on pyrolysis-GC has applied
the analytical capabilties of GC to nonvolatie, usually
intractable, solids, such as high-molecular-weight polymer
resins, keragens (Egliton, 1994), and bacteria. Previously,

several groups reported vapor-phase pyrolysis of small

organc molecules for qualtative analysis as a possible
alternative for GC-MS-based analysis (Dhout, 1961; 1963;
Levy & Paul, 1967; Levy, 1967; Fanter, Walker, & Wolf,
1968; Waler & Wolf, 1968). These early studies showed
that organc molecules of biological and commercial inter-
est fragmented in a useful and characteristic way, and did
so according to predictions of simple free radical fragmen-
tation mechansms that were elucidated decades earlier for
hydrocarbons (Kossiakoff & Rice, 1943; Fabuss, Smith, &
Satterfeld, 1964). Although pyrolysis-GC systems never
overshadowed GC-MS, they suggest a convenient and
powerfl means for fragmentig organc molecules prior
to separation and analysis by IRS, thereby providig an
on-lie strategy for the determation of isotope ratios
from either groups or individual positions with mole-
cules.

We have recently introduced a strategy for on-lie
PSIA, based on (1) pyrolytic fragmentation of analyte mol-
ecules, (2) measurement of fragment isotope ratios, and
(3) calculation of isotope ratios for specific positions andJ
or for moieties (Corso & Brenna, 1997). Although there
is considerable work involving the generation of isotope
ratios from pyrolysis products (Mycke, Hall, & Leplat,
1994), there are litte data on the prospects for generatig
reproducible isotope ratios from on-lie pyrolysis in a mi-
croreactor. We have constrcted test systems to evaluate
this question for pentae and methyl paltate (Me16:0).

The intial test system did not allow for separation

prior to pyrolysis and admitted injected analyte into a
pyrolysis fuace. Headspace pentane (about 10 ¡iL, ..300
ng) was injected into the pyrolysis chamber at tempera-
tures ranging from 100-500°C. Pyrograms and results are
shown in Fig. 12 and Table 2. Below about 380°C, no
fragmentation is observed. At 420°C, paral pyrolysis is
observed, and the products are strong, reproducible peak,
as shown in Fig. 12(b). Figure 12(d) shows results at
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FIGURE 12. Results from analysis of pentae by PSIA at varous pyrolytc temperatues. As the tempera-
tue is increased, pentae undergoes increasing degrees of frgmentation. Four fragment peak are observed,
correspondig to CL, C2, C3, and C4. Isotope ratios derived from these peak are shown in Table 2 to be
highly precise.

480°C, where pentae is alost quantitatively pyrolyzed
and the products are the major peaks in the spectrm.
Assumig no rearangements, the four fragments corre-
spond to C1, C2, C3, and C4, elutig in that order.

Table 2 presents the results of replicate analyses of
the pyrolysis fragment peak at 420°C. These data show
that on-lie pyrolysis is highly reproducible and that the

TABLE 2. Precision of carbon isotope ratio
determations from pyrolytc fragments of pentane.

Replicate c¡ ~ C3 C4 Pentane

1 -36.15 -31.39 -29.02 -28.15 - 28.32
2 -35.38 -30.15 -28.08 -26.18 -27.07
3 - 35.34 -29.99 -27.70 -25.25 -27.01
4 -34.38 -29.77 - 26.67 -26.67 - 27 .25

Mean -35.31 - 30.33 - 27 .87 - 26.56 - 27.41
S.D. 0.72 0.73 0.97 1.21 0.61

subsequent chromatography has sufficient quality for
IRS. The average precision is SD(O13C) -0 1%0, and is,
therefore, suffcient to follow isotope ratio changes rele~

vant in nature, even with ths preliar system. Some
of the mean isotope ratios among the fragments are statisti-
cally different, indicating that the system is sensitive to
changes in the isotope ratio. Methane is often observed to
be the isotopicaly lightest hydrocarbon in natue. Progres-
sively larger hydrocarbon chais increase in 13e content
up to C3 or so (Baylis, Hall, & Jumeau, 1994).

Because ths system demonstrated on-lie pyrolysis
to be reproducible, we constrcted a second system, shown

. in Fig. 13, with a front end very simlar to that of Levy
and Paul in a tandem GC configuration (Levy & Paul,
1967). The pricipal additions to the previous system

were: (1) the addition of a separation GC with appropriate
valving to select a single purfied peak into the pyrolysis
chamber, and (2) the addition of a valve in the second GC
to permt separated fragments to be admtted to an organc
MS for strcture analysis of pyrolysis products to verify

247

GDC01228



. BRENNA ET AL.

A
IRMS

_.-
Ion
Trap

GCI
(prcurs
separation)

GCII
lprouc
sepatin)

FIGURE 13. Diagram of a PSIA instrent that pennts injection of
a complex mitue into GC I, selection of a single pea into the pyrolysis
fuace, separation of fragments in GC II, and analysis either of isotope
ratio via combustion IRS or strctual analysis to identify fragments

in an ion trap. (Reprinted with pennssion from PNAS 94:1049-1053,
Fig. 1, Februar 1997, copyright 1997 National Academy of Sciences,

U.S.A.)

strctues predicted by theory and to perform labelig ex-

perients to rule out any rearangement. The test com-

pound Me16:0 was purfied in a fist GC, and fragmented
pyrolyticaly. The fragments were separated in the second
GC, and were analyzed by either an ion trap MS, or an
IRS for high-precision isotope ratio analysis. Pyrolysis
of Me16:0 yields two series of fragments that differ by
one C up to the C17 parent; strctues are shown in Fig.

14. Data from labelig studies using (1_13C), (Me-13C),

(16-lC), and (Me, 16-13C)-Me16:0 indicate no rearange-

ment of carbon due to the pyrolysis process. The difference
in BC atom fraction between consecutive fragments corre-
sponds to the BC atom fraction of the additional carbon
position in the larger molecule, and can be calculated as
a weighted difference between the two fragments. The
reproducibilty of fragment isotope ratios is SD(813C) =
0.3%0, and calculations of the isotope ratio of the carboxyl
carbon were in good agreement with dilution data.

Data obtaied for fragmentation at different tempera-
tues showed that pyrolysis-induced fractionation was
nearly insensitive to temperatue. TIs observation leads
diectly to the conclusion that pyrolysis conducted at a

single temperatue should result in fragments with isotope
ratios that are readily calbrated agaist standards. Results
thus far indicate that controlled pyrolysis can be conducted
on-line and can produce single bond breakage, stabilza-
tion, and isotopically representative fragments of carbon.
The absence of any measurable rearangement or major

fractionation shows the approach to be applicable to posi-
tion-specific studies of carbon at natual abundance or very
low enrchment. Both of the systems that we have reported
should be useful for PSIA, with the simpler system supe-
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rior for purfied small molecules, where fragmentation is
known or is relatively simple; and the more complex sys-
tem is appropriate for complex mitues and larger, un-
characterized molecules.

Vi. NOTATION AND ELEMENTARY
CACUl,TIONS

Because the historical development of CF- IRS focused
on isotope varabilty due to natural processes, the notation
and conventions used in ths field derive from and apply
to the long history of non-CSIA based on the dual inet,
which tyically deals with varabilty over a very lited

range of isotope ratios. As applications increase involving
high enrchments characteristic of arficial isotope enrch-
ment (Goodman & Brenna, 1992; Cunnane et al., 1995;
Carell et al., 1996; Brenna, 1997) or using very low

enrchment compounds derived naturally (Tissot et al.,
1990; Damelmai et al., 1995), there is a need to review
basic relationships. In ths section, we brig together nota-
tions and relationships used in natural varabilty research
coupled to relationships derived to calculate useful quanti-
ties for tracer applications. For simplicity, we consider the
case of C, but all equations apply diectly to otherelements
with simple substitution.

A. Delta Notation

The delta notation was fist formally defined by McKiey
et al. (McKiey et al., 1950; Hayes, 1983), and is the

oiMonounsaturated Metbyl Ester Series

H)C'OJtC=CH
H 1

°
H)C'O~CHi

H)C'O~CH
2

a -Olefin Series

H
H,C=CM~H)

m=O to n-3

H
H1C=C""CH)

H
H1C=C..CH)

°
H)C'O~CHi

in to n-3

H
H,C=C'CH

)

FIGURE 14. Strcture of stable pyrolytic fragments from methyl pal-
mitate. The hydrocarbon chai break between each C-C bond, stang
at C3-C4. Unsatuation is introduced into each fragment by ejection
or rearangement of H. There is no detectible scrambling of C in the
cleavage or stabilzation process as predicted for the free radical-mediated
mechansm, although rearangement is predicted for the hydrogens.
These fragments are isotopically representative of the original molecular
isotope distrbution. (Reprinted with pennssion from PNAS 94:1049-
1053, Fig. 3, Februar 1997, copyright 1997 National Academy of Sci-
ences, U.S.A.)
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conventional means for expressing high-precision isotope
ratios. It is defined as the relative difference in pars per
thousand between the sample isotope ratio and an isotope
ratio of an international stadard. In the case of C, the
standard is PeeDee Belemnte (PDB), expressed as

ÓBCPDB = (RSTD - RPDB) x 1000 = (RsPL - 1) x 1000 (8)RpDB RpDB

with

(13C)R =-x F2C)'

where (13C) and (12C) are the abundances of the respective
isotopes in the sample or PDB, RpDB = 0.0112372 :t
0.0000090 (Craig, 1957), and where the latter 813CPDB form

is more convenient for calculations. In practice, abun-
dances from samples and workig stadards calbrated

agaist PDB are used to calculate 8ws, and the following
form is used to convert 8ws to 813CPDB:

"PDB "ws

ÓSPL _ ÓPDB + óWs + Uws USPLPDB - WS SPL 1000'

where superscripts refer to the reference ratio. A very
useful brief discussion of international stadards is avai-
able (Ehleriger & Rundel, 1988).

It is frequently necessar to discuss the precision asso-
ciated with IRS measurements, often in the context of
analytcal development. For ths purpose, we use SD(813C)

as the standard deviation (root mean square deviation)
expressed in 813C units.

B. Atom Fraction (Percent) Notation

In tracer studies, it is more convenient to express isotope
data in terms of isotope concentrations rather than the

relative ratio form of 813C. For high-precision results, it
is fist necessar to calculate 813C from ion current ratios

of sample and standard, from which calbrated isotope
ratios, Rx, can be extracted. Atom fractions (Fx) and atom
percents (AP) can be calculated accordig to the following:

BC _ _Rs .
F = AP = F x 100. (11)12C + BC - 1 + Rs '

Atom percent excess (APE) is expressed in two different
ways:

HIGH-PRECISION CONTINUOUS-FLOW ISOTOPE RATIO MS .

APE = (AP)E - (AP)B (12)

OR

APE' = RE - RB x 100.
1 + (RE - RB)

(12b)

(9)

By definition, APE is given by the difference between
AP for enrched samples and AP at background (Cole-
man & Fry, 1992), and reflects the percentage of labeled
atoms in excess of natual background. The alternative
formulation (APE') is widely used (Wolfe, 1992), but the
quantities are not analytically equivalent, even though they
yield simar values near natural abundance.

To ilustrate the difference between the two formula-
tions for APE and other means for expressing isotope
concentration, we consider a range of enrichments from
natural abundance to near 100% 13C as shown in Table
3. The sixth column shows that the difference between
APE and APE' is experimentally very small near natural
abundance. At high enrchment, APE approaches

98.8888 = 100 - FpDB, and APE' approaches 100. Thus,
APE' expresses the percentage between baseline and
maxmal enrchment, so that a compound with 100% 13C
is equivalently expressed as APE' = 100. Table 3 also
shows how 813C approaches infinity at high enrchments,
makg it very cumbersome for calculations involving
highly enrched tracers. To preserve most of the advan-
tages of this notation, we have proposed (Corso &
Brenna, 1997) an alternative formulation based on iso-
tope fractions as follows:

(10)

cpBCPDB = (FSPL - FpDB) x 1000
FpDB

= (FSPL _ 1) x 1000. (13)FpDB

Ths notation has the advantage that its units are nearly
identical to the common 813C, relative pars per thousand,
and increasing liearly up to 100% 13C. The last two col-

umns of Table 3 show qPC and the difference between
813C and cl13C around natual abundance and at high en-

richments. Near natural abundance, the difference is suff-
ciently small so that it wil be discernble only with very
precise CF measurements that are somewhat removed
from the isotope ratio of the international reference sta-
dard. At highest enrchments, cl13C rises linearly rather
than approachig infinity like 813C. The major advantage
of cl13C becomes apparent in calculations involving mig
of isotope pools requirg the mass balance equation.
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TABLE 3. Comparson of varous notations to express high-precision isotope data, using carbon as an example.

813C (%0) R F APE APE' APE-APE' cfPC (%0) 8-cp

-30 0.0109 0.0108 -0.0330 -0.0337 0.00 -29.6765 -0.3235
0 0.0112 0.0111 0.0000 0.0000 0.0000 0.0000 0.0000

50 0.0118 0.0117 0.0549 0.0562 -0.0012 49.41 0.58
1000 0.0225 0.0220 1.0868 1. 11 2 -0.0244 978 22

354,961 4.0000 0.8000 78.8888 79.9549 - 1.0662 79,992 283,968
8,809,024 99 0.9900 97.8888 98.9999 - 1.11 11 88,090 8,720,934

89,900,150 999 0.9990 98.7888 99.9000 - 1.11 12 88,900 88,811,250
889,811,409 9999 0.9999 98.8788 99.9900 -1.112 88,981 889,722,428

C. Mass BaJance

The fundamenta relationship used for many years in high-
precision work to determe relative contrbutions of two
or more carbon sources to a pool is mass balance, also
referred to as the Master Equation. This two-par equation
is often cast as follows:

8AmA + 8amB = 8d1e

mA + mB = me. (15)

Substitutig the definition of b into (14) gives

RA - RpDB RB - RpDB Re - RpDBmA + mB = me. (16)RpDB RpDB RpDB

Collectig terms, we have

RAmA + RamB = Re + RpDB(mA + mB - md. (17)

Notig that the bracketed term equals 0 from (15), we
have

RAmA + RamB = RdIe,

which demonstrates that (14) is equivalent to a weighted
sum of isotope ratios. Ths relation is not analytically cor-
rect, as is evident from the cross-term of (10). It is isotope
concentrations, or conventionally expressed atom fractions
or atom percents, to which mass balance applies. We have

FAmA + F amB = F dIe,

where Fx is the atom fraction of "x" given by

(13C) RF, = (12C) + (13C); F = 1 + R . (20)

In the neighborhood of natual abundance for carbon,
the error introduced by using (14) instead of (20) is negli-
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gible, as evidenced by the common use of expressions
of "delta-over-baselie," DOB = bENRlCHED - bBASEUNE'

However, for studies involving enrched material, R results
in large deviations as enrchment goes to 13C = 100%.
We can also cast an analytcally correct mass balance
equation in per mil (%0) using cp13C, as follows:

(14) cp13CJ1. + cp13C¡,b = cp13CJ1c' (21)

Ths equation diectly yields analytically correct iso-
tope concentrations in par per thousand units without

cross-terms and without resort to conversions afer manp-
ulations. For simplicity and to follow convention, we wil
use Eq. (19); however, all results can be easily adapted to
the cp13C notation.

(18)

D. Tracer Studies Using High-Precision CSIA

There is an increasing interest in the use of high-precision
CSIA in tracer studies. Several years ago, we demonstrated
that increasing enrchment of precursor compounds pro-
duces signficantly improved detection lits, with highest

enrchment, uniormy labeled compounds producing the
highest sensitivity (Goodman & Brenna, 1992), unle or-
ganc GC/MS where increasing label has no general effect
on detection lits.

Detection lits are defined for most analytical tech-

niques in term of a parcular theshold SIN ratio obtaed
upon analysis of a mial amount of sample, with units

often expressed as meanSD. High-precision implies mea-
surement of strong signals; thus, detection lits in these

terms are seldom if ever quoted for IRS instrments.
Rather, there is a mial sample size required to yield a

theshold precision, and sample size is quoted on a per
mol or per gram element basis. For example, analytcal
pedormance for CF carbon analysis might be quoted as
10 ng C to produce a precision of SD(b13C) -= 0.3%0.

Tracer detection lits can be defined in terms of the

least signficant difference (LSD) above baselie that can
be declared signficant, as has been discussed previously

(19)
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FIGURE 15. Theoretical relationship between tracer-tracee ratio and
measured ¡j1'C, calculated assumg an endogenous value of lj1'C =
- 30%0 and a trcer 13C atom frction = 1, using the mass balance

equation. Ths plot shows the increase in isotope ratio expected with
increasing trcer-trcee ratio. If the analytical precision, including al
workup steps, is no worse than SD( 613C) -: 0.5%0 and the baseline does
not contrbute appreciable varabilty, then dilutions of up to 10' can be
detected by ths tracer technque.

(Brenna, 1994). As in any analytcal technque, the LSD
depends on the measurement precision, which in turn de-
pends on sample size. Choosing a sample size of one
nmol carbon, which should easily produce a precision of
SD(O13C) = 0.4%0, we use mass balance to give a plot of
O13C vs. the tracer:tracee ratio (Tll in any pool. To con-
strct the plot shown in Fig. 15, we assume that the endog-

enous compound has an isotope ratio corresponding to
o13C = - 30%0, and that the labeled compound is uniformy
labeled with an atom fraction F = 1. The plot shows that
a 1 %0 increase above baselie corresponds approximately
to a 1: 100,000 dilution, indicatig that ths value is the

litig dilution for high-precision measurements.

It is wort notig that the background varability de-

pends on the external precision of the instrment and on
the natual varabilty of the backgrounds under study. For

instace, the external precision of GCC-IRMS can reliably
be obtaied at a level of SD(o13C) 0: 0.4%0, which sets a

lower bound on detectabilty. However, the two photosyn-
thetic pathways, commonly designated C3 and C4, frac-
tionate carbon isotopes to differig degrees, resultig in

differences of about 20%0 in materials derived from these
two sources. Isotope ratio measurements in anals whose
source of carbon is ultiately derived from plants using

both photosynthetic pathways wil var in a complex way
between these extremes. Instrmenta external precision
in these experients may be a mior factor affectig detec-
tion lits if diet is varable and uncontrolled.

HIGH-PRECISION CONTINUOUS-FLOW ISOTOPE RATIO MS .

E. Mass Balance: Pool Mixing

High-precision is most easily achieved near natural abun-
dance for a varety of reasons, including simlarty of peak-
shapes among the varous detection chanels and closeness

for calibration against stadards. For ths reason, it is nec-
essar to dilute highly enrched dose material to facilitate
high-precision determnation. The mass balance equation
for dilution of a chemicaly pure, highly enrched species
with the chemically identical natural abundance species is

FloN + F¡lL = F¡lT; mE + mL = mT, (22)

where N refers to natual abundance diluent, L is a higWy
enrched labeled material, and T is tota. We define dilution
as

D = mL
mN + mL

_mL.- ,
mT

mL = DmT. (23)

We wish to plot FT vs. D, so

FT = FN(:) + FL(::) (24)

FT = FN(l - D) + FDD (25)

(26)FT = FN + D(FL - FN).

Equation (26) shows that a plot of F T vs. D yields a y-
intercept of FN and a slope of FL - FN. It fuer shows
that the concentration of the original solutions is not re-
quired for these calculations. Errors. associated with the
determation of FN and FL depend only on the determa-
tion of FT and the qualty of quantitative volume dilutions.

The last point is worty of emphasis. The precision
and accuracy of FL determation is lited by the preci-

sion and accuracy of the quantitative dilution. Because
higWy enrched samples are difficult to analyze precisely
by IRS (or other means), there is the temptation to dilute
with natural abundance material to brig the isotope ratio
into an easily measured range. However, the precision of
the IRS measurement wil be lost if the dilution is not
of the same precision. An example is the dilution of a
body fluid, for instace milk, originally with a oD :;
2000%0. Milk is higWy varable in its solute content, which
conversely can be thought of as being higWy varable in
its water content. Simple gravimetrc dilution with water
of known isotope ratio wil not yield a high-precision dilu-
tion factor, because the weight of water in the milk is not
known. Weight of water can be characterized with preci-
sion required for D analysis (Brenna & Yeager, 1995)
with coefficients of varation consistently less than 0.1 %
by gravimetrc determation of weight loss afer very
careful dring. However, ths precision may not be suff-
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cient to preserve precision for 8180 measurements. Drying
also does not tae into account the presence of volaties

that are not in isotopic equilbrium with the analyte.
Introduction of labeled molecules into an endogenous

pool results in elevated isotope ratio. If there is no covalent
modification of the tracer, and no labeled atoms are dis-
placed or altered in isotope ratio, then the mass balance
equation to describe ths process taes the form:

FTmT = FLmL + FF!E; mT = mL + mE (27)

or

FT = FL(::) + FE(::)

Because

mE + mL = 1

mT

we have

FT = FL(::) + FN( 1 - ::) ,

where we have replaced the subscript "N' with "E" to
refer to endogenous. Rearangig yields the fial result,

mL = F, - FE = AFE
mT FL - FE FL - FE'

where FT - FE has been replaced by atom fraction excess
(AFE). Equation (22) indicates that the ratio of tracer to
total material (tracer:tracee ratio, "TIT") is given by the
ratio of the difference in enrchment between the tracer
and endogenous divided by the difference between the
final and endogenous enrchments. When F L = 1, as it
does for highly enrched compounds, to a good approxia-
tion FL ~ FE, FL - FE f' FL = 1 and

mL = AFE = APE
mT 100 '

which shows that the tracer:tracee ratio is approxiated
by the atom fraction enrchment, or equivalently the atom
percent enrchment divided by 100.

In tracer experients, it wil often be desirable to

calculate the quantity of a product derived from a different
tracee compound. The situation is most easily ilustrated
by means of an example. Fatt acids play critical roles in
many physiological processes. The level of interconver-
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(28)

sion of fatty acids from dieta precursors is frequently

of importce to determe adequate dietar levels and
partionig between pathways. Consider the case of the

conversion of aliolenic acid (CigH3002, "18:3"), a

straight chai trunsaturated fatty acid, to the product doco-
sahexaenoic acid (CnH3202, "22:6") by the addition of

four carbons and the introduction of thee additional dou-
ble bonds. A dose of highly enrched 18:3 is metabolized

to 22:6 by the addition of 4 carbons whose isotope ratio
is in the range of the endogenous 22:6. Hence, the isotope
ratio of labeled 22:6 wil be lower than the dose with ths
endogenous dilution by a factor of 4/22, and the applica-
tion of the previous equations to determne TIT wil result
in an error of ths magntude. We can derive an expression
to account for ths dilution using mass balance to arve at
the total mol of labeled 22:6 molecules. The mass balance
equation takes the form:

(29)

FTmT = FEmE + mL(aFL + ßFE);

mT = mE + mL; a + ß = 1, (33)

(30)

where the Fn mn FE, and mE are defined for the product,
and FL is the atom fraction of the precursor, because
it refers to the labeled carbons. a is the number of mol
of carbon per mol precursor compound divided by the
mol carbon per mol product. In our example, there are 18
mol of C per mol 18:3, 22 mol C per mol 22:6, so a =
18/22. ß can be interpreted as the mol of endogenous

carbon added to each mol of labeled product; in our exam-
ple, 4122. F L = 1 if 18:3 is 100% 13C. Dividig the equation
by mT, collectig terms, and solving for TIT, we have

(31)

mL FT - FE
mT aFL + ßFE - FE

FT - FE

aFL + FE(ß - 1) (34)

Recognzing that a + ß = 1 can be rearanged to yield
ß - 1 = -a, substitutig, and collectig terms, we arve

at the final result:

:: = ~ (~: = ~:) = ~ (F~EFJ . (35)

(32)
Ths equation is identical to the TIT expression in Eq.
(31), with Va serving as a proportonalty constat. In our
example, mJmTis the molar fraction of 22:6 that is labeled
with 18:3. If all the 22:6 were derived from 18:3, and 18
of each 22 carbons were labeled, then mJmT = 1.

Because CSIA does not detect isotopomers, it is not
possible to distiguish between product molecules re-

sultig from simple carbon addition to the precursor from

molecules labeled by catabolism and de novo synthesis.
In our example, it is thought that 18:3 oxidation to acetate,
and subsequent synthesis to fatty acids and other com-
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pounds is an important physiological mechansm for the
brai. Although 22:6 canot be synthesized from acetate,

labeled acetate could be used for elongation of endogenous
18:3 to yield 22:6 labeled in only two positions rather
than 18. Ths phenomenon is observed for the synthesis
of saturated fatt acids from a number of unsatuated pre-
cursors (Sheaf et al., 1996). Hence, TIT in ths context
can be best thought of as "dose-equivalents." Context

wil often suggest a most prominent form so that little
ambiguity may remai.

F. Dilution Space

Calculation of dilution space requires the determation
of the intial enrchment of the dose. For tracer experi-
ments, the dose enrchment is very high compared to the
endogenous pool and must, in general, be diluted prior to
high-precision determation.

Two mass-balance equations can be used to derive
the relationship between the relevant enrchments and the
weights of the doses and diluents. The mass-balance equa-
tion relating dose and body pools is

FTmT = Fifth + FEmE,

where the subscripts T, L, and E refer to Total, Label, and
endogenous, respectively. The mass-balance equation for
the dilution of an aliquot of dose with natural abundance
material can be written:

FdDmdD = FDmh + Fdmd

with the subscripts dD, D, and d referrg to diluted Dose,

Dose, and diluent, respectively, and the prime of mD disti-

guishes the quantity of dose used for diution from that of
Eq. (36). If we make the assumption that mT ~ mE ~ mL
in (36) and that mdD approxiates md in (37), then we can
replace mT with mE in (36) and md with mdD in (37).
Rearanging (37) we have

FD = mdD(FdD - Fd) .
mh

Substituting F D into (36), and recognizing that mD =
WDIMD, where W is weight and M is the molecular weight,
we have

FTme = (mdD(FdD - Fd))(WD) + Fem., (39)
(WhIMD) MD

with MD canceling. Rearanging, we find

HIGH-PRECISION CONTINUOUS-FLOW ISOTOPE RATIO MS .

TABLE 4. Chronology of selected developments in
Contiuous Flow (CF) IRS instrentation.

Authors (citation) Elementb

CF"
Sano et al. (1976)
Mattews & Hayes (1978)
Markey & Abramson (1982)

C
C,N
C

Elemental Analyzer/Bulk AnalysisC

Preston (1983)

Preston (1985)

Gieseman et al. (1994)
Brand, Tegtmeyer, & Hiert (1994)

Prosser & Scrmgeour (1995)
Tobias et ai. (1995)

N
C
S

o
H
H

GCC-IRSd

Bare, Bricout, & Koziet (1984)

Preston & Slater (1994)
Merrtt & Hayes (1994)

Tobias & Brenna (1996)

C
N
N
H

LCC-IRSd

(36)

Cai & Brenna (1993)

Teffera, Kuzmierz, & Abramon (1996)
C
N, (C)

PSIA

Corso & Brenna (1997) C

(37)

a Orginal work coupling GC separation to online chemical

treatment to yield CO2 or N2 to be analyzed by single collector mass
spectrometers.

b Refers to element reported.
C CF-IRS with no sample chemical separtion capabilty.
d CF-IRS with separation step and multidetector instrment.

me = FdD - Fd (WD)(WdD) .
FT - FE Wh MdD (40)

(38)

Ths final equation yields the very convenient result
that the molecular weight of the highly enrched dose can-
cels. Ths relationship is very convenient, because the mo-
lecular weight for an enrched compound in general canot
be calculated from natural abundances because the abun-
dance of "unlabeled" elements may be affected by the
isotope purfication procedures. The dilution space de-
pends on the relative enrchments of the body pool and
the diution pool, the weights of the enrched material in
each space, and the diluent. The inverse of ths equation
can also be viewed as a scalg of the enrchment by the
dose level, and is parcularly convenient for plottg more
than one isotope enrchment on the same scale, as has
been recommended by Coward for doubly labeled water
studies (Prentice, 1988).
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VII. CONCLUSIONS

In Table 4, we have compiled a chronology of develop~

ments in CF- IRS for reference and to ilustrate the state-
of-the-science. There remai many fundamenta instr-
mentation advances, most notably development leading to
the routie analysis of H isotopes afer chromatographic

separation, the routie application of liquid separation-

based technques to IRS, and the application of PSIA
to detect intramolecular varations in isotope ratio. The
CF technques now routiely solving application problems
are elemental analyzer determation of C and N, GC ap-
plications for C, analysis of isotopes in water using the
equilbration technques, CO2 breath analysis, and trace
gas analysis. Additional penetration into the myriad of
applications for IRS awaits instrment refinements and
commercialation. Contiuing improvements in precision
and sensitivity of CF-IRS, along with automation, ex-
pand its applicabilty and ensure that it contiues as an
importt and unique tool of analytical mass spectrometr.
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Abstract

High-precision isotope ratio mass spectrometr (IRS) systems are equipped with digitizers that deliver effective maxum
digitization depths of 16 to 24 bits; however, there are no analyses of the proper board depth required to reta high precision in
contiuous-flow technques. We report an experiental and theoretical evaluation of quantiation error in contiuous-flow IRS
(CF-IRS). CO2 samples (100 pmol-30 nmol) were injected into agas chromatography combustion IRS system (GC-CIRS).
The analog signal was digitized by high precision, 24-bit ADC boards at 10 Hz, and was post-processed to simulate 12, 14, and
16-bit data sets. 813Cpb values were calculated for al data sets by the conventional "summation" method or by cure-fittg the
chromatographic peaks to the exponentialy modied Gaussian (EMG) fuction. Benchmarks of S.D.(813Cpdb) = 0.3, 0.6, and
1.0%0 were considered to assess precision. In the presence of significant quantiation noise, cure-fittg requied several-fold

less CO2 than the sumation method to reach a given benchmark. We derived an equation to describe the theoretical litations
of precision for the summation method as a function of CO2 admtted to the source and the step size of the boards. Theory was
in close agreement with the observed lower lit of precision for the simulated 16-bit data set. Cure-fittg achieved a precision
of S.D. -:0.3%0 for injections 20- fold smaler than summation for CO2 samples collected on an IRS with 16-bit resolution. By
mitigatig the impact of quantiation noise, cure-fittg expands the dynamc range with a single run to include lower analyte
levels, and effectively reduces the need for high pumping capacities and high precision ADC boards.
(Ç 2003 Elsevier B.V. All rights reserved.

Keyords: Isotope ratio mass spectrmetr; Mass spectrometr; Quantization error; Carbon dioxide

1. Introduction (1,2). GC-CIRS data consists of thee concurent
chromatographic. traces (44C02, 45C02, 46C02) from
thee detectors operated in paraleL. Achieving high

precision requires careful and consistent defition of

background levels and peak integration for all thee
traces. Most commonly, peak areas are integrated by
the "summation" method. The star and end of a peak
are detected, and the background is described as a
square or trapezoidal area beneath the peak. Raw data
are summed over the length of the peak, and the back-

ground area is subtracted. Ricci et al. (3) described two

Isotope ratio mass spectrometr (IS) coupled to
a gas chromatography-combustion intenace (GC-C)
can routiely measure relative differences in BC/12C
isotope ratios to a precision of few pars per ril-

lion for samples contaig 10 ng of sample or less
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general methods for determg the background us-
ing summation; the "individual sumation" method,
in which the background is defined by connectig low
points on either side of the peak, and the "dynamc
summation" method, in which low points are con-
nected thoughout the chromatogram regardless of the
location of peaks.

All IRS instrments use digitizers to convert ana-
log signal from Faraday cups to digita data, which
must be processed to yield isotope ratios. The preci-
sion of a digitizer is expressed in terms of bits, where
an N-bit board has 2N steps over a given range. As an
example, a 16-bit board has "'65 000 steps; if the board
has a range of 0- 1 0 V, then the step size of the board
is "'0.15 mY. The roundig of a contiuous signal to
discrete steps introduces noise, which is referred to as
quantization error or "bit noise". This effect is shown
graphically in Fig. 1, where simulated Gaussian peaks
of 24, 16, 14, and 12-bit resolution are presented. At

high resolution (24 bits), no quantization noise is no-
ticeable, and the peak appears as a smooth trace. As
the resolution decreases, steps become obvious, and
the shape of the peak deteriorates. The qualty of data
reduction in contiuous-flow IRS must depend at
least in par on the digitizer depth because the inten-
sity level established for peak star and stop depends
on ths parameter. As depth decreases, the intensity of

24 Bits 16 Bits

..c
l!..
::o
c
.2

the background is, in general, less well represented by
the intensity levels of the peak's sta and stop points.

There are no analyses available that establish the re-
lationship between isotope ratio precision and digiti-
zation depth.

The effect of digitization depth on precision and
accuracy is inextrcably lied to data reduction al-
goriths. The reproducibility of the summation back-

ground correction depends in par on the two points

that anchor the background line under the peak; im-
precision in the measurement of either point multiplies
though the entie lengt of the background segment

connectig the points. In the presence of a simple li-
ear background, a background lie is easily drawn be-
tween any two points on either side of the peak, as
shown in Fig. 2a. Cherical noise due to column bleed
or contanant peaks may cause inaccuracy in defin-
ing the background, but such noise is usually corre-
lated in all thee traces. Ths covarance may ritigate
the effects of cherical noise on the calculated iso-

tope ratio. However, in the case of quantization er-
ror, as shown in Fig. 2b, the magntude and diection
of error is uncorrelated among the thee traces, and
ths then poses a special case. Our previous work has
shown that peak integration by cure-fittg improves
precision and accuracy in cases of low signal-to-noise
(4) and overlapping peaks (5). Background correction

14 Bits 12 Bits

Time

Fig. 1. A simulation of a Gaussian signal collected by ADCs of vanous resolutions (24, 16, 14, and 12bits) and quantization errors. At
24-bit resolution, quantization error is not visible, and the peak appear as a smooth trace. At 16 bits, bit noise is evident pnmanly at the
base of the peak. At 12-bit resolution, the signal is barely recognzable as a Gaussian shape.
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in cure-fittg is not constraied to the actual values

represented by the discrete digitization levels, and we
hypothesized that it may not be as sensitive to quan-
tization error as summation.

Quantization error is tyically not domiant in

GC-CIRS when high precision IRS data acquisi-
tion systems use suffciently deep digitiation boards

and signals are suffciently strong. Noise from other
sources, such as cherical noise, is greater than the
step size of the digitizers. However, quantiation error
may become importt in two specific situations: (a)
in data reduction of mior peak in a chromatogram
where there are fewer steps between baselie and peak
top, and (b) when low precision digitizers are used,
as is common in low cost IRS instrments designed
priarly for measurements of high abundance sam-

ples, such as C02 in breath tests. In addition, these
systems usualy have lower pumping capacity, which
lits the flow rate that the IRS source accepts.

The lower inet flow rates result in smaller signals for
equivalent analyte abundance via higher split ratios,
makg quantization error more promient. In ths re-
port, we evaluate quantiation error theoretically and
experientaly to determe the litig the precision

achieved by the conventional summation algorith
and by cure-fittg.

2. Experienta

2.1. Instrumentation

A Varan 3400 GC system was coupled via a com-
bustion fuace to one of two gas IRS instrments:

(a) a FinganT 252 (FT252) run in high liear-
ity mode, or (b) an Analytcal Precision Products 2003
(APP2003). Both IRS systems were operated with a
source pressure of 1 x 10-6 Torr and had an absolute
sensitivity of "'500mol/ion (1 Torr = 133.322Pa).
The GC-C system is described in detail elsewhere
(6). Briefly, the effuent from the capilar column
(60 m x 0.32 mm, 0.25 i.m, BPX70; SGE, Austi, TX,
USA) is diected to a combustion fuace filled with
CuO and held at 850°C, and dred in a Nafion water
trap before admttance to the IRS system though
an open split. Since C02 gas was injected as a sam-
ple, the combustion step was not necessar, but was
retaied in the system to increase the verisirtude to

real GC-CIRS operatig conditions. The FMAT252
has dierential pumping and a higher overal pumping
capacity, while the APP2003 has only a single tubop-
ump. As a result, the FMT252 can tolerate higher
inet flow rates. The open split of the FMT 252 ac-

. cepted 0.2mlmi (split ratio = 8.4:1), and the open
split of the APP2003 accepted 0.07 mlmi (split ratio
= 24:1).

C02 (Aigas East, 99.9%) injections were per-
formed by hand consecutively. The split ratio and the
injection size were vared to yield between 100pmol
and 30nmol on column. Four or five replicates were
penormed for each injection size. The moles of C02
in each injection were approxiated by assumig
ideal gas conditions.

Data was collected on the FMAT 252 using SAX-
CAB (7), a laboratory-built LabVIW-based (8)
data acquisition system employing National Instr-
ments (Austi, TX, USA) 435x digitizers yieldig
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24 bits operatig at 10Hz. Data were collected on
the APP2003 using the vendor-supplied 16-bit, 10 Hz
data acquisition system. Both systems simultaneously
monitored the mlz = 44, 45, and 46 cups with ;;99%
duty cycle.

2.2. Data processing

Before data reduction, data collected from the
FMT 252 at 24 bits was rounded on al thee traces
to simulate 16-, 14-, and 12-bit data sets. The head
amplifiers have a maxum signal of 10 V (33 nA for
mlz = 44), so the step size, ,1, for a given board
depth was calculated as:

10V,1 = 2bits (1)
We created simulated data sets by roundig data points

to the nearest step:

(data(raw))
data(quantized) = round ,1 ,1

where, the round function rounds the input to the near-
est whole number.

The 16-bit data from the APP2003 was used with-
out modification. All data sets were processed using
SAXCAB by either the individual sumation method
or by cure-fittg. The individual summation method

used by SAXCAB was adapted from Ricci et al.
(3). Stars and stops of peaks were deter1ed with a
slope sensitivity of 0.3 nAs. The lowest point 2 s be-
fore and 2 s afer the peak lits were located, and

a straight lie was drawn between the two points to
define the background. In the cure-fittg algorith,

the traces were fit to exponentially modified Gaussian
(EMG) fuctions using the Levenberg-Marquardt al-
gorith. Mathematical details of the EMG function

can be found elsewhere (9).
High-precision isotope ratios are expressed in the

delta (%0) notation:

l3R l3R
ål3Cpdb = s~~ - pdb x 1000 (3)

Rpdb

where 13 Rx is the ratio of 13C to 12C, SPL refers to the
sample, and PDB refers to the international standard,
PeeDee Belemnte, where 13 Rpdb = 0.0112372. In our
work, ål3C of the C02 injections were calculated using
pulses of stadard C02 gas that had been indiectly

calbrated to the PDB reference. The contrbution of
17 0 to the 45C02 signal was taken into account by

the method of Santrock et al. (10). No outlers were
excluded from the reported data.

3. Results and discussion

3.1. Observed effects of quantization error

(2)

Fifteen C02 injection amounts were used to pro-
duce peak areas on the FMT 252 that vared over
2.5 orders of magntude. The peaks showed excellent
symmetr and narow peak widths, with a full width

. at half maxum of -c3 s. The mean reproducibility
of the area for each injection size, as measured by the
area of the mlz = 44 signal, was R.S.D. = 13%.
Plots of ål3Cpdb versus injection size, shown in Fig. 3,
are displayed for both the cure-fittg (a) and indi-

vidual summation (b) methods. The plots are sirlar

in appearance to those presented by others (1 1) inves-
tigatig the penormance of GC-CIRS at low signal
levels.

In agreement with our previous work (4), we ob-
serve modest improvement of precision at low signal
levels using the cure-fittg method. Using the sum-
mation method, precision deteriorates (S.D. ~ 1.0%0)

for injection sizes less than 400 pmol on colum
("'50pmol to the IRS). Cure-fittg improves
ths lit to 175 pmol on column ("'20 pmol to the

IRS). The integration methods performed com-

parably and acceptably at large injection sizes. For
on-column injections of at least 6.8 nmol ("'800 pmol
to the IRS), the individual sumation method had a
precision of S.D.(å13Cpdb) = 0.1%0. The cure-fittg

method gave slightly worse precision for large injec-
tions, S.D.(ål3Cpdb) = 0.2%0. It is not obvious why
the sumation method out-performs the cure-fittg

method for very large sample sizes. One possibility is
that the precision of the cure-fittg method is li-
ited by differences between the shape of the model
EMG function and the shape of real, chromatographic
peaks. In ths case, increasing the injection size past a
certain point would not improve the fit, even though
SIN is increasing. Using a different fuction to de-

scribe the peaks may fuer improve results.
To assess the tolerance of the two integration meth-

ods to quantization noise, we evaluated simulated
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Fig. 3. å13Cpdb vs. C02 injected on colum for (a) cure-fitting and (b) individual summation algonthms. Data was collected using a
homebuilt system at 24 bits from FMAT252.

12, 14, and 16-bit raw data sets generated from the
raw 24-bit FMAT252 data, and processed both by
cure-fittg and sumation. The accuracy of succes-

sive injections was very good, even in the presence
of bit noise. For each method, the mean OL3C for any
two injection sizes did not differ signficantly. Plots
of S.D.(Ol3Cpdb) versus C02 injected on column at all
bit resolutions are shown in Fig. 4. Each plot appears
to extend asymptoticaly along the x- and y-axes, and
we can evaluate the dependence of precision on quan-
tization error visually; poor penormance is indicated
by the asymptotic plot moving up and away from the
axes. At 24-bit resolution, plots of the sumation
and cure-fittg methods nearly overlap, except at

very small injection amounts, indicatig that pedor-

mance is simlar. With increasing quantization error,
the rinium amount of C02 necessar to reach

a given level of precision increases rapidly for the
summation method. Cure-fittg is more forgiving;
precision from 14- and 16-bit data is comparable to

the 24-bit data. The plot for 12-bit resolution shows
some loss of precision, but does not fare as badly as
the sumation method.

To evaluate the methods objectively, we defined
S.D.(o13Cpdb) = 0.3, 0.6 and 1.0%0 as benchmarks for
high precision. The data were least-squares fitted to a
power function, of the form:

S.D. = A(C02)B (4)
where (C02) is the moles of C02 injected on col-
um, S.D. is the observed precision, and A and B
are constants. The power function was chosen for
empircal reasons, because it modeled the observed
data acceptably, and the fitted cures can then be
compared. The best-fit lines for both the summation
(dashed) and cure-fittig (solid) methods are shown
in Fig. 4. From the best-fit equations, we calculated
the amount of C02 injected on-column necessar to
achieve the 0.3, 0.6, and 1.0%0 benchmarks (Fig. 5).
With least quantization error (24-bit resolution), the
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summation method requies slightly less COZ than
the cure-fittg method at the 0.3%0 benchmark

(1.S6nmol versus 3.19nmol). At 16-bitresolution, the
summation method requires 6.S3 nmol, an increase of
267%, compared to a 25% increase for cure-fittg

over the same interval. To reach the 0.6%0 bench-

mark at 16 bits, summation requies an increase of
224% (from 0.77 to 2.50nmol), compared to 33%
for cure-fittg. At 12-bit resolution, the amount of

C02 on column necessar to achieve S.D. = 0.6%0

by summation is 107 nmol, which far exceeds the ca-
pacity of the GC column. Cure-fittg requires only
6nmol to reach S.D. = 0.6%0 at 12-bit resolution. As
was discussed previously, curve-fittg is superior to

summation at the 1.0%0 benchmark, even in the ab-
sence of quantization noise. At 24 bits, cure-fittg

requires SOpmol to achieve S.D. = 1.0%0, five-fold
less than summation; a simlar level of improvement
in precision is seen at 14- and 16-bit resolution.

To summarze, in the absence of quantization noise,
simlar amounts of COz are necessar to achieve pre-
cision of 0.3-0.6%0 for both integration methods. The
summation method requires a dramatic increase in the
injection size to maita ths level of precision in the
presence of quantization noise, while the cure-fittg

method is relatively unafected. At a lower standard
of precision (S.D. = 1.0%0), cure-fittg is superior

regardless of the magntude of quantization error.

3.2. Theoretical limits of quantization error
on precision

In IRS, the signal is recorded as a voltage pro-
portonal to the ion curent, and can be reported in

amperes or in volts. If the signal is reported in volts,
the area of the m I z = 44 signal, A44, is related to the
moles of44COZ that enters the IRS, (44COiJ by the
equation:

44 NaeA44 = ( COz)ERQ (5)

where Na is Avogadro's number, e is the fundamental
charge, E is the absolute sensitivity of the IRS in
molecules/ion, and RQ is the feedback resistace of

the amplifier.
In the summation method, the background is defied

by drawing a lie between two background points,

(ti, Yl) and (tz, YZ); the background area, A, is the

Z79

trapezoidal region between ths lie and the tie axs.

We can calculate ths area by the equation:

A (background) = l W(Yi + Yz),

where W = tz - ti (6)
Quantiation noise is uniformy distrbuted over an

interval and the error for a single measurement is:
Llay = .J (7)

where Ll is the rrum step size of the acquisi-
tion boards. A full derivation of ths can be found in
Hayki's text on digital communication (12). Assum-
ing that quantization error at Yl and Yz is uncorrelated,
we can use stadard technques for propagation of er-
rors to determe the total quantization error in mea-
surng the background area, a A:

WLla A = - (S)2..
It has been noted that evaluatig the effect of chem-

ical noise on precision of isotope ratios is diffcult,
because ths noise is usually highly correlated be-
tween the major and mior traces (11). Unle chem-
ical noise, quantization noise on each trace should be
uncorrelated. Ths greatly simplifies calculation of the
propagation of errors for the relation of the observed
isotope ratio, 45 Robs, to the actual isotope ratio, 45 Ract:

45 A45 :: a45 45Robs = = Ract :: aobs
A44 :: aM (9)

where

45 (a45) (a44)aobs = Ract _ z + _ zA45 A44
The standard error can be rearanged and expressed

in terms of pars per thousand:

aobs
appt = 1000 x ;:

Ract

(10)

= 1000 x (11)
(:::r + (::r

At natural abundance, A45 '" O.0l1A44. Assumig
the feedback resistance is 100x larger for the 45 cup
than for the 44 cup, Ll45 = O.OlLl44. Combing ths
and Eqs. (5), (S) and (11), we arve at:

276WLl44Eappt = (44COz)NaeRQ (12)
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Fig. 6. S.D.(ö13Cpdb) YS. C02 injected on column for simulated l6-bit data. The line indicates the theoretical limit of precision as a
function of injection size, as calculated from Eq. (12).

At natual abundance, a standard deviation of O'ppt =
1.0 is approxiately equivalent to S.D.(ål3Cpdb)

= 1.0%0. We used Eq. (12) to predict the stadard de-
viation as a fuction of injection size at 16-bit resolu-
tion, compensatig for an open split ratio of 8.4: 1. The
integration window, W, was assumed to be constat
at 10 s, E = 5000, and RQ = 3 x 108 Q. A plot of the
calculated lits compared to the observed precision

at 16 bits is shown in Fig. 6. There is good agreement
between theory and experient. The calculated preci-
sion is with a factor of five of the observed precision

for al injection sizes. More strg, the calculated
precision is a "lower lit", as nearly all the measured
precisions lie above the theoretical prediction. The
biggest discrepancies occur for large injection sizes,
where the effect of quantization error is rrzed,
and other sources of error (e.g. contaants) may
domiate.

Eq. (12) can also be used to demonstrate that quan-
tization error should be negligible for signals acquired
with 24-bit digitizers. Eq. (12) predicts that only
0.6 pmol of C02 to the IRS should be necessar
to achieve a precision of 0.5%0 if quantization error

is the only litig factor. However, countig statis-

tics dictate that a rrum number of ions must be
formed to achieve a specified precision to overcome
the shot-noise limt. Merrtt and Hayes (11) give ths
equation as:

20'8 =
(2 x 106)(1 + R)2

EmNaR (13)

where O'õ is the shot noise lited stadard deviation,

R is the natual abundance isotope ratio, E is the ion-
ization effciency, m is the moles of C02, and Na is
Avogadro's number. Substitutig E = 5000 and R =

0.011, we find that 6pmol of analyte is required to
achieve S.D. -- 0.5%0. Therefore, when high precision
24-bit boards are used, the effect of quantization error
is superseded by shot noise.

Our theoretical treatment gives insight into why
cure-fittig is less sensitive to quantization error than

summation. In the summation methods we have dis-
cussed, imprecision in a single data point chosen as the
background is multiplied thoughout the background
correction; for a peak width of N data points, the to-
tal quantization error scales as N. In contrast, the al-
goriths used in cure-fittg rrze the sum of
squares between the fit cure and every data point. In
cure-fittg, the quantiation noise for each individ-

ual point is averaged over the entie cure; for N data
points, the tota quantization error scales as N1/2. For

a peak width of 10 s and a samplig rate of 10 Hz,
ths translates into a 10- fold reduction of quantization
error.

The theoretical treatment we describe is appropri-
ate for understandig the effects of quantization er-
ror on sumation integration methods that choose
single points on either side of the peak to define a
background. It does not exame the lits of other

classes of data reduction methods. An obvious im-
provement to the summation integration method would
be to average n points on either side of the peak,
which would increase the effective number of bits of
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(a) CO2 injected on column (nmol) (b) CO2 injected on column (nmol)

Fig. 7. ,s13Cpdb vs. C02 injected on column for (a) individual summation and (b) cure-fitting algonthms. Data was collected at 16 bits
and 10 Hz on the APP2003.

the background measurement by n1/Z. Whle ths ap-

proach could work well for isothermal rus with con-

stant background, it is much less suitable for complex
GC-CIRS chromatograms, where it is not obvious
which points should be averaged; that is, which points
represent pure background and do not contai cheri-

cal noise or the tal ends of peaks. Ricci et al., observed
that the averaging method gives slightly higher back-
ground values then other corrections (3). They also re-
ported that the dynamc background correction (which
uses single points) yielded improved 8-values over the
averaging method. Thus, a method may be insensitive
to quantization error, but may stil give worse results
due to other varables.

3.3. Improving precision on a 16-bit IRMS

To test the effectiveness of cure- fittg on

GC-CIRS data acquired by low precision digiti-

8

-1t
C 6o
iä ~.

l 4
1! :3
.~i
'g 2

~ 1

o
0.1

.

ers, we ran multiple COz injections on an APP2003
using 16-bit digitizers, and otherwise in sirlar
fashion to the work on the FMAT252. A plot of
813Cpdb versus injection size is shown for sumation
(Fig. 7a) and cure-fittig (Fig. 7b). Fig. 8 shows a

plot of S.D.(8l3Cpdb) as a fuction of injection size

for both integration methods. The theoretical lit

on the summation method, calculated from Eq. (12),
is shown in the same figure as a dashed lie. The

observed precision for the summation method agrees
well with theoretical predictions; most of the data
points lie just above the lower lit cure. Alost

15 nmol of COz on column are necessar to achieve
a precision of --0.3% using the summation method.
Using cure-fittg, only 0.76nmol are necessar to

reach that level of precision, a 20-fold improvement.
This is greater than the two-fold advantage seen by
cure-fittg the 16-bit data from the FMAT 252.

One possible explanation is that the APP2003 data is

. Summation

i: Curve-fitllng

-Calculated Uïnitfor
Summation

.'

10 100
CO2 InJected on column (nmol)

Fig. 8. S.D.(,s13Cpdb) vs. C02 injected on column for runs on APP2003 with 16-bit boards. The dashed line indicates the theoretical limit
of quantization error on precision as a function of injection size, as calculated from Eq. (IZ).

GDC01248



282 GL Sacks et al. /1. Chromatogr. A 1020 (2003) 273-282

afected priary by bit noise, while the FMT252
data has other sources of noise that canot be eli-

inated by cure-fittg. The FMAT252 accepts a

thee-fold higher flow rate than the APP2oo3, so there
is liely more cherical noise in the FMT252 signal.

The relative imunity to quantization error with
cure-fittg per1ts the IRS to be run at lower

inet flow rates, which effectively increases quantiza-

tion noise by decreasing the number of steps between
background and peak with relatively litte influence
on cherical noise. The advantages of lower inet

flow rates are a longer lifetie for the. filament, and

reduced need for pumps and pumping capacity. These
benefits, plus the reduced need for expensive ADC
boards, should make high-precision GC-CIRS
more amenable to portble and low-cost applica-
tions. In priciple, statistical considerations define the
lower lits of flow rates. However, counting statis-

tics dictate that S.D. = 0.5%0 requires 6pmol of C02
to the source for a typical contiuous flow IRS
(E = 5000), and GC-CIRS applications usually
work well above ths lit. Thus, modestly lower res-

olution and inet flow rates should not significantly
afect pedormance, so long as appropriate integration
technques are used.

4. Conclusions

Data reduction using cure-fitting is more robust

than the conventional sumation method in the pres-
ence of even modest levels of quantization error. Us-
ing data obtaed on high precision digitizers, the
cure-fittg algorith requied several-fold less C02

to reach benchmarks of high precision (S.D. = 0.3,
0.6, and 1.0%0) at any of the thee simulated board
depths (12, 14, or 16 bits). The poor penormance of
the summation algorith was parcularly noticeable
at the 12-bit resolution, where S.D. -:1.0%0 could not
be reached even at the maxum injection size al-
lowed by the dynamc range of the Faraday cups. We

have derived an expression that describes the influ-
ence of quantization noise on isotope ratios calculated
from raw IRS data, and shown that it accurately
predicts the lower lit of precision. Our theoretical

treatment assumes that quantization error is uncorre-
lated between the mlz = 44 and 45 signals, and is
appropriate for any data reduction algorith that uses

single points on either side of the peak to describe the
background.

Cure-fittg substatialy improved precision on

GC-CIRS data collected by an instrment with
16-bit digitiers. The summation algorith required
15 nmol of C02 on-column to achieve a precision
of S.D. = 0.3%0, while cure-fittg required only

0.76nmol. Thus, IRS with 16-bit ADC boards

achieved high precision for less than 1 nmol of C on
colum, a common benchmark for GC-CIRS appli-
cations, despite using 16-bit ADC boards. Lower inet
flow rates, enablig reduced pumping requirements,
may be an importt advantage in some applications.
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Landis archi-positif !   
 
DAMIEN RESSIOT    
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French
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CYCLISME   
 
DOPAGE   
 
Landis archi-positif !   
 
Les analyses rétrospectives sont claires : l’Américain était plusieurs fois positif à la testostérone sur le Tour
2006.   
 
Il n’y a désormais plus aucun doute : Floyd Landis a bel et bien triché pour remporter le Tour de France
2006. Contrôlé positif à l’issue de   
 
la 17 étape, l’Américain   
 
a depuis toujours nié   
 
s’être dopé en espérant échapper à toute sanction pour vice   
 
de procédure. Mais les analyses rétroactives   
 
de sept échantillons urinaires prélevés pendant la Grande Boucle ont confirmé   
 
une prise exogène   
 
de testostérone.   
 
CONTRÔLÉ POSITIF à la testostérone une première fois, à l’issue de la 17 étape du dernier Tour de
France, Floyd Landis, vainqueur en sursis, va devoir désormais réorienter sérieusement sa stratégie de
défense. En effet, ce n’est pas une, mais plusieurs infractions aux règles antidopage que le trentenaire
américain a commises en juillet 2006, puisque plusieurs de ses échantillons prélevés lors de cette même
épreuve contiennent des traces de testostérone synthétique…   
 
Après s’être opposé vigoureusement à l’idée même d’analyses complémentaires menées par le laboratoire
de Châtenay-Malabry (LNDD), l’ancien leader de Phonak avait dû finalement se résoudre à cette extrémité,
en vertu d’une décision prononcée par le panel (AAA) de l’Agence américaine antidopage (USADA). On
comprend désormais mieux son appréhension depuis que l’on connaît le résultat des analyses
supplémentaires, lesquelles ont duré une semaine en raison de la complexité de la méthode utilisée, la
spectrométrie de masse (IRMS, voir ci-dessous).   
 
Cette méthodologie, qui permet de distinguer la présence de testostérone naturelle – fabriquée par
l’organisme – de celle produite par synthèse, livre en effet des résultats irréfutables et n’aboutit jamais à la
mise en cause de faux positifs. Parmi les sept échantillons restants, analysés une nouvelle fois, plusieurs
sont positifs.   
 
Comment dès lors expliquer que des échantillons déclarés négatifs dans un premier temps puissent être
déclarés positifs après de nouvelles analyses ? Tout simplement parce que, dans le cadre de la détection de
routine de la testostérone, les laboratoires débutent le processus de l’analyse par l’établissement du célèbre
ratio testostérone sur épitestostérone (T/E). Ce n’est que lorsque celui-ci est supérieur à 4, en vertu des
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règles édictées par l’Agence mondiale antidopage, que les laboratoires commencent alors une instruction
plus poussée, laquelle passe, lorsqu’ils sont équipés du matériel adéquat, par l’utilisation de la méthode
IRMS. Lors du Tour de France 2006, un seul des échantillons appartenant à Landis dépassait la barre
fatidique des 4 (11, en l’occurrence, comme seuil de confirmation). Les sept autres échantillons prélevés sur
l’Américain étaient en revanche en deçà du seuil d’instruction et n’ont pas fait l’objet de recherche par IRMS.
C’est cette nouvelle opération analytique qui a été menée à Châtenay-Malabry ces derniers jours.   
 
Les droits   
 
de la défense   
 
respectés   
 
Landis pourra-t-il, dès lors, comme il ne cesse de le faire depuis l’annonce de son premier contrôle positif,
remettre en cause la crédibilité et la compétence des techniciens du LNDD, lui qui avait demandé, après
s’être résigné au verdict du panel, que ces fameuses analyses rétrospectives soient effectuées au sein du
laboratoire de Los Angeles (UCLA) ? Difficile.   
 
En effet, les analyses supplémentaires opérées en France ont été menées dans le cadre de règles strictes,
en aveugle (avec de nouveaux codes), avec l’adjonction d’échantillons supplémentaires (des leurres
destinés à rendre toute identification aléatoire) et en présence de plusieurs experts représentant les deux
parties, l’USADA et Landis (voir ci-dessous). Cette dernière précaution, imposée par l’Agence française de
lutte contre le dopage (AFLD), s’est révélée extrêmement judicieuse pour préserver l’aspect contradictoire
de l’expertise, et le coureur et sa cohorte d’avocats auront bien du mal à remettre en cause un processus
qu’ils ont pu observer de très près. Nul doute en effet que les deux personnes présentes à
Châtenay-Malabry durant les sept jours d’analyses – un avocat et un scientifique – auraient stoppé le
processus ou crié au scandale si une irrégularité s’était produite au sein du laboratoire.   
 
Bien entendu, ils ne devraient néanmoins pas renoncer à stigmatiser telle ou telle insuffisance, mais
l’USADA, dont les deux représentants ont quitté la France dès samedi soir dernier, ont semblé totalement
satisfaits par la manière dont les opérations se sont déroulées.   
 
Désormais, et alors que cette même agence américaine s’intéresse également au financement de la
campagne de défense de Landis, on attend avec curiosité la tonalité que ce dernier adoptera le 14 mai à
Los Angeles, jour de sa comparution devant le panel de l’USADA.   
 
Les débats, qui à l’heure actuelle sont évalués à une dizaine de jours, seront-ils publics, comme Landis
l’avait expressément demandé ? Ce dernier, face à la nouvelle consistance des accusations, se ravisera-t-il
et optera-t-il plutôt pour une négociation intelligente ? La seule certitude, pour l’heure, c’est que l’Américain,
qui s’est engagé auprès des instances françaises ad hoc (AFLD) à ne pas courir en France en 2007,
pourrait également s’abstenir en 2008. Suspension oblige.   
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Landis Fails Drug Test After Triumph in Tour de France  
 Alessandro Trovati/Associated Press 
After Floyd Landis pulled away on a 9.2-mile climb, the tour's director 
called it “the best stage I have ever followed.”  
 
  
By JULIET MACUR 
Published: July 27, 2006 
Floyd Landis, who on Sunday became the third American cyclist to win the Tour de 
France, tested positive for illegally high levels of testosterone during the race, his team 
announced today. 
 
If a second test confirms the results, Landis may be stripped of his Tour de France 
championship. That has happened only once before, when Maurice Garin was 
disqualified in 1904 for breaking race rules. The Phonak team said that it had suspended 
Landis and that it would fire him if a backup test confirmed the initial result.  
 
In a statement on its Web site, Phonak said the International Cycling Union had notified 
the team on Wednesday that tests on Landis’s urine sample discovered “an unusual level 
of testosterone/epitestosterone ratio” after Stage 17 of the Tour de France. The team and 
the rider were “totally surprised,” the statement said, and will ask for an analysis of a 
second sample taken at the same time “to prove either that this result is coming from a 
natural process or that this is resulting from a mistake.” 
 
In Stage 17, Landis produced one of the greatest performances in cycling history, 
improbably roaring back into the lead pack after falling eight minutes behind the day 
before. His subsequent victory became the feel-good story that the Tour needed, 
particularly after the way the race had begun. 
 
On the eve of the Tour, three race favorites, including Jan Ullrich of Germany and Ivan 
Basso of Italy, and six other riders were kicked out of competition for being involved in a 
doping scandal in Spain. Four of the top five finishers behind Lance Armstrong when he 
captured his seventh consecutive Tour title in 2005 were out of the race. A total of 58 
cyclists and others connected to cycling have been implicated in that doping ring. 
 
Landis, raised in a Mennonite family from Pennsylvania, turned attention at the Tour 
away from the scandal and toward his performance. He has a degenerative hip condition 
and planned to have hip-replacement surgery this fall, and he spoke about his efforts to 
ride through the pain.  
 
Gritting his teeth, Landis pedaled down the Champs-Élysées on the final day to win his 
first Tour de France. He finished the three-week, 2,267-mile race nearly a full minute 
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ahead of Oscar Pereiro of Spain and more than a minute ahead of Andreas Klöden of 
Germany, in third place. 
 
“I want to say thank you to everybody who kept believing, most of all my team,” Landis 
said after accepting the winner’s trophy, with the Arc de Triomphe behind him and the 
United States flag flying atop flagpole in front of him. “When things weren’t going so 
well, they kept fighting and never stopped believing.” 
 
Greg LeMond, a three-time Tour de France winner and the first American to win the 
event, said he believed in Landis, too. LeMond watched the race from his home in 
Minnesota and said the race seemed cleaner than in past years because the wattage output 
of the riders was not as high. He said the Spanish doping scandal had helped clean up the 
race. 
 
But when LeMond heard rumors on Wednesday that Landis had tested positive, then on 
Thursday when he heard confirmation, he said he was “devastated.” 
 
“It’s going to be such a blow to American cycling,” LeMond said. “But it’s a wake-up 
call about the sport, for sure.” 
 
He added: “If there’s any positive outcome on this, I hope, for the sport’s sake, that Floyd 
has the courage to come clean on everything. He needs to say everything about the sport, 
what’s happened in the past, what’s happening right now. We need to be transparent 
about it, so we can look at the sport and say, ‘How do we fix it?’ ” 
 
The tests from the Tour are conducted at a French laboratory at Chatenay-Malabry. Each 
day, samples were taken from the stage winner, the overall leader and three random 
riders. 
 
Pat McQuaid, the president of U.C.I. said it would be “a great disappointment and an 
unacceptable violation” should the second sample come back positive. But he said it 
would also prove the effectiveness of U.C.I.’s antidoping tests.  
 
Dick Pound, chairman of the World Anti-Doping Agency, said there would still be a 
“huge black mark” on the sport, regardless of the backup test result. 
 
“For this to happen in your marquee event, that’s a stunning indictment of the state of the 
sport,” Pound said. “They have a huge problem, a really serious problem, but first they 
have to recognize it. It’s like an alcoholic. Unless you acknowledge you have a problem, 
it’s very hard to move toward a solution.” 
 
Landis’s initial positive test result is far from the first time a doping scandal has clouded 
the sport. In the late 1960’s, the cyclist Tommy Simpson died of a heart attack and was 
found with amphetamines in his pocket. In 1998, the entire Festina team was kicked out 
after a huge stash of performance-enhancing drug paraphernalia was found in a team car. 
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Cyclists have used several methods to enhance their performances, including blood 
transfusions to pack their bodies with more oxygen-carrying red blood cells and EPO, 
which boosts endurance. 
 
Testosterone, an anabolic steroid, is used for strength and endurance, and also for quicker 
recovery, said Donald Catlin, who runs the Olympic drug testing laboratory at U.C.L.A. 
Its use raises a rider’s ratio of testosterone to epitestosterone. 
 
Catlin said that the test to discover high levels of testosterone is two-pronged and labor-
intensive. The first part, to see if there is a high t/e ratio, can take anywhere from 8 to 12 
hours, he said. The second part, to see whether that high ratio comes naturally or from an 
external source, is also lengthy. 
 
“This is not a slam-dunk case,” he said of Landis’s case. “There is work to do, and if 
there’s ever a test that won’t repeat a positive, it will be a really complex analysis, and 
this is one of them.” 
 
He also said that if Landis had a naturally high level of testosterone, someone would 
already know it or someone would be “running around finding the past results and 
plotting them on graph paper” to prove his innocence. 
 
“These data are saved and someone can look them up,” he said. 
 
Though Landis was granted a waiver by the U.C.I. to receive cortisone shots before the 
Tour began, cortisone use would not result in a higher t/e level, Catlin said. (Cortisone is 
otherwise banned.) 
 
Landis failed to show up today for a one-day exhibition race in Denmark, a day after he 
missed a similar race in the Netherlands. He competed, and won, a race in Stiphout, the 
Netherlands, on Tuesday. Attempts to reach him on his cellphone were unsuccessful, and 
the voice mailbox for the phone was full beginning late Wednesday night. Calls to some 
of his teammates have not been returned. 
 
Landis’s mother, Arlene, said this morning that she heard from her son on Tuesday but 
that the positive drug test was not discussed. 
 
“I didn’t talk to him about that, but I know he’s taking medicine for the pain in his hip,” 
she said. “They stirred up trouble for Lance, too.” 
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LeMond: Landis could be 'symbol of change' 
By Associated Press  |  July 30, 2006 
 
PARIS -- Three-time Tour de France champion Greg LeMond says the doping charges 
against fellow American Floyd Landis could be ``what cycling has needed for many 
years" in order to discourage cheating. 
 
“If he is confirmed positive, I hope he has the courage to tell the truth," LeMond said in 
an interview with French weekly Le Journal du Dimanche released yesterday. ``He alone 
can change the face of the sport today. His example could be a symbol of change." 
 
In a veiled reference to seven-time winner Lance Armstrong, long dogged by doping 
allegations, LeMond added: ``I hope that [Landis] won't do what another American did: 
deny, deny, deny." 
 
LeMond, who won cycling's premier event in 1986, '89, and '90, urged a mass crackdown 
on doping, involving all cycling regulatory bodies, governments, and health ministries. 
He suggested an amnesty for riders who speak out about doping. 
 
``Testing, we will never do enough of it," he said, urging the International Cycling Union 
-- which he has criticized as corrupt -- to take a more aggressive stance on doping. 
 
Landis's victory ride into Paris last Sunday after a stunning comeback renewed 
enthusiasm for the sport -- but just days later, his title was in doubt after a French lab 
reported a testosterone imbalance in one of his urine tests. 
 
Landis has said his body's natural metabolism was to blame and demanded backup tests. 
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Landis Fails Backup Test; Tour Title in Jeopardy 
  
Pierre-Philippe Marcou 
 
Weekend Edition Saturday, August 5, 2006 · A follow-up test on cyclist Floyd Landis has 
also shown high levels of testosterone. The cycling team Phonak fired him and he may 
lose his Tour de France title, but he vows to fight to clear his name. Charles Pelkey, an 
editor for VeloNews, talks with Scott Simon about the morning's news. 
 
 PARIS (AP) -- Floyd Landis was fired by his team and the Tour de France no longer 
considered him its champion Saturday after his second doping sample tested positive for 
higher-than-allowed levels of testosterone. 
 
The head of France's anti-doping commission said the samples contained synthetic 
testosterone, indicating that it came from an outside source. 
 
The second or "B" sample, "confirmed the result of an adverse analytical finding" in last 
week's "A" sample, the International Cycling Union said. 
 
Pierre Bordry, who heads the French anti-doping council, said the lab that found higher-
than-allowable levels of the hormone in both samples also discovered synthetic 
testosterone. 
 
"I have received a text message from Chatenay-Malabry lab that indicates the 'B' sample 
of Floyd Landis' urine confirms testosterone was taken in an exogenous way," Bordry 
told The Associated Press. 
 
Landis had claimed the testosterone was "natural and produced by my own organism." 
 
The Swiss-based team Phonak immediately severed ties with Landis and the UCI said it 
would ask USA Cycling to open disciplinary proceedings against him. 
 
"Landis will be dismissed without notice for violating the teams internal Code of Ethics," 
Phonak said in a statement. 
 
"Landis will continue to have legal options to contest the findings. However, this will be 
his personal affair, and the Phonak team will no longer be involved in that." 
 
Tour de France director Christian Prudhomme said Landis no longer was considered 
champion, but the decision to strip him of his title rests with the UCI.  
 
"It goes without saying that for us Floyd Landis is no longer the winner of the 2006 Tour 
de France," Prudhomme told The Associated Press in a telephone interview. "Our 
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determination is even stronger now to fight against doping and to defend this magnificent 
sport." 
 
Prudhomme said runner-up Oscar Pereiro of Spain would be the likely new winner. 
 
"We can't imagine a different outcome," Prudhomme said. 
 
If stripped of the title, Landis would become the first winner in the 103-year history of 
cycling's premier race to lose his Tour crown over doping allegations. 
 
UCI lawyer Philippe Verbiest said Landis would officially remain Tour champion 
pending the American disciplinary process. 
 
"Until he is found guilty or admits guilt, he will keep the yellow jersey," he said. "This is 
normal. You are not sanctioned before you are found guilty." 
 
If found guilty, Landis also faces a two-year ban from the sport. 
 
Despite the second positive test, Landis maintained his innocence. 
 
"I have never taken any banned substance, including testosterone," he said in a statement. 
"I was the strongest man at the Tour de France, and that is why I am the champion. 
 
"I will fight these charges with the same determination and intensity that I bring to my 
training and racing. It is now my goal to clear my name and restore what I worked so 
hard to achieve." 
 
Landis' urine sample was analyzed at the Chatenay-Malabry lab outside Paris. 
 
The results of the second test come nearly two weeks after he stood atop the winner's 
podium on the Champs-Elysees in the champion's yellow jersey. 
 
Landis' positive tests set off what could now be months of appeals and arguments by the 
American, who says the positive finding was due to naturally high testosterone levels. He 
has repeatedly declared his innocence. 
 
"It's incredibly disappointing," three-time Tour winner Greg LeMond said by phone from 
the starting line at the Pan Mass Challenge in Sturbridge, Mass. "I don't think he has 
much chance at all to try to prove his innocence." 
 
The tests were conducted on urine samples drawn July 20 after Landis' Stage 17 victory 
during a grueling Alpine leg, when he regained nearly eight minutes against then-leader 
Pereiro -- and went on to win the three-week race. 
 
The case is expected to go to the U.S. Anti-Doping Agency; the process could take 
months, possibly with appeals to the Court of Arbitration for Sport. 
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"It doesn't end here," said Landis' Spanish lawyer, Jose Maria Buxeda. "What matters is 
the concept. A prohibited substance has been found in the samples, but no immediate 
sanction comes into effect yet. The rider will defend himself." 
 
Landis, a 30-year-old former mountain biker, says he was tested eight other times during 
the three-week tour and those results came back negative. 
 
Landis' spokesman Michael Henson confirmed this week that the rider had tested positive 
for a testosterone-epitestosterone ratio of 11:1 -- well above the 4:1 limit. 
 
Landis has hired high-profile American lawyer Howard Jacobs, who has represented 
several athletes in doping cases. 
 
Jacobs plans to go after the UCI for allegedly leaking information regarding the sample 
testing. 
 
Earlier this week, a New York Times report cited a source from the UCI saying that a 
second analysis of Landis' "A" sample by carbon isotope ratio testing had detected 
synthetic testosterone -- meaning it was ingested. 
 
Since the Phonak team was informed of the positive test on July 27, Landis and his 
defense team have offered varying explanations for the high testosterone reading -- 
including cortisone shots taken for pain in Landis' degenerating hip; drinking beer and 
whiskey the night before; thyroid medication; and his natural metabolism. 
 
Another theory -- dehydration -- was rebuffed by anti-doping experts. 
 
"When I heard it was synthetic hormone, it is almost impossible to be caused by natural 
events. It's kind of a downer," said LeMond, the first American to win the Tour. "I feel 
for Floyd's family. I hope Floyd will come clean on it and help the sport. We need to 
figure out how to clean the sport up, and we need the help of Floyd." 
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Catlin is leaving UCLA anti-doping lab 
One of the world's leading authorities in sports doping, he is 
turning to full-time independent research. 
 
By Michael A. Hiltzik, Times Staff Writer 
March 14, 2007  
 
Don H. Catlin, who founded UCLA's Olympic drug-testing laboratory in 1982 and built it 
into the busiest such facility in the world, said Tuesday he will retire from the university and 
turn to full-time research in sports doping.  
 
"Basically, I know how to test," he said in a telephone interview from his Westside office, 
"but I don't have enough time anymore for my favorite avocation, which is research. Now 
I'll get to pick and choose my pet projects." 
 
Catlin, 68, said those include developing a urine test for human growth hormone, which is 
reportedly growing in popularity as a sports doping substance, and improving the existing 
test for erythropoietin, or EPO, a performance-enhancing hormone that promotes the 
growth of red blood cells. 
 
He will work through the Anti-Doping Research Institute, a non-profit lab he founded and 
that is located about a mile from the Olympic lab in West L.A. The institute, which is 
unaffiliated with UCLA, received a three-year, $500,000 grant from Major League Baseball 
last year to develop an HGH test, which is currently undetectable in urine.  
 
Catlin says the lab also has a commitment from the U.S. Anti-Doping Agency to provide it 
with a mass spectrometer, a crucial machine in drug testing, for a nominal lease fee, and 
is talking with the National Football League and other organizations to raise further funds. 
 
"We're trying to get a handle on whether sport is really able and willing to support a 
research institute," he said.  
 
As a professor at UCLA medical school, Catlin founded the Olympic lab at the request of 
the International Olympic Committee to provide drug testing at the 1984 Los Angeles 
Games. It is now part of a network of 34 anti-doping labs accredited by the World Anti-
Doping Agency.  
 
Of those, it is by far the busiest: Last year, the lab performed roughly 40,000 tests for anti-
doping agencies, the NCAA, minor league baseball, and the NFL — nearly four times as 
many as the runner-up lab (in Cologne, Germany). The Olympic lab employs about 40 
people. 
 
One of the world's leading authorities in sports doping, Catlin's reputation is closely tied to 
the lab, and it is unclear whether the facility will retain its prominence after his departure. A 
spokesman for UCLA said the university hopes to keep the lab operating as part of its 
David Geffen School of Medicine. In a statement issued Tuesday, the Geffen school's 
dean, Gerald S. Levey, said he would "immediately begin discussions" with WADA and the 
other lab clients "with respect to the continuation" of the lab's association with the school. 
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Catlin said the transition to a new lab director, yet to be selected, would take about a 
month, and that he would become an emeritus professor at the Geffen school, where he 
plans to continue teaching.  
 
As lab director, Catlin notched numerous milestones in the field of sports doping, notably 
his identification in 2003 of tetrahydrogestrinone (THG) a "designer steroid" illicitly 
dispensed to athletes by the notorious Bay Area Laboratory Cooperative, or BALCO. 
 
But he has also been critical of the existing anti-doping system, which he believes is 
underfunded by sports and anti-doping organizations and unduly fixated on proving 
athletes dirty. Instead, he has proposed giving athletes an incentive to establish their 
cleanliness by volunteering for long-term medical profiling. 
 
Under WADA rules, Catlin has been barred from offering his expertise as a witness to 
athletes defending themselves against anti-doping charges. He said Tuesday that he was 
unsure under what circumstances he would take on such assignments as an independent 
researcher. 
 
"I'm not going to be out there testifying against my old friends," he said. "But I'll be out 
there trying to get it right for sport, for the agencies, for the athletes. It has to be right for 
everybody." 
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3132Mix Cal Acetate 001A-100ng inj
014417807 995474 F2 / 850 ul inj 2 ul
2322Blu 1 pool 4 F2 / 1 400 ul inj 2 ul
1443178/07 995474 F1 / 150 ul inj 2 ul
1223Blu 1 pool 4 F1 120ul inj 2 ul
2343178/07 995474 F3/45 ul inj 2ul2nd attempt

1297178/07 995474 F3/45 ul inj 2ul1st attempt
4284Blu 1 Pool 4 F3 / 45 ul inj 2 ul3rd attempt

4910Blu 1 Pool 4 F3 / 45 ul inj 2 ul2nd attempt

65Blu 1 Pool 4 F3 / 45 ul inj 2 ul1st attempt
2445MixCal Acetate 001A

Reprocessing by FrelatB
215MixCal Acetate 001 A-2 230706
2212178/07995474 F2 / 400 ul 1 inj 1 ul
1313Blu 1 Pool 4 F2 500 ul inj 1ul
2557178/07 995474 1/150 ul inj 1ul
1132Blu 1 pool 4 F1 / 50 ul inj 1 ul
2313178/07 995474 F3/45 ul in 2 ul

Reprocessing by MongongouA

Number Of 
Times Peak 
Start / End 

Was 
Changed

Number 
Of Times 
Sample 
Was Re-

processed

Exisiting
Background 

Point 
Dragged To 
New Point

New Point 
Added To 

Background 
Trace

Changes During 
Reprocessing

Could not make numbers change. Closed manual DP, re-loaded sample, re-started reprocessing

Still could not make numbers change

Processing re-started by Frelat
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1.61.1775E-02

0.0208.4100.1701.1777E-02
Linearity 3 
31/07/06

1.61.1776E-02

0.0208.4100.1701.1778E-02
Linearity 2 
31/07/06

1.61.7760E-02

0.2068.29.81.6891.7790E-02
Linearity 1 
31/07/06

1.51.1788E-02

0.0208.49.90.1701.1790E-02
Linearity 3 
26/06/06

1.51.1788E-02

0.0418.39.80.3391.1792E-02
Linearity 2 
26/06/06

1.51.1788E-02

0.0447.89.30.3391.1792E-02
Linearity 1 
26/06/06

nA
per mil

Range 
of test 
(nA)

Peak 
height 
(nA)

sd
(per ml)Ratio

Ratio 
Results

1.2460E-04Smallest
131.766sd (per ml)1.2482E-04Largest

1.2511E-04Smallest
121.439sd (per ml)1.2529E-04Largest

1.2510E-04Smallest
111.039sd (per ml)1.2523E-04Largest

1.2517E-04Smallest
101.198sd (per ml)1.2532E-04Largest

1.2506E-04Smallest
91.519sd (per ml)1.2525E-04Largest

1.2485E-04Smallest
82.002sd (per ml)1.2510E-04Largest

1.2494E-04Smallest
71.841sd (per ml)1.2517E-04Largest

1.2495E-04Smallest
61.361sd (per ml)1.2512E-04Largest

1.2495E-04Smallest
51.521sd (per ml)1.2514E-04Largest

1.2458E-04Smallest
42.649sd (per ml)1.2491E-04Largest

1.2412E-04Smallest
34.753sd (per ml)1.2471E-04Largest

1.2402E-04Smallest
24.112sd (per ml)1.2453E-04Largest

1.2312E-04Smallest
13.330sd (per ml)1.2353E-04Largest

1.1940E-04Smallest
2.429sd (per ml)1.1969E-04Largest

1.1967E-04Smallest
1.755sd (per ml)1.1988E-04Largest

7.1681E-03Smallest
0.070sd (per ml)7.1686E-03Largest
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Isoprime
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Specifications

Source: GVI website page 
http://www.gvinstruments.co.
uk/isoprime7.htm

Source: thermo product sheet 
"productPDF_26513"
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Client CI notice June 22, 200 1
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June 21, 2001

To: Clients of the UCL Olympic Laboratory

Regardig: Carbon Isotope Ratio measurements, Update 3

Th letter is tó updae you on our cabon isotope ratio method and to explai the wordig we use in our
curnt report.

DIOL ASSAY

Reqests: Cuntly when you request a eIR anysis we peiform the "Diol" assay. The procedur is to
request a CIR anysis by fa or ema and to provide th samle numbe. We wil check the ongi data on
the sale and determe if the anysi is liely to be successfu. If not, we wi advie you th we do not
believe the analysis wi be succsful iid we may suggest an alteatve approach In orde to enhce our
unersdig of the anysis we also ask th you give us al saple numbers ofpnor sample"s from the

same athete that were anyzd at UCL

The ''Diol'assa detees the carbon istope ratio (delta value) of two diol metalites of testosteone
which we refer to as Ml and M2, an one metalite of a testostne precuor (Fdiol). (See the metabolic"
map atthed.) Th assay deteres the rato of 13C/12C for eah oftbese thee stids. The unts are
usuay caled "delta unts"." In addition to the delta values for these steroids two other tyes of
meemens are calculate. The fit is the ratio of the metabolites to the precuror. Two ratios ar
calculated: Ml/Pdiol and M2IdioL. The second is the dierence betwee th metabolites and the Pdiol: M1
Pdiol and M2-PdioL.

Endo¡enous refernce compound: The Pdiol seres as an endogenous reference compound (Ee). Since it

is a metabolite of a precurr (see map) in the tesosterone metabolic scheme" its delta value does not chage
when testosterone is aPmere In the tyica positive cae, the delta values ofM! and M2 are low and
th delta value ofPdiol is with the noim rage. In negative caes, al th diols have sim delta
values. The reportg termology wil be: Positive, Negative, or Indetermte.

A PO SIT report mea tht the delta values for both M1 aI M2 ar at leat th standad deviation
(SD) unts less th the mea (average) of a group of73 norm maes, and the delta value for Pdiol is with
3 SD of the mean of norm maes. In addition the two ratios (M1IPdiol and M2diol) and the two .
dierences (MI-Pdiol and M2-Pdiol) are more th 3 SD frm the rage of norm values. These critera ar

very conservtive because al must be met for the saple to be declard positive.

A NEGATI report mea th al th delta vaues, the two dierence scores, and the two ratios are
with the norm rage. "
An INETEATE report mea tht we were not a,le to obta de:ftive data The most common
reasons for th are inufcient saple volume and low concentrtions of the steroids. Since ther are'

severa cnteria for a positive rePort 1t is also possible that a sample wil have one ratio and one dierence
score that are normal and the other ratio and dierence score wil be abnormal. Oth combinations of
results ar possible. Based on our curent underdig of the ~ underlyig eIR measurents, we
believe th in thse mied cases tht we classify as indeterate, some of the molecules ofM1 or M2 are

derved frm phaceutica testosterone (or another exogenous steroid which is metabolied to

j
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In This Book..

Fundamentals of GC

This book contains information for using your gas
chromatograph eGC) effectively.

1 What Gas Chromatography Is

This chapter describes gas chromatography-its effects and its
uses-and the chromatographic hardware.

2 Injecting Samples

This chapter describes the most common ways of getting the
sample into the GC.

3 Separating Components

The column separates the sample into components. This
chapter tells how this works and how to use it.

4 Detecting Components

This chapter describes three common GC detectors.

5 Interpreting Chromatograms

The final chapter discusses how to identif peaks and how to
determine the amounts of each component.

3
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Gas chromatography eGC) is a laboratory technique that
separates mixures into individual components. It is used to
identif components and to measure their concentrations.
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1 What Gas Chromatography Is

A Separation in Time

10

Rather than a physical separation esuch as distilation and

similar techniques), GC creates a time separation.

It does this by passing the vaporized mixure (or a gas) through
a tube containing a material that retards some components
more than others. This separates thc components in time. Mter
detection, the result is a chromatogram eFígure 1), where each
peak represents a different component of the original mixre.

The appearance time can be used to identif each component;
the peak size eheight or area) is a measure of the amount.

Figure 1 A typical chromatogram

Fundamentals of GC
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What Gas Chromatography Is 1

The System

A gas chromatographic system consists of:

· A regulated and purified carrier gas source, which moves the
sample through the GC

· An inlet, which also acts as a vaporizer for liquid samples

· A column, in which the time separation occurs
· A detector, which responds to the components as they occur

by changing its electrical output

· Data interpretation of some sort

This is summarized in Figure 2.

Sample

Figure 2 A chromatographic system

Fundamentals of GC 11
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1 What Gas Chromatography Is

The gas source

The carrier gas must be pure. Contaminants may react with the
sample or the column, create spurious peaks, load the detector
and raise baselines, and so on. A high-purity gas with traps for
water, hydrocarbons and oxygen is recommended. See Figure 3.

Tank valve

I

Two-stage regulator

On/off valve

Moisture trap

(r=CO=-~ -
Hydrocarbon trap

Oxygen trapBl ~Tank

: I
U

Figure 3 The gas source.

When a house gas supply, rather than separate tanks, is used,
have traps for each GC and place them as close to the back of
the instrument as possible.

The inlet

The inlet introduces the vaporized sample into the carrier gas
stream. The most common inlets are injection ports and
sampling valves.

12 Fundamentals of GC
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What Gas Chromatography Is 1

Injection ports

Handle gas or liquid samples. Often heated to vaporize liquid
samples. Liquid or gas syringes are used to insert the sample
through a septum into the carrier gas stream. The principle (not
a real design) is shown in Figure 4.

Syringe

To column

Septum

From gas source

Needle

Figure 4 Injection port

Sampling valves

The sample is flushed from a loop which is mechanically
inserted into the carrier gas stream. Different valves are used

for liquids and gases, because sample volumes are usualy quite
different. The principle enot a real design) is shown in Figure 5.

Figure 5 Sampling valve

Fundamentals of GC 13
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1 What Gas Chromatography Is

The column

The detector

14

Sample valves are often connected to an inlet, especially the
split/splitless inlet in the split mode.

The separation happens here. Because the column tye is

selected by the user, many different analyses can be performed
using the same equipment.

Most separations are highy temperature-dependent, so the
column is placed in a well-controlled oven. See Figure 6.

Column

Oven

Figure 6 The column and oven

The gas stream from the column, which contains the separated
components, passes through a detector. The output from the
detector becomes the chromatogram. See Figure 7.

From column u~ ~

Chromatogram

Figure 7 The detector

Fundamentals of GC
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What Gas Chromatography Is 1

Several detector tyes are available, but all perform the same
tasks:

· Produce a stable electrical signal ethe baseline) when pure
carrier gas eno components) is in the detector.

· Produce a different signal when a component is passing
through the detector.

Data reduction

Measurement

The chromatogram leaves the detector as an electrical signaL. It
can be:

· Recorded on a strip chart recorder
· Processed by a digital integrator
· Processed by a computer-based data system

A strip chart recording must be measured to determine the
peak times and sizes. Integrators and data systems perform
these measurements directly. They are strongly recommended
because of their reproducibilty and sensitivity.

Calculation

The list of times and sizes must be converted to component
names and amounts. This is done by comparison to times and
responses of known samples ecalibration samples). This can be
done manually, but for speed and accuracy, a data system is
best.

Instrument control

Some data systemjGC combinations also provide direct control
of the GC by the data system computer. This allows the creation
of stored methods, which are invoked as needed, and permits a
high degree of analysis automation.

Fundamentals of GC 15
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Some samples are already gases esuch as room or outside air,
heating gas, etc.) and can be injected directly using either a gas
syringe or a gas sampling valve.

Most samples are liquids and must be vaporized in order to be
analyzed by gas chromatography. This is usually done with a
heated injection port in combination with either a liquid
syringe or liquid sampling valve.

'. : .
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2 Injecting Samples

Injection Ports

Packed port

18

The design and choice of injection ports depends on the column
diameter and tye. The column tyes, packed and capilary, are
described in the next chapter.

Packed columns and wide-bore capilary columns use the

packed port; narrow-bore capilary columns use the
splitlsplitless port.

The packed port was developed for packed columns. Removable
liners adapt it for the specific column diameter, usually either
1/8- or 1/4-inch. A tyical design is shown in Figure 8.

When wide-bore capilary columns appeared, liners were
created to allow their use with the packed port. These columns
have sample capacities similar to packed columns.

Inlet
flow
control

Septum nut
with septum

Septum
purge
control

-
To column

Figure 8 Packed injection port

The sample is injected with a syringe inserted through the
septum into the carrier gas stream. The heated port vaporizes it
(if it is a liquid) and the carrier gas sweeps it into the column.

Fundamentals of GC
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Injecting Samples 2

Split/Splitless port

The splitjsplitless port, used with capilary columns, has two
operating modes.

Split mode

Capilary columns have low sample capacities. Very small
sample sizes, usually much less than a microliter, must be used
to avoid overloading the column.

It is very difficult to handle such small sample sizes. The split
mode provides a way to inject a normal-size sample, vaporize it,
and then transfer only part of it to the column for analysis. The
rest is vented to waste.

A tyical splitjsplitless port in split mode is shown in Figure 9.

Inlet
flow
control

Septum nut
with septum

Septum
purge
control

Figure 9 Split mode

Fundamentals of GC 19
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2 Injecting Samples

The split valve is open and remains that way. The sample is
injected into the liner, where it vaporizes. The vaporized sample
divides between the column (high flow resistance) and the split
vent eadjustable flow resistance).

Splitless mode

This mode is particularly well suited to low concentration
samples. It traps the sample at the head of the column while
venting residual solvent vapor in the inlet to waste.

Two steps are involved:

1 Sample injection

Close the split valve. The carrier flow divides between the
septum purge and the column. The pressure at the head of
the column, and therefore the flow through it, is set by the
split vent control.

Inject the sample. The solvent, the major component, creates
a saturated zone at the head of the column which traps the
sample components.

20 Fundamentals of GC
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Injecting Samples 2

Figure 10 shows the flows at injection in the splitless mode.

Inlet
flow
control

Septum nut
with septum

Septum
purge
control

Liner Split
valve
(closed)

Figure 10 Splitless mode at injection

2 Inlet purge

Mter the sample has been trapped on the column, open the
split valve. The residual vapor in the inlet, now mostly
solvent, is swept out the vent.

The flows are now the same as in the split mode eFigure 9).

Raise the oven temperature to begin moving the components
through the column.

Tliis works well for components with boilng points higher than
that of the solvent. The solvent peak will be large. The oven
temperature profie is used to separate peaks of interest from
the solvent.

Fundamentals of GC 21
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2 Injecting Samples

Splitless mode steps

A successful splitless injection consists of these steps:

1 Vaporize the sample and solvent in a heated inlet.

2 Use a low column temperature to create a solvent-saturated
zone at the head of the column.

3 Use this zone to trap and reconstitute the sample at the head
of the column.

4 Mter all, or at least most, of the sample has transferred to
the column, discard the remaining vapor in the inlet by
opening the split vent valve.

5 Raise the oven temperature to release the solvent and then
the sample from the head of the column.

Starting values

You must experiment to find the optimum parameters. Table i
contains some suggested starting values:

Table 1 Splitless mode inlet parameters

Parameter Suggested starting value
Oven temperature 10°C below solvent boiling point

Oven initial time ~ Split vent valve open time

Split vent valve open time Liner volume x 2 / Column flow rate

Injection technique

Each peak begins as part of a region of vaporized sample
surrounded by carrier gas. This width of this region broadens
by diffusion while the peaks are in the column. No peak can be
narrower than the initial region.

22 Fundamentals of GC
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Injecting Samples 2

Since it is much easier to separate narrow peaks than broad
ones, the width of the initial region must be minimized. The
ideal injection is:

1 Fil the syringe and adjust the amount.

2 Push the needle through the injection port septum as far as it
will go eport designers assume that you wil do this).

3 Press the syringe plunger quickly.

4 Immediately withdraw the needle from the port.

The important parameter is speed. Any hesitation leads to
increased region width.

A skilled operator can achieve 3 to 4% repeatabilty in sample
size, provided he uses the technique described. Mechanical
devices that limit the syringe plunger travel can improve on this.

Avoid techniques in which the sample is trapped between two
air bubbles. This requires you to make two estimates and
doubles the error in sample size.

Benefits of automatic injection

Automatic injectors provide a solution to the injection problem.
They make highly reproducible injections. Because of this, they
often permit a simpler calculation of peak amount e external
instead of internal standard).

If part of an automatic sampler e equipped with a sample tray
and connected to a data system), fully automated analyses
become possible.

Fundamentals of GC 23
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2 Injecting Samples

Valves

24

Gas sampling

Liquid sampling

A gas sampling valve consists of a sample loop and a means of
shifting it in and out of the carrier gas stream.

A common form of the mechanism is shown in Figure 1 i.

Carrier in

To column

Sample in

Sample out
Loading the loop

Figure 11 Gas sampling valve

Injecting the sample

Sample size is determined by the sample loop. This is
replaceable, so that a single valve can provide a variety of highly
reproducible sample injection sizes.

The principle is the same as for a gas sampling valve. Because a
liquid sample requires a much smaller volume, the "loop" is part
of the valve structure and is not replaceable.

To change sample size, you must replace the entire valve.

Fundamentals of GC
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Injecting Samples 2

Inlet Temperature

Gas samples

For gas samples, the inlet does not have to vaporize anything so
the inlet does not have to be heated.

However, most chromatographers prefer to heat the inlet to
ensure that nothing condenses in it. A temperature of LOO°C is

often used.

Liquid samples

Liquid samples require. a heated inlet. The temperature must be
high enough to vaporize the sample but not so high that
degradation occurs.

Hot enough Start with the solvent boilng point and examine
the peaks. If they are all about the same shape ethe sizes wil
düfer), the inlet is probably hot enough. If the later peaks show
excess broadening, raise the inlet temperature about lOoC to
see ü the shapes improve.

Too hot If you have more peaks than components and Ü they
are poorly formed, suspect degradation problems.

Degradation in the inlet creates peaks whose size depends
strongly on inlet temperature. To detect this, make a second
analysis at a slightly lower temperature. Compare the peak
sizes; any significant change could indicate degradation in the
inlet.

Fundamentals of GC 25
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The separation of a mixure into individual components occurs
in the column. Many columns are available to separate
mixtures. The choice depends on the nature of the mixure and
the kind of information desired. However, all columns function
using the same basic mechanism.
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..... Agilent Technologies 27

GDC00564



3 Separating Components

How a Column Separates Components

This is a cross-section of a column containing a two-component
injected sample (the colored dots). There is no packing or
coating; the column is just an empty tube (Figure 12).

Q. ... Q .
Q . Q.

Carrier gas flow

..

Figure 12 An uncoated column

If we look again a few seconds later, the appearance has
changed (Figure 13).

9

.. ... .;¡ ..

Figure 13 A few seconds later

The "sample" has moved to the right because of the carrier gas
flow. It has broadened because of the concentration difference
between the sample and the pure carrier gas surrounding it.

The components are stil mixed.

Now we add a thin coating of a high-boilng substance on the
inside surface of the column and repeat the experiment
(Figure 14).

~
1& $ 1&

. 11 ..
I

Carrier gas flow

.. ~
Figure 14 A coated column
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Separating Components 3

We can use any coating we wish. In this case, we select one that
dissolves the blue-dot component but not the yellow-dot
component.

The blue-dot component distributes itself between the coating
and the gas. The yellow-dot component stays in the gas phase.

When we examine the column a few seconds later, we find this:
Figure 15.

"'"._-~ __M~ mm=m

. .. .
GO 1&

-=
Figure 15 A few seconds later

The yellow-dot component is not attracted to the coating. It
moves through the column at the speed of the carrier gas and
wil emerge first.

The blue-dot component divides its time between the stationary
coating and the carrier gas. It travels through the column at a
slower speed and will emerge later.

The sample has begun to separate into two peaks.

The basic principles of chromatography

. When a vaporized component is presented with a gas phase
and a coating phase, it divides between the two phases
according to its relative attraction to the two phases.

· The "attraction" can be solubilty, volatilty, polarity, specific
chemical interaction, or any other property that differs from
one component to another.

· If one phase is stationary (the coating) and the other is
moving (the carrier gas), the component wil travel at a speed
less than that of the moving phase. How much less depends
on the strength of the attraction.

· If duferent components have different "attractions", they wil
separate in time.

Fundamentals of GC 29
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3 Separating Components

Column Types

Capilary columns

A capilary column is an open tube with the stationary phase
coated on its inside surface. There is no packing.

These columns range from about 0.1 to 0.5 mm inside diameter.
A tyical column length is 30 m. See Figure 16.

Coating on inside surface

Figure 16 A capillary column

Capilary columns produce very narrow peaks. This allows the
separation of very complex mixures. For example, a tyical
automobile fuel yields between 400 and 500 peaks.

These columns, when made with fused silca tubing, are very
inert. Duficult samples such as mercaptans, which tail severely
on metal or glass columns, separate to the baseline on such
columns.

Capilary columns require smaller samples than packed
columns. A special inlet, see "Split/Splitless port" on page 19,
allows a convenient-sized sample to be divided before it enters
the column.

Packed columns

In a packed column, the stationary phase is coated on a
finely-divided inert material to maxmize its area and minimize
its thickness. The coated material is then packed into a metal,
glass, or plastic tube. See Figure 17.

30 Fundamentals of GC
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Fundamentals of GC

Separating Components 3

Most metal packed columns are either 1/8- or 1/4-inch outside
diameter. Glass columns are generally 1/4-inch outside
diameter, but the inside diameter varies to produce the
equivalent of the two metal column sizes.

Coating on packing

Figure 17 A packed column

Packed columns have high sample capacity, a necessity with
older, less sensitive detectors. However, with modern
high-sensitivity detectors, this advantage has vanished. Packed
columns are stil useful for gas samples, but capilary columns
offer better resolution for most liquid samples.

Possible tubing materials include:

· Stainless steel-durable, but a relatively reactive surface may
cause component loss or peak tailng.

· Glass-fragile, and usually requires treatment to deactivate
the surface.

· Fused silca-used only in capilary columns, inert and
robust, the preferred material for most uses.
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3 Separating Components

Column Characteristics

The purpose of a column is to produce narrow, well-separated
peaks from a multi-component sample. These two purposes are
not entirely separate.

Column efficiency

A high-efficiency column produces narrow peaks. See Figure 18.

Low efficiency

Figure 18 Column efficiency

High èfficiency

Efficiency is determined by the column construction (small
tubing diameter and thin stationary phase layer is best) and by
the carrier gas flow rate.

See Table 2 for recommended flow rates.
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Separating Components 3

Table 2 Recommended carrier flow rates

Carrier flow rate. mLlmin

Type

Packed

Diameter Hydrogen Helium Nitrogen

1 18-inch od 30

60

30 20

Packed

Capillary

1/4-inch od 60 50

0.05 mm id 0.2 to 0.5

0.3 to 1.0

0.1 to 0.3 0.02 to 0.1

Capilary O.lmm id 0.2 to 0.5 0.05 to 0.2

Capilary 0.2 mm id 0.710 1.

1.2 to 2.5

2 to 4

5 to 10

0.5 to 1.2

0.7 to 1.

1.2 to 2.5

0.2 to 0.5

0.3 to 0.6

0.4 to 1.0

Capillary

Capillary

0.25 mm id

0.32 mm id

Capillary 0.53 mm id 3to 7 1.3 to 2.6

In each range, the lower value is close to optimum for the
carrier gas and column combination. The higher value speeds
the analysis without sacrüicing very much efficiency.

Even higher flows, above the range given, can be used when
separation is great or a shorter column is used. Flows below the
range given increase analysis time and may cause an abrupt loss
of efficiency.

Flow in packed columns is usually controlled using mass flow
controllers. Capilary columns, because of the very low flow
rates, are usually pressure-controlled.

Some GCs provide electronic pneumatic control (EPC). Such
instruments allow setting flows from a keyboard and reading
them on a display.
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3 Separating Components

Column resolution

A high-resolution column separates peaks down to the baseline.
This is much easier if the peaks are narrow (the column is
effcient).

A small change in flow rate can have an appreciable effect on
resolution.

Combining the mathematical definitions of efficiency and
resolution yields an important result:

Column resolution is proportional to the square root of
column lengt.

This means that increasing column length is not an effective
way to improve resolution. Doubling the column length doubles
the analysis time (and the column cost) but only increases
resolution by about 40%.

Column selectivity

This is a less clearly defined property of the stationary phase.
Essentially, it is how well a phase duferentiates between two
compounds. Low selectivity-they elute together. High
selectivity-the peaks separate.
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Capilary or Packed?

Fundamentals of GC

Separating Components 3

Both have their places. Here are some of the considerations.

· Gas analyses are usually done using packed columns. They
have the sample capacity to accommodate the rather large
gas samples. Common packings for gas analysis include:

· Molecular sieve-oxygen, nitrogen, helium, hydrogen, CO2,

CO, methane, etc.

· Alumina-propane and up.
. Porapaks-ethane, butane, CO2, etc.

Some, but not all, of these can be used in capilary columns.

· Capilary columns have higher resolution than packed
columns. Even with little selectivity, an adequate separation
is often obtained.

· One capilary column can perform a variety of analyses that
might require a collection of several packed columns to
achieve.

· Useful stationary phases for both capilary and packed
columns include:

. Methyl silcones-non-polar to moderately polar

· Phenyl methyl silcones (5 to 50% phenyl)-olefins,
aromatics, to moderately polar

· Carbowax (polyglycol)-acids, very polar
· The high resolution of capilary columns often permits

trading resolution for time. Since resolution depends on the
square root of length, an excellent capilary column can be
cut into two very good capilary columns with only a minor
loss in resolution. Analysis time is reduced to one-half
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3 Separating Components

Column Temperature

Isothermal oven

36

The stationary phase (coating) in the column has a preferred
temperature range.

· The minimum temperature is usually a melting point. Below
this, you are doing gas/solid chromatography; above it, you
are performing gas/liquid chromatography. Results can be
quite düferent.

· The maximum temperature is usually related to a boilng or
degradation point.

Columns are mounted in a temperature-controlled oven because
separations are highy temperature dependent.

The oven temperature can be isothermal or programmed. See
Figure 19.

Temperature Programmed

Isothermal

Time

Figure 19 Oven temperature

This is the simplest way to run the oven. The oven remains at
the same temperature throughout the analysis. It has
advantages:
· The oven is always ready for a sample analysis.

· There is no recovery time between analyses.

Fundamentals of GC
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Separating Components 3

And disadvantages:

· Samples with a wide range of component times take a long
time to run.

· Because peaks broaden with time, later peaks may be
düficult to detect or measure.

Programmed oven

The oven temperature changes, usually upward, during the
analysis. The advantages are:

· Analysis time is reduced.

· Peak shapes are constant throughout the run, making
detection and measurement easier.

The disadvantages are:
· Components are subjected to higher temperatures than with

an isothermal oven. This could cause degradation of sensitive
components.

· The oven must cool to the starting temperature between
runs. This cancels part of the time gained.
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The three detectors described in this chapter do most of the GC
work. They are augmented by others (see Table 3), mostly
element-specific or mass-selective, which are not described in
detaiL.

Table 3 Some other detectors

Name Uses
Nitrogen-Phosphorus Detector (NPD) Nitrogen- and phosphorus-containing

compounds

Flame Photometric Detector (FPD) Sulfur- and phosphorus-containing
compounds

Atomic Emission Detector (AED) Tunable for many elements

Mass Selective Detector (MSD) Identify components from mass

spectra; when combined with GC. the
most powerful identification tool
available

......... ....
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4 Detecting Components

Thermal Conductivity (TCD)

All gases conduct heat, but hydrogen and helium are, by far, the
best thermal conductors (see Table 4). When either of these is
used as the carrier gas, anything else that may be present
causes a decrease in the thermal conductivity of the gas stream.

This change can be measured and used to create a
chromatogram.

Table 4 Thermal conductivities of gases relative to hexane

Gas Relative thermal conductivity
Carbon tetrachloride 0.44

Benzene 0.88

1.00Hexane

Argon 1.04

Methanol 1.10

Nitrogen

Helium

1.50

8.32

Hydrogen 10.68

Since the TCD operates on thermal conductivity düferences, it
is clear that hydrogen or helium are the preferred carriers.

How it works

When a voltage is applied to a fiament, it heats up. The
steady-state temperature depends on the applied voltage, the
resistance of the fiament, and the rate at which the fiament
loses heat to its surroundings.

If a fiament is immersed in a gas stream, any change in the
thermal conductivity of the gas causes a change in fiament
temperature. This changes the resistance of the fiament.
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Filament

Reference gas -

Makeup gas-

Column

Figure 20 Thermal conductivity detector

Fundamentals of GC
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Early TCD designs used four fiaments connected as a

Wheatstone bridge. The column effuent flowed over two
opposite fiaments; pure carrier gas (the reference) flowed over
the other two. When a component appeared, the bridge became
unbalanced.

A modern TCD design is shown in Figure 20.

Vent

S'iitching
valve

o~
This detector uses a single fiament. A rapid switching valve
causes it to sample the carrier effluent and a reference gas
alternately. If the two gas streams are identical-no component
present-the fiament resistance does not change when the

gases switch.

However, when a component enters the detector, the fiament
temperature drops when the column flow is switched in arid
then recovers when the reference gas is switched in. The
electronics senses this change and adjusts the power to the
fiament to keep the temperature constant.

The power demand curve amplitude depends on the thermal
conductivity difference between the column flow (when a
component is present) and the reference gas.
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4 Detecting Components

Flame Ionization (Fin)

How it works

An air/hydrogen flame creates very few ionized particles.
However, if a carbon-containing material enters the flame, ion
production increases.

The carrier gas from the column mixes with hydrogen and is
burned in air. The FID uses two electrodes, one of which is often
the jet where the flame burns, and a polarizing voltage to collect
the ions from the flame.

When a component appears, the collected current rises. After
amplification, the current creates the chromatogram.

The FID responds to anything that creates ions in a flame,
which is essentially all organic compounds (there are a few
exceptions).

A general FID design is shown in Figure 21.

Air
Electrode

Flame

Hydrogen -

Makeup gas-

Figure 21 Flame ionization detector
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Electron Capture (ECD)

How it works

Detecting Components 4

The electron capture detector has found wide use in
environmental work because of its very high sensitivity to
halogen-containing components, which include most herbicides
and pesticides.

A radioactive isotope, usually 63Ni, in the detector cell emits
beta particles. These collde with carrier gas to create showers
of low-energy free electrons. Two electrodes and a polarizing
voltage collect the electrons as a current.

Some molecules can capture low-energy electrons to form
negative ions. When such a molecule enters the cell, some ofthe
electrons are captured and the collected current decreases.
Afer processing, this signal creates the chromatogram.

One form of the ECD is shown in Figure 22.

Anode gas -

Vent

63Ni plating

Makeup gas-

()
Figure 22 Electron capture detector
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The ECD is quite specüic, responding strongly to anything that
captures electrons and poorly to everything else. Some relative
responses are listed in Table 5.

Table 5 ECD sensitivities to selected compounds

Compound Response relative to benzene = 1
Benzene

Toluene 3
Acetone 8
2,3-Butanedione 800,000

n-Butanol 17
Chlorobenzene 1,200

Bromobenzene 7,600

1-Chlorobutane 17

1-Bromobutane 5,000

1-lodobutane 1.500,000

1.000,000Chloroform

Carbon tetrachloride 6,600,000

Fundamentals of GC
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The chromatograph produces a signal that varies with time.
When plotted, it produces the familar chromatogram
(Figure 23).

r-

~
,

Figure 23 A typical chromatogram

The chromatogram can be converted into a list of peak times
and sizes by either manual or electronic means.

Fundamentals of GC
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Peak Measurements

Retention time

Peak size

Fundamentals of GC

Interpreting Chromatograms 5

Two basic measurements can be made on a peak:

· The time after injection when the peak is detected

· The size of the peak

The appearance time, measured from injection to detection, is
the sum of two parts:

· The plumbing time-how long it takes for the carrier gas to
pass through the column. It is measured by injecting air or
some other non-interacting substance.

· The retention time-the additional time caused by the

component's interaction with the stationary phase in the
column.

For most purposes, the plumbing time is ignored and the
retention time is taken as the appearance time.

Size can be measured either as peak area or peak height, both
measured relative to a constructed baseline.

The baseline under the peak cannot be measured directly. It
must be constructed from the baselines on either side of the
peak.

This is simple with well-separated peaks. It is much more
düficult when peaks are merged, on the trailng edge of a
solvent peak, or otherwise less than ideaL. For this reason, time
spent improving the peak separation is time well spent.

Peak height

This is the simplest measurement, requiring only a ruler. It is
the vertical distance from the top of the peak to the baseline.

47
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5 Interpreting Chromatograms

Peak area

This is the area enclosed by the peak signal and the baseline
under it. It is best measured by electronic means.

The two size measurements are shown in Figure 24.

Measured baseline

Figure 24 Measuring a peak

Integrators and data systems

Integrators excel at measuring peak areas or heights and peak
retention times. They make the conversion of a curve (the
chromatogram) into a table (of times and sizes) very simple and
reproducible.

Data systems offer the same advantages and considerably more.

· A software integrator is more flexible than that in a
hardware integrator.

· Data can be reprocessed using different integration and
calculation parameters without re-injecting the sample.

· Systems perform the fundamental calculations described in
this chapter, often with more sophisticated features.

· Systems produce user-designed formatted reports.
· Peak calibration becomes a very simple process.

· Both single- and multi-level calibrations are possible.

· Raw and processed data can be archived for later use.

· Systems process data from multiple GCs at the same time.
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Component Identity

Fundamentals of GC

Interpreting Chromatograms 5

Because many compounds may elute at the same (or nearly
same) retention time, gas chromatography by itself does not
usually provide identification of a totally unknown sample.

However, it is a very powerful tool when the problem is more
constrained. GC patterns can be compared to identify samples
that have a high probabilty of being the same. For example,
crude oil from a tanker can be compared to an oil slick on the
ocean to determine ü that tanker was responsible for the spil.

GC is quite useful for eliminating possibilties. If you know
from previous experiment that iso-octane appears at
1.9 minutes, then the unkown peak at 1.5 minutes is definitely
not iso-octane. But what is it?

Fortunately, you do not have to consider the entire universe of
chemical compounds. Sample information limits the list of
possibilties. For example, you would not expect to find
streptomycin in a paint sample.

When a tentative peak identüication has been made, it should
be confirmed by repeating the analysis using a column that
separates on a different basis. If a component has the right
retention time on a boilng point column (methyl silcone) and
on a polarity column (polyglycol), the identification is probably
correct.

GC is especialy useful in problems where the expected
components are known and quantitation is required. GC wil
also usually detect the presence of unexpected components (as
extra peaks).

Finally, GC can be connected to mass spectrometers or other
selective detectors to provide additional data needed for
positive identification of unknown components.
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Component Amount

Uncalibrated calculations

A detector produces a signal while carrier gas is passing
through it. If there is no component at the moment, the signal is
the baseline. When a component appears, the signal increases.

The area between the projected baseline and the signal, while
the component is passing through, is the peak area. The
maxmum vertical distance between the signal and the
projected baseline is the peak height.

An integrator or data system handles the sometimes very
difficult task of drawing the projected baseline, then measures
the peak areas and heights. The results are the Measured
Responses (MR).

Area and height percent

Each peak is expressed as a percent of the total measured area
or height in the run.

The detector is assumed to be equaly sensitive to all
components. Equation 1 shows the calculation.

Amount of peak n =

(MR of peak n / Sum of all MRs in the run) x 100 (1)

Advantages

· Fast setup, since no calibration is needed.
· Moderate sample size variation does not affect results.

Disadvantages

· All peaks must be detected.

· Any peaks not detected or not flushed from the column
reduce the sum of MRs. This causes overestimation of all
measured peaks.
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Uncalibrated calculations do not correct for component
sensitivity differences. This tends to overestimate the early
peaks.

Common uses

· Generating a list of responses and retention times for
building a calibration table.

· Analyses where the purpose is fast, reproducible results to be
compared with preset limits.

· Useful in process monitoring, product release testing, etc.
· Not useful when absolute accuracy is important.
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Calibrated calculations

52

If Area% and Height% are not adequate, the calibrated
calculations use data from standard analyses to create
individual peak calibrations.

The simplest calibration is the Response Factor, which is
calculated by dividing the known amount of a component by the
size of the peak it produces.

Graphically, it is the slope of a plot of component amount versus
peak size, as shown in Figure 25.

Peak A

Component
amount

Peak size

Figure 25 Response factors

Response Factors can be determined by analyzing a single
standard mixure containing all of the components to be
calibrated.

However, the Response Factor approach makes two important
assumptions:

· The amount/size line passes through the origin.
· The amount/size line is straight.

For a trustworthy calibration, both assumptions must be
demonstrated experimentally. If the line is really straight and
really does pass through the origin, then the response factor is
valid.

Fundamentals of GC
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In Figure 25, Response Factors can be used for peaks A and B,
but not for peak C. The two forms of calibration correction are
shown in Equation 2 and Equation 3.

For Peaks A and B:
CR of peak = MR of peak x Response Factor of peak (2)

For Peak C:

CR of peak = C:Response Curve amount~ of MR of peak(3)

Peak C can only be corrected by using the entire calibration

curve. This is laborious by hand, but is easily done using a data
system.
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Normalization

54

The normalization percent is similar to Area% and Height%, but
uses Corrected Responses instead of Measured Responses, as
shown in Equation 4.

Amount of peak n =

(CR of peak n / Sum of all CRs in the run) x 100 (4)

Advantages

· This calculation corrects for component sensitivity
differences, which yields more accurate results for early
peaks.

· Moderate sample size variation does not affect results.

Disadvantages

· The method must be calibrated.

· All peaks must be detected. Any peaks not detected or not
flushed from the column wil reduce the sum of CRs. This
causes overestimation of all measured peaks.

· All peaks must be identified and calibrated to achieve the
highest accuracy. Unknown (and therefore uncalibrated)
peaks reduce the absolute accuracy of the calculation.

Common uses

· Provides very accurate results if there are no high-boilers to
worry about.
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External standard

The great advantage of external standard is that only the peaks
of interest need to be calibrated. The calculation is very simple;
see Equation 5.

Amount of peak n = CR of peak n (5)

Advantages

· Only the peaks of interest must be calibrated.
· Only the peaks of interest must be eluted and measured.
· Each calibrated peak is computed independently.

Disadvantages

· Peaks of interest must be calibrated.

· The calculation assumes that instrumental drift is negligible.
Known check samples must be run regularly to confirm this.

· Constant sample size is essential, since this is an absolute
(rather than relative) calculation. This is very difficult to
achieve using manual injection. In practice, a gas or liquid
sampling valve or an automatic liquid sampler is a necessity.

Common uses

Gas analyses using a sampling valve. As instrument stabilty

improves, and with the help of automatic injection devices to
ensure constant sample size, ESTD is takng over many analyses
that formerly required ISTD.
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Internal standard

56

Internal standard provides independent calculation of each
calibrated peak. It also corrects for variation in sample size,
instrument drift, and other factors.

ISTD is considered the most accurate chromatographic
calculation, although ESTD with modern equipment is rapidly
improving.

The basic calculation is shown in Equation 6.

Amount of peak n =

(CR of peak n / CR of 1810 peak) x Amount of 1810peak (6)
The quantity Amount of 1810 peak is a known amount of the
internal standard compound that is added to each sample
before analysis.

This is generally considered to be the most accurate of the
calculations.

Advantages

· Only the peaks of interest must be calibrated.

· Only the peaks of interest must be eluted and measured.
· Each calibrated peak is computed independently.
· Minor variation in sample injection size does not affect

results.

· Minor instrumental drüt does not affect results.

Disadvantages

· Peaks of interest must be calibrated.

· A known amount of an internal standard substance must be
added to every sample.

Common uses

Liquid sample analysis where high accuracy is required.
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Note

The term internal standard has come to have two slightly
düferent meanings:

1 ISTD was originally developed to compensate for differences
in manual sample injection size. To do this, the internal
standard was added to the ready-to-inject sample after any
sample workup (distiling, extracting, etc.) was completed.
The main requirements for the internal standard were that it
not be present in the original sample and that it produce a
well-defined peak that is well resolved from the sample
peaks. It did not have to be chemically similar to the sample
components.

2 In many biochemical and related applications, the internal
standard is added to the raw sample before sample workup.
In this case, it must be chemically similar to the sample so
that it wil be affected by the workup steps in much the same
way. Now the internal standard is being used to correct for
two different things: variation in percent recovery during
workup and sample size differences in the injection. This is
not possible with a single standard. By precisely controlling
the sample workup process and experimentally confirming
that percent recovery is highly reproducible, that source of
error can be reduced to an acceptable leveL.
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Commonly Practiced Quality Control and Quality Assurance
Procedures for Gas ChromatograpbylMass Spectrometry

Analysis in Forensic Urine Drug-Testing Laboratories

REFERENCE: Goldberger BA Huests MA. Wilkns DO: Commonly practiced quity contrl and quality
assurance procedurs for gas chromatography/mass spectrometr analysis in forensic urine drg-testing laborato-
ries; Forensic Sci Rev 9:59; 1997.

ABSTRCT: Forensic urine drug-teting laboratones operate in a precrbe scientific an administrative maner
10 ensure accurate te results. All specimens positive by an initial immunoassay test must be confrmed by gas
chromatography/mass spectrometr (GeIMS). To provide adquate contrl and verification of these analytical
process, laboraories must implement appropriate policies and proceures to be used in routine practice. Tl
review desbes the following topics regarding GCJS anyses: method validation, instrument perfonnance,
assay calibration. quality contrl, crteria for designating a positive test reult, sample and batch acceptace criteria.
and GC/S data review.

KEWORDS: Accuracy, calibration, carover, gas chrmatography/mass spectrmetr, GCS, internal sta-
dard, laboratory certcation, limit of deteation, Iiuut of quantitation, linearty, precslon, qualty assurce,
quality contrl, sensitivity.

INTRODUCTION

Labratories accredited by the National Laboratory

Certificaton Prgram of the United States Substance .
Abuse and Mental Health Services Administration
(SAMSA, forerly the National Institute on Drug Abuse,
NIA), Deparment of Health and Human Services (HH)
and th College of American Pathologists (CAP) must
perfonn urine drug testing in a prescribed scientific and
administrative marner. Testing of speimens under the
CAP and HHS Guidelines requires initial teting by an
immunoasay, followed by confirmation of all positive
intial test reults by gas chromatography/mass spctrm-
etry (GCIM) (70,72).

To provide adequate control and verification of the
analytical process, laboratories must implement appropri-
ate policies and proedure regarding GCS analysis.
This review is intended to discuss th following topics:
method valdation, instrment perfonnance, assay cali-
bration, quality control, criteria for designating a positive
test result, specimen and batch acceptance criteria, and
GCIMS data review. Although this review focuses upon
those aspects of quality control and quality assurance

pertnentto the regulated drug-testing laboratory, many of
the components specifed below are directly applicable to
any laboratory performing drg testing in biological speci-
mens. Indeed, many of the guidelines reviewed below
have been adapted from recommended practices for phar-
maceutical methods from the Food and Drug Adnunistr-
tion (FA) and the United States Pharmacopoeia (USP),

as well as recommendaiions resulting from a 1988 Ad Hoc
Committee Report to the American Academy of Forensic
Sciences (Toxicology Section) and a 1995 Mass Spec-
trometr and Good Laboratory Practices Workshop orga-

nize by the American Society for Mass Spectrmetr
(9,69,73,74,80).

I. METHOD VALIDATION

A. Asy Characterization

Method development is a process of documenting or .
proving that an analytical method is acceptable for its
intended purpse. For analytical methods to be imple-
mented in laborator-based regulatory drug-testing pro-
gras, the laboratry must be able to demonstrate that the

chosen analytical method has the abilty to provide accu.
rate and reliable data. These data can then be used to
identiy drg presence in a urine specimen according to

pre-established administrative reportng limits (cutoff
concentrtions). Threfore, it is criti cal that the laboratory
identify the key assay charcteristics which it wil validate

prior to implementation of the method into routne use.
Also, the laboratory must clearly define the evaluation
criteria for each of the key assay characteristics it has
selected as part of its validation. It has been suggeste that
at a lInimum, the key assay characteristics to be estab-
lished and evaluated should include: the accuracy, preci-
sion, linearty, specificity, sensitivity, carrover poten tial,
and ruggedes ofthe analytical method (29). Additional
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charcteristics to be evaluated may include: the stabilty
of the analyte under varous analytical and storage condi-
tions,identification an concentraton of the internal
standard(s) for the method, validation of use of paral
(diluted) sample volumes, and estimated recovery of the
analyte from the matrx (18).

Specific evaluation cnteria for method validation
generally accepted by the scientific community for an
analytical method can var depending on the partcular
technique used (i.e., HPLC, GCJS, LCIMS), as well as
its parcular application. Much of the available published
infonnatioo with respect to details of validation protocols,
such as the number of batches to be evaluated, the number
of replicates, and specific acceptabilty criteria. is bas
upon cbemical analyses perfonned on autoanalyzers, or
HPLC systems, rather than GC/M systems (2,18,38,41,
78). Therefore, th application of quality control prin-
ciples to GC/M analysis of urine specimens has been
based largely upon professional consensus, or "generally
acepte laborator practce" in the drug-testing commu-

nity. Ths is in some contrast to a fonnally and expenmen-
taly developed, literature-based approach to implementa-
tion of quality contrl principles to a specific technology.
Neverteless, as individual GCIM methods for drgs of
abuse in urine matrces have been develope and pub-
lished in the literatur, quality contrl principles have
ben selected and applied in a varety of ways to assist in
the validation of methods and increase confidence in the
data that ar obtained.

B. Accuracy and Precision of the Analytical Method

Two of the most important assay charcteristics to be
determned durng methd validation are accuracy and
preison. Together, accuracy and precision detenmne the

error of an analytica measurement. Accuracy alid preci-
sion ar frquently considered together becauselhey are

interdependent in assessing the acceptabilty of a method.
. The accuracy of a method, as used in biopharmaceutical
or drug-testing analysis, refers to the closeness of the
measurd value to the tre value for the sample. More
specificaly, it is a measure of the degree to which a mea
obtaedfroma seris of exprimental observations agrees
with .the "true" or "accepted" value of the quantity to be
measurd. Precision, on the oter hand, refers to the
varabilty of measurements within a set. It is most often
used to demonstre scatter or dispersion between nu-
meric values in a set of measurements that have ben
determined under the same analytc parameters.

The accuracy and/or precision of an assay can be
detennined by comparng test results utilzing laboratory-
prepared standards and controls with those obtained with
an established reference method and/or by analysis of

(352) 331-3892 p.3
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standard referece materials, such as those available fr

the N aûonal Insûtuteof Standards and Technology (NSn
and CAP (3,17,22.23.66). Seconda checks may involve
reanalyses of performance test speimens and comparson
of laboratory results with taget means obtained via alter-
nate methods already known to be accurate. (Reanalysis
of performance test samples, however, may be prohibited
unless the laboratory has obtained prior approval frm the
submittg agency.)

Accuracy is generally expressed as the percentage
difference from the actual value (%DFA) as shown below:

%DFA = ((Mea - Spiked) I Spiked) x 100

An alternate way to determne accuracy is to deter-
rIne whether the measured mean value is statistically
different frm the actual value using a t-test at 95%
confidence (37). The assessment of accuracy must be
carred out on mean values which have been calculate

from replicate measurements of reference materials con-
taining. known concentration of analyte. At a minmum,
triplicate measurements are necessar to establish a single
mean value and standard deviation (SD) for any single
target concentration. Durig validation of the assay, it is
generally accepted practice to assess accuracy at two to
three different concetrations of analyte.

The specific concentrtions used for the accuracy

evaluation are selected to test accuracy across the range of
the standard curve (calibration curve) of the assay. It has
recntly been recommended that accuray be assesse

using a minimum of9 determnations over a minimum of
three concentrtions (e.g., 3 concentrations with 3 repli-
cates each) (65,68). Other authors have recommended a
minimum of 36 determnations over a minimum of 6
concentrations (e.g.. 6 concetrations with 6 replicates
each) (78).

As stated earlier, the aceptabilty critera for accu-

racy and precision for an assay should be preselecte by
the laboratory. Generally, accurcy accptabilty ranges
in forensic urne drg-testing laboratories do Dot excee
20% (by convention) of the target concentration. Many
laboratores routinely use lower rages, such as 10%. It
should be noted that the acceptable accuray range se-
lected for initial method validaton may differ fr that
selected for routine use (batch accptance criteria). For
example, a laboratory may reuire that accuracy be within
10% of the known concentration during method valida-
tion, and then choose to increase the acceptale range to
20% for routine daily analysis to accommodate both
random and systematic err (38).

Precision of an analytical method is usually assessed
in two ways: analysis of multiple measurments dwing a
single analytical ru (within-run precision) ami analysis
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of single, or mean, measurements over many runs (be-
tween-run precision). Precision is expressed as the per-
centagerelative standard deviation (%RSD), also referrd
to as the coeffcient of vanation (CV), as shown below;
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the dependent varable is respnse (Y), i.e., the vàlue
determined by the value of the independent varable.

Recommendations for linearty studies ar noted below;
issues with respect to acceptability of daily assay calibra-
tion (range) are considered in a subsequent section of this
paper.

In practice, linearty should be established via visual
evaluation of a plot of signals (response) as a function of
anlyte concentration. If a linear relationship appears

probable by inspec tion of such a plot, test results should be
evaluated by an appropóate statistical method, such as the
method of least squares regression (6,7,29). Other statis-
tical approaches must be clearly justified by the labora-
tory. Data from the. regression line, such as the corrlati on
coffcient (r), coffcient of detennination (R2), slope,

and residual sum of square, can also provide usefu
mathematical estimates of the degree oflneanty obtained
with the analytical method. In addition, since it is not
uncommon to expet an incrase in variance as a fucton
of concentrtion, it may be more appropriate to pedorm a
weighted (rather than unweighted) regression analysis to
improve accuracy at the lowest concentrtions studied (8~.

Durig initial method validation, the laboratory typi-
cally analyzes a series of standards (calibrators) that have
been prepard at known concentrations of anlyte. Data
are plotted and analyzed as just described to determne the
uppe and lower boundaries oflnearty. A frquently used

critenon for determning the upper and lower boundar
limits in the pharaceutical industr is the point at which
the slope of the line deviates from the overall slope by not
more than 5% (20). However, this recmmendation is not
originally based upon GClS analysis. An alternative is
to "reverse calculate" th individual concentratons of
each standard using the generated regression line an
detennne whether each is in compliance with the accep-
tace criteria established for evaluation of qualty contrl
samples (e.g., such as :t0% of the target value). Outliers
may be identified as those concentrtion of analyt at

either extrme (high or low) which ar outside the 20%
criterion. Acceptable linearty, therefore, is demonstrated
when the correlation ooeffcient exceeds a defined value,
SUCR as 0.990, and quantitative ooncentrationof each polit

falls within :t20% of the target value. Th discussion
regarding evaluation criteria for linearty can be found in
Section II.

The laboratory uses this infonnation to establish the
range, or concentraton interval, which will routinely be
used for analysis of samples. Validating the method over
a wider range than that used in daily practice provides
increased confdence that the routine stadard concentra-
tions ar well removed from nonlinear response concen-

trations. If the laboratory elects to perfonn the lineanty

%RSD = (Standard deviation I Mean) x 100

Withn-run precision can be considered a measure of
the preision of an analytcal method under optimal con-

ditions. The beween-run precision, however, is likely to
be a better representation of the precision one might
observe during rotine pedomiance of the assay because
these data ar generally subjected to a grater number of
sources of variability. The lower the calculated CV. the
greater the prision of the assay. Precision of an assay at

concentrations below, at, and above the assay cutoff

concentration can be detennned by repeated analyses of

qualty control samples on ~ within- iid betwe~-~atch
basis. One approach to assessmg between-run preision of
the method is to perform triplicate measurements on thre
separate concentrations of analyte, across three separate
analytical bathes. Subsequently, the laboratory evaluates
the acceptabilty of the precision of the method using a
criterion selected a priori. Generaly, within-run and
between-run coeffcient of variation values of .:15% are
considered acceptable (2, 18,29,33,78). However. because

greater varabilty is to be ex.peted as analyte concentr~-

tions approach the limit of detecion (LOD) ofthe analyti-
cal method, the laboratory might choose to increase the
acceptabilty criterion to 20% at its lowest measurd
concentrions (37).

Finally, an additional technique for evaluation of
between-run precision data is to apply a one-way analysis
of varance (ANOV A) oftbe data to ensure that results do
not signficantly differ between analyses (37,42).

C. Linearity of the Anytcal Method

The full rae of linearty of a method should be

established durig initial assay characterization and peri-
odicaly therefter with specimens containing drg anytes
over awiderange of concentrations. Further, the practical
range of lineaty, referrd to here as the daily linear rage,
should be documented with every batch based upon data
obtaned with standads and/or contrls (29,65). Accep-
tace criteria for evaluating linearty data must include

review of chromatographic apperance, retention time,
and ion ratio or full-scii spectra matching criteria, for
example. Although some analytical procedures may ~-
quire nonlinear calibration, it is con ventionaJ for forensic
urine drg-testing laboratories to utilze a lin~ar mod~l
and univariate regresson for GC/.MS analysis. In this
model, the independent variable is concentration (X) and
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assessment on more than one occasion, a statistical test of
linearty can be perfonned for each standard curve sepa-

rately using a weighted ANOV A (8,42).

D. Specificity of the Analytical Method - Interfer-
ence Studies

Specifcity refers to the ability of the analytical method
to accurately measure an analyte response in the presence
of all potential sample components. All methods should at
a minimum be investigated for potential interference by
endogenous matii components, as well as common com-

pounds that ar structuraly similar to the analyte of
interest. A complete review of interference studies pub-
lished regarding forensic urine drg-testing analytes is
beyond the scope of this paper; however, some examples
ar provided below to ilustrate general principles.

The potential interferece of endogenous urine com-
ponents with the assay is most frequently assessed by
evaluation of wine specimens from several sources (do-
nors) that are known to be drg-free for the analyte of
interest. Assessment of interference frm strcturally
reLated compounds can be determined by fortfication of
urne with high concetrations (e.g., i mglmL) ofpoten-
tially interfering analytes and cutoff concentrations of
taret analytes, or with conentrations of analytes tbat are
expeted under therapeutic conditions. For example, pos-
sible interference with th measurement of amphetamine
and methamphetamine may occur due to th presence of
sympathomimetic amines such as ephedne, pseudo-

ephedrne, phenylpropanolamine, and phentermine (32).
Furter, intenerence with the measurement of morphine

and codeine due to the presence of opiate metabolites and
synthetic 6-ketoopioids such as dihydrdeine, hydro-
morphone, hydrocodone, oxymorphone, and oxycodone
has also ben described (25).

The determnation of potential intederents that ar
not stncturaUy relate to the analyte of interest is more
diffcuLt to establish. However, the urine drug-testing
laboratory may consider evaluating the potential interfer-
ence of common over-the-counter products, as well as
frequently encountered componds which produce frag-
ment ions also produced by the analyte of interest. In
addition, the laboratory may refer to literature reports for
interfernces experenced by other investigators and as-
. sess their method with the potential interfering substances
(34,59,67,79). Althugh a labortory cannot be expecte
to anticipate all potential interferents with its analytical
method, it should make its best effort to' characterize them
whenever feasible.

The problem ofinterfenng substances may be ad-

dressed by employing mor selective extrction methods,
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chromatographic separations, or detection methods. For
example, to eliminate potential-false positive amphet-
aminelethamphetamine results due to the presence of
other sympathomimetic amines, aliquots of speimens
can be treated with a solution of 0.035 M sodium¡ienodate
at room temperature, then subjected to extraction. In the
presence of periodate, a-hydroxyamines undergo oxida-
tive cleavage removing the potential interferant (24).
Recentevidence indicates that period ate oxidation should
be conducted at pH 7 or lower to prevent possible fora-

tion of low levels of amphetamine from extremely high
levels of methamphetamine that may be present in the
specimen (57). In addition, lowering the injection port
temperare of the gas chromatogrph, coupled with other
preventative measures, eliminates arifactual prouction
of methamphetamine in the presnce of high concentra-
tions of ephedrine and/or pseudoephedrine (24,57,67). It
should be noted that some reported interferences may be
method-speific and thus will need to be evaluated by the
laboratory on an individual basis, as appropriate.

E. Sensitivity or the Analytical Method - Relation-
ship to Limit of Detection and Quatitation

An analytical method is determined to be sensitive if
small changes in concentration cause large changes in
analytical response. Itis directly related to, and frequently
defined as, the slope ofthe standard curve (38). However,
ths definition does not account for the varabilty of a

measurement. The limit of detection (LD) and limit of

quantitaion (LOQ) ar tenns which are used to express
the abilty of the assay to detect small concentrations of
analyte, as well as attempting to account for variabilty of
measurement.

The limit of detection of a method is the lowest analyt
concentron that produces a respónse detectable above
the noise level of the system. The limit of quantitation is
the lowest concentration of analyte that can be accuraely
and precisely measured. The LOD and LOQ of a method
are dependent upon several factors, such as the electron
multiplier voltage, the volume of specimen analyzed, the
detector threshold, the type and condition of the chro-
matographic column, the concentration of aDalyie the
amount and typ of internal standard, the extraction
effciency, and the individual.instrument (54). A signfi-
cant change or modifcation to any of these factors wil
reuire reassessmentoftheLOD andLOQ for the method.

There ar several approaches for establishing the
LOD and the LOQof an analytical method (1,44,48,65);
at least two ofthese are routinely used in forensic urine
drug-testing laboratories. Recent publications have de-
fined issues of concern regarding LOD and LOQ detenn-
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naûoD methods, and have described and compared the two
most commonly use methods (1,44).

The first approach to establishing the LaD and LOQ
of an assay is based on the measurement of the magnitude
of analytical background noise. nis performed by analyz-
ing an appropriate number of blank (drug-free) samples
and calculating the stadard deviation of these responses.

In practice, detenniiúng LaD using this approach in-
volves the analysis of negative urine specimens (obtained
frm at least ten different donors) over time. In this
paradigm, the LOD is calculated as the mean of the
detected amount or signal intensity plus three standard
deviations (X+ 3 SD) (48); where 3 is a factor for a 99.9%
level of confdence. Similarly. LOQ is calculated as the
mean of the deteted amount or signal intensity plus ten
standard deviaûons (X + lOSD). An obvious limitation of
this approach is that while this may be an adequate
measure of the theotical LOD of a metod. actual
cocentrtions of analyteín biological samples measured

at this calculated LaD would be indistinguishable from
zero measurements by a large probabilty (38).

The second commonly employed approach for the
detenninaton ofLOD and LOQ is based on a signal-to-
noise comparson (65). Detennination of the signal-to-
noise ratio is performed by comparng measured signals
from samples with low concentrations of analyte with
those of blank samples and establishing the minmum
concentration at which the analyte can be reliably de-
tected. In ths context, a minimum of a signal-to-noise
ratio of 3: 1 or greater is generaly agree to be acceptable
for LaD assessment; a signal-to-noise ratio of 10:1 or
grater is generaly ageed to be acceptable for LOQ
assessment. In practice. this approach involves analysis of
a series of samples containing low concentrations of
analyt.

For GClS analysis in urine drug-testing labrato-
ries, SAMSA defines the lowes analyt concentration
that meets signal-to-noise, chromatogrphic, retention
time, and ion ratio or full-scn matching criteria, as the
LOD. The lowest concentration, that meets all of the
above criteria and quantitates within :f0% of the taget
concentraton and measures within a speified coeffcient

of varaton, is designated as the LOQ.
The first two approaches described above ar rou-

tinely utilzed in laboratories perfonning regulated urine
drg testing, although the second approach is preferred

over the firs approach since it is based upon measurement
of an actual analyte response. rather than the absence of a
response. A third apprach to detennnation ofLOD and
LOQ values is based on the standard deviation of the
8nalyte response and the slope of the standard curve. In
this case, the LOD is expressed as 3.3 times the standard
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deviation of the response divided by the slope (S) of the
calibration curve (3.3 x SOLS). The LOQ is expressed as
10 times the standard deviation of the response diVided by
the slope of the caibration cuive (i 0 x SD/S). The slope
is estimated from the standard curve of the analyte. and the
standard deViation is estimated by analysis of blank speci-
mens. as described for the first approach. Alternatively,
the residual standard deviation ofa regression line or the
standard deviation ofy-intercepts of regression lines may
be used as the standar deviation. It has been recom-

mended that if the detection linut of an assay has been
estimated by calculation or extrpolation, such as with the

first or third apprach described above. this estimate
should be subsequently evaluated and validated by the
independent analysis of a suitable number of samples
known to be prepared near or at the detection limit (65).

The LOD is an importt assay parameter due to the
use of this value to evaluate retest results. The LOQ is
important for defi ning the minimum accurate quantitative
value of the assay. For ex.ample, dilutions that produce
results less than cutoff but equal to or grater than the
LOQ may be utilize with the appropriate dilution factor
to calculate test results if the LOQ control included in the
batch is found to be acceptable. Dilutions that produce
results below the LOQ are not aceptable; specimens
must be reassayed at a lower dilution. At least one publi-
cation (18) recommends that the assessment of the LOQ
be obtained using LOQ samples that ar prepar inde-

pendently from that included in the standard curve be-
cause the LOQ standard that is included in the standard
curve influences the regrssion equation (and thus is no
longer an independent measure). Also. since the LOD and
WQ values ar influenced by a varetyoffactors, such as
the individual instrument or detecor, it may be advisable
for the laboratory to assess these paraeters on each
instrmentused for a partcular assay, although a genera
consensus on this issue has not yet been reached.

Interestingly, there are no requirements and few spe-
cific recommendations regarding the number of analyses
or analytica runs to be evaluated for LOD and LOQ
detennnation. Suggested numbers of replicates of any
single blank or standard range from i 0 to greater than 20
(19,55,56). However, from a statistical stadpoint it may
be advisable to perform these replicate measurements of
each blank or standard, in three separate batches, followed
by t-tests or one-way ANOV A to determne if the calcu-
lated LOD and LOQ values differ significantly over time.
A tWClway ANOV A IDay be used to detenn ne if a bias is
present between instruments.

Finally. in an effort to reduce interlaboratory LOD
and LOQ variation. and to introduce a sample that as-
sesses minimum perfonnance in each confinnation batch,
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SAMHSA suggested that the LOQ achieved by the labo-
ratory must be II value equal to or less than 40% of the
assay cutoff concentration (71). To ensur acceptable
performnce, it is desirable to challenge the limit of
sensitivity in each batch by including a quality control
sample at this concentration to monitor day-to-day instru-
ment and assay variance.

F. Carryover

The tenn "carover" is used to refer to the contami-
naton of a sample by a sample analyzed immediately

prior to it (35,63). In the urine drug-testing laboratory, the
term "carover limit' is used to delineate the concentr-
tion of analyte in a sample above which contamination
may reasonably be expected to occur. There is at least one
common appach to performng such studies that in-
volves the analysis of standards prepard at increasingly
higher concentratons of analyte, preferably reflecting the
highest concentrations which a laboratory typically en-
counters during routine analysis of samples. Each sta-
dar should be injecte separtely, fonowed by injection
of a blank or solvent to deermne if a signal (response)
charcteristicofthe analyte is present in the sample above

a pre-established limt (typically the LOn of the analyti-
cal protocol). Once the concentration at which carrover
occurs is determined, the laboratory establishes its
carover limit at the next lowest concentration which
does not have evidence of carover in the blank or

solvent. More preisely, upon completion of caover
studies, a laboratory should define the rage of analyte
concentrations at which carover does not occur.

The laboratory should also ensure that the quantita-
tive value for the canover limitestablisli in the carover
study fals withn the linearity of the assay to ensur that
the quantitative value is accurate. It is also advisable to
evaluate carover of an assay on each instrment system,
including autosamplers, on which the. method is to be
performed, although there is no general consensus on this
issue. This is to ensur thatthe established carrover limi t
is propely applied to data obtained on each system

routinely used in the laboratory.
To minimize potential carrover, one or more of the

fonowing approaches can be utilized:

1. Use extensive solvent wash procedures between injec-
tions.

2. Inject solvent between aU subject specimens.

3. Dilute the specimen prior to extrction.

4. Periodically determine or ressss the minimum
caover concentration.

S. Assay specimen extrcts in ascending concentration
order (according to initial immunoassay test results).

6. Reinjec aU highly concentrated specimens followed
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by solvent bla or negative qualty control samples.

7. Assy a carover standard followed by a solvent

blan or negative quality control sample with each

batch to assess carover at the time oftesting.
8. Frequently monìtorthe level of solvent available in the

rinse vial for the autosarnpler to ensure that a suffcient
qua:ûty is available for the entire run.

It is important that criteria be established for evaluat-
ing the acceptabilty of solvent blanks or negative quality
control samples that have been insertd to assess possible

carryo,ver (80). If carrover is suspected, a potentially
contaminate specimen should be re-extrcted, rather
than reinjected, because the extract vial may have aleay
been contamnated.

G. Other Factors

Other factors, such as selection of a derivatizing
reagent, selection of the internal standard(s) for the assay.
selection of ions to monitor for selected-ion monitoring or
full-scan analysis, stabilty of the analyte under various
storag conditions, estimation of reovery of the analyte
frm the matri, and evaluation of the ruggedness of the

analytical protocol, should also be ditermne during the
validation of an analytical method (10,18,29,37,38,78).

Selection ora suitable derivative is a critical compo-
nent of assay development and method validation. There
are at least thre major reasons for using a derivatized
compound. First, the analyte can often be madesuff-
ciently volatie to allow its introduction to the mass

spectrometer by gas chromatography, permtting optial

separation of the analyte from possible interfering sub-
stances. This, intum. usually increases the specificity,
precision, and sensitivity of the assay. Second, th stabil-
ity of the analyte during storage, isolation, and thermal
volatilization caD be enhanced via formation of the
derivatIzed product. Thrd, the increae in molecular mass
resulting frm derivatization may be beneficial, provid-

ing ions which, by virtue of their higher mass, ar more
specific for the analyte (28,43). In cases where two or
more dervatives are possible, each should be tested to
assess its stabilty, chromatogrphic peak shape, and mass
spectrl propertes in th biological matrx. The ideal

derivatization procedure should be convenient and rapid
to pedorm, fomi a consistent and stable product in high
yield, reuire small volumes, be selective for the analyte
of interest, be safe to handle, and should not form by-
products that interfere with the analysis (4,5,39,40,52).

The selection of a suitable interrl standard is highly

linked to the appropriate selecion of a derivative for the
assay (if necessar), as well the paricular ions to be
monitored for analyte identification andquantitation. An
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ideal internal standard behaves identically to the analyte
throughout the extration, chromatographic separation,
and ionization processes. Stable isotope internal stan-
das appear closest to meeting these criteria. The isotope
label exerts only a slight effect on the physical properties,
yet the higher mass of the isotope-labeled ions of the
internal stadard permts them to be readily distinguished
fromanalytions by the mass spectrometer (l6,26,50,58).
Deuterium-labeled analogs (2H)are most frequently used
as internal standards in urine drug-testing laboratories;
other isotope-labeled anlogs. such as 13C or I~N, are not

commonly used.
Several factors are importt to consider when select-

ing the deuterium-labeled internal standard to be used in
an assay. Th isotope should not undergo exchange under
any ofthe conditions under which it wil be used, such as
the extraction, denvatization, or chromatographic separa-
tion procedures, as well as at the mass spectrometer's ion
source (26). In addition, the isotope must be stable under
routine storage conditions, so that exchange of deuterium
and hydrogen does not occur (50). The isotopic variant
selected should have a molecular weight three or more
mass units grater than the unlabeled compound because
the naturally ocurrng heavy isotope content of organic
compounds in genera produces ions of significant inten-
sity at one or two mass units above each carbon-contain-
ing compound in the analyte' s mass spectrm (26,45-41).
It is therefor critcal that the isotopic variant is of high

purty (::99%) to prevent interference with the analyte of
interest durng the analysis. Also, the labeling should be
in such a manner that the isotopic atoms are loced in
prope molecular strcture so that, afterthe fragmentaon
or ioiuzation process, a sufficient number of high-mass
ions that retan the label ar present in signifcant intensi-
ties and wil not interfere with the intensity measurment
of the corrsponding ions derived from the analyte (46).

The laboratory must carefully evaluate the concentra-
tion of internal standard used in its assay to ensure that
there is no contribution to analyte signal itself. In effect,
the substance ratio of internal standard material to analyte
should be selected to give the least imprecision of qUán-
titative analysis and to afford equal ion signal responses
durng mas spectrmetric analysis of the analyte. Under
certain conditions, improved sensitivity may be observed
by the addition of a large excess of isotopicaly labeled
anlogue to reduce adsorptive losses ("carier effect").
However, this approach is not generlly preferrd in urne

dnig-testing laboratories, where a specific administrative
cutoff value must be applied. When excess deuterated
internal stadard is used, analytical precision usually

suffers (43), which would notbe desirable when a specific
quantitative cutoff is needed. Therefore, it is recom-
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mended tbatthe laboratory eliminate or minimize adsorp-
tive losses, rather than add excessive amount of internal
standard.

The choice of ion or ions to be innitored for GCIM
assays has an importt influence on analytical specific-
ity. Geerally, ions of high, even mass-to-charge ratios
have fewer possible origins and ar therefore more likely

to be charcteristic of a paricular analyte. The laboratory
initially perfonns a preliminary ion selection based on
full-scan mass spectrometric analysis. Io.ns of high mass-
to-charge ratios ànd good intensity ar the first choice for
use in routine asays. It is recommended that laboratories
using selected-ion monitorig utilize at least three charac-
teristic ions for the analyte of interest, and a minimum of
two characteristic ions for the internal standard (72).

Laboratories using full-scan GClS must identify
those ions with suffcient signal intensity and high-mass
to use for qualtative identification of the compound
("matching crteria"). The laboratory should be able to
demonstrate that the full-scan spectra it achieves, and
plans to use on a routine basis, is stale and reliable over
time. Furter consideration of these requirements is dis-
cussd in Section V.

While most forensic urine dmg-testing laboratones
are using electrn impact onization (EI) for GCS
assays, chemical ionization (CI) MS may also be utilized
as the mode of detection to improve assay sensitivity and
specificity. Chemical ionization MS typically produces
an intense molecular ion and only a few fragmnt ions;
therefore, one or two analyte ions may be monitored. A
furter discussion of these two methods of ionization ar
beyond the scope of this paper; however, the use of CI is
acceptable only ¡fthe selectivity, accuracy, and precision
of the CI process and method have been fuly evaluated
(26,811.

Another important parameter to assess during the
method validation phase is that of stabilty of the analyte.
Tbisincludes stabilty of stock solutions ofanalyte as well
as stabilty of the analyte in biological matrx. Stabilty
studies will typically be perormed to assess stabilty
under different temperaturs (storage conditions) and

different lengths of time (in-proess stabilty and 1008-

tenn stabilty). Stabilty of the analyte can be assessed at

room temperature, refrigerated, and frozen storage condi-
tions. The length of time under each storage condition to
be evaluated can range from days to weeks. It is recom-
mended that the laboratory at least establish analyte
stabilty under its own anticipated storage and proessing
conditions. Although there are many different approaches
to the performance of stabilty studies, a common ap-
proach is to use quality control materials prepard at
known concentrations to asses stabilty (18).
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Recovery of the analytefrom a biological matrix must
be determined to 'ensure that it is adequate and consistent.
It is recommended that recover studies be perfonned
across the range of the standard curve, preferably at the
lowest, mid-range, and highest concentrations encom-
passed bytbecurve (18,61,78). Typicaly, a set of samples
of known concentrations is prepared in triplicate at three
different concentrations, internal standard is added, and
the sample then extracted, derivatized, and analyze by
the GCIM procedure. A second set of samples is als
concurrently analyzed; however, the internal standard is
not added unti just prior to derivatization. Recovery is
then calculate by comparng the calculated concentra-
tions of the two sets of samples and expressing tota
recvery of the method as a percnt. Intermediate points
in the extraction prcess may also be evaluated.

The ruggedness and reliability of the assay should be
estalished. Critical assay steps need to be identified,
including assessing the importce of pH, solvent mix-
tures, derivatizing reagents, and temperature and incuba-
tion times utilzed durng the hydrolysis and derivatization
processes. In addition, the level of expertise reuired to
perform the analysis needs to be assessed. It must be
determined whether the assay can be stopped and re-
startd. and how long the deri v8ti:rd analytes ar stable.
A system for monitoring assay performnce varables
such as the number of rejected batches, calibration curve
parameters (including slope, y-intercept, and corrlation
coeffcient), and quality control results must be estab-
lished (42,65,78J.

II. INSTRUMENT PERORMNCE

A. Instrument Checks

In addition to developing validated assays for the
purpose of identifying and quantitating drgs in urine. it
is anessentialqualty assurance component that the labo-
ratory monitor iind document that all analytical instru-
ments involved in the analysis are maintained and oper-
ated properly. The laboratory must establish that the
instrent used for a paricular analysis is operating

adequately and within expected performance specifca-
tions. Prior to the sta of an assay, the condition of the GCI
MS system must be evaluated. The GClS operator
should check the injection port, detector and oven tem-
peratures, and carer gas pressure, and perform routine
maintenance, as needed, such as clipping of the GC
column and replacemnt of the injector septum and liner.
In addition, on a periodic basis, or when a new column is
installed, the carier gas flow rate should also be mea-
sured.
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Routine maintenance should be performed at least as
often as recommended by the manufacturer. Additional
maintenance and instrument check schedules should be
developed by the laboratory according to its worloadand
type of assay performed. For example, the laboratory may
choose to routinely replenish or replace vacuum pump oil
on a quarterly basis. Or, the laboratory may choose to
replace injection port liners daly. Other types of maite-
nance procedures include replacement offiaments, clean-

ing of the ion source, and replacement of electron multi-
plieror ion gauge. The speific schedule develope by the
laboratory wil be dependent upon the type of GCIMS
instrument used (e.g., trditional quadrupole. ion-trp), as
weII as the nature of the extracts analyzed on a paricular
system. The GC/M laborator must maintain reords of
all routine and nonroutIne maintenance perfonned prior
to analysis of speimens, as well as wrtten standard

operating procures for the performance of these tasks
(9,26,31,53.80). Record keeping for maintenance proce-
dures is vitally importnt to demonstratetbe validity of the
analysis (31).

B. Instrument Performance Evaluation an Tunin

On a daly basis, it is a good practice to check the
pressure in the ion source and in the analyzer, as well as
the GC column head pressure to assure that no major
system leas have occurred. For quadrupole operation, a
pressure of I ~ torr or better is required so that significant
interation between the ion beam and residual gas mol-

ecules does not occur (which causes scattring of the ion
beam and loss of scnsitivi ty). For GClS, an even lower
pressure of i o-S torr is necessary to reduce residual gas in
order to prevent signficant distorton of mass spectr and
reduce backgroundintederence. Chemical ionization MS
typically requires higher source pressure than EI MS.

Following this initial pressure check, the laboratory
should veriy that there are no signifcant air/water leak
in the system by monitoring the intensity of the following
ions: mlz 28 (N2+), 32 (02+), 40 (Ar+). and 44 (CÛ2+). If
these peaks are abnormally large, an air leak may be
indicated. In addition, evaluation of water vapor in the
system can be checked by monitoring m1z 18 (H2o+) and

19 (H3O+). Appropriate instrument maintenance must be
conducted before analysis is permitted to proceed.

A GC/MS "tuning procedure" ensurs that appropri-
ate mass-to-charge assignments and abundances of spe-
cifc ions have been established, as well as indicating the
need for instrument preventati ve maintenance. In order to
verify proper calibration and operation of the mass spec-
trometer, the instruent must be tuned daily with an
appropriate tuning compound (e.g., perfuorotrbutyl-
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amine, PFfA) for proper unit resolution and mass
assignmnt "Resoliition" refers to baseline separation
between conseutive integral mass peak. In mass spec-
trmetr, relution and sensitivity ar inversely related.

Tuning should be performed at the operating temperature
of the ion source.

Autotune procedures typically utilize a preselected
set of criteria across a range of mass-to-charge ratios (e.g.,
mlz 69 to 502 for PFBA) to optimize source and quadru-
pole potentials. Alternatively, manual tunes can be used to
increase sensitivity over a naower mass range. Autotune
procedures, or optimization of tunig parameters across a
wide mlz range using a manual tune, are most useful for
analysis of unkown speimens. Narow-range manual
tunes can be useful for some low-level taget compound
analyses. In .this cae, either of the abundant ions at mlz
219 or 414 can be used to optimze source potentials,
dending on which is closest to the analyte and interal
standar ions that wil be monitored. Manual tuning is

acceptable as long as the MS operator is appropriately
trned, the lune procedure is fully documented, and the

laboratory's standard operating proceure (SOP) manual
describes the task clearly and accurately. It is most com-
mon, however, for urne drg.testing laboratories to per-
form an autotune acros the entire mass range (e.g., m/ 69
to 502) at approximately 10 e V (9.26,31,43).

All tune report should be reviewed thoroughly by the
operator before testing is initiated to support compliance
with manufactuer and laboratory specifications. Accept-
able limits should be established for the ion focus, ion
apperance and peak width, abundance of selected ions.
isotope ratos, and mass slope, as appropriate for the OCt
MS instrment. Critical tune values should be monitored
on a regular basis, and all tune reports, including unac-
ceptable ones, should be archived as importnt supportirig
forensic documents. Autotune, or manulÙ tune, informa-
tion should be available dunng review of the batch to
ensure that instrments were perfoming as expected
prior to analysis of specimens. These records may be fied
with the pernent batch, or fied in a manner to permt easy
retreval (12).

C. Chromatographic Performance

The chromatographic perfonnance of an assay should
also be assesse before the analysis of specimens. This is
achieved readily by the injection of an unextracted perfor-
mance standard including analyte(s) and internal
standar(s). Use of an unextracted stadard removes

sourcs of varation due to the extraction procedure and

matrx interferences. In addition to permitting eVlÙuation
of the quality of the chrmatographic system, the analysis
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of an unextracted standard serves to verify that the
analyte(s) of interest elute at the expected retèntion time,
that all MS acquisition windows ar appropriately set, and
that no unexpeted adsorptive system losses have oc-
curred. Evaluation criteria in the SOP manual should
include a thorough descrption of peak shape, resolution,
and signal abundance requirements. .

One approach to evaluation of acceptable chromatog-
raphy for a single specimen and/or an entire batch of
specimens may be defined and assessed by the following
criteria:

I. The analyte of interest is present at the correct reten-
tion time.

2. The peak: of interest obtaned from the tota ion chr.

matogrm and each individual ion chromatogra is
inspete visually for geometric symmetr.A gaussian
peak shape (see Figure 1) is reqired and shal have no
greatr than 50% taling using the following proce-
dure:

a. Draw a vertical line from the apex. through the

center of the peak to the baseline.
b. Draw a lie parlel to the baseline at 10% of the

pe height.
c. Measure th distance "a" from the leading edge to

the centerline.
d. Meare the distace ub" from the centerline to

the tailng edge.

e. Calculate the ratio of distance "a" and distce
Ub~'.

f. If the ratio is greate than 2 or less than 0.5,

performance is unacceptable.

3. The peak of interest is inspected visually for the
presence of unrsolved pes. The maximum allow-
able valle)' between two adacent peaks must not
exceed 10% of the analyte peak height.

4. Abundance or sign-to-noise levels of the internal
standard ions must meet established minimum crite.
ria.

Failure to meet any of these crteria may provide
cause for reinjection or reextraction of a specimen. A
complete review of methods for evaluation of chromato-
graphic performance is beyond the scope of ths paper;
however. acceptable altemati ve criteria for evaluation of
chromatographic acceptabilty can be found in many
textbooks and other reference materials (30.36,49,51,60.
63). Some instrument softwar designers are also devel-
oping programs for automated evaluation of chromatog-
raphy.

In addition to daily chromatographic checks prior to
batch analysis, penonnance of the chromatographic col-
umn should be evaluated upon installation and periodi-
cally thereafter. This can be accomplished by the analysis
of a variety of "test mixtures," sucb as a Grab's Test Mix
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(30), to assess column peiformance. These mixtures gen-
eraly contain several compounds (e.g., early and late
eluters) which are selected to evaluate certin aspets of

chromatographic performance, including peak shap and
sensitivity. From a practical perspective, the forensic
urine drug-testing laboratory may also choose to evaluate
acceptable chromatographic performance for selected
drug analytes (e.g., amphetamine, phencyclidine. 6-
acetyl morphine, codeine) after column installation. Dete-
rioration in performance can then be followed by com-
parson of the initial chromatogram with subsequentchro-
matographic data.-

il. ASSAY CALmRA TION

The term "assay calibratin" refers to the process of
developing a mathematical model that attempts to predict
the value of an independent varable (e.g., concentration)
based on the value of the dependent varable (e.g., peak
height, pe area ratos). Calibration has sometimes been

referrd to as inverse prediction or discnminatIon. This is

in contrt to the tenn "regrssion," which was descnbed
earlierin thi s paper with respect to linearty of the analyt-
cal method. Regression. refers toa functional relationship

between two or more correlated vanables (6,21). In foren-
sic unne drug-testing laboratones, assay calibration is
necessar to determine whether an analyte is present in an
unknown sample at or above a pre-estabJished adminis-
trative cutoff value, as well as to determine the accurate
quantitative concentrtion of the analyte under certn
cirumstances (72). Currntly, it is most common to
calibrate the assay for quantitative measurement using a
single, abundant ion fragment that is characteristic of the
analyteof interest. Additional ions, refeired to as qualiry-
ing ions, ar used to support the qualitative identifcation
of the analyte in the unknown sample.

Three approches to assay calibration are commonly
utilize in forensic urine drug-testing laboratories: multi-

point calibration curves, single-point calibration curves,

I
h

J

c = 0.1 h

Figure 1. Theoretical chromatogrphic peak.
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and historical calibration curves. The first and probably
the most widely employed method of calibration is the
preparation of a multi-point calibration cure. Experi-
mentally derived multi-point calibration curves are used
to cover the concentration range of the samples to be
measured, thereby improving the confidence limits asso-
ciated with the calibration itself. Calibration samples
(standads) are prear from mixtures of differet amounts
of known concentration of analyte with a fixed amount of
internal standard. Speific ion-abundances are measured
for the analyte and internal standar, a ratio calculated,
and a calibration curve generated using a simple least
squars regression model, for example. If th laboratory
elects to use a multi-point calibration curve, it must
include calibrators that bracket the cutoff concentration.
Although many laboratories include a calibrator at the
cutoff concentration, it is not required (72).

The calculated concentration of all standards utilized
to construct the calibration curve should be wi thn:l 20%
of their respective target concentratiDns. If more than
thee standards are utiized to constrct a calibration
curve, it is permissible to delete one calibrator for cause
(e.g., por recovery) provided it is not a calibrator at the
cutoff concentration. It is not acceptable to eliminate a
calibration point solely in order to bring the quality

control results within range, although there is some dis-
agreement on this issue since one might expect that the
probabilty of detecting/obtaning an "outlier" wil in-
crease as the number of calibrators analyzed in a batch
increases (15,72).

Evaluation criteria for linearty of the multi-point

caübration curve include the correlation coeffcient (r),
coefficient of deterr nation (R 2), the slope (m), y-intercept

(b), and quantitative value of each data point. The corre-
lation coeffcient is a measur of the intensi ty of associa-
tion between t'l'o variables, X and Y. In calibration, the
corrlation coeffcient ranges from 0 to 1; 0 indicates no
correlation and i indicates a perfect corrlation. A corre-
lation coefficient may indicate a high degree of relation
between varables, but the generated modl (regrssion
equation) may give an inadequate fit for the data. In
contrast, the coeffcient of determination is a meaur of
"goodness of fit" and is the proportion of variation in the
data explained by the regression modeL. It also ranges
from 0 to I, with 0 indicating a complete lack of fit and i
indicating a perfect fit. Generally accepted criteria for
acceptable linearity using deuterated internal standads
for calibration include a correlation coeffcient and/or
coeffcient of determnation of at least 0.990, and a
y-intercpt close to zero, although slightly positive or
negative y-intercept values at also acceptable. Because
ofthe potential for negative and positive bias. y-intercept
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values should be monitored on a regular basis and tracked
for development of trends.

Forassay caibration, the laboratory must also estab-

lish whether the regrssion line wil be forced thugh the
origin (8 "no-intercept" model) or wil not be forced
through the origin (an "intercept" model). I" the intercept
model, R2 is the proportion of variance explained by the
modeL. In contrast, R2 produced by the no-interceptmodel
is a measure of the degree of dispersion around zero and
describes th proporton of varance around zero ex-
plained by the model (7). Most GelMS softwar pro-
grams allow for the user to select between these two
approaches. The selection of the approprate model to be
used for a parcular assay wil depend on several factors,
including the type and sensitivity of instrment, the ana-
lytical method, the method of ionization, the required
analyt detection, and reporting limits. As a general rule,
it has been suggested that one should assume that an
interpt model is correct until proven otherwise via
statistical testing of the intercept (6-,14). If statistical
testing of the intercept indicates that itis not different from
zero (e.g., b = 0), then the no-intercept model is appropn-
ate and should be used. However, selection of a no-
intercept model implies that the assay limit of detection is
zero, which is not the case for GelMS urine drug-testing
assays due to instrument and matrix background effect.
Therefore, in most instances regression through the origin
should not be used in assay calibration.

The second most commonly employed approach to
assay calibration is asingle-point calibration. In this case,
a single stadard containing analyte at the assay cutoff
concentration is used to establish the cutoff concentration
in order to determine whether a specimen Is pOSitive or
negative. Laboratories then include quality control mate-
rials at concentrations below, at, and abve the cutoff
concentration to demonstrate linearity. The quantitative
results for the quality control samples used in single-point
calbration must fall within :t0% of their respective
taget concentrtions.

The third apprach to assay calibration uses construc-
tion of a historical multi-point calibration curve. The
laboratry establishes the calibration (as above) and ver-
fies that the calibration has not changed between batches
via analysis of contrl samples, one of which is at the
cutoff concentration. Use of historical calibration curves
is acceptable. only if the laboratory has demonstrated
linearty and precision of the calibration curve over time.

If shifts in response ratios are observed or new internal
standard materials are employed, a new standard curve
must be prepard. In addition, all batches must include at
a minimum a blank and two controls, one at or near the
cutoff.
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During assay calibration, the laboratory also estab.
Iishes acceptance ranges for retention time and ion ratios.
Thes acceptace ranges are then used to evaluate each
calibrator, control, and unknown speimen in the batch
(see Section V). For single-point cabration assays, the
acceptable limits are determined from the calibrator at the
cutoff. For multi-point or historical calibration curves,
acceptable limits may be determned from either the
calibrator at the cutoff or from the average of all the
calibrators analyzed. If historical calibration curves ar
used, verification of corrct retention time and ion ratios
is performed by examination of the "at or near cutoff
quality control sample. In this case, the retention time and
ion ratios of this sample must fal withn the ranges
established by the historical curve, or the assay must be
recalibrated (72). Any of the approaches for determining
retention time and ion ratio criteria discussed above ar
considered aceptable; however, th laboratory must ap-
ply the acceptable ranges consistently to all calibrators,
controls, and speimens in th batch.

IV. QUALITY CONTROL

A. Required Quality ControJ Samples

Each assay batch must include a minimum total of
i 0% open and blind positive and negative qualty contrl

samples in an appropriate urine matrx (70). External
blind quality contrl samples are not required, but ar
Highly recommended. Quality control samples may be
purchasd commercially or prepared from a different
source or lot of standard material other than that used to
prepare calibrators. The use of different sources and lot
numbers is recommnded in order to eliminate systematic
quantitative bias in the GClS assay that may otherwise
go undetected. However, at a minimum, quality contrl
materials should be prepared using stadar material

prepared from a different weighing or vial of soure

material other than that used to prepare the calibrators.
The target concentration of at least one contrl must be
within approximately 125% of the cutoff concentration;
othr contrls should be prepared at appropriate concen-

trations in order to regularly assess accuracy below and!
or above the assay cutoff concentration. It is reom-
mended that a highly concentrated control sample be
diluted in a simila roalUer as diluted specimens during
aJiquoting in order to verify the accuracy of the dilution
technique, if one is routinely used to prepare presumptive

positive specimens for confnnation (72).
In order to evaluate the efficiency of tle hydrolysis

pross, cannabinoid and opiate control samples contan-

ing conjugated i l-nor-.19-tetrahydrocannabinol-9-car-
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boxylic acid and morphine, respetively, should be as-
sayed. Negative unne samples spiked with these refer-
ence materials can be prepared, or as an alternative,
hydrolysis control samples can be prepared from a com-
bined urine pool of previously confirmed specimens. (Itis
not acceptble to use regulated specimens for this or any
other purpose until after completion of the required stor-
age time.)

Finally, it is highly recommended, but not required,
that the laboratory use quality contrl materials that

include the addition of potentially interfering substances
in its GClS assays. These might include compounds

that are structurally related to the analyte of interest, or
closely eluting compounds. For example, the laboratory
may choose to include a control containing hydrocodone,
hydromorphone, or oxycodone in its opiate assay to
demonstrate that codeine and morphine ar corrctly

identified and acurately quantitated in the presence of
potential interferents. Another example is that of the
inclusion of a control containing phenylprpanolamne,
ephedne, phentermne, and/or pseudoephednne in Gel
MS assays that utilize a periodate procedure.

B. Verification of Quality Control Materials

Pror to the use of reference materials to prepar

calibrator, control, or internal standard material in the
laboratory, the laboratory is require to verify, indepen-
dently from the supplier, that its chemical identity is
corrct and that it is of acceptable purty and concentra-
tion. The laboratory may perform this verfication itself,
or may refer it to another laboratory. At a minimum, most
laboratories perform a full-scan GCIMS analysis to veriy
the chemical identity and purity of the material wid

compar the obtaned spectra with that ofavai lable librar
spetra to determne that significant impurties are not
present in the material which might interfere with the
method. The appropriate derivatization procedur for the
analyte of interest is employed, as well as the GC condi-
tions routinely used for the assay.

The isotopic purity of the internal standard can also be
verified with the sam procedure described above. In
addition to full-scan analysis, the laboratory may also
evaluate the deuterated internal standard in selected-ion
monitoring (SIM) mode prior to use.

Additional methods for verification ofchetncal iden-
tity and purity may involve measurement of physical
constats, such as melting point or refractive index, as
well as use of other analytical techniques (HPLC, IR,
NMR, TLC, or UV NIS) 10 detectnonpolar or nonvolatile
impurities (63). Verification of concentration is most
often evaluated indirectly by preparation of calibrators or
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controls at known concentrations and analysis in routine
batches.

The laboratory must establish specific evaluation
criteria for reference materials, such as spetr match
requirements, percent isotopic purity reuired, and quan.
titative results. The laboratory must retain documentation
of all verification procedures performed (72). The labora-
tory may then use the reference material to prepare cali-
brators for controls for routine use. Ot' course, these new
calibrators and centrals must then be themselves vali-
dated for concentration (e.g., :120% of the taget concen-
tration) prior to routine use.

C. Evaluation of Quality Control ResultS

There are two major approches to evaluation of
quality control results applied to urine drug testing. The
first approach is the use of a fixed-cnterion quantitative
acceptance rage. In this case, the measured concentr-
tion of control samples must be within 1:20% of the taget
concentration. A more detailed discussion of th rationale

underlying this crtenon has already been discussed in
Setion I-B.

The second approach is to use modifications of
Westgard Quality eontrl Rules to evaluate results. In
this approach, the laboratory establishes waring limits
and out-of-comral limits for the assay based upon the
validated mean and standard deviation for the contrl

sample. A thorough description ofWestgar rules may be
found in several sources (15,35,36,75-77). Westgard

rules are usually not directly applicable to GCIMS foren-
sic testing due to the linuted number of quality contrl
data points obtained in a batch, the large numbe of
independent variables associated with GelMS systems,
and the acceptance of potentially out-of-range data. How-
ever, if coupled with a fixed quantitative accuray re-
quirement of :120% for control matenals, the roles can be
extremely useful for the purpses of evaluating the GC
MS assay for development of trends and systemaii c biases

. (38). Also, other approaches to the evaluation of qualty
control data, includig an ANDV A approach, have ben
described (37,42).

The laboratory's SOP manual must thoroughly de-
scribe the quality contrl evaluation criteria to be used and
must include a policy for the required course of correcive
action if quality control sample results fail to meet accep-
tance criteria. In ord to assess laboratory performance,
all control data, including out-of-linut data, should be
recorded in the quality control Jog in Levey-Jennings or
Shewart char format (15,27,62,72,75-77). Out-of-limit
data should include documentation of reuire corrctive

action. It may be acceptable to reinject a quality control
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sample one additional time. If the results are stil unac-
ceptable, other minimally acceptable protocols include:

1. Reinjection of calbrators, followed by reprocessing

of all quaity control samples and rotin speimen
data against the new calbration, if the time since the

lat injection is not excessive aid the instnrnent has
not been retUned;

2. Reinjecon of all calbrators, quality control samples,
and routine specimens; and

3. Acceptance of negative test results that are Jess than
the LOD and reextraction of all other specimens in the
batch,

V. CRITERIA FOR DESIGNATING A
POSITIV TEST RESULT

A. Chromatograpbic Criteria

eriteria for designating a positive test result include
chrmatographic and spetral identification. ehromato-
grahic identification of an analyte reuir companson
of the retetion time of the speimen with that of a
calibrator at the cutoff or the average of multiple calibr-
tors (either aproach is considered acceptable). Gener-
ally, the retention time of the analyte should be within
:l% of the retetion time as established by thecalibrator(s)

(11-13,72).

B. Ion Ratios

Fuher, identificaton of an analyte requires compari-
son of ion ratios or full spetra data of the unknown with
prestablished ion ratios or full-scan mass spectra, respec-
tively. Acceptable ion ratios for the analyte and its corre-
sponding internal standard are usually calculated using
ion abundance data obtained for the standar prepared at

the cutoff concentration or by determining the mean ion
ratos for all calbrators. It has been demonstrated statis-
tically that while full-scan mass spectrometrc data pro-
vide the maximum confidence for analyte identification,
a minimum of the strcturally significant ions generated
under electrn ionization conditions appear to provide

adequate information for an identification (12,64). If the
regulated urine drug-testing laboratory uses EI, it is cur-
retly reuired to use a uulÙmum of two ion ratios for
identification of the analyte and at least one ion ratio for
the internal standard (72). Of course, CI-generated spec-
tra do not always meet the the-ion criteria because less
extensive fragmentation is generally observed with this
technique. However, this limitation is offset by the pro-
duction of high m/ ions characteristic of the analyte and
increaed specificity with selection of appropriate reagent
gases (11,12,26,81).
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The ion ratios for the analyte and its corrsponding
internal stadard obtaned for the unknown should not
differ by more than :1% of the target ion rato and
acceptace criteria must be unifonnly applied to all speci-
mens withn the batch (72). The establishment of this 20%
acceptace criteria for ion abundance ratios has be
detennned to be appropriate based on ion statistics (i 1-
13,64). Different ion rato criteria cannot be applied to
different specimens. calibrators, or controls within thebatch. .
c. Mass Spectral Match

To ensure adequate mass spectrl match quality for
laboratories utilzing full-scan acquisition, unknown mass
spectr must be compared with reference spectra, and fit
or match qualty values must be computed. The laboratory
should determne allowable limits of acceptabilty in
accordance with laboratory studies and manufacturer's

. reoommendations (e.g., 950 or greater out of a scale of
1,000). It is known that reference spectra in spectra
Iibranes may at times differ frm that obtained from
analysis of actual specimens. This may be due to the type
of instrument used, the parcular algorithms used to
generate a match, the number of ions used to establish a
match, typ of regent gas, electron energy. or tye of
derivatization employed. among other factors. Therefore,
the laborator may consider establishing its own spetral
library for an alytes of interest, providing that
manufacturer's specificatons continue to be met and that
generated spectra do not differ signifcantly from pub-
lished referece sources.

In addition to spectral match requirements, the

signal-to-noise ratio at the apex of the integrated peak of
the analyt and its internal stadard should be equal to or
greater than a minimum of 10:1 at the assay's LOQ.

D. Quantitative Result

Regardless of the detection technique, in order to be
designated as positive, the measured concentration of a
specimen must be equal to or exced the established assay
cutoff concentration. Quantitative results around the cut-
off must be trncated, rater than rounded up to the

nearest whole number. so that the statistical bias is towar
a "negative" result. .

Specimens directed for GCIMS retest analyses ar not
subject to cutoff concentrations and are reported as reon-
firmed jf the concetration is equal to or greater than the
LOD of the method. The specimen retest must also meet
all other cntena for designating a positive test reslt

Quantitative reports should be provided only upon writtn
request of the Medical Review Offcer.
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If the speimen concentration exceeds the linearity
limits of the assay and the specimen was not diluted
accordingly, the report must state: "the concentration of
. analyte' is grater than . the established linearity limit' ."
Also, all criteria for designating a positive test result must
be satisfed including chromatographic .perfonnance, ion
ratios, and retention time data.

VI. MISCELLANEOUS FACTORS

A. Data Prntation

Although presentation of GClS data is highly vari-
ableamong laboratories, pritou ts for all speimens (cali-
brators, controls, and positive. and negative specimens)
must include specimn identification informtion, total
ion chromatogram ilustmting entire acquisition window,
individual selected ion chrmatograms drawn to an ap-
proximate O.5-minute window, mass spectrum (if appli-
cable), spetral data including abundance and ion ratios or
spectrl match, retention time data, and concentraion of
analyte. In addition, data fie name, date and time of
injection, and MS operator name ar highly desirable.
Figure 2 and 3 iJustrate tyical GeIMS reports for
confirmation of benzoylecgonine in urine using the
Hewlett-Packard Mass Selective Detector and the
Finnigan-MAT Ion Trap Mass Spectrometer, respe-
tively. Furher, a summar sheet presented in tabular
formt including injection sequence and specimen identi-
fication information, spectral data, and quantitative re-
sults should be prepad for ease of batch review (see
Figure 4).

B. Dilution Protocols

Dilution protocols may be developed based upon the
relationship of the immunoassay response and the quan-
titative result Specimens may be diluted with GCIM
verified negative urine (or possibly purfied water) prior
to GClS confinnation in order to avoid carover,
prevent chromatographic overload, and to obtain accept-
able chromatographic results. It is reommended that a
quality contrl sample be diluted in the same manner as
any routine specimen to assess the accuracy of the dilu-
tion.

A retest spcimen may be tested by an immunoassay
procedure in order to detennine the need for dilution prior
to GelMS analysis. If dilution protocols are routinely
applied by the laboratory, these procedures should be
clearly described in the laboratory's SOP manual (72),
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C. Reinection of Extracts

Reinjection of specimen extracts may be necessary
due to a failed injection or chromatographic overload. The
laboratory must stipulate the number of aceptable rein-
jections (in regulated laboratories, more than one reinjec-
tion is generally considered unacceptable) and the max-
mum time after the end of the batch that reinjection is
acceptable. If the reinjection is necessary due to column
overload, the labratory may elect to establish a policy
whereby additional reonstitution solvent is added to the
extraction vial prior to reinjection. However, such han-
dling must be clearly recorded on laboratory documents,
and the laboratory must establish minimum criteria for
internal standard signal-to-noise and ion abundance to
ensure that results continue to be reliable.

It is unacceptable to continue to renject or reextract
a speimen in order to "force" anegative or positive reult.
If a specimen fails acceptance criteria it can be reinjected
one time and scheduled for re-extraction one time. How-
ever, if it continues to fail to meet criteria for the same
reason, the specimen must be rejXrted as negative. When
reinjections ar perfonned, it is necessar to reinject at
least one standard and/or control in order to verify assay
performnce at the time of the reinjection. All initial and
reinjection data, including failed or unacceptable data,
must be mai ntained. Finally, retuning prior to reinjection
is not permtted (72).

VIL REVIEW AND EV ALVA nON OF
GC/S DATA

All data must be thoroughly reviewed by a minimum
of two individuals to verify compliance with the methods
specified in the laboratory's procedure manual and to
identify clerical and/or analytical errors. Batch acce
tance criteria include within-range stadards and controls
and acceptable MS tune, chromatographic performance,
ion abundance (adequate signal-to-noise ratio), and ion
ratios or mass spectral match quality. Also, the laboratory
may choose to monitor the consistency (reprducibilty)

of the ion abundance for the interal standar to ensure

that it has been added appropriately, and at the correct
concentration, to each calibraor, contrl, and unknown in
confrmatory analyses. Furtermore, an acceptable cali-
bration curve must be obtained, a lack of carover must
be demonstrated, and chain-of-custody documentaion
must be in order.

The SOP must also address the handling and reportng
of results when duplicate extrcts are assayed, or diluted
and undiluted extracts are analyzed. Acceptance criteria
for duplicates must specify minimum corrlation of quan-
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QUANTITATION REPORT
Data File
Tune File Name
Tune Date
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Sample Name/Barcode
Acq date/Exp.Barcode
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Figure 2. GeIMS repor for confirmation of benzylecgonine in urine using the Hewlett-Packard Mass Selective Detector.
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Figure 3. GeIMS report for confirmaton of benzoylecgonine in urine using the Finngan-MAT IonTrap Mass
Spectrometer. (Courtesy of Kent Johnson of Hennnn Hospita: Houston, TIC)
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Batch Summary Report
TOXICOLOGY LAB
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Figure 4. GCMS Batch Summary Review fonn.

titative results, usually :t20% ifbotli results fall within the
assay's linear range. In addition, both of the results must
be equal to or grter than the mandated cutoff concentra-
tion, although use of the lowest value is reommended.
The averaged results or a single value, diluted or undi-
luted, may be reported if both results meet acceptance
criteria, and SOP requirements are consistetly applied.

Re view of specimen data should include comparison
of the initial immunoassay response with the GC
result, an evaluation of chromatographic pedormance
including prsence of interfering or extraneous peaks,
retetion time, minimum ion abundance, ion ratios or
mass spectrl match quality, quantitation, extraction eff-
ciency, potential for carryover, and chain-of-custody

documentation.
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Figure. Seru luteinizing hormone (mean :l SEM) prior to and during the administration
of testosterone enanthate (100 mg 1M q week) to seven normal men. The dotted line
represents the lower limit of the normal range. Note that 4 weeks of testosterone
administration are required to suppress seru luteinizing hormone release from the
pituitar to abnormally low levels (Amory et aI, manuscript in preparation).
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Abstract Anabolic androgenic steroids (AAS) are

doping agents that are mostly used for improvement of
strength and muscle hypertrophy. In some sports, ath-
letes reported that the intake of AAS is associated with
a better recovery, a higher training load capacity and
therefore an increase in physical and mental perfor-
mances. The purpose of this study was to evaluate, the
effect of multiple doses of AAS on different physiologi-
cal parameters that could indirectly relate the physical
state of athletes during a hard endurance training pro-
gram. In a double blind settings, three groups (n = 9,8
and 8) were orally administered placebo, testosterone
undecanoate or 19-norandrostenedione, 12 times dur-
ing 1 month. Serum biomarkers (creatine kinase,
ASAT and urea), serum hormone profiles (testoster-
one, cortisol and LR) and urinary catecholamines

(noradrenalin, adrenalin and dopamine) were evalu-
ated during the treatment. Running performance was
assessed before and after the intervention phase by
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means of a standardized treadmil test. None of the
measured biochemical variables showed significant
impact of AAS on physical stress leveL. Data from
exercise testing on submaximal and maximal level did
not reveal any performance differences between the
three groups or their response to the treatment. In the
present study, no effect of multiple oral doses of AAS
on endurance performance or bioserum recovery
markers was found.

Keywords Anabolic androgenic steroids' Doping'
Recovery' Endurance training' Running

Introduction

The main aim of each professional or amateur athlete
is to reach his maximal performance. To succeed, ath-
letes need to balance between training loads (intensity
and volume) and recovery periods which allow them to
optimise their physiological and psychological capaci-

ties. Thus, training programs and specially recovery
phases have to be well defined in order to avoid a pro-
longed imbalance that could lead to overreaching and/
or overtraining (RaIson and Jeukendrup 2004; Rug
et al. 2003; Kuipers and Keizer 1988; Lehmann et al.
1993; Petibois et al. 2002). In increasing the recovery
capacities of the organism, the training volumes and
intensities can be amplified thus reducing the risk to
reach an overtraining state.

Recently, in endurance sports like cycling and athlet-
ics, some athletes reported anonymously the use of ana-
bolic steroids, like testosterone and nandrolone, as an
effcient exogenous aid to recover more rapidly follow-
ing intense physical efforts (Rartgens and Kuipers 2004).
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The discovery of testosterone has given rise to the
synthesis of multiple anabolic steroids (Kenyon et al.
1938). Rapidly, these products as well as testosterone

have been used for doping purposes even if their per-
formance-enhancing properties were largely inconclu-
sive for many years (Haupt and Rovere 1984).

Nevertheless, since 1980 some authors reported evi-
dences that anabolic androgenic steroids (AAS) are
effective in increasing muscle mass and improving
strength (Bhasin et al. 1996; Friedl et al. 1991; Hart-
gens and Kuipers 2004) but the research done on the
recovery rate in humans is too limited to draw definite
conclusions yet. As recuperation is a physical and men-
tal concept that is quite diffcult to measure directly,
the few research done in this context studied indirect
parameters, like heart rate and serum lactate levels,
creatinine, creatine kinase (CK) and aspartate amino-
transferase (ASAT), associated with recovery time.
Based on these criteria, some authors reported benefi-
cial effects of AAS (Boone et al. 1990; Keul et al. 1976;
Rozenek et al. 1990; Tamaki et al. 2001) whereas oth-
ers found no consequence of AAS on recuperation
(Jakob et al. 1988;Urhausen et al. 1989). Through
experiments on birds, Alway and Starkweather (1993)
suggested that the increased rate of protein synthesis

due to AAS administration could be at the origin of a
faster recovery from training load. An extrapolation
was done from birds to humans without any scientific
proofs.

As AAS are stil at the origin of the major adverse
analytical findings in the world antidoping laboratories

(W ADA 2005), the aim of the present study was to
investigate more precisely the effect of multiple oral
doses of testosterone undecanoate, 19-norandrosten-

edione or placebo on physical stress in male volunteers
during a period of endurance training. Regarding ergo-
genics effects, the two investigated AAS can not be
compared with others main AAS like metandienone or
stanozolol which effects on muscle development and
lean body mass have been clearly proven (Broeder
2003; Hartgens and Kuipers 2004).

Furthermore, we hypothesised that exogenous AAS
intake could affect several blood and urinary parame-
ters. Then some biological markers were analysed
through the whole protocol in order to detect a poten-
tial typical profile of AAS doped athletes versus pla-
cebo. Hypothalamus-pituitary axis hormones

(testosterone, cortisol, LH, hCG and SHBG) were
measured to assess the effect of the administered AAS
on blood hormones profile. Cardiac and muscular
markers (Troponin I, Myoglobin, ALA T and Creatine
Kinase) as well as inflammatory cytokine (IL-6) and

catecholamines have been assessed to evaluate the

~ Springer

physiological effects of strenuous exercise in treated
and placebo volunteers.

At the same time, running performances were mea-
sured through treadmil tests at the beginning and at
the end of the protocol in order to put forward a posi-

tive global effect of testosterone and/or 19-norandros-
tenedione on physical adaptations to training.

Materials and methods

Selection of volunteers

The study was conducted at the Swiss Antidoping Lab-
oratory, in Lausanne (Switzerland), after the approval
of the protocol by the ethics committee from the Fac-
ulty of Medicine (University of Lausanne). Partici-
pants were healthy male volunteers from Caucasian

origin, aged between 20 and 30, mainly from the Insti-
tute of Sports Sciences and Physical Education (Uni-
versity of Lausanne, Switzerland). All subjects

practiced sports on a regular base with weekly training
times ranging within 4 and 12 h. Thirty volunteers pro-
vided informed consent for the participation in the
study. These students were not physically dependant
on drugs and were instructed not to take any nutri-
tional supplements or steroids 1 year before and during
the study, which could affect their metabolism and ste-
roidprofile. Volunteers who were prone to hormonal
dysfunction, cardiovascular disease, or have used con-
trolled substances or any medication known to affect
steroid metabolism were excluded from the study. Par-
ticipants were evaluated medically (anamnesis and
ECG at rest) and psychologically at the beginning of
the study, before the treatment period, and at the end
of the study in order to monitor their health. The

anthropometrical characteristics of the participants as
well as their physical level are summarized in Table i.
The fat percentage was determined with a four site (tri-
ceps, biceps, subscapular and suprailiac) skinfold mea-
surement (Pongchaiyakul et al. 2005).

Exercise testing

The trial was divided in three phases. During the first
part, all subjects performed a medical inclusive test and
a running exercise test 1 month prior to the beginning
of the treatment period. The exercise test was done on
a ELM2 treadmil (Woodway, Weil am Rhein, Ger-
many) where velocity was increased incrementally
until subjective exhaustion of the tested subject. The
initial workload was 6 km/h and running velocity was
increased by 2 km/h at 3 min intervals. Blood lactate
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Table 1 Mean anthropometries values and physical performance (:l SD) of the three groups at the beginning and at the end of the study

Placebo 19- Norandrostenedione Testosterone

Before After Before After Before After

Age (years) 24.2 :l 2.3 22.9 :l 2.0 24.1 :l 1.6

Weight (kg) 75.7 :l 8.4 74.2 :l 8.0 77.3:l 7.6 77.5 :l 6.9 76.6 :l 9.5 76.2 :l 9.1

Height (cm) 182.4 :l 4.5 182.4 :l 4.5 183.4 :l 5.9 183.4 :l 5.9 182.7 :l 6.6 182.7 :l 6.6
Fat mass (%) 12.6 :l 3.6 12.4 :l 3.6 12.6:l 1.7 12.7 :l 1. 12.5 :l 3.4 12.5 :l 2.7
Free fat mass (kg) 66.0 :l 6.1 64.9 :l 5.6 67.5 :l 6.8 67.6 :l 6.1 66.9 :l 6.8 66.6 :l 6.9
Body mass index 20.7 :l 2.0 20.3 :l 1.8 21.0 :l 1.5 21. :l 1. 21.0 :l 2.2 20.8 :l 2.0
Running speed at IAT (kml) 13.3 :l 1.9 14.4 :l 1.8 12.7 :l 1.5 14.0 :l 0.7 13.6 :l 0.7 14.7 :l 1.2

concentrations at the different running velocities was

measured with a Lactate Pro (Arkray, Kyoto, Japan) in
capilary blood obtained during a 20 s-break after each
stage from the hyperaemised earlobe. Heart rate was
registered continuously using surface ECG during the
last 30 s of each step of the protocol.

Training program

A special software (Ergonizer, Freiburg, Germany)
was used for investigator-independent calculation of
lactate threshold based on an equalizing SPLINE inter-
polation procedure (Roecker et al. 1998). As demarca-
tions of intensity, heart rate at the lactate threshold

(LT) and the so-called individual anaerobic threshold
(IAT) were determined. The LT was taken from the
original definition introduced by Wassermann et al.
(1999) at the workload that corresponds to the start of
the blood lactate concentration increase. IAT was set
as the point at a net lactate increase of 1.5 mmol/l

above L T (Dickhuth et aL. 1991). Four individual train-
ing zones for each volunteer were defined based on the
heart rate at the IA T as proposed by Roecker et al.
(2002). Zone 1 (83-100% of LT) was used as exercise
intensity for recovery or warm-up training. Zone 2 and
3 (100% of LT-95 % of IAT for zone 2 and 95-101 % of
IAT for zone 3) determined the training intensity to
improve aerobic performance. Training in zone 4 (99-
107% of IAT) was used to increase the lactate toler-
ance (Roecker et aL. 1997).

In order to level the performance of all participants,
volunteers had to run four times a week at a low inten-
sity included in the first or second training zone,

2 weeks before the first treatment. To manage their
training during the protocol, a heart rate monitor (Fit-
watch, Sigma Sport, Germany) was lent to the subjects.

Study medication

The second part of the study consisted in the oral
intake of 12 placebo, 19-norandrostenedione or testos-

terone undecanoate pils on Monday, Wednesday and
Friday between 6.30 and 8 am for 4 weeks (day 1-28).
The subjects were randomly distributed in the three
groups of ten individuals. The pils were composed of
300 mg of mannitol for placebo group (P group),
100 mg of 19-nor-4-androstenedione and 127 mg of
mannitol for 19-norandrostenedione group (N group),
80 mg of testosterone undecanoate and 115 mg of man-
nitol for testosterone group (T group). Testosterone
undecanoate (Dynapharm Distribution, Meyrin, Swit-
zerland) and 19-nor-4-androstenedione (Sigma, St.

Louis, MO, USA) were analytical tested by the Phar-
macy of the University Hospital (CHUV, Lausanne,
Switzerland) that also prepared the pils.

During the same time period, the volunteers were
subjected to a strict individual training program

(Fig. 1) aimed at improving endurance performance
and causing fatigue and designed by expert staff. Mean-
while, all the subjects had to fill in the short version of
POMS (Profile of Mood State) in order to assess the
psychological profiles (data submitted for publication).

Spot urines were collected before the first pil
intake, during the second week of the training period
before and after the running sessions, on day 24 before
treatment, 4, 8 and 24 h after and 13 days after the last
pil intake (Fig. 1). Urines were kept at 4°C until their
delivery to the laboratory and then each urine sample
was divided into 20 ml flasks and stored at -20°C until
extraction and analysis at the laboratory.

Blood analysis

Blood collections consisted in three tubes, one EDT A
2.7 ml and two serum 4.9 and 5.5 ml (Sarstedt AG &
Co., Nümbrecht, Germany) withdrawn before the
administration of the pil on day 1, 5, 8, 10, 12, 19, 26
and 29 in fasting conditions. The last tube was collected
on day 38, i.e. 10 days after the end of the training pro-
gram. The tubes were kept at 4°C (maximum 2 h) until
the arrival at the laboratory. Hemograms were analy-
sed on the EDT A tubes with a Sysmex XT 2000i
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Fig. 1 Schematic representation of the main part of the protocol.
The pil intakes are shown by the asterisks. The daily training pro-
gram is detailed with the different training zones (box with dots,
zone 1; light grey shaded box, zone 2; dark grey shaded box, zone
3 and black box, zone 4). The schedule of sampling is depicted on
the right side (B, blood; U, urie; U24H: uries durg 24 h)

(Sysmex Corporation, Kobe, Japan). These samples
were then centrifuged 10 min at 1,700 g and plasma dis-
tributed in 3 ml polypropylene tubes and stored at -
20°C until further analysis.

Serum tubes were directly centrifuged 10 min at
1,700 g and the plasma collected in 3 ml polypropylene
tubes and stored at -20°C until analysis. Serum endo-
crinology parameters (cortisol, testosterone, LH, hCG,
SHBG), muscle and cardiac biomarkers (Creatine
Kinase, Troponin I, Myoglobine) and inflammatory

markers (Interleukine-6) were measured with an
Immulite 2000 (DPC Diagnostic Products Corporation,
Los Angeles, CA, USA).

Aspartate, alanine aminotransferase (ASAT,

ALA T) and urea were obtained from Dade Behring
Diagnostics (Düdingen, Switzerland), runned on.
Dimension(I RXL.

Catecholamines analysis

The subjects were asked to collect all their urines dur-
ing 24 h on day 4, 17,25 and 32 (U24H, see Fig. 1). Ten
mililitres of HCI 5 N (Merck, Darmstadt, Germany)
were added in the 3 i containers (Becton Dickinson
BD, Franklin Lakes, USA) to stabilize the urines. Two
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aliquots were taken in 10 ml urine monovette (Sarstedt
AG & Co., Nümbrecht, Germany) and kept frozen at-
20°C until analysis. Adrenalin, noradrenalin and dopa-
mine were measured using high performance liquid
chromatography (HPLC) with fluorescence detection
(LC 240, Perkin Elmer, Boston, MA, USA).

Statistical analysis

All statistical analysis were performed on Matlab(I ver-
sion 6.1.0, with Statistics Toolbox version 3.0. Since dis-
tributions of the concentrations under study here are
not necessarily normally distributed, a non-parametric
one-way analysis of variance (Kruskal-Wallis
ANOV A) was used for comparing means or medians
between two groups of data. A (-test was also used to
compare the sample average to a given constant. A sig-
nificance level of P = 0.05 was considered.

Results

General considerations

Thirty male individuals were recruited to take part to
this triaL. Because of the vigorous training program
imposed on the volunteers, five of them retired from
the study due to physical problems (articulations and
muscles soreness). The values measured on these indi-
viduals were not included in the analysis. The final
repartition of subjects was 9, 8 and 8 individuals for P,

T and N group, respectively. The anthropometries val-
ues (Table 1) showed no statistical difference
(P ;: 0.05) between the three groups before and at the
end of the protocol.

The spot urines collected during the protocol were
analysed for the detection of the endogenous urinary
steroids. Isotope ratio mass spectrometry and gas chro-
matography coupled to mass spectrometry were used
to detect variations of the testosterone metabolites

compounds (Baume et al. 2006). Nandrolone metabo-
lites (19-norandrosterone and 19-noretiocholanolone)
stemming from the metabolism of 19-norandrostenedi-
one (Bricout and Wright 2004) were also quantified in
order to support previously published results (Baume
et aL. 2004) on the nandrolone metabolites pharmaco-
kinetics (manuscript in preparation).

Physical performance

Three weeks before the first study medication, speed,
heart rate, serum lactate concentration and exhaustion
were determined during standardized treadmil test.
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No statistical difference was found between the groups
except for lactate IAT and maxal speed between Nand
T groups (PNT = 0.02 and 0.03). Statistical analysis were
done on the same parameters established followig a sec-
ond treadmil test performed 10 days after the end of the
training program. The results revealed no difference
between the three groups (P ;: 0.05).

To put forward a potential beneficial effect of
numerous oral doses of AAS on performance, the
same physiological parameters were used. The intra-
group differences between the post and the pre-treat-
ment treadmil test values were calculated. As depicted
in Fig. 2, a significant increase was observed for maxi-
mal speed (Amax speed) in all groups (t-est for mean = 0;

Pp, PN and PT 0( 0.05) and for the speed at the IAT

(Aspeed IAT) for the N group. A noteworthy decrease
was noted for the serum lactate concentration at the
IAT (Alactate IAT) for P and N groups (Pp and
PN 0( 0.05).

Blood analysis

Several serum endocrinology parameters were mea-
sured. The time course of cortisol, total testosterone,
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Fig.2 Individual differences (1\) between post and pre-treatment
speed, heart rate (HR) and lactate values at the individual anaer-
obie threshold (IA T, left part of the chart) and at exhaustion (max,
right part of the chart) for the three groups placebo, 19-norandr-
ostenedione and testosterone. P values indicate the probability of

LH, T/LH and T/cortisol ratios along the protocol is
depicted in Fig. 3. Comparison (Kruskal-Wallis analysis
of variance) of values from the first and the last blood
samples showed a significant decrease of cortisol for P
and N groups (P = 0.0007 and P = 0.0046) and of total
testosterone for the three groups (P = 0.0041, P = 0.046

and P = 0.0063, for P, Nand T group, respectively). The
T/LH ratio did not vary along the entire study (Kruskal-
Walls ANOV A; P;: 0.05) but the T/Cortisol ratio
increased significantly for the P group (P = 0.01). The
first value measured before the beginning of treatment
was compared to a group of values composed of the
samples 2-8 (days 5, 8, 10, 12, 19,26 and 29; i.e. during
the treatment). No significant variation was noted for all
the investigated parameters. The results of hCG analysis
were mainly below the detection limit of the test used
and are therefore not of use for any interpretation.

Cardiac biomarkers were also measured on all blood
samples. Figure 4 shows the variations of creatine
kinase. Additionally, the time course of ASAT and
urea is depicted in same figure. The statistical analysis
did not reveal any intragroup difference (Kruskal-Wal-
lis ANOV A; P;: 0.05). It has to be noticed that the CK
data are expressed in ng/ml which is uncommon and

p N T

a significant variation (P.: 0.05) due to the administered product
(i.e. PT for the testosterone group). The boxes contain 25-75% of
the values and the bars ilustrate the 95% confidence interval.
The median is represented by the line in the boxes. The crosses are
the outliers
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Fig.3 Values of cortisol (a), total testosterone (b), LH (c), T/LH
ratio (d) and T/Cortisol ratio (e) for the placebo (open circles,
unbroken line), testosterone (open square, dotted line) and 19-no-

due to the measurement method. To put the data into
perspective, a reference range study revealed a median
value of 0.9 ng/ml, an upper 97.5th percentile of 2.6 ng/
ml, and an upper 99 percentile of 4.8 ng/ml (Immulite
2000 CK-MB procedure, DPC, CA, USA).

As hCG, the detection of troponine I could not be
used because of concentrations ranging below the
detection limit of the test used. Myoglobin values

remained invariant, the data are therefore not shown.
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The blood parameters (full blood count including
Hct, Hb, ...) measured on the EDTA tubes revealed no
significant variation throughout the trial (P:; 0.05)
(data not shown).

Urinary catecholamines

Four times during the protocol, the volunteers had to
collect their urines during 24 h (Fig. 1). The three
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Fig.4 Values of creatine kinase (a), ASAT (b) and urea (c) for
the placebo (open circles, unbroken line), testosterone (open
square, dotted line) and 19-norandrostenedione (open triangle,

major catecholamines, noradrenalin, adrenalin and
dopamine were measured. The mean values of the four
collection days are depicted in Fig. 5. The values are
within the normal range (noradrenalin: 20-80 ~g/24 h;

adrenalin: 2-20 ~g/24 h; dopamine: 190-50 ~g/24 h).
The only significant difference found during the test
was for noradrenalin of the third urine (day 25)

between P and T groups with a larger mean value for
the T group (P = 0.0045).

Discussion

. The purpose of this study was to evaluate a potential
effect of multiple AAS oral administrations on running
performances and on the physical stress leveL. Up to
now, many studies investigated the influence of various
AAS on muscular performance and recovery after
strength and/or resistance exercise (Bhasin et aL. 1996;
Kadi 2000; Kuipers et al. 1993). To our knowledge, the
endurance factor has never been studied in parallel
with a chronic oral intake of testosterone and/or
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40

broken line) groups. Values are means:l SEM. As in Fig. 3, the
training and treatment phase is indicated

nandrolone or its precursors. These two products were
chosen because they seem to be the AAS most used in
sports (W ADA 2005). Moreover, oral treatments
require an ester of testosterone (Wilson and Griffn
1980) because of the rapid hepatic metabolism of pure
testosterone. Norandrostenedione is a recurrent con-
tamination compound of nutritional supplements that
are more and more used by athletes. For these reasons,
the type of AAS and the doses used in our study could
be considered as a good mimical representation of
what might be used in professional and amateur sports.
Nevertheless, the results of this study may not be
directly transferred to all other AAS which could lead
to more significant effects.

Exercise tests

To be able to assess a possible beneficial effect of AAS,
the training protocol was specifically designed for
endurance training based on training regimes used in
the preparation of elite athletes and aimed at reaching
a high level of physical and mental exhaustion at the
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Fig. 5 Mean values (:l SEM) of urinary excreted noradrenalin
(a), adrenalin (b) and dopamine (c) for the placebo (open cir-
cles, unbroken line), testosterone (open square, dotted line) and

end of the 4 weeks training in the volunteers (Fig. 1).
This aim was well achieved according to the oral feed-
back obtained from the subjects.

For exercise testing, we used a protocol that has
been used and validated for the evaluation of running
performance in previous studies (Roecker et al. 1998).
There are many physiological descriptors for the evalu-
ation of performance. We choose the relation between
running speed, serum lactate concentration and heart
rate for the description of effort. From these parame-
ters, a reliable prediction of race times in running com-
petitions is possible (Roecker et al. 1998) and thus this
test setting has a high practical impact for high perfor-
mance sport. These three parameters were evaluated
at two different time points during the treadmil tests.
First, at the IA T and secondly at exhaustion (max) of
the subjects. At the beginning of the protocol, only two
values were found to be significantly different between
Nand T groups. T group subjects had a lactate concen-
tration slightly under the one of the N group at the IA T
and a maximal speed higher than N group individuals.
These points toward the fact that the initial physical
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level of the 25 individuals was not uniform and is a
recurrent problem in the clinical studies made on
human volunteers (Hartgens and Kuipers 2004) that is
very diffcult to avoid because of the high number of
subjects that are required for such studies. Even if
these differences exist, in the present study, there are
quite negligible (P = 0.02 and 0.03). The P, T and N
groups were therefore considered as comparable with
each other. The variables measured during the tread-
mil tests performed after the training program (day
38) showed no variation between the three groups
(P;: 0.05) which can be interpreted as an identical
intergroup response to training, regardless of the
administered substances.

The intragroup performance variation following the
training month was assessed in calculating the differ-
ence of the same values described above measured dur-
ing the post and the pre-treatment treadmil tests

(Fig. 2). Once again no clear conclusions can be drawn
even if Aspeed ¡AT of the N group subjects and Alactate ¡AT

for Nand P groups significantly increased and
decreased, respectively. Only one parameter (Amaxspeed)
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increased considerably for the three groups. It can be

speculated that this increase of the maximal speed
might be due to a uniform effect of the training program
in the three groups.

On the other hand, there is an adaptation phenome-
non of the subjects to the treadmil which implies that
an individual wil never perform two identical exercise
tests. In addition, the intraindividual variation of the
performance test might be greater than a potential
effect of training or treatment. This is a recurrent prob-
lem in sports medicine (Hopkins 2004) and training
planning. Therefore the differences observed between
the performance related variables at the beginning and
the end of the study are not important enough to prove
that the investigated oral AAS are useful to increase
endurance performance. It has to be noticed that the
number of subjects in our study might be insuffcient to
unmask small effects of AAS. Indeed, it is possible that
the performance is influenced by the oral intake of
AAS in a range of 2-5%. Such a difference, e.g. in the
speed at IA T might have a significant impact in a top
level sporting competition but would require higher
volunteer number to be revealed.

Hormone profiles

Many authors have investigated the effects of exercise
on the endocrine system. While some studies demon-
strated that physical efforts do not influence the concen-
trations of serum hormones like testosterone (Smilios
et al. 2003), others clearly showed that there is a hor-
mone variation (testosterone, LH and cortisol) due to
exercise (Bonen et al. 1979; Galbo et al. 1977; Kuoppa-
salm et al. 1980). These contradictory results could be
explained by a reaction dependent on several factors
like intensity, duration and mode of exercise and also by
the training level of the subjects (Tremblay et al. 2004,
2005; Urhausen et aL. 1995; Viru 1992). For this reason,
the study protocol is a key criterion to consider before
comparing the results reported in the literature. It is well
documented that during and just after an endurance
effort, testosterone (anabolic hormone) falls under the
basal values whereas cortisol (catabolic hormone) con-
centration increases, which implies a decrease of the
anabolic/catabolic (T/cortisol) ratio. It has been sug-
gested that such adaptation allow amino acids to be redi-
rected from protein synthesis to gluconeogenesis needed
in stress situation (Duclos et al. 1996; Nindl et al. 2001).
Up to now, only the imediate evolution (hours after
efforts) of these biological markers has been investi-
gated. With this study we focused on the middle and
long-term changes of the hormonal profiles. The hor-
monal responses depicted in Fig. 3 show no significant

variation for total testosterone, cortisol and LH in the
three groups. According to previously reported results
(Fernandez-Garcia et aL. 2002; Wheeler et aL. 1991) a
drop of the testosterone serum concentrations should

have been observed but none of the three groups
showed such picture. Moreover, the intake of testoster-
one undecanoate seems not to have any effect on the tes-
tosterone concentrations meaning that the oral doses
were probably not suffcient enough to influence the
hypothalamc-pituitary-testicular (HPT) axis. At the end
of the training program, the volunteers could be consid-
ered as endurance trained athletes. Thus the final
decline of testosterone, for the three groups, could be
explained by a down regulation of the HPT axis that was
already observed in this kind of athletes (Hackney et aL.
1990, 1998). Free and bioactive testosterone concentra-

tions were also calculated through the measurement of
SHBG (data not shown). As this latter did not vary sig-
nificantly, the free and bioactive testosterone profiles are
the same as the one of total testosterone.

Cortisol has been proven to be one of the essential
adaptation hormone during exercise (Viru and Viru
2004) but the variations are dependent of the intensity
and duration of effort (Viru et al. 1992). As testoster-
one, cortisol serum concentration is quite stable during
the treatment phase and drops significantly 10 days
after the end of the training. The fact that cortisol lev-
els did not change during the training was already

observed by Keizer et al. (1989) and this might be
explained by the rapid return of this hormone to the
basal value. The final decrease of cortisol is probably
an indicator of a complete recovery of the volunteers in
whom the catabolic activity is not present any more.

Intuitively, longitudinal follow up of athletes during
1 month of endurance training should have resulted in
a testosterone decline and then by a retro control feed
back to a stimulation of the LH production (Matsum- .
oto and B~emner 1984). As testosterone does not vary,
LH remains stable during the entire study. These
results have already been reported in the literature.
MacConnie et aL. (1986) stipulated that this non
response of LH may be caused by the prolonged,
repetitive elevations of gonadal steroids and other hor-
mones known to suppress gonadotropin-releasing hor-
mone secretion that are elicited by daily exercise. The
T/LH serum and urinary ratios have been proven as an
indicator of high injection dose of testosterone admin-
istration (Kicman et aL. 1990). The multiple oral doses
of testosterone undecanote taken by the T groups sub-
jects seem not be suffcient to have a significant impact
on the HPT axis as testosterone and T/LH ratio are
rather constant and not different from the two other
groups, along the study.
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Inflammatory and stress markersAll these results could indicate that the HPT axis
has not been influenced by the duration (1 month) and
intensity of the efforts. As the subjects trained outdoor,
the conditions were not controlled as well as in labora-
tory settings. Nevertheless, the volunteers had to
report their daily exercise (time of run and intensities)
in order to allow a control of the protocol by the inves-
tigators. Except this control, the diet and others physi-
cal activities were not monitored. This is probably not
an explanation of the relative hormonal stability which
is most likely explained by the times of the blood with-
drawals (between 6.30 and 8 am, 48 h after the previ-
ous medication).

Muscular activity biomarkers

To have an indirect measurement of the physical
stress, the global time course of CK, ASA T and urea
was assessed during the training month (Fig. 4). CK is
an enzyme important for the muscular contraction
cycle and present in striated and cardiac muscles. An
augmentation of this biomarker could result from a
release of the damaged muscles due to intense physi-
cal effort (Ebbeling and Clarkson 1989). The basal
values of the three groups are slightly above the refer-
ence range values. This observation is common in
people practicing sports on a regular base. Even if no
statistical changes were observed for CK, the profile
indicated that at the end of the two first training
weeks (days 5 and 12) the subjects have highly solic-
ited their muscles. On days 19 and 26, relatively low
CK serum levels could express the organism adapta-
tion to the training stress. ASA T is also contained in
striated muscles and increase as well as CK after
strenuous bout of exercise. The profile of ASA T is
comparable with the one of the CK and confirms the
observations made above. Urea is the final product of
the amino acids degradation. The dosage of serum
urea is mainly performed to evaluate the renal func-
tion which can be altered by intense physical exercise
(Poortmans 1995). Once again, for testosterone
group, the profile ilustrates the exercise intensity but

for Nand P groups no clear pattern was detected. In
the case of a better physical stress tolerance following
the intake of oral AAS, it can be expected that one or
more of these three biomarkers that were chosen for
an indirect measurement of stress, would be more
constant during an intense training program. Our
results do not show any intergroup difference in the
serum CK, ASAT or urea profiles. Subsequently, no
beneficial effects on physical stress could be attrib-
uted to oral testosterone undecanoate or norandros-
tenedione.

~ Springer

IL-6 has been proven to be an inflammation responsive
cytokine that drastically increase after strenuous exer-
cise (Pedersen et aL. 1998) and also after prolonged
running (Ostrowski et al. 1999). Some authors postu-
lated that IL-6 could be involved in hormonal response
to training (Steensberg et al. 2003; Steinacker et aL.

2004). The main part of IL-6 analysis performed on the
serum samples were below the detection limit of the
immunological test used and no statistical interpreta-
tion was possible. According to these results, we are
not able to confirm an increase of IL-6 for both groups
and this parameter seems therefore not useful for a
long-term stress evaluation.

To have an indirect feed back of the physiological
stress generated by the hard training, catecholamines
were quantified in 24 h collected urines (Fig. 5). These
are hormones secreted in stress situations. Changes in
resting plasma and/or urinary catecholamines (adrena-
lin and noradrenalin) have been suggested as possible
tools for monitoring the impact of training load and/or
overload (Lehmann et al. 1997; Mackinnon et al. 1997).
It has also been shown that excretion of catecholam-
ines is correlated with training load (Atlaoui et al.
2006) and emotional stress (Lehmann et al. 1988).
Between the three measured catecholamines, only nor-
adrenalin seems to be influenced by effort as an
increase is observed for the T group. Even if this is a
significant change, no reasonable explanation was
found.

Limitations

Some limitations must be taken into consideration. First,
the fact that trainig and treatment are done at the same
time complicated the interpretation of the results. Sec-
ond, the statistical models used are of limited signifi-
cance for a small number of volunteers. More subjects
could have unmasked differences in a range of 2-5%.
However, small differences would be of great impor-
tance for professional athletes that compete at the high-
est leveL. Our observations are not in accordance with
the major studies made in the field of physical stress and
hormone response following endurance exercise, proba-
bly because contrasting most other studies, we tried to
investigate the development of hormones and other
physiological markers in a time period of days rather
than hours. The authors estimate that the training inten-
sity and volume were suffcient to trigger typical hor-
monal responses. Third, the doses of AAS administered
in our investigation could have been too low to observe
any performance or recovery improvements. However,

GDC00630



Eur J Appl Physiol (2006) 98:329-340 339

our doses were supposed to mimic the ones taken by
athletes and higher amounts would not be realistic in the
antidoping field. Maybe that a prolonged medication
period could lead to statistical differences regarding the
investigated physiological parameters between AAS
groups and placebo. The effect of AAS could also be
psychological and, in that case might not be measurable
through physiological parameters.

Conclusion

This study investigated the effect of multiple oral AAS
intake on performance capacity and markers of physical
stress of endurance trained athletes. Based on the
results, it is not obvious that a regular exogenous supply
of testosterone undecanoate or 19-norandrostenedione

(a nandrolone precursor) reduces physical stress or
improves endurance performance of the athlete.

According to these observations, further investiga-
tions with higher number of subjects and different
treatment times are needed to support the hypothesis

that AAS have a real impact on the organism to
improve recovery during and after endurance efforts.
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Abstract

To investigate (i) the effects of exogenous testosterone (T) on self- and parter-reported aggression and mood and (2) the role of trait
impulsivity in the T -aggression relationship. Thirt eugonadal men with parers were randomized into two treatment groups to receive: (1)
200 mg im T enanthate weekly for 8 weeks or (2) 200 mg im sodium chloride weekly for 8 weeks. Eight hypogonadal men received 200 mg
im T enanthate biweekly for 8 weeks. All groups completed a battery of behavior measures at baseline (Week 0) and at Weeks 4 and 8.
Cognitive and motor impulsivity were the only predictors of self-reported total aggression (over and above age and T levels) at Weeks 0, 4,
and 8. No significant changes in aggression or mood levels were found in the eugonadal-treated group. Significant reductions in negative
mood (tension, anger, and fatigue) followed by an increase in vigor were found in response to T treatment in the hypogonadal group. These
results demonstrte that inabilty to control one's behavior when such control is required by a paricular situation (impulsivity) was found to
significantly predict levels of aggression over and above age and T leveL. These data do not support the hypothesis that supraphysiological
levels ofT (within this range) lead to an increase in self- and parter-reported aggression or mood distubances. Instead, for the first time, this
study has identified the high level of negative affect experienced by hypogonadal patients. These findings have implications for T replace-
ment therapy and male contrception. ~ 2002 Published by Elsevier Science Inc.

Keyords: Testosterone; Aggression; Hostility; Impulsivity; Hypogonadal; Eugonadal

1. Introduction

The effect of testosterone (T) on behavior, and in par-
ticular aggression, has received considerable attention over
the last decade (1-4). This has been prompted by several
developments. Firstly, the high-profie media coverage of
incidents of 'steroid rage' seemingly associated with the
abuse by strength athletes of androgenic-anabolic steroids
(AAS) (5). Secondly, the use of exogenous T clinically as
part of the development of a reversible, hormonal contra-

ceptive for men (6), its use for replacement therapy in HIV
ilness (7), and for treating the psychological and physio-
logical effects of aging in men (8).

In general, these studies can be characterised as: (1)
Comparisons between violent criminals and nonviolent con-
trols on some measure of aggression (9-11). These studies
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generally demonstrate higher T levels among the more
violent men than the less violent ones. (2) Correlational
studies investigating the degree of association among endo-
genous T levels, aggression, and hostile feelings. These
studies have shown conflicting results, with stronger asso-
ciations being found when behavioral and observational
measures have been employed compared to trait measures
of aggression (9,12,13). (3) Experimental studies where
T levels have been manipulated into the supraphysiological
range (1,14-17). The existing experimental studies have
yielded varied results, and they are difficult to interpret
owing to differences in experimental manipulations and in
the dependent variables.

Here, we examine reports providing measures of direct
aggression for baseline or placebo phases, and for phases
when levels ofT were elevated to supraphysiological levels.
We calculated effect sizes (g) from the means and standard
deviations provided in the papers, for the differences

between baseline and T conditions, and for the differences
between placebo and T conditions (18). Su et al. (16)
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injected 20 men with placebo, followed by a low dose of
methyltestosterone, and then a high-dose methyltestoster-
one. Their psychological measures were mainly concerned
with mood, but included ratings of 'violent feelings' on a
visual analogue scale. Comparing baseline with the high-
dose phase yielded a value of g= .28; comparing baseline

with the low-dose phase yielded a value of g= .09. How-
ever, the authors report trends for an increase in anger and
violent feelings in the high-dose group. Yates et al. (17)
reported a double-blind study of 31 men involving 100,
250, and 500 mg of T cypionate. For self-ratings on the
assault scale of the Buss-Durkee Hostility Inventory
(BDHI), values indicated no difference between baseline
or placebo and the average of all three doses of T (g= .08
for baseline and g = 0 for placebo). However, values indic-
ating an increase on this scale were found when the ratings
were provided by an informant rather than the person
himself (g =.4 7 for comparisons with baseline and g = .1 7
for placebo). Pope et al. (15) reported values on a laboratory
measure of aggression (the Point Subtrction Aggressive

Paradigm (PSAP) by Cherek et al. (19)) for baseline,
placebo, and treatment phases for 27 men receiving up to
600 mg T cypionate. The values were g= .57 for the
baseline comparison and g = .51 for the treatment compar-
ison, indicating a rise in aggression following T treatment.
Although the Aggression Questionnaire (AQ), the modern
version of the BDHI, was used in this study the values
presented were aggregates for the four subscales: physical
and verbal aggression, hostility, and anger. An initial report
based on 8 of the 51 men completing this measure (20)
indicated an increase in physical aggression following

treatment (g = .79), but a much smaller one for verbal
aggression (g= .20). In the complete sample, the values

for the total AQ scores were around zero, indicating no
change in this composite measure of direct aggression,
hostility, and anger.

Over the three studies, when effect sizes are calculated,
there is some evidence for increases in measures of direct
aggression following T administration, but this is inconsist-
ent, and nonsignificant in most cases.

Experimental studies have generally not found evidence
for aT-anger relationship (1,14,21). For example, Tricker
et al. (1) administered a large supraphysiological dose of
T enanthate (600 mg/week) to a sample of healthy men in a
double-blind, placebo-controlled fashion and assessed both
self-reported and parer-reported mood and anger. Their
study failed to detect any effects on angry behavior or
mood. More intriguingly, Bjorkqvist et al. (21) found
evidence for a placebo effect, where men who received a
placebo in a double-blind experiment reported higher scores
on self-estimated anger, irrtation, impulsivity, and frustra-
tion than those receiving T orally (panteston). These in-

creases were also supported by the observer estimates.
However, these findings should be interpreted with caution
given that the orally administered T did not increase

circulating T levels into the supraphysiological range.

One concern in this area (21) is that positive results are
more readily reported than null ones and that investigators
are less likely to submit manuscripts that accept null

hypotheses. These findings also suggest that the relation-
ship between T (or steroid use) and aggressive behavior
may not be a direct, causal one. With this in mind, it is
important to note that few experimental studies have

investigated the possible role of individual difference

variables, such as impulsivity, in their experimental para-

digms (3). Research in this area is also limited by over-
reliance on self-report data, with few studies incorporating
observations from a parter or significant other (e.g. Ref.
(1)). There is also a dearth of controlled investigations of
the effects of T administration on aggressive, hostile

behavior, and mood in young hypogonadal men who have
low levels of T (22).

The aim of this study was to investigate the dose-
response relationship among T levels, behavior, and mood
in men. A eugonadal-treated group receiving weekly injec-
tions of supraphysiological levels of T and a hypogonadal
group receiving physiological replacement levels of T were
compared with a eugonadal-placebo control group, over an
8-week period. To improve on previous studies, a wide
range of measures were used, including self- and parer-
reported aggression, anger and hostility, self-esteem, asser-
tiveness, irtability, and moods. Trait impulsivity was also
assessed at baseline.

2. Method

2.1. Subjects

Thirt healthy male volunteers (mean age = 28.2 years;
range 19-45 years) and 8 hypogonadal male patients (mean

age = 30.8 years; range 23-40 years) paricipated in the
study. The eugonadal men were recruited from local radio
and newspaper advertisements. The hypogonadal patients
were recruited from the Departent of Endocrinology,

Manchester Royal Infirary and Hope Hospital, Manches-

ter, UK. The hypogonadal group consisted of three men
with Kallmann's syndrome, two with Klinefelter's syn-
drome, and three who had a bilateral orchidectomy receiv-
ing maintenance T replacement for a mean of 5 years (range
0- 14 years).

2.2. Design

Volunteers who met the admission criteria after medical
screening were randomised into two treatment groups

(n= 15) to receive (1) in the eugonadal-treated group:

200 mg im T enanthate (Cambridge Laboratories, UK) once
weekly for 8 weeks or (2) in the eugonadal-placebo group:
200 mg im 0.9% sodium chloride solution weekly for
8 weeks. The eugonadal-treated group received 200 mg T,
weekly for two reasons: (a) the pharmacokinetics of this
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Table I
Correlations among the independent variables (age, T, and impulsivity) and total aggression scores for all groups (All), eugonadal group (Eug: treated and
placebo), and the hypogonadal group (hypo)

Week 0 Week 4 Week 8
Varables All Eug Hypo All Eug Hypo All Eug Hypo

Age -.04 - .16 .00 .10 .01 -.01 - .08 -.22 - .10

T -.41* -.21 .48 -.12 .15 .09 - .15 .02 - .33

Nonplanning impulsivity .05 .18 .57 - .15 .00 .49 .02 .21 .65
Cognitive impulsivity .60** .63** .39 .53** .57** .30 .65** .73** .22
Motor impulsivity .56** .48* .56 .56** .54** .30 .63** .56** .59

* Poe.05.

** poe .01.

T preparation are well-documented (23) and (b) this dosage
has been used successfully in male contraceptive clinical
trials (23). One participant from the eugonadal-treated group
had to withdraw from the study before Week 4 for personal
reasons unrelated to the study. A wash-out period of 6-8
weeks was required for the hypogonadal group (to allow
endogenous T levels to fall to the low hypogonadal range -(
6 nmol/l, the normal range being 10-35 nmol/) before they
were admitted to the study. The hypo gonadal group received
200 mg im T enanthate biweekly for 8 weeks. No significant
age differences were found between the groups (F(2,35)=
0.97, ns). All participants provided written consent. The
study was approved by the Central Manchester Research

Ethics Committee for Medical Research.
Volunteers completed a battery of validated behavioral

scales (see below) at baseline (Week 0) and at Weeks 4 and
8. Mood was assessed weekly. The volunteers completed
all the behavioral measures in the privacy of a clinical
research room. Blood sampling was performed before
receiving intramuscular injection at Weeks 0, 4, and 8.
Time of venepuncture was random among the groups,
although, generally each paricipant provided their sample

at approximately the same time of day at each of the time
points. All plasma samples were stored at - 20°C until

assay. T was measured using a time-resolved fluoroimmu-
noassay (AutoDELFIA Testosterone Kit) with an assay
sensitivity of 0.4 nmol/l.

2.3. Instrments

The Barratt Impulsivity Scale-ll (BIS-11) (24) was
administered at baseline to assess trait impulsivity. There
are three subscales: nonplanning impulsivity, cognitive
impulsivity, and motor impulsivity.

The AQ (25) was administered to assess aggression
levels. There are four subscales: physical aggression, verbal
aggression, anger, and hostility. A total aggression score
was also calculated by summating the four subscales (and is
the main dependent variable in Tables 1 and 2). For the
purpose of this prospective study, the AQ, which is general
in its referents, and can be characterised as a trait measure,
was modified slightly to refer to a specific period in the

recent past (i.e. the last 4 weeks). This made the measure
more suitable for measuring within-subject variation.

The Partner Aggression Questionnaire (AQ-P) is an
adapted version of the AQ (25,26) where the male respon-
dent's parter is asked to rate their parter in relation to each
of the AQ items. Since the hypogonadal patients were

generally not involved in long-term sexual relationships,
no parter data were collected.

The Aggressive Provocation Questionnaire (APQ) (26) is
a measure of aggressive responding. It consists of 21
vignettes that are representations of real provocative situa-
tions. The respondent is asked to imagine at this moment:

(1) how he would feel in each situation (angry, frstrated,
and irrtated), measured on a five-point Likert scale and, (2)
how he would react to each situation by choosing one of
five action alternatives categorised as follows: (1) avoid, (2)
no response, (3) anger, (4) assertive behavior, and (5) direct
aggression. In the present study, analysis concentrated on
the total number of aggressive and assertive options chosen
across the 21 vignettes.

The State Self-Esteem Scale (27) consists of 20 items
that are concerned with pedormance, social, and appearance
aspects of self-esteem.

The Rathus Assertiveness Schedule (28) consists of 30
items, which are concerned with assessing to what extent the
paricipant is assertive in a range of situations. Again for the
purpose of this prospective study, the respondents were

Table 2

Stepwise multiple regression analysis: predicting total aggrssion scores

Variable Predictors ß Ji P

Total aggression i. Cognitive impulsivity 4.1 i .63 .39 oe.OI

(Week 0)
Total aggression i. Cognitive impulsivity 3.53 .57 .32 oe .01

(Week 4) i. Cognitive impulsivity 2.44 .41 oe.05

2. Motor impulsivity 2.09 .35 .43 oe.05

Change in Ji = . i i
Total aggression i. Cognitive impulsivity 5.51 .73 .54 oe.OI

(Week 8) I. Cognitive impulsivity 4.32 .60 oe.OI

2. Motor impulsivity 2.1 i .29 .61 oe.05

Change in Ji = .07
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3. Resultsinstructed to rate themselves over a specific period in the
recent past (i.e. last 4 weeks).

The irrtability subscale from the BDHI (29) was adapted
to be completed along a five-point scale and respondents
were instrcted to rate themselves over a specific period in
the recent past (i.e. last 4 weeks).

The Profie of Mood States (POMS) (30) consists of 65
adjectives that describe feelings and mood. There are six
subscales: tension-anxiety, depression-dejection, anger-
hostility, vigor-activity, fatigue-inertia, and confusion-
bewilderment. A total mood disturbance score was also
calculated by subtracting the vigor-activity subscale score

from the total summation of all other scales. The analysis
concentrated on the mean score for each 2-week period (e.g.
mean for Weeks 1 and 2).

2.4. Data analysis

Descriptive statistics were calculated for each of the
variables. Preliminary Pearson's Product-Moment Correla-
tional analysis and stepwise multiple regression were used
to investigate the predictive relationship between the inde-
pendent variables (e.g. T level, age, cognitive, motor, and
nonplanning impulsivity scores) and the main dependent
variable, total aggression (total aggression score includes the
summation of each of the scored subscales from the AQ) at
each time point. Two-factor analysis of varance for a mixed
design was used to assess performance differences across
testing sessions (time factor: Weeks 0, 4, and 8) and
between groups (group factor: eugonadal-treated, eugona-
dal-placebo, and hypogonadal groups) for all dependent
variables. Multiple comparisons were also made using
Scheffe post hoc tests. All data were analysed using SPSS
for Windows Version 9.0.

3.1. Testosterone levels

T levels are shown in Fig. 1. Two-factor ANOVA
revealed significant main effects for time (F(2,68) = 52.96,
po: .01) and group (F(2,34) = 38.99, po: .01), and a signific-
ant Time x Group interaction (F(4,68)= 16.39, po: .01).
Post hoc analyses showed that exogenous T significantly
increased T levels from a baseline level of 21.7:: 1.6-
34.4:: 1.7 nmol/l at Week 4 to 38.4::2.1 nmol/l at Week 8
in the eugonadal-treated group. In contrast, T levels of the
eugonadal-placebo group did not change from a baseline
level of 20.1 :: 1.4 nmol/I (Weeks 4 and 8 = 18.9:: 1.3 and
20.0:: 1.8 nmol/I, respectively). The hypogonadal group
responded to T treatment with a significant increase into
the normal range from a baseline level of 3.8:: 1.1-
18.1 :: 1.6 nmol/l at Week 4 to 22.4:: 2.3 nmol/ at Week 8.

3.2; Trait impulsivity

One-way ANOVA revealed a significant difference bet-
ween the groups for nonplanning impulsivity (F(2,35) =
2.66, po: .05). The hypogonadal group reported signific-
antly lower levels of nonplanning impulsivity than the

eugonadal-placebo group. Neither cognitive (F(2,35) =
0.89, ns) or motor (F(2,35)= 1.95, ns) impulsivity showed
significant differences.

3.3. Preliminary correlational analysis

Table 1 shows the correlations between the independent
variables (age, T level, and impulsivity) and the main
dependent variable, total aggression at Weeks 0, 4, and 8.

40
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Fig. 1. Testosterone levels in all groups at baseline (week 0), week 4 and week 8.
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All groups were first entered into the analysis, to provide
greater variability in T levels. The analysis was rerun
excluding the hypogonadal group.

At Week 0, only three significant correlations were found.
Total aggression was negatively associated with T levels
(r = - .4 1, P .: .05) and positively associated with cognitive
and motor impulsivity (r=.60, p.: .01; r=.56, p.: .01;

respectively). When the hypogonadal group was excluded,
only cognitive and motor impulsivity remained significantly
correlated with total aggression levels (r= .63, p.: .01;

r = .48, p.: .05 ; respectively). This indicates that higher
levels of trait impulsivity are associated with higher levels
of self-reported aggression in the eugonadal men.

At Week 4, two significant correlations were found for all
paricipants combined. Again higher cognitive and motor
impulsivity were significantly associated with higher levels
of self-reported aggression (r= .53, p.: .01; r= .56,
p.: .01; respectively). The correlations were similar after

excluding the hypo gonadal (r=.57, p.: .01; r=.54,

p.: .05; respectively). At Week 8, cognitive and motor
impulsivity were the only variables to be significantly
associated with total aggression in the combined group
and with the hypo gonadal men omitted (Table 1).

3.4. Stepwise multiple regression analysis

Stepwise regression was used to further investigate the
relationship between impulsivity and total aggression.
Table 2 shows the results. At Week 0, only cognitive
impulsivity emerged from the analysis, explaining 39% of
the variance of total aggression scores. Cognitive impul-
sivity explained 32% of the variance in total aggression at
Week 4, with motor impulsivity explaining an additional

561

11 %. Similarly, at Week 8, cognitive impulsivity explained
54% of the variance in total aggression scores with motor
impulsivity explaining a further 7%.

3.5. Aggression Questionnaire

Table 3 summarises self-and parter-reported scores on
the AQ for each of the groups.

3.5.1. Physical aggression
No significant main effect was found for time (F(2,68)=

0.61, ns) or group (F(2,34) = 1.29, ns), suggesting that supra-
physiological levels of T did not increase physical aggres-

sion. There was a slight trend towards a significant Time x
Group interaction (F(4,68) = 2.05, P=.097), which is likely
to be accounted for by the increase in self-reported physical
aggression in the hypogonadal group at Week 4. These
findings were further endorsed by the parter reports in the
eugonadal-treated and eugonadal-placebo groups. No sig-
nificant main effects were found for time (F(2,5 0) = 2.91 , ns),
group (F(I,25) = 0.80, ns), or the Time x Group interaction
(F(2,50) 

= 0.02, ns).

3.5.2. Verbal aggression

A significant main effect was found for group (F(2,34)=
3.39, p.: .05). The hypogonadal group reported signif-
icantly higher levels of verbal aggression than the eugona-
dal-placebo group (P .: .05). Neither main effect for time
(F(2,68) = 1.47, ns) or the Time x Group interaction
(F(4,68)=0.49, ns) were significant. Again, no significant
main effects were found for partner reports, for time
(F(2,50)= 1.88, ns), group (F(I,25)=0.65, ns), or the Time
x Group interaction (F(2,50) = 0.65, ns).

Table 3

Descriptive statistics for self- and parer-reported scores on the aggression questionnaire at Weeks 0, 4, and 8

Self report Parer report

Group Week 0 Week 4 Week 8 Week 0 Week 4 Week 8

Physical aggression

Eugonadal-trated 18.36 (1.61) 19.07 (1.8) 18.64 (1.77) 16.29 (1.68) 19.07 (1.8) 17.00 (1.68)
Eugonadal-placebo 18.20 (1.9) 17.13 (1.22) 18.06 (1.5) 15.47 (1.3) 17.13 (1.22) 15.71 (1.2)

Hypogonada1 19.75 (1.26) 22.38 (2.03) 19.75 (1.43)

Verbal aggression
Eugonadal-trated 14.07 (0.69) 14.14 (0.60) 13.79 (0.72) 12.64 (1.0) 12.23 (1.02) 12.85 (1.05)
Eugonadal-placebo 13.00 (0.74) 13.66 (0.65) 12.40 (0.56) 11.27 (0.97) 10.43 (1.05) 10.64 (0.98)
Hypogonadal 16.00 (1.3) 16.38 (1.49) 16.13 (1.69)

Hostility
Eugonadal-treated i 7.1 i (1.47) 16.29 (1.23) 15.21 (1.23) 12.79 (1.09) 13.69 (1.3) 14.53 (1.4)

Eugonadal-placebo 16.93 (1.08) 16.00 (1.48) 15.26 (1.0) 12.53 (1.02) 11.6 (0.80) 11.21 (0.91)
Hypogonadal 25.25 (2.18) 26.88 (2.61) 23.43 (2.38)

Anger
Eugonadal-treated 16.3 (1.26) 16.14 (1.21) 17.50 (0.74) 14.57 (1.80) 14.07 (1.72) 16.46 (1.40)
Eugonadal-placebo 14.93 (1.04) 14.60 (1.3) 15.13 (0.67) 13.33 (1.8) 12.79 (1.43) 14.36 (1.2)

Hypogonadal 20.00 (1.91) 19.38 (1.8) 19.50 (1.67)

Standard error of means are given in parentheses.
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3.5.3. Hostilty
A significant main effect was found for time (F(2,68) =

4.89, Po( .01) and group (F(2,34)= 11.1, Po(.Ol) There
was no significant Time x Group interaction (F(4,68)=
1. 1, ns). The hypogonadal group reported significantly
higher hostility scores than both the eugonadal-placebo

and eugonadal-treated groups (P 0( .01). The significant
main effect for time is accounted for by the reduced hostility
scores in all groups by Weeks 4 and 8 (Week 4: 18.46 vs.
Week 8: 17.27, Po( .05; Week 0: 19.03 vs. Week 8: 17.27,
P 0( .01). The parters generally reported lower levels of
hostility than their counterparts. However, there were no
significant main effects for time (F(2,50)=0.04, ns), group

(F(I,25)=2.07, ns), or the Time x Group interaction

(F(2,50)=2.13, ns).

3.5.4. Anger
No significant main effect was found for time (F(2,68)=

1.96, ns) or for the Time x Group interaction (F(4,68)=
0.83, ns). However, a significant main effect was found for
group (F(2,34)=4.16, Po( .05). The hypogonadal group

reported significantly greater levels of anger compared to
the eugonadal-placebo group (P 0( .05). For the parters'
scores, a significant main effect was found for time
(F(2,50)=4.69, Po( .05) but not for group (F(l,25)=
2,07, ns) or for the Time x Group interaction (F(2,50)=

0.20, ns). A significant increase in parter-reported anger
scores from Weeks 4 to 8 accounted for this significant main
effect (t =3.47, Po( .01).

3.6. Aggressive Provocation Questionnaire

3.6.1. Aggressive actions
No significant main effects were found for either time

(F(2,68)= 1.4, ns) or group (F(2,34)= 1.21, ns). There

was a significant Time x Group interaction (F(4,68)=2.70,
P= .049), but post hoc comparisons found no significant
differences between any of the cells. These findings provide
furter support for an absence of a T treatment effect on

levels of aggression (Table 4).

3.6.2. Assertive actions
There was a significant main effect for time (F(2,68) =

4.02, P 0( .05) but no significant effect for group (F(2,34) =
0.92, ns) or for the interaction (F(4,68)=0.98, ns). The
main effect for time was explained by a significant increase
in assertive actions from Weeks 0 to 4 (11.95 vs. 13.16;
t =2.71, Po(.OI). This trend was sustained at Week 8,
although it was nonsignificant (P= .07), suggesting that
the time effect may be accounted for by an overall placebo
effect (Table 4).

3.6.3. Irritabilty

A significant main effect was found for group (F(2,34)=
10.04, P 0( .01), but not for time (F(2,68)=2.07, ns) or for
the Time x Group interaction (F(4,68) = 0.29, ns). Both the

Table 4
Descriptive statistics for behavior measures (on APQ) at Weeks 0, 4, and 8

Group Week 0 Week 4 Week 8
Aggressive actions
Eugonadal-treated 0.93 (0.32) 1.5 (0.54) 0.86 (0.34)
Eugonadal-placebo 0.67 (0.33) . 0.40 (0.19) 1.00 (0.35)

Hypogonadal 1.13 (0.61) 1.88 (0.67) 1.62 (0.46)

Assertive actions

Eugonadal-treated 11.86 (0.71) 12.21 (0.80) 12.1 (0.99)
Eugonadal-placebo 11.47 (0.96) 13.27 (1.0) 12.07 (1. i)

Hypogonadal 13.00 (1.2) 14.63 (1.46) 14.75 (1.8)

Irritability
Eugonadal-treated 28.29 (1.6) 26.50 (1.1) 25.64 (1.9)

Eugonadal-placebo 23.87 (1.4) 24.13 (1.40) 23.00 (1.28)
Hypogonadal 33.75 (2.40) 33.75 (1.87) 32.62 (1.6)

State selfesteem
Eugonadal-treate 51.21 (1.54) 50.29 (1.88) 51.9 (2.26)
Eugonadal-placebo 48.60 (1.52) 47.67 (1.2) 48.53 (1.70)
Hypogonadal 53.00 (2.57) 53.25 (2.06) 58.37 (1.88)

Assertveness
Eugonadal-treated 10.21 (2.99) 19.50 (5.40) 19.29 (5.13)
Eugonadal-placebo 15.67 (4.31) 16.73 (4.60) 19.27 (4.61)
Hypogonadal 4.25 (5.79) 8.87 (6.04) 9.00 (5.07)

Stadad error of means are given in parentheses.

eugonadal-treated and eugonadal-placebo groups reported
significantly lower levels of irrtability overall than the

hypogonadal group (Table 4).

3.6.4. State selfesteem
A significant main effect was found for both time

(F(2,68)=4.86, Po(.05) and group (F(2,34)=3.28,
P 0( .05), with the Time x Group interaction approaching
significance (F(4,68) = 2.39, P= .059). The significant main
effect for time is accounted for by the increase in self-esteem
scores from 49.86 at Week 4 to 51.70 at Week 8 (t = 2.13,
P 0( .05), in particular by the increase reported by the
hypogonadal group from Weeks 4 to 8 (53.25 vs. 58.37).
This finding (Table 4) reflects the trend towards a significant
interaction, suggesting the existence of a positive treatment
effect on self-esteem in the hypogonadal group.

3.6.5. Assertiveness
A significant main effect was found for time (F(2,68) =

6.44, Po( .01) but not for group (F(4,68)= 1.24, ns) or

their interaction (F(2,34) = 1.09, ns). Table 4 shows sub-
stantial increases in assertiveness at Week 4 compared with
Week 0, particularly in the eugonadal-treated and hypogo-
nadal groups.

3.7. Profiles of Mood States

3.7.1. Total mood disturbance
Significant main effects were found for time (F(4,136) =

6.72, Po( .01) for group (F(2,34)= 13.04, P 0( .01), and for
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Fig. 2. Total mood distubance in all groups at baseline (week 0), week 4 and week 8.

the Time x Group interaction (F(8,136)= 3.320, p.: .01l

Multiple comparisons found that the significant group effect
was accounted for by significantly higher levels of total
mood disturbance in the hypo gonadal group than the eugo-
nadal-treated and eugonadal-placebo groups (see Fig. 2).
However, there was a significant reduction in total mood

scores in the hypogonadal group by Weeks 1-2 explaining
the significant interaction effect (t=3.07, p.: .05).

3.7.2. POMS subscales
POMS subscales scores are shown in Table 5. Significant

main effects were found for time for tension-anxiety

Table 5

Descriptive statistics for subscales on POMS at Weeks 0, 1-2,3-4,5-6, and 7-8

Group Week 0 Week 1-2 Week 3-4 Week 5-6 Week 7-8

Tension-anxiety
Eugonadal -trated 6.64 (1.09) 7.71 (1.45) 5.71 (0.99) 5.21 (1.0) 6.68 (1.5)

Eugonadal-placebo 6.40 (1.6) 5.80 (0.98) 4.90 (0.76) 5.30 (0.89) 4.77 (0.79)
Hypogonadal 17.37 (1.84) 9.75 (1.2) 11.63 (1.72) 11.8 (1.89) 12.00 (2.01)

Depression-dejection
Eugonadal-trate 5.07 (1.29) 5.93 (1.45) 2.93 (1.20) 1.68 (0.50) 1.82 (0.65)

Eugonadal-placebo 5.73 (2.05) 4.37 (1.34) 2.70 (0.85) 3.60 (1.67) 2.23 (1.20)
Hypogonadal 20.13 (3.83) 11.25 (3.55) 12.06 (4.03) 12.69 (4.08) 11.44 (3.32)

Anger-hostility
Eugonadal-treated 7.29 (1.88) 9.11 (2.20) 4.86 (1.28) 3.46 (0.83) 5.54 (1.9)

Eugonadal-placebo 3.73 (1.3) 4.03 (0.82) 4. I 0 (0.82) 4.00 (0.99) 3.13 (0.67)
Hypogonadal 17.75 (2.37) 12.06 (2.90) 17.69 (2.70) 16.88 (2.85) 14.75 (1.95)

Vigor- activity
Eugonadal-trated 20.79 (1.63) 18.36 (1.70) 18.43 (1.1) 17.89 (1.87) 17.79 (2.00)
Eugonadal-placebo 17.06 (1.41) 16.50 (1.46) 17.87 (1.24) 16.47 (0.98) 16.87 (1.04)
Hypogonadal 10.63 (2.26) 15.88 (2.22) 17.06 (1.80) 14.75 (1.71) 17.50 (1.5)

Fatigue-inertia
Eugonadal-treated 7.36 (1.44) 7.43 (1.25) 4.25 (0.71) 4.32 (0.76) 6.50 (1.52)
Eugonadal-placebo 6.47 (1.01) 8.40 (1.05) 6.30 (0.84) 6.13 (1.21) 5.30 (0.87)
Hypogonadal 18.12 (2.91) 9.56 (2.29) 11.9 (2.76) i 0.8 I (2.92) 12.06 (2.48)

Confusion- bewilderment

Eugonadal-trated 6.14 (0.97) 5.32 (1.27) 4.04 (0.95) 3.57 (0.94) 3.50 (0.87)
Eugonadal-placebo 7.07 (1. i) 5.73 (1.01) 5.03 (0.78) 4.87 (0.98) 4.60 (0.98)
Hypogonadal 12.25 (1.45) 8.81 (1.6) 8.75 (1. i) 8.56 (1.61) 8.44 (1. i 5)

Standard error of means are given in parentheses.
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(F(4,136)=6.80, Po(.OI), for depression-dejection

(F(4,136)=7.81, Po(.OI), for fatigue-inertia (F(4,136)=
4.84, Po(.OI), for confusion-bewilderment (F(4,136)=

11.96, Po(.OI) but not for anger-hostility (F(4,136)=
0.79, ns) or vigor-activity (F(4,136)= 1.4, ns). Significant
main effects were found for group for tension-anxiety
(F(2,34) = 10.83, po( .01), for depression-dejection
(F(2,34)= 10.70, po( .01), for anger-hostility (F(2,34)=
27.03, po( .01), for fatigue-inertia (F(2,34)= 8.49,

Po(.Ol), for confusion-bewilderment (F(2,34)=5.80,

po( .01) but not for vigor-activity (F(2,34)= 1.28, ns).
The hypo gonadal group reported significantly higher levels
of tension - anxiety, depression - dejection, anger-hostilty,

fatigue-inertia, and confusion-bewilderment than the eugo-
nadal men (Po( .01). There was a significant Time x Group
interaction for tension-anxiety interaction (F(8, 136) = 4.02,
Po( .01), for anger-hostility (F(8,136) = 2.36, Po( .05), for

vigor-activity (F(8,136)=3.84, Po(.OI), and for fatigue-
inertia (F(8,136)= 3.02, Po( .01). The Time x Group inter-
action for depression-dejection (F(8,136)= 1.97, P=.08)
and for confusion-bewilderment (F(8,136) = 0.61, ns) was
not significant. Planned comparisons showed that significant
reduction in tension-anxiety, anger-hostility, and fatigue-
inertia by Weeks 1-2 and an increase in vigor-activity by
Weeks 3-4 in the hypogonadal group explained the inter-
action effects, indicating a T treatment effect.

4. Discussion

We found that (trait) cognitive impulsivity (i.e. the
tendency to make up one's mind quickly) and (trait) motor
impulsivity (i.e. the tendency to act on impulse) accounted
for significant amounts of the variance in total aggression
levels, over and above age and level of T. This highlights
the importnce of including individual difference explan-
atory variables in experimental studies in this area. This
finding adds support to an earlier study of violent and
nonviolent male parolees by Cherek et al. (31). They found
that violent parolees scored significantly higher on a
'delayed gratification' impulsivity laboratory measure and
on the BIS- 11 compared to the nonviolent parolees. Fur-
thermore, in another report using the same sample, Cherek
et al. (32) found the number of impulsive choices chosen in
all parolees to be significantly correlated with the number of
aggressive responses reported previously.

Similarly, Gallgani et al. (3) found in a study comparing
AAS users with a drg-free group that the former reported
levels of impulsiveness at least one standard deviation

above the mean. The AAS users also reported significantly
greater levels of indirect and verbal aggression. Another
very recent study found impulsivity to predict AAS using
group. That is, young men who report AAS use score
significantly higher than non-AAS users (33) on impulsivity
and self-reported aggression. Such data, taken as a whole
suggest that an underlying mechanism, which inhibits

aggressive behavior, may be less effective, thus contributing
to the aetiology of aggressive behavior in normal men. In
other words, the link between steroid use and aggression

may be that impulsive men are more likely to take steroids
and also be aggressive.

However, given the methodological limitations of pre-
vious studies (Le. overreliance of cross-sectional designs), it
is difficult to decipher the exact nature of the relationship
between impulsivity and aggressive behavior. Deficits in
serotonin levels have been implicated in the development of
both impulsive and aggressive behavior (34,35). One recent
study (35) found a significant reduction in impulsive
responses in a sample of adult males with a history of
conduct disorder after administration of D,L- fenfluramine-
a drg which releases serotonin (and dopamine). Another

found that laboratory aggressive responding increased fol-
lowing the ingestion of a trtophan (a serotonin precursor)-
depleting beverage supporting the notion that serotonin has
a role in regulating aggression (36).

We also found that exogenous T administration did not
lead to significant increases in a range of aggression

measures in eugonadal men. This is not congruent with
other experiental studies (15,16). Most recently, Pope et

al. (15) reported a significant increase in both aggressive

responding as measured by the PSAP and ratings of manic
symptoms. They suggested that the AQ may not be as
sensitive as other aggression measures (cf. Ref. (37)) and
that the Young Mania Rating Scale (38) and the PSAP were
better adapted to detect T effects. This is a moot point given
that an earlier paper by the authors (20) reported detecting
T treatment effects using the AQ. Moreover, one would
have predicted in the present study that our measure of
irrtability might have at the very least detected any real
manic-like related changes. However, it is worth noting that
when effect sizes were calculated for Weeks 0-4 compar-
isons, there were small effects in the direction of an increase
in physical aggression. Although, nonsignificant these

would need to be borne in mind for future meta-analyses
since a series of nonsignificant findings that are all in the
same direction may add up to a weak but significant effect
when such studies are combined.

It is also reasonable to speculate that the subtle but

significant adverse psychological effects reported elsewhere
in the literature (16) are only associated with doses of T sub-
stantially higher than that employed in this study ()- 200 mg/
week) or utilised in male contraception clinical trals. If this is
the case, further high-dose studies are required using detailed
self- and parter-reported behavioral and mood assessments
in a double-blind, placebo-controlled, cross-over fashion.

We also failed to find any T-related mood effects in the
eugonadal-treated group. However, the hypogonadals were
identified as the group who benefited most from the
T treatment. Significant reductions in tension, anger, and
fatigue were reported by Weeks 1-2, followed by a sig-
nificant increase in vigor by Weeks 3-4. There was also a
trend towards a significant Time x Group interaction for
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state self-esteem levels, indicating a marked increase in
levels of self-esteem in the hypo gonadal group. These

findings support earlier research that has found T adminis-
tration to have positive mood effects when T levels are
restored into the normal range (22,39) and suggest that
prolonged treatment is likely to maintain these mood bene-
fits, but not further improve them (40). It is likely the
marked elevations in self-esteem scores and positive mood
states are concomitant with the restoration of normal sexual
function as reported elsewhere (40). Therefore, it is possible
the changes in the psychological functioning are related to
changes in sexual function.

The hypogonadal group generally reported significantly
elevated levels of verbal aggression, hostility, anger, and
irrtability compared to both the eugonadal groups. We
recognize that a hypogonadal-placebo group has not been
included in the design of our study. Ethically and clinically, it
would be problematic to treat hypo gonadal men with a
placebo in order to investigate behavioral changes. However,
despite this, it is important to note that the 'nonblinded
hypogonadal group did not consistently report lower levels
of aggression, hostility, anger, or irrtability (comparable to
both the eugonadal groups) after treatment commenced.

Instead, their self-reported levels remained significantly
higher, possibly indicating real concerns as opposed to a
placebo effect. To the best of our knowledge, this is the first
study to demonstrate the extent of the negative affect
experienced by this patient population. These data have
implications clinically, for both treatment and therapy.

In conclusion, we have found that supraphysiological
levels of T do not lead to significantly increased aggression
or mood disturbances. Instead, the inability to control one's
behavior when such control is required by a particular
situation was found to significantly predict levels of aggres-
sion over and above age and T leveL. Finally, our data for the
first time have identified an unacceptably high level of
negative affect experienced by hypogonadal patients before
and during treatment that requires further investigation.
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Testosterone replacement in hypogonadal men improves
body composition, mood, and sexual fuctionig. In this 90.d
study, we compared the pharacokinetics and treatment ef.
fectiveness of a topical testosterone gel (AA500) at two con.
centrations, 50 mg/d and 100 mg/d, to a testosterone patch and
placebo gel in 406 hypogonadal men. Pharacokinetic pro.
fies were obtained, body composition was measured, and
mood and sexual fuction were monitored. AA500 treatments
resulted in dose.dependent improvements in al pharacoki.
netic parameters, compared with testosterone patch and pIa.
cebo. Mean average concentrations at d 90 T were 13.8, 17.1,
11.9, and 7.3 nmolJter for 50 mg/d AA500, 100 mg/d AA500,

testosterone patch, and placebo, respectively. At d 90, the 100
mg/dAA500 treatment improved lean body mass by 1.7 kg and
percentage of body fat by 1.2% to a signficantly greater degree

than either control treatment. Signcant improvements in
spontaneous erections, sexual desire, and sexual motivation
were also evidenced with the 100 mg/d AA500 dose in com.
parson with placebo. Testosterone gel was well tolerated;
however, the testosterone patch resulted in a high rate of
application site reactions. Overal, AA500 is an effective, well
tolerated treatment for hypogonadism. (J Clin Endcrinol
Metab 88: 2673-2681, 2003)

THE USE OF testosterone (T) replacement therapy in hy-pogonadal men has been well documented. Specifi-
cally, restoration of senim T concentrations to within normal
limits (i.e. similar to that of eugonadal men) can maintain
sexual characteristics, sexual behavior, energy, mood, and
muscle development and improve bone density (1). Cur-
rently there are a number of different T dosage forms avail-
able for replacement therapy in hypogonadal men, but many
of these formulations have limitations. Orally available T is
relatively insoluble and subject to a high first-pass effect in
the liver. Intramuscular depot injections are used widely for
replacement therapy but are inconvenient and result in wide
fluctuations in T levels. Specifically, high initial peak levels,
followed by serum T levels below the lower limit of normal
toward the end of the cycle, lead to a return of clinical signs
and symptoms.

The skin and oral mucosa are considered favorable routes
for the delivery of T. Transdermal T patches, including

the scrotal patch (Testoderm), the nonscrotal permeation-
enhanced patch with an alcohol-based reservoir (Andro-
derm), and the nonscrotal patch without a reservoir (Testo-
derm TIS) provide a more consistent delivery of T into the
systemic circulation, although serum T levels are not always

Abbreviations: AUCo_24' 0- to 24-h Area under the cure; BPH, benign
prostatic hyperplasia; C"vg' mean concenb:ation; c",.,, maximum con-
centration; Cmin, mium concentration; DHT, dihydrotestosterone;
ORE, digital rectal examiation; %F, percentage fat; PM, fat mass; HDL,
high-density lipoprotein; I-PSS, International Prostate Symptom Score;
LBM, lean body mass; LDL, low-density lipoprotein; PK, phannacoki-
netic; PSA, prostate-specifc antigen; T, testosterone; TBM, total body
mass; TC, total cholesteroL.

maintained within normal limits over a 24-h period. Long-
term use of these patches (3-10 yr) has been shown to be
effective in maintaining sexual function and bone and muscle
mass in both young and elderly hypogonadal males (2-5);
however, skin tolerabilty problems or the need for shaving
large areas of scrotal ski invariably affect compliance with
trans dermal patches. Skin reactions commonly occur at the
patch application site, particularly with the permeation-
enhanced T patches causing erythema or pruritus. Blister
reactions also occur leading to scarring and discontinuation
of treatment (6, 7).

Previously, it has been reported that a T gel (AndroGel),
when applied over a larger area of skin, can achieve serum
T levels in the normal range and produce less skin irritation
than T patches. A new, unique topical T gel formulation
(AA2500) has been designed to provide consistent transder-
mal absorption of T over 24 h after a single dose and is hereby
reported. Before this study, the pharmacokinetic (PK) profie
of this new T gel (AA2500) was compared with AndroGel.
Data have demonstrated that after topical application of a
single dose of AA2500 T gel or AndroGel, the time to max-
imum concentration (T max) was comparable between the two
formulations indicating no appreciable differences in the rate
of absorption. However, the 0- to 24-h area under the curve
(AUCO_24) and maximum concentration (CmaJ were consis-
tently higher following application of AA2500 with approx-
imately 30% higher serum T levels being noted. The safety
profile of these two topical gel formulations was similar (8).

The study reported here involves comparisons among four
parallel treatment groups in 406 patients consistig primarily
of aging males with low serum T and associated signs and
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symptoms of hypogonadism. Two doses of AA2500 T gel (50
mg/ d and 100 mg/ d) were compared with a T patch treat-
ment (Androderm, two patches delivering 5 mg T daily), a
dose that is known to give rise to clinically meaningful in-
creases in serum T levels with amelioration of signs and
symptoms (9). The fourth parallel group was a matching
placebo gel to provide a blinded comparator for the two
doses of AA2500 T gel, which also provided a valid overall
assessment of clinical and subjective symptom improve-
ment. In ths 90-d study, periodic 24-h PK profiles of total T
and dihydrotestosterone (DHT) were obtained, and the effect
of normalizing serum T on body composition, sexual func-
tion, mood, and bone mineral density were assessed. Routine
safety evaluations were conducted, including skin irritation
assessments at the study drug application site. As such, this
study design was robust and unique in the assessment of the
efficacy of topical transdermal T in normalizing serum T
levels, ameliorating sign and symptoms of hypogonadism,
and assessing its safety.

Subjects and Methods
Subjects

Four hundred six male patients were randomized and treated at 43
clics in the United States. Approxiately 100 patients were random-
ized to each treatment group (Table 1). Patients were between 20 and 80
yr of age and had a mornig T level of IDA nmol/liter or less at screeng
(measured at a central laboratory) and one or more symptoms of low T
(Le. fatigue, decreased muscle mass, reduced libido, reduced sexual
functoning of a nonmechanical nature). Except for hypogonadism, the
patients were in generally good health as evidenced by medical history;
complete physical examiation including a digital rectal examiation
(DRE), 12-lead electrocardiogram, vital sign assessments, clicallabo-
ratory and urinalysis assessments, prostate assessment (International
Prostate Symptom Score (I-PSS)); and normal tests for prostate-speciic
antigen (PSA), hepatitis, and drugs of abuse. If the patient was receivig
lipid-lowering agents, anxiolytics, lithum, antidepressants, hypnotics,
antipsychotics, "'1 blockers, or herbal treatments for benign prostatic
hyperplasia (BPH), the dose had to have been stable for at least 3 month
before entering the study. Patients were excluded from the study if they
had any generalized skin irrtation or disease that might have interfered
with androgen absorption; had received any estrogen therapy, an LHH
antagonist, human GH therapy; or had a history of drug abuse within

TABLE 1. Subject characteristics

Steidle et at. . AA2500 T Gel Nonnalizes Androgen Levels

12 month. Also excluded were patients who had used either Viagra or
apomorphie with 30 d or were treated with T or anabolic supple-
ments withi 6 wk before the study. The study was conducted in ac-
cordance with the Declaration of Helsin and complied with Good
Clical Practice, and all patients signed an inormed consent agreement
previously approved by one of the partcipatig institutional review
boards.

Study drugs

AA00 T gel (Testi) was supplied by Auxium Pharmceuticals,
Inc. (Norritown, PAl. The four daily treatments under study were 50
mg/ d AA500 or 100 mg/ d AA500, matchig placebo gel, and a tran-
dermal T patch (Androderm, two patches X 2.5 mg T), eacli containig
12.2 mg T. The AA2500 and placebo gel were identical and applied as
two tubes of 50 mg T (100 mg/ d), one tube of 50 mg T and one tube of
placebo (50 mg/ d), or two tubes of placebo. Neither the patients nor the
investigators were aware of the contents of the tubes.

All study drug tratments were applied in the mornng; repeat ap-
plications occured at the same tie of day for the duration of the study.
Each day in the gel-treated group, patients applied the contents of two
tubes. The content of one tube was applied to one shoulder and the
content of the remaing tube was applied to the other shoulder. Patients
allocated to receive the T patch applied two adhesive patches daily.
Application sites included the back, abdomen, upper arm, and thgh.
Patches were to be worn for 24 h and then replaced each mornng at
approximtely the same time.

Study design

The study was designed as a randomied, multidose, multicenter,
active, and placebo-controlled study. Patients were randomied to 50mg
AA500 T gel (99 patients) or 100 mg AA500 T gel (106 patients),
matchng placebo gel (99 patients), or T patch (102 patients). Random-
iztion was performed to ensure an equal distrbution of treatments
across study centers. The study was double blided for the AA500 and
placebo groups and open label for the T patch group. Patients random-
izd to one of the two AA2500 arm could be titrated at d 60 based on
their d 30 T PK profile. Patients were titrated from 50 mg/ d to 100 mg/ d
at d 60 if their d 30 mean serum T concentration (Cav ) was less than 10.4
nmol/liter (300 ng/ dl). Patients were titrated from ido mg/ d to 50 mg/ d
at d 60 if their d 30 T Cavg was more than 34.7 nmol/liter (1000 ng/ dl).
These titration deciions were undertaken by a thd-par physician
who was unaware of any clinical aspects of the individual patients and
not otherwse involved in the study.

On d -1, patients had a baseline 24-h profie for seru T and DHT
consistig of seru samples taken at 0800, 1000, and 1200 h, and 1600

AA500
T patch Placebo Total

50 mg/d 100 mg/d

Demographics
n 99 106 102 99 406
Age (yr) 58.1 :: 9.7 56.8 :: 10.6 60.5 :: 9.7 56.8 :: 10.8 58.0 :: 10.3

Height (cm) 178:: 6 178:: 8 178:: 6 180:: 7 179:: 7
Weight (kg) 95.7 :: 13.4 95.7 :: 14.4 95.1 :: 13.5 98.5 :: 15.6 96.2 :: 14.2

BMI 30.0:: 3.7 29.9 :: 3.3 29.9 :: 3.8 30.3 :: 3.8 30.0 :: 3.6
T (nmol/i ter )a 8.1:: 2.0 8.1:: 2.2 8.3:: 2.4 7.9:: 2.8 8.1:: 2.3

1- PSS score 6.5:: 6.0 4.8:: 5.0 6.2:: 5.5 5.0:: 5.3 5.6:: 5.5

PSA (ng/ml) 1.17 :!: 0.89 1.29 :: 0.96 1.45 :t: 1.18 1.13:': 1.00 1.26 :: 1.02

Cause of hypogonadism"
Primary (n) 8 7 4 3 22
Secondary (n) 91 98 98 95 382

Aging (%)" 70.7 58.1 66.7 61.2 64.1
Normogonadotrophic (%)" 19.2 30.5 26.5 31.6 27.0

Demographic values are expressed as means:: 1 SD. BMI, Body mass index.
a 0800 h serum concentration at screenig examation.
b Two subjects had a missing cause of hypogonadism.
C Percentage of total by treatment group. Some subjects had more than one symptom, but all were required to have at least one. Distribution

by cause is shown only if it occurred in ~4% of subjects.
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and 0800 h on d 1, imediately before the first dose of shidy drg. On
d 30 and 90, patients had a 24-h profile for T and OHT consistig of
serum samples at predose and 2, 4, 8, 12, and 24 h after study drug
administration. On d 60, a single 0800-h serum sample was taken for T
and DHT. Blood samples for clcal laboratory assessment were col-
lected at screening and on d -1, 30, 60, and 90. The prostate was
evaluated at screening (PSA levels only) and d -1 and 90 with PSA
levels, L-PSS, and DRE. Body composition (total body mass (TBM), lean
body mass (LBM), and fat mass (FM)) and bone mieral denity of the

Ll-14 section of the lumbar spine were measured by dual energy x-ray
absorptiometryon d -1 and d 90. Percentage fat (%F) was derived from

FM and TBM. Al body composition and bone mieral. denity mea-
surements were centraly monitored and analyzed by Synarc, Inc. (May-
nard, MA). Sexual function and mood questionnaies were recorded
daily for 14 d before d 1 and daiy for 7 d before d 30, 60, and 90. Data

were collected centrally in real time via an interactive voice response
system using the telephone. Ski iritation examination using a stan-

dardied, discrete scorig system was performed at d 1 (before dosing),
30,60, and 90. Medical hitory and physical exams were completed, and
al adverse events were recorded.

Methods

The skin irritation scorig was based on the followig schema: 0, no
erytema; 1, minimal erythema; 2, moderate erythema with sharly
defined borders; 3, intense erythema with or without edema; 4, intense
erytema Vvith edema and bliterig.

Sexua fuctioning and mood assessments were based on a ques-
tionnaire, one that had been validated for assessment of sexual function
and mood and used previously in the evaluation of the effects of T gel
on sexual functon and mood (2). The questionnaie elicited inormation
on sexual fuctions: performance, motivation, spontaneous erectons,

desire, enjoyment (with and without a parter), and satisfaction \vith
erection duration and size. The sexual performance assessment was
based on the followig actvities: orgasm, ejaculation, intercourse, mas-
turbation, and erecon in response to a sexual activity. The sexual

performance score was the average number of days per 7 -d week of these
five activities. The sexual motivation assessment was based on the fol-
lowing activities: sexual daydreams, anticipation of sex, sexual interac-
tion with parter, flirg by subject, and flg by others toward
subject. The sexual motivation score was the average number of days per
7-d week that these five activities occurred. The evaluation of sponta-
neous erections was the average number of days in a 7-d week tht either

spontaneous nighttme or daytie erectons occued. Sexual desire,
sexual enjoyment, and satisfaction with erecton were assessed on a
Likert-tye scale (score 0 to 7) and were calcuated as average scores.
Percentage of full erection was scored from 0% to 100%. Patients also
rated positive mood (alert, ful of energy, frendly, well or good) and
negative mood (angr, iritable, sad or blue, tied, nervous) on a 0 to 7
categorical scale (0 = not at all true to 7 = very true). Average daily
scores were computed.

Seru T and DHT levels were all measured at ICON Laboratories
(Farmigdale, NY), using validated RI kits. Kits (Diagnostic Products,
Los Angeles, CA) were used for the T assays and kits obtained from
Diagnostic Systems Laboratories, Inc. (Webster, TX) were used for DHT
assays. The lower limits of detection for the T and DHT pharmacokinetic
assays were 0.1 nmol/liter (4 ng/ml) and 0.01 nmol/liter (4 pg/ml),
respectively. The DHT assay had a 0.02% or less cross-reactivity (after
solvent extraction) with T and T had a 3.3% or less cross-reactivity with
OHT up to 173.6 nmol/liter (5000 ng/ dl). The mean accuracy (recovery)
of T determied by spikig steroid-free serum with varyg amounts of
T (1.5-1.3 nmol/liter (44-36 ng/ dl)) was 98% (range, 93-103). The intra-
and interassay coefficients of the T assay were 6.7% and 7.9% for a
control group adult male range of 8.5-63.8 nmol/liter (245-1836 ng/ dl).
The mean accuracy (recovery) of OHT determined by spiking steroid-
free serum with various amounts of OHT (0.2-1.4 nmol/liter (59-418
pg/ml)) was 94% (range, 85-130). The intra- and interassay coefficients
of the DHT assay were 4.6% and 6.4%, respectively, for a control group
adiùt male range of 0.3-2.4 nmol/liter (97-711 pg/ml).

Statistical analyses

The 24-h PK profies for T and DHT were summarized by Cnvg
(AUCo_2. divided by the 24-h sampling period, where AUC is cal-
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culated using the trapezoidal rule), the minum postdose concen-
tration (Cm;n)' and the postdose Cmax' The changes from baseline to
d 30 and d 90 in Cnun. Cnviy and Cmnx were analyzed using an analysis
of covariance with baseline value as the covariate and treatment
group as the factor. Patients randomized to AA2500 (50 mg/ d or 100
mg/d) may have had their dose changed at the d 60 visit. Those
patients with a dose change wil be analyzed at d 90 using the dose
they received at the d 60 visit. Similar analyses were used for the
change from baseline in sexual function, mood, and body composi-
tion as well as for the clinical laboratory parameters at d 30, 60,
and 90. Treatment-emergent adverse events were compared using a
Fisher's exact test. Skin irritation at d 30, 60, and 90 was analyzed
using a Wilcoxon rank sum test. At d 30 and 90, the 50 mg/ d and
100 mg/d AA2500 treatment groups were compared with T patch
(PK parameters, sexual function, body composition, and mood) and
placebo (sexual function, body composition, and mood). For each
comparison, including safety parameters, an a-value of 0.05 was
considered significant. The changes from baseline in sexual function,
body composition, and mood were also analyzed for nonzero dif-
ferences withn each treatment group based on the adjusted least
squares means from the analysis of covariance modeL. SAS version
6.12 (SAS Institute, Inc., Cary, NC) was used for all analyses. All data
in tables are presented as means (:!SD).

Results
Subjects

A total of 406 patients were randomized with 99,106,102,
and 99 being randomized to the 50 mg/ d AA2500, 100 mg/ d
AA2500, T patch, and placebo treatment groups, respectively
(Table 1). Baseline patient characteristics (age, height,
weight, body mass index, serum T at screenig, I-PSS scores,
and PSA levels) were comparable. Of the patients who had
a valid PK profie, 70 of 399 (17.5%,21 patients in 50 mg/d
AA2500, 20 patients in 100 mg/ d AA2500, 16 patients in T
patch, and 13 patients in placebo groups) had a Cavg above
10.4 nmoIlliter at baseline. Of these patients, 71 % had at least

one or more serum T measurement less than 10.4 nmoIlliter
during the course of d -1. Baseline mean Cavg serum T

concentrations were 12.6, 12.1, 12.8, and 12.4 nmoIlliter in
the 50 mg/ d AA2500, 100 mg/ d AA2500, T patch, and pla-
cebo groups, respectively. Fifty percent of the patients were
aged 58 yr or older and approximately 26% were aged 65 yr
and older with a mean age of 58 yr. Patient hypogonadism
was primarily attributed to the secondary cause of aging and
normogonadotrophic hypogonadism; these cases accounted
for 91 % of all causes in the overall population (Table 1). A
significant proportion of enrolled patients completed the
90-d study (90% and 92% in the AA2500 and placebo groups,
respectively, and 75% in the T patch group). The primary
reason for the higher rate of discontinuations in the T patch
group was adverse events (17%) with the majority of events
being related to skin irritations at the patch site. Titrations
made at d 60 in the AA2500 T gel groups were: 52 patients
started on 50 mg/ d dose and remained on 50 mg/ d dose for
the entire study, 43 patients who started on 50 mg/ d dose
were titrated up to the 100 mg/d dose, 93 patients who
started on 100 mg/ d dose remained at the 100 mg/ d dose for
the entire study, and 4 patients who started on 100 mg/d
dose were titrated down to 50 mg/ d dose. Patients who
remained at 50 mg were more likely to have secondary hy-
pogonadism, excluding aging, than patients who titrated to
100 mg. Dosing compliance ranged from 94.9% (placebo) to
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97.1% (50 mg/d AA2500 and 100 mg/d AA2500 combined
analysis).

T pharmacokinetics (Fig. 1 and Table 2)

At baseline, mean Cavg serum T concentrations were below
the normal adult range (10.4-34.7 nmol/liter) and similar
across treatment groups. By d 30, the mean Cavg for the 50
mg/ d AA2500 treatment had increased 50% over baseline
with a similar increase being evidenced in the T patch treat-
ment group. The 100 mg/ d AA2500 dose resulted in a 173%
increase with a significant difference (P .: 0.001) in compar-
ison with the T patch treatment group. The Cavg was in-

creased above 10.4 nmol/liter in 55% of 50 mg/ d AA2500
patients, 95% of the 100 mg/ d AA2500 patients, 68% of the
T patch patients, and 8% of the placebo patients. In the 100

40 Seru T - Baseline

~
30;:..

E!e
20¡.

E!
=

10..
'"

00

0

0 4 8 12 16 20 24

40 Serum T - Day 30

¿- 30Õ
E!e 20¡.

~
10..

'"
00

0

0 4 8 12 16 20 24

40 Serum T - Day 90

¿- 30Õl 20¡.

~
10..

'"
00

0

o 4 8 12 Hi
Time (Hours)

FIG. 1. Serum T concentrations before (baseline) and aftr study

drug treatment on d 30 and 90. Time 0 was approximately 0800 h.

Solid horizontal lines denote the adult male range (10.4-34.7 nmol!
liter). e, 50 mg/d AA500; _, 100 mg/d AA2500; 0, T patch; 0,
placebo.
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mg/ d AA2500 group, 30 patients had a Crnax higher than the
upper limit of normal (34.7 nmol/liter), but 26 of these pa-
tients had a Cavg stil between 10.4-34.7 nmol/liter. The
degree of fluctuation during a day in seru values ((Crnax -

Crnin)/Cavgl was significantly smaller in the two AA2500
dose groups in comparison with the T patch group. By d 90,
similar results were seen across the tre.atment groups. Ap-
proximately 75% of 50 mg/d AA2500 and 80% of 100 mg/d
AA2500 treated patients had Cavg values above 10.4 nmol/
liter, in comparison with 57% of the T patch-treated patients
and 10% of placebo-treated patients.

DHT pharma.cokinetics (Fig. 2 and Table 3)

At baseline, mean Cavg serum DHT concentrations were
below the normal adult male range (0.9-2.6 runol/liter) and
similar across treatment groups. Mean changes in DHT Cavg
from baseline to d 30 for the 50 mg/ d AA2500 and 100 mg/ d
AA2500 dose groups were more than 4- and 7-fold greater,
respectively, than changes observed in the T patch treatment
group (P .: 0.001 for each comparison). Similar to Cavg' Crnin

results further demonstrated the effectiveness of both

AA2500 doses in increasing the d 30 Crnin to a signficantly
greater degree than the T patch treatment (P .: 0.001 for each
comparison). The 100 mg/d AA2500 dose achieved a mean
d 30 Crn that was with the normal range. For Crnax, the d

30 effects reported were similar to that observed with Cavg'

The Crnax mean changes in serum DHT from baseline to d 30
for both AA2500 dose groups were approximately 4- and
7-fold greater than that evidenced in the T patch group (P .:
0.001 for each comparison) with 15 (16%),39 (42%), 1 (1%),
and no patients in the 50 mg/ d AA2500, 100 mg/ d AA500,
T patch, and placebo groups, respectively, exceeding the
normal range. At d 30, examination of the DHT to T Cavg ratio
demonstrated that this ratio was not altered by either the T
patch or placebo treatment, whereas a near doubling of the
ratio was, respectively, evidenced with both AA500 doses.
By d 90, similar results were seen across the treatment
groups. Additionally, the higher serum levels of DHT ob-
tained with the AA2500 treatments correlated with the serum
T levels obtained.

24

Body composition (Fig. 3)

At baseline, there were no significant differences in LBM,
FM, %F, and TBM among the four treahnent groups. At d 90,
the 100 mg/ d AA2500 treatment increased LBM to a signif-
icantly greater degree than the T patch or placebo treatment
(P .: 0.05 for each comparison) with mean changes from
baseline of 1.5 :: 4.5, 1.7 :: 2.6,0.9 :: 1.8, and 0.6 :: 1.8 kg for
the 50 mg/ d AA2500, 100 mg/ d AA2500, T patch, and pla-
cebo treatment groups, respectively. With the exception of
placebo treatment, all treatments resulted in a decrease in
FM, which were significant, compared with placebo (P .:
0.01). Reductions of 0.8 :: 2.4,0.8.:: 2.0,0.4 :: 1.8, and 0.1 ::
1.5 kg were noted in the 50 mg/ d AA2500, 100 mg/ d

AA2500, T patch, and placebo treatment groups, respec-
tively. Reductions in %F were evidenced in all treatment
groups, with the AA2500 treatments yielding the most no-
table decreases. Specifically, at d 90, the 50 mg/ d AA2500
dose resulted in a reduction of 1.1 :: 3.2% which was sig-
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TABLE 2. T (nmoIliter): mean d 30 and 90

J Clin Endocrinol Metab, June 2003, 88(6):2673-2681 2677

Placebo
AA500

50 mg/d 100 mg/d

Day 30
Cavg Baseline 8.6:: 2.8 7.8:: 2.8

Actual 12.7 :: 6.5 21.3 :: 9.9b

Cmin Baseline 6.8 :: 2.4 6.2:: 2.6
Actual 7.7 :: 4.4" 13.6 :: 6.5b

Crnax Baseline 10.7 :: 3.6 9.9:: 3.2

Actual 18.8 :! 12.9" 31.2 :! 19.8b

Day 90
CUVg Baseline 9.2 :! 3.4 7.7:' 2.4

Actual 13.8:' 8.1 17.1 :' 8.2b

Cmin Baseline 7.4 :' 2.8 6.1:' 2.3
Actual 8.7:' 3.9b 10.9 :' 6.lY

Cniax Baseline 11.3 :: 4.1 9.8:: 2.9
Actual 19.5 :' 12.2 24.4 :' 13.8b

T patch

8.2:' 2.8

12.7 :' 4.2
6.7:' 2.3

6.2:' 2.9

10.2:' 3.7

18.8 :! 6.9

7.5:' 2.8

7.5:' 2.8

5.9:' 2.3

5.7:' 2.2

9.5:' 3.6

9.4 :' 3.8

8.3:' 2.8

11.9 :' 4.6
6.7:' 2.1

5.7:' 2.8

10.3:' 3.7

18.5 :' 8.2
Values are expressed as means:' 1 SD. Change from baseline signficant us. T patch: " P -c 0.05, h P -c 0.001.

nificant in comparison to the reduction evidenced with pla-
cebo treatment (0.2 :- 1.4%, P -c 0.05). Furthermore, the 100
mg/ d AA2500 treatment resulted in a 1.2 :- 1.9% reduction
at d 90, which was not only significant in comparison with
placebo (P -c 0.01) but also significant in comparison with the
T patch treatment (0.5 :- 1.6%, P -c 0.05). Although all treat-
ments resulted in minimal increases in TBM, no significant
differences were noted among the treatment groups.

Mood and sexual function (Table 4)

Although all treatments resulted in mean improvements
from baseline in both positive and negative mood scores, no
significant differences among the treatment groups were
observed.

At baseline, sexual fuction scores were similar across the
four treatment groups. Evaluation of the mean data dem-
onstrated that the 100 mg/ d AA2500 dose showed a signif-
icant improvement at d 90 over placebo treatment for spon-
taneous erections (P -c 0.001), sexual motivation (P -c 0.05),
sexual desire (P -c 0.01), and sexual performance (P -c 0.05).
Furthermore, the improvement from baseline was also sig-
nificant for these parameters.

All other measures of sexual fuction (e.g. sexual enjoy-
ment with a partner, sexual enjoyment without a partner,
satisfaction with erection duration, and percentage of full
erection) showed no significant difference in improvement
between treatment groups.

Safety

Adverse events. The incidence of treatment-related adverse

events was 29.1 %, 36.9%, 62.7%, and 40.4% in the 50 mg/ d

AA2500, 100 mg/ d AA2500, T patch, and placebo groups,
respectively. Although treatment in the AA2500 and placebo
groups was relatively well tolerated over the 90-d study
period, the T patch-treated patients experienced a substan-
tially higher rate of adverse events. Those most commonly
seen were application site erythema, application site rash,
application site pruritus, application site reactions, and ap-
plication site irritation.

Specific events that were possibly or probably related to
study drug and reported by 1 % or more of the AA2500

7.6:' 2.8

7.3:' 2.7

6.0 :' 2.4
5.9 :' 2.4
9.5:: 3.6

9.1:' 3.5

patients and greater than placebo included application site
reactions, BPH, increases in blood pressure and hematocrit/
hemoglobin, gyecomastia, headache, hot flushes, insomnia,
increased laciimation, mood swings, smell and taste disor-
ders, and spontaneous penile erections.

Only six patients in AA2500 treatment groups experienced
adverse events that led to discontinuation. Specific events in
the 100 mg/ d AA2500 treatment group included vertigo,
coronary artery disease, depression with suicidal ideation,
uriary tract infection/pneumonia, and hypertension. All

events with the exception of hypertension were considered
unrelated to treatment. Mood swings, considered related to
treatment, was the only event in the 50 mg/ d AA2500 treat-
ment group that led to discontinuation. Lastly, no patients in
the 50 mg/ d or 100 mg/d AA2500 treatment groups dis-
contiued because of ski reaction, whereas the majority of
patients that discontiued in the T patch group did so as a
result of local dermal site reactions (n = 15).

With regard to prostate-related events, mild BPH was
reported in two patients in the 100 mg/ d AA2500 treatment
group and one patient in the placebo treatment group. Ad-
ditionally, two T patch-treated patients were diagnosed with
prostatic cancer.

Laboratory analyses

Statistically significant differences between the 50 mg/ d
and/ or 100 mg/ d AA2500 groups and placebo groups in
serum blood urea nitrogen (-2.0 :- 4.0, -1.7 :' 4.3, and
-0.6 :' 3.9 mg/dl, respectively), creatine (0.04 :' 0.12,
0.07 :' 0.14, and -0.02 :' 0.12 mg/dl, respectively), and

fasting glucose levels (-2.2 :! 18.1, -5.6 :' 25.1, and 4.0 :'
25.3 mg/ dl, respectively) were observed; however, these dif-
ferences were minor and not clinically meaningfuL.

At d 90, clinically notable decreases from baseline in av-
erage total cholesterol (TC), low-density lipoproteins (LDL),
and high-density lipoproteins (HDL) were evidenced with
the 100 mg/d AA2500 group (-7%, -7%, and -8%, respec-
tively). Mean d 90 LDL/HDL ratios (2.73,2.56,2.52, and 2.41
for the 50 mg/ d AA2500, 100 mg/ d AA2500, T patch, and
placebo groups, respectively) remained essentially un-
changed from baseline. Additionally, mean d 90 HDL/TC
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FIG. 2. Serum DHT concentrations before (baseline) and afer study
drug treatment on d 30 and 90. Time 0 was approximately 0800 h.

Solid horizontal lines denote the adult male range (0.8-2.6 nmol!
liter). e, 50 mg/d AA500; ., 100 mg/d AA2500; 0, T patch; 0,
placebo.

ratios (0.23,0.24,0.24, and 0.24 for the 50 mg/ d AA2500, 100
mg/ d AA500, T patch, and placebo groups, respectively)
also remained unchanged.

Increases in hemoglobin and hematocrit are known phar-
macological class effects of T. Consistent with this, patients
in the 50 mg/ d and 100 mg/ d AA2500 group experienced
statistically significant mean d 90 increases in hematocrit and
hemoglobin of 2.3 :: 3.4% and 0.96:: 0.96 g/dl, respectively,
in the 50 mg/ d AA2500 group and 2.8 :: 3.5% and 0.94 :: 1.06
g/ dl in the 100 mg/ d AA2500 group, compared with the
placebo treatment group (-0.1 :: 2.8% and 0.12 :: 0.71 g/ dl)
and T patch treatment group (1.1 :: 2.6% and 0.48 :: 0.74
g/ dl). The effects observed with T patch treatment were
consistently greater than observed with placebo treatment

Steidle et al. . AA2500 T Gel Nonnalizes Androgen Levels

but less than those observed with the AA2500 treatments,
reflecting the lower average serum T levels associated with
the T patcli treatment. At d 30 and 60, similar effects were
reported for the AA2500 treatment group. Overall, approx-
imately 3%, 6%, 1%, and 1% of patients in the 50 mg/ d
AA2500, 100 mg/d AA2500, T patch, and placebo groups,
respectively, experienced a hematocrit value more than 55%
at least once during the study. Statistically significant mean
changes were also reported for lymphocytes and monocytes,
but the changes were small and not of apparent clinical
significance.

PSA values (Table 5) more than 4.0 ng/ml were noted at
least once during treatment in 1.8%,2.9%, 6.6%, and 3.2% of
patients in the50mg/d AA2500, 100mg/d AA2500, Tpatch,
and placebo treatment groups, respectively. PSA elevations
were noted in all groups with the T patch group evidencing
the greatest number of transient and persistent elevations.
Mean changes from baseline to d 90 of 0.3 :: 1.8,0.1 :: 0.4,
0.2 :: 0.6, and-O.l :: 0.4 ng/ml for the 50 mg/ d AA500, 100
mg/ d AA2500, T patch, and placebo treatment groups, re-
spectively. Of note, one patient in the 50 mg/d AA2500
treatment group experienced a transient elevation of 17.6
ng/ml (without clinically valid explanation) that upon re-
peat evaluation returned to normal (3.6 ng/ml).

The changes from baselie for 1- PSS were small, and the
incidence of patients experiencing a general worsenig of
their DRE was low (3.4%, 1.4%, 0%, and 4.2% in the 50 mg/ d
AA2500, 100 mg/ d AA2500, T patch, and placebo groups,
respectively). Both parameters provided no evidence of clin-
ically relevant treatment-related effects or differences.

Skin irritation (Fg. 4)

Figure 4 provides a graphic ilustration of the frequency
distribution of patients having positive skin irritation scores.
It can be seen that the events occurred predominantly in the
T patch treatment group and only a few mild reactions oc-
curred in the combined AA2500 and placebo treatment
groups. Additionally, the figue ilustrates that the T patch
acted as an irritant in some patients who experienced classic
signs of contact dermatitis and that the AA2500 treatments
were no more irritating than the placebo gel vehicle from d
60 through the completion of the study.

Discussion
This study demonstrated that this new, unique T gel

(AA2500), when titrated to clinical effectiveness, was supe-
rior to the T patch in normalizing serum T in patients with
hypogonadism. Specifically, the 100 mg/ d dose was not only
effective in significantly improving sexual performance, sex-
ual motivation, and sexual desire and increasing spontane-
ous erections but also increasing LBM and decreasing FM
and %F. There were associated increases in hemoglobin and
hematocrit, which are known pharmacological class effects
of T administration. The small mean increases in PSA ob-
served with AA2500 doses and the T patch treatment groups,
but not the placebo group, were not associated with an in-
crease in I-PSS. Small decreases in TC, LDL, and HDL were
observed in the AA2500 treatment groups with no changes
in HDL/TC or LDL/HDL ratios. Erythema, rash, pruritus,
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TABLE 3. DHT (ninol/iter): mean d 30 and 90
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AA500
T patch Placebo

50 mg/d 100 mg/d

Day 30
Cavg Baseline 0.4 :t 0.2 0.4 :t 0.2 0.4 :t 0.2 0.3 :t 0.2

Actual 1.2 :t 0.7" 1.9 :! 1.0" 0.6 :t 0.3 0.4 :t 0.2

Cmin Baseline 0.3:t 0.1 0.3 :t 0.1 0.3:t 0.1 0.2:! 0.1
Actual 0.8 :t 0.6" 1.4 :! 0.9" 0.4 :! 0.2 0.3:! 0.2

Cmax Baseline 0.5:! 0.2 0.5:! 0.3 0.5:! 0.3 0.5:! 0.2
Actual 1.7 :! 1.0" 2.6 :! 1.4" 0.8:! 0.7 0.5:! 0.3

DHTlTt Baseline 0.05 :! 0.02 0.05 :! 0.03 0.05 :! 0.02 0.06 :! 0.04
C"vg Actual 0.09 :! 0.04" 0.09 :t 0.04" 0.05 :! 0.02 0.06 :! 0.04

Day 90
Cavg Baseline 0.5:! 0.2 0.4 :! 0.2 0.4 :! 0.2 0.4 :! 0.2

Actual 1.5 :! 0.7" 1.8 :! 0.9" 0.6 :t 0.3 0.4 :! 0.2

Cmin. Baseline 0.3:! 0.1 0.2:! 0.1 0.3:! 0.1 0.3:! 0.1
Actual 1.0 :! 0.6" 1.2 :! 0.7" 0.3:! 0.2 0.3:! 0.2

Cmax Baseline 0.6:! 0.2 0.5:! 0.2 0.5:! 0.2 0.5 :t 0.2
Actual 2.0 :! 0.9" 2.3 :! 1.2" 0.8 :! 0.4 0.5:! 0.3

DHTlTt Baseline 0.05 :! 0.03 0.05 :! 0.02 0.05 :! 0.02 0.06 :! 0.04
Cnvg Actual 0.11 :! 0.04" 0.10 :! 0.04" 0.05 :! 0.03 0.06 :! 0.05

Values ai'e expressed as means:! 1 SD. tDHTIT = ratio of Cavg of DHT and T (nmol/iter unts do not apply).

" P .. 0.001. Change from baseline significant us. T patch.

Lean Body Mass Fat Mass

32
66

31

~ 64 'Õ 30
¡i .:..

¡¡ 29:: 62~ . ::'"
~ ~ 28
; 60

~ 27

58 26
AA500 AA2500 TPatch Placebo AA500 AA500 TPatch Placebo

50 mg/day 100 mg/day 50 iig/day 100 mg/day

Percent Fat Total Body Mass

101

33 100

32.5 99

32 ~ 98

:¡ 3 I. il 97..
'; 31 ;:

96
~ 30.5

..."
Ii ~ 95

30l: .. 94
i: 29.5 ~

29 93

28.5 92
28 91

AA500 AA500 T Patch Placebo AA500 AA500 T Patch Placebo
50 mg/day 100 mgiday 50 mglday 100 mglday

FIG. 3. Values are expressed as means:! 1 SE in LBM, FM, %F, and TBM after treatment with 50 mg/d AA500, 100 mg/d AA500, T patch,
and placebo. D, Baseline; _, d 90; *, Significant vs. placebo: P.. 0.05; +, significant vs. T patch: P -: 0.05; t, significant vs. placebo: P 00 0.01.

application site reactions, and irritation were observed much
more frequently in the T patch group, compared with both
AA2500 treatment groups and the placebo treatment group.
Additionally, the T patches acted as an irritant in some pa-
tients who experienced classic signs of contact dermatitis,

whereas the AA2500 gel treatments resulted in minimal skin
erythema in only a few patients with the incidence being
similar to that observed in the placebo treatment group.

The 100 mg/ d AA2500 treatment increased LBM to a
greater degree than either the T patch or placebo, and both
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TABLE 4. Sexual fuiiction scores: mean change from baseline to d 90

Steidle et al. . AA500 T Gel Normalizes Androgen Levels

Placebo
AA500

T patch50 mg/d 100 mgld
Spontaneous erections Baseline 0.7:: 0.9 0.8:: 1.1 1.0:: 1.3 1.0:: 1.2
(average weekly) Change 0.3 :: 1.3 0.7:: 1.4,( 0.3 :: 1.1 0.0:: 1.0Motivation Baseline 1.6 :: 1.5 1.8 :: 1.4 1.6 :' 1.2 1.5 :: 1.2(average weekly) Change 0.2 :: 1.5 0.6 :: 1.4"'( 0.4 :: LId 0.1 :: 1.2Desire Baseline 2.3:: 1.4 2.4:: 1.4 2.2 :: 1.4 2.1 :: 1.4(average daily) Change 0.5 :: 1.2" 1.0 :: l.4b,( 0.6 :: 1.2( 0.5 :: 1.0'Performance Baseline 0.8:: 0.9 0.8:: 0.9 0.7 :: 0.8 0.8:: 0.8
(average weekly) Change 0.3 :: 1.1 0.5:: 1.2"'( 0.3:: 0.7d 0.2:' O.gd

Values are expressed as means:: 1 SD. Significant us. placebo:" P.: 0.05, b P.: 0.01, C P.: 0.001. Significant within treatment group change
from baseline: d P -. 0.05, C P -. 0.01, ( P .: 0.001.

TABLE 5. PSA: summary of changes to d 90 and classification of overall elevations

AA500
T patch Placebo

50 mgld 100 mgld

Baseline (ng/ml) 1.2 :: 1.0 1.2 :: 0.9 1.4 :: 1. 1. :: 1.0
Change (ng/ml) 0.3 :: 1.8" 0.1:: 0.4 0.2:: 0.6 -0.1:: 0.4
PSA elevationsb

;:4.0 ng/dl 1 4 6 3
Transient 1 2 2 1
Persistent 0 2 4 2

Baseline and change values are expressed as means:: 1 SD.

" P .: 0.01, signficant us. placebo.
b Number of subjects experiencing at least one PSA value ;:4.

Sldn Irritation Scores

= 35
..
:¡

30:i
'C.... 25..
~ 20....
~ 15

~ 10¡;
=

00....
.;

0z
2 3 4 2 3 4 2 3 4
AA500 T Patch Placebo

FIG. 4. Distribution of subjects with positive application siteskin
irrtation scores on d 30, 60, and 90. 1, Minimal eryema; 2, moderate
eryhema with sharply defied borders; 3, intense erythema with or
without edema; 4, intense erythema with edema and blistering/ero-
sion. The 50 mg/d and 100 mg/d AA500 treatment groups combined.
0, d 30; !§, d 60; ., d 90.

doses of AA2500 also resulted in a significantly greater de-
crease in FM and %F, compared with placebo. Normalization
of serum T levels were achieved with both doses of AA2500
for average T levels and minimum T levels over a 24-h dosing
period. In contrast, the T patch group was able to restore only
average T levels. Previously reported data suggest that in-
creases in LBM and decreases in FM are correlated with
serum T levels (1). This difference in normalization may
explain the greater increase in LBM and greater decrease in
FM and %F observed with the AA500 treatments. In pre-
vious studies in hypogonadal men, T replacement therapy
has resulted in decreases in FM in some studies using in-
jectable or transdermal T but not in other studies in which

either injectable or sublingual T has been administered. The
difference in results observed in these previous reports might
be due to lower serum T levels achieved by different T
preparations.

Regarding DHT, although it is true that the AA2500 treat-
ments produced higher serum levels at d 30 and 90, the
DHT IT ratio remained stable and similar to that reported in
normal men, demonstrating concordance with the naturally
occurring 5a-reductase conversion ofT to DHT. The effect of
serum DHT levels on the intraprostatic levels of DHT is not
known. As with serum T levels, a prospective relationship
between DHT serum levels and the incidence of prostate
cancer has not been demonstrated (10,11). Further long-term
studies are needed to clarify the effect of increased DHT on
the prostate.

There were no unexpectedly abnormal laboratory values
and the incidence of clinically relevant abnormal findings
was low. By d 90, patients in the AA2500 group who were
administered 50 mgl d or 100 mgl d experienced statistically
significant increases in hematocrit and hemoglobin, com-
pared with patients receiving T patch or placebo. The in-
creases observed in the T patch group were consistently
greater than those observed in the placebo group but less
than those observed in the AA2500 groups. This is likely a
result of the lower serum T levels achieved with T patch. A
previous study demonstrated similar increases in hematocrit
and hemoglobin with T replacement therapy, with these
increases being more marked with higher doses of T (1).
These small increases in hematocrit and hemoglobin, which
can occur with T replacement therapy, may even be bene-
ficial in hypogonadal patients in whom anemia, lethargy,
and fatigue are commonly found; however, a small percent-
age of treated individuals may increase their hematocrit lev-
els to more than 55% and in turn be prone to the problems
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associated with polycythemia. To this end, periodic moni-
toring of hematocrit is recommended to determine whether
T therapy dose adjustments or termination (i.e. in the event
hematocrit values do not fall below 55%) may be required.

Small increases in PSA similar to those seen in previous
studies with T replacement therapy were observed in both
AA2500 groups and in the T patch group. However, the
magnitude of the increase in PSA, changes in I-PSS, and
findings from DRE following treatment with either dose of
AA2500 or T patch in this study were not of clincal concern.
Although T has not been shown to induce cancer of the
prostate, two patients on the T patch were diagnosed with
prostate cancer during the study. Ths is not surprising be-
cause elderly men are at an increased risk of developing
prostate cancer and the diagnosis can be made as a result of
an elevated PSA subsequently leading to prostatic biopsy.

Very few adverse effects were reported following topical
application of AA2500, and those that were reported were
similar in tye to the known class effects of T. Of partcular
note was the very low incidence of skin irritation reported
with AA2500, which was comparable to placebo and signif-
icantl y lower than T patch. Furthermore, no patient in the gel
groups discontinued because of ski intolerability.

Ths study clearly shows that 100 mg/d AA2500 dose is
superior to T patch in normalizing serum T and DHT in
hypogonadal men. The AA2500 treatments resulted in in-
creasing LBM (100 mg/d dose) and decreasing FM and %F
to a greater degree than either the T patch or placebo. Fur-
thermore, significant improvements from baseline and in
comparison to placebo were observed for spontaneous erec-
tions, sexual motivation, sexual desire, and sexual perfor-
mance with 100 mg/d AA2500 dose. Overall, this new,
unque T gel (AA2500) can offer benefit over other trans-
dermal preparations because of improved 24-h serum T lev-
els and improved compliance as a result of a lower incidence
of local dermal irritation.
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Detection of anabolic steroid administration: ratio
of urinary testosterone to epitestosterone vs the

ratio of urinary testosterone to luteinizing
hormone

PAUL J. PERRy,!,3* JOHN H. MAcINDOE,2 WILLIAM R. YATES,! SHANE D. SCOTT,3 and
TIMOTHY L. HOLMAN1

Our goal in this study was to determine whether the
urinary ratio of testosterone to luteinizing hormone
(T/LH) as an indicator of exogenous anabolic steroid
(AS) use is superior to the urinary ratio of testosterone to
epitestosterone (TIE). After 2 weekly placebo injections,
19 subjects were given testosterone cypionate (TC) in-
jections of 250 or 500 mglweek for 14 weeks followed by
14 weekly placebo injections. Patients were considered
to have ceased taking TC if they tested negative 9 weeks
after their last injection. For detection of ilicit or sup-
raphysiological TC (AS) use, the urinary TIE ratio of ~6
yielded a false-negative rate of 46% and a false-positive
rate of 4%. However, a urinary T/LH ratio of ~30
produced a false-negative rate of only 24% and a false-
positive rate of 13%. We conclude that the urinary T/LH
ratio of ~30 is a more sensitive marker of AS use than
the urinary TIE ratio of ~6 and remains sensitive for
twice as long as urinary TIE.

INDEXING TERMS: abused drugs. sports medicine. GC-MS

. androgens . anabolic steroids

The primary method for detecting ilicit anabolic steroid
(AS) use has been the analysis of urinary steroids.4 This
methodology has been successful for the majority of
steroids, especially the synthetic variety that have specific
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strctures that are easily identified by GC-MS. However,
the detection and monitoring of anabolic compounds is
not fail-safe. Detection of the ilicit use of testosterone (T),
a naturally occurring AS, has become a difficult clincal
problem. Methods for detecting administration of exoge-
nous T depend on distortions of the normal hormone
profie in the user's ure (11 Attempts to identify optial
markers of exogenous T adminstration from untied

urine samples in male athletes have uncovered several
compounds as possible indicators of T abuse. In 1982, the
ratio of androgen glucuronides to epitestosterone (E;
17a-hydroxy-4-androsten-3-one) was adopted by the
Medical Commission of the International Olympic Com-
mittee (IOC) in Los Angeles, with a cutoff point ~6 being
the sole test for ilicit T self-adminstration (2,31; the

expected urinary ratio of TIE among healthy subjects not
using AS is -1 £11. However, analyses from all iOC-

accredited laboratories in 1991 suggested that the majority
of athletes who were using AS had switched from syn-
thetic compounds to T pharmaceuticals to evade detection
(41. Consequently, covert AS use has become more diffi-
cult to detect.

The overall incidence of urinary T IE ~6 in the general
population of healthy males not abusing steroids is
':0.8%, as evaluated by Catlin and Hatton (51 and con-
firmed by Dehennin (41. In general, the increase of the
T IE ratio after high-dose T administration results from
increased T excretion and a decrease of E output (61.
However, some athletes have produced false-positives,
Le., TIE ratios ~6 with subsequent verification that no
exogenous T had been administered (7J Dehennin and
Matsumoto (61 indicated that this problem could be
reduced by taking into account the sulfate excretions of E
(ES) in the ratio T I(ES + E), the relevant threshold being
2.85. Accordingly, Dehennin (41 suggested that using a

731
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T I(ES + E) ratio of ~3.0 would be a more sensitive
marker of covert T use.

Dehenn (n also noted that the joint misuse of T and
E could also lead to false-negative test results, and the
IOC in 1992 recommended that urinary E concentrations
~150 ILg/L should be noted as abnormally high and
therefore suspicious. False-negative results can also be
produced by stimulation of testicular steroidogenesis by
administering human chorionic gonadotropin, which
would result in a concomitant increase in the urinary
excretion rate of T and E but with no significant change in
the TIE ratio (11 Dehenn and Matsumoto (61 confirmed
earlier reports of false negatives by demonstratig that,
despite their determination that an average dose of 47 mg
of exogenous testosterone per week would equal or
exceed the IOC cutoff, 2 of 9 subjects receiving 72 mg of
testosterone (100 mg of testosterone enanthate) per week
for 6 months did not produce a TIE ratio ~6.

Dehenn (41 suggested that when a T IE ratio of 6 to 12
is found for the first tie in subjects for whom no

documentation of a previously normal ratio exists, some
complimentary criteria should be examined. He found
that the ratio of urinary T and E glucuronides to 5-andro-
stene-3ß,17a-diol glucuronide was increased in the use of
exogenous T and E use despite the TIE ratio being ':6.
These findings indicate a need for further study of addi-
tional markers for detectig the administration of T.

Because the secretion of T is under the control of

luteinzing hormone (LH), Brooks et al.(Bl suggested that
the urinary T ILH ratio might be a potentially useful
marker for detectig adminstration of exogenous T. Kic-

man et al. (91 observed that high-dose T adminstration
resulted in dose-dependent suppression of both serum
and urinary LH. This was confirmed by Matsumoto (21,
who found that the urinary LH excretion was reduced to
a lesser extent than was the decrease in both E and T
conjugates, such that the T ILH values were lower than
those reported by Kicman et al.-also suggestig a need
for more study.

Palonek et al.(31 reported significantly increased T ILH
ratios in 11 healthy sedentary men participating in a
WHO investigational program for male contraception.
Each subject received 144 mg of T per week (200 mg of
testosterone enanthate) for 9 months. The T ILH ratio
increased from a mean of 0.052 (range 0.002-0.108) at
baseline to 45.16 (1.28-252) at 3 months, 85.7 (8.3-238) at
6 months, and 71.7 (5.3-344) at 9 months. The authors
indicated that, among all the different ratios or proposed
markers they investigated, the urinary T ILH ratio
showed the most dramatic increase (-1000-fold). Of the
other markers, the increase in the serum T ILH ratio was
of similar magnitude as that of the urinary T ILH ratio,
whereas the urinary TIE ratio had only a 50-fold increase.
The investigators also reported that 1 of the 11 subjects

produced a TIE ratio below the IOC cutoff at 3 and 9
months of administration and just over the threshold at 6
months. The T ILH ratio for the same subject was above

the upper reference limit at 3, 6, and 9 months. Palonek et
al. concluded that increased serum and urinary T ILH
ratios in the presence of a normal TIE ratio may indicate
self-administration of both T and E.

Unanswered is whether the T ILH ratio might be more
sensitive than the TIE ratio for identifying ilicit use of
AS. Thus the goal of the present study was to determine
which laboratory test is most sensitive and specific for
detectig the adminstration of exogenous T.

Materials and Methods
SUBJECTS AND STUDY DESIGN
Healthy male volunteers between ages 18 and 40 years
were recruited and, after an explanation of the study,
gave their signed informed consent. The study protocol
was reviewed and approved by the Human Subjects
Intitutional Review Board and the Clinic Research Center

of the University of Iowa. A standard drug history,
developed by the National Institute on Drug Abuse, was
adminstered before entry. Any subject who indicated he
was currently using central nervous system stiulants
other than modest amounts of caffeine (two cups of coffee
per day) was excluded from the study.

Each subject received two weekly placebo doses of
cottonseed oil, the vehicle for testosterone cypionate (TC).
At the end of the 2-week placebo lead-in period, subjects
were randomized to one of three doses of TC (100,250, or
500 mg/week) given for 14 consecutive weeks. In our
experience with AS users (101, the subjects' shortest
average cycle was 7 weeks, the longest 14 weeks. Thus, we
decided that subjects should be administered TC for a
typical 14-week AS cycle to mimic the maximum cycling
interval.

Subjects functioned as their own controls. They re-
ceived weekly intramuscular injections of either TC or
placebo (vehicle only) for 28 consecutive weeks. For the
purpose of evaluatig the effectiveness of the urine TIE
ratio as an indicator of recent AS use, we considered only
the subjects receiving supraphysiological TC doses (250
and 500 mg/week). A 100 mglweek dose is generally
regarded as a physiological replacement dose in the
majority of patients.

To monitor the subjects medically, we assessed their
liver-fuction tests, fasting lipid profiles, thyroxine-bind-
ing globulin, sex-hormone-binding globulin, 24-h urinary
free cortisols, serum free and total T, estradiol, LH,
follcle-stimulating hormone, thyroid-stimulatig hor-
mone, and free thyroxine-obtained at baseline, at entry
into the study, after the 2-week placebo injection period,
and then biweekly for the remainder of the study. All
endocrine samples were collected between 0700 and 0900
to minimize the chronotropic secretion effects of these
hormones. Depo(!-testosterone (TC), 200 g/L (200 mgl
mL), was the proprietary product utiized for the study.
The diluent (0.2 mL of benzyl benzoate, 9.45 mg of benzyl
alcohol, and 560 mg of cottonseed oil per mililter) was

prepared by the Pharmaceutical Services Division of the
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University of Iowa College of Pharmacy (an FDA-ap-
proved manufacturing group). At the end of the 14 weeks
of TC adminstration, the subjects were switched to di-
luent-only injections.

ASSAYS

The urine drug screens were performed by Smith Kline

Beecham Clical Laboratories Sports Testig Center in
Tucker, GA, a laboratory certified by the US Department
of Health and Human Services. The initial drug screen
and all subsequent screens were negative for AS (other
than T), amphetamines, barbiturates, benzodiazepines,
cocaine metabolites, methadone, methaqualone, opiates,
phencyclidine, and propoxyphene.

Urine concentrations of T, E, LH, and creatiine were
also determined in the samples (assayed by Smith Kline

Beecham). The urine samples were refrigerated at 8 °C
and were analyzed within 5-10 days after collection. If the
T IE ratio was ':6, the sample was discarded within 30
days. Urine drug screens were routiely obtained at
weeks 0, 1, 4, 8, 12, 16 or 17, 20, 24, and 28; in some
follow-up cases, they were obtained at weeks 40 and 92.
AS screens and confirmations were performed by GC-MS
on separate aliquots. Samples were initially screened for
the substance abuse panel by Emit (Behring, Palo Alto,
CA); all positive results were confirmed by GC-MS £111
LH in urine was performed by Microparticle Enzyme

Immunoassay with the Abbott Diagnostics (Chicago, IL)
IMx system.

The TIE ratio was determined by GC-MS. Both free

and conjugated T and E were extracted with Ci8 solid-
phase extraction columns (Bond Elute LRC; Varian, Har-
bor City, CA), hydrolyzed with ß-glucuronidase (Boeh-

ringer Manneim, Manneim, Germany), and detected by
monitoring characteristic ions with the mass spectrome-
ter. Quantification and identification of T and E required
selected-ion mode analysis in which the presumptive
positive specimens were matched with the retention times
and ion ratios of known compounds. The T calibration
curve was linear between 2 and 400 ILg/L; that for E was
linear between 2 and 500 ILg/L. The CV for the TIE ratio
was 13.3%. The specificity of this method is extremely
high: At the tie of the performance of the assays, no

compounds were known to interfere with either T or E.
The urine concentration of LH was determined with

the IMx system kit for serum LH as described in the 1991
IMx LH package insert. To determine that there was no
matrix effect for the assay, we added known amounts LH
to urine and serum samples and found that the resulting
calibration curves could be superimposed on each other
and were linear between 2 and 600 lUlL. The lower limit
of detection for this assay is 0.5 lUlL. The CV for the
serum LH assay is 8.7% at 5.37 lUlL, 6.4% at 43.2 lUlL,
and 6.2% at 82.5 lUlL.

All serum samples for determining free and total T
were stored at -20°C unti assay. The T concentrations

were quantified with Coat-A-Count(! kits (Diagnostic
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Products Corp., Los Angeles, CA) as described in the
manufacturer's package insert (1995). The lower limits of
detection were 40 ng/L for total T and 0.15 ng/L for free
T. The inter- and intraassay CVs for the free T assay were
11.2% and 5.5%, respectively; those for total T were 10.4%
and 8.8%, respectively.

Result
In all, 93 urine drug screen samples were obtained from
the 19 subjects participatig in the study who received
supraphysiological doses of TC. Seven received 250 mgl
week and 12 took 500 mg/week. None of the subjects was
positive for exogenous AS use other than for the TC
injections adminstered during weeks 2-15 of the study.
Concentrations of free T in serum were analyzed 5-7
times between days 3 and 21 after the last TC injection for
17 of the 19 subjects. From these data, we calculated for
each patient the terminal elimination rate (ke) and the

elimination half-life (ti¡i for free T in serum. To deter-
mine ke, we fit the T concentrationsJ(t) and tie points (t)

to the following single exponential decay equation, where
a is the concentration of T at tie 0:

J(t) = ae-k,t (1)

We determined tl/2 as follows:

ti¡z = 0.6931ke (2)

A 21-day T sampling period was appropriate to deter-
mine the t1/2 of exogenous T because gonadotropin-

releasing-hormone stiulation tests indicated that the
hypothalamic-pituitary-testicular axes of the subjects did
not regain sufficient sensitivity to stiulate release of T
until 4-6 weeks after discontiuation of the TC injections.

Table 1. Elimination half-life of free testosterone in
19 subjects.

Subject

2455
2908
3058
3626
5361
9298
0030
1078
2166
3415
4008
4045
4249
5340
6218
6534
9338
0153
0012

Free T elimInation half-lIfe, days

8.2
6.0
6.4
4.8
6.4
6.4

14.1
6.0
5.0
7.3
7.8
4.9
4.8
7.4

Not available
6.8
5.5
4.2

Not available

TC dose, mg¡week

250
250
250
250
250
250
250
500
500
500
500
500
500
500
500
500
500
500
500
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The individual elimination half-life data are presented in
Table 1. There was no difference in half-life values be-
tween the weekly TC doses of 250 and 500 mg (Mann-
Whitney U = 25.0, P = 0.37). The overall mean :t SD
elimination half-life for free T in serum after administra-
tion of TC was 6.6 :t 2.3 days. Based on these data, an
11-day t1/2 would be 2 SD from the mean. Given that 97%
of the exogenous T was excreted in 5 half-lives (Le.,
ll-day half-life X 5 half-lives = 55 days, or 8 weeks) and
that pituitary sensitivity to gonadotropin-releasing hor-
mone returned within 4-6 weeks of the last TC injection,
subjects were assumed to have ceased taking ("be off")
exogenous T by the tie of the urine drug screen per-
formed 9 weeks after the last TC injection.

The AS urine drug screen findings indicated that the
urinary TIE ratio cutoff of ~6, the traditional laboratory
marker to determine the use of exogenous T and used as
such by the National Collegiate Athletic Association and
the IOC, although quite specific for determing nonuse
of T, is not a sensitve indicator for detecting illicit T
usage. Table 2 ilustrates this. Although the TIE ratio of
~6 had 96% specificity in identifying our subjects as being
off steroids by 9 weeks after their last dose, it was correct
only 54% of the time for identifying our subjects as being
on steroids during the 14 weeks of TC injections and in
the 9 subsequent weeks when they received sham injec-
tions. As a practical matter, these data suggest that one of
every two subjects using injectable TC wil, both during
injection periods and for 9 weeks afterwards, give a
false-negative urine drug screen. Receiver operatig char-
acteristic (ROC) analysis of these data £121 identified a
urinary TIE ratio of ~1.2 as the cutoff value that provided
optimum sensitivity and specificity for indicatig use or
nonuse of T. Resorting the data in Table 2 ilustrates that
use of aT IE ratio of ~1.2 for a T-positive urine improves
the sensitivity to 83% and the specificity decreases only
sornevvhat, to 77%.

The potential usefulness of the urine T ILH ratio as an
indicator of T use and nonuse is ilustrated in Table 3.
These data suggest that to maintain 100% specificity
requires a threshold T ILH ratio of ~74, although the
sensitivity at this cutoff is only 52%. However, by ROC
analysis (data not shown), the urinary T ILH ratio cut-

Table 2. Contingency table for various urinary TjE ratios
used as the threshold ratio for anabolic steroid use

(TC 250 or 500 mgjweek).
No. of subJects

TIE ratio OnTC OffTC'

2:6b 25 2
~6b 21 45
2:1.2c 38 11
~1.2c 8 36

a Subjects who tested negative 9 weeks after their last TC injection.
b ¡f = 28.312, P -00.0001, sensitivity = 54%, specificity = 96%.
c ¡f = 32.689, P -00.0001, sensitivity = 83%, specificity = 77%.

Table 3. Contingency table for urinary TjLH ratios used as
the threshold ratio for anabolic steroid use

(TC 250 or 500 mgjweek).
No. of subjects

T ILH ratIo OnTC Off TC.

2:74b 24 0
-O74b 22 47
2:30c 35 6
~30c 11 41

a Subjects who tested negative 9 weeks after their last TC injection.
b ¡f = 33.051, P -00.0001, sensitivity = 52%, specificity = 100%.
c ¡f = 37.814, P -00.0001, sensitivity = 76%, and specificity = 87%.

point that optimizes sensitivity and specificity is ~30. As
Table 3 shows, use of a urinary T ILH ratio ;:30 increases
sensitivity to 76% but decreases specificity to 87%.

Discussion
From a medical-legal standpoint the most worrisome
finding of these data is the false-positive tests. Table 4

characterizes the false positives-Le., a test result that is
not negative at 9 weeks after the last TC injection-for the
various testig schemes. Nine weeks is equivalent to the
amount of tie required to clear 97% of the exogenous

TC. For the urinary TIE ratio of 6, only two subjects did
not meet ths criteria, whereas for the urine T ILH ratio of
30, four subjects did not meet this criteria. All six patients
who tested "positve" were actually tested 9-25 weeks
after their last TC injection. When contrasted with the
half-life data, ths suggests that the normalization of LH
concentrations may lag behind the rate at which the

exogenous T clears from the body. Moreover, in reality
there are no truely false-positive test results. However, in
no case did a subject's urine screen test positive before the
start of the TC injections.

The mean :t SD urinary T ILH and TIE ratios before
the start of the TC injections were 3.8 :t 2.4 and 0.8 :t 1.3,
respectively. Other than when the subjects were receiving
T injections, the only tie there was a significant differ-
ence between pre- TC injection urinary TIE and T I LH

ratios and the ratios after the start of the TC injections was
2 weeks after the last injection. For the urinary T ILH
ratio, the mean difference between the baseline value and
the ratio 2 weeks after the last injection was 29.8 (t =
2.829, P ':0.02, dJ = 16); for the urine TIE ratio, the mean
difference vvas 14.9 (t = 2.703, P ':0.02, dJ = 16).

As suggested in Table 4, the urinary T ILH ratio of ~30
is the screen most likely to detect AS use the longest, Le.,
as long as 25 weeks after the last injection. Using the
urinary T ILH ratio ~30 as a marker showed that 4 of 19
(21 %) subjects tested positive 9 -25 weeks after their last
injection of T. In contrast, use of the urinary TIE ratio ~6
found only 2 of 19 (11%) patients positive for steroid
usage at 9 weeks after their last T injection. Fig. 1
chronologically contrasts the mean urine T ILH and TIE
ratios. Inspection of Fig. 1 suggests that the urinary T ILH
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Table 4. False-positive rates for use of supraphyslologlcal
doses of anabolic steroids in different urine testing

schemes.
False-positIve

rates Subject description

No. of TC dose, No. of weeks
Test cutoff % subJects mgfweek since last InJ. Ratio

T /E ~6 4 2 500 9 7.3
500 9 6.5

T/LH ~30 13 4 500 9 73
500 9 & 13a 65 & 35a

250 13 64
250 13 & 25a 47 & 34a

a Same subject, two times.

ratio returns to baseline at a slower rate than the urinary
T IE ratio does, thereby explaining the greater number of
false-positive results for T ILH in this group. To prove ths
point, we regressed the mean TIE and T ILH ratios
against their tiepoints at weeks 17, 20, 24, 28, and 40 and

fit this as a monoexponential decay curve. The regression
line intersects the critical T ILH ratio of 30
at 7.9 weeks after the last TC injection (T ILH ratio =
90.2 e-O.14(weekl,,: = 0.86). However, the TIE ratio fitted to

the exponential equation (TIE ratio = 12.3 e-O.1916(week),

,: = 0.80) intersects the ratio of 6 at 3.7 weeks. Both

models, therefore, demonstrate why more subjects test
positive for a longer time when assessed with the T ILH
ratio.

It is not uncommon for nonpower athletes (e.g., dis-
tance ruers, swimmers, tennis players, soccer players)
to utilize physiological doses of T (Le., TC 100 mg/week)
to counter the catabolic effects of stress and exercise on
muscle. We measured urine TIE and urine T ILH in seven
subjects who were administered TC at 100 mg/week.
Monoexponential regression equations for the TIE and
T ILH ratios to return to baseline values were based on
the mean ratios measured in these subjects at weeks 17,
20, and 24 after cessation of TC injections. The urinary
T IE ratio, when fitted as an exponential decay equation

1000

I-+urine TILH-4urine TIE

100

.5
'§
ai

'2
::

10

0.1
o 20

week
Fig. 1. Urine T /LH ratios and T /E ratios in 19 subjects receiving TC,
250 or 500 mg/week.

10 30

735

(T IE ratio = 8.3 e-0.2072(weekl, ,: = 0.82), intersects the

ratio of 6 at 1.6 weeks, whereas the urinary T ILH ratio,
fitted to the equation T ILH ratio = 48.9 e-0.2148(week) (,: =

0.99), intersects the ratio of 30 at 2.3 weeks. These data
suggest that is debatable whether TC at 100 mglweek is
actually a physiological replacement dose: Some athletes
may test positive even at this small a dose of T.

In conclusion, we find that the urinary T ILH ratio is a
more sensitive and specific test for a longer time for.
investigatig AS use than is the urinary TIE ratio. Sup-
porting this finding is the fact that, unike the case for E,
there are no commercially available FDA-approved LH
products. This advantage alone makes the urinary T ILH
ratio a considerably more practical screening test than the
urinary TIE ratio.

This project was supported by a grant from the National
Intitute on Drug Abuse at the National Intitutes of
Health (ROlDA08347).
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Hormone Antagonist Acyline Suppresses Gonadotropins
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Acyline is a novel GnRH antagonist that reliably inhibits go-
nadotropins and testosterone (T) levels in men for 48 h after
a single dose up to 75 ILglg. In this study we examined go-
nadotropin and T levels in 28 healthy young men administered
acyline as single doses of 150 or 300 ILglg or serial inections

of 75 ILglg. A single 300 ILglg dose of acyline suppressed
gonadotropins and T to castrate levels for 15 d (baseline, 21.1 :!
3.1; nadir, 1.95 :! 0.4 nmolniter; mean :! SEM; P .: 0.05). Serum
acyline levels peaked 90 min after the inection of 300 ILglg
acyline to a maximum concentration of 112.4 :! 18 ng/m1 (n =
7; t1/2 = 4.9 d). Inections of 75 ILglg acyline every 2 d for five

doses suppressed gonadotropins for more than 20 d (nadir T,
1.06 :! 0.17 nmol1iter; P .: 0.05 compared with baseline), Ad-
verse events were mild and included eryhema and pruitus
at the injection site. Acyline, therefore, is one of the most
potent peptide GnRH antagonists studied to date with mini.
mal adverse events. A twice monthly injection of acyline could
be used as a potent suppressor of the GnRH axs to advance
the development of a hormonal male contraceptive or for
treatment of hormonally dependent disease. (J Clin Endocri-
nol Metab 89: 5959-5965, 2004)

GnRH is A hypothalamic decapeptide that is synthesizedand released in a pulsatile maner from hypothalamic
neurosecretory cells and regulates the synthesis and release
of pituitary gonadotropins that, in turn, regulate steroido-
genic and gametogenic functions of the gonads. GnRH plays
a rate-limiting role in reproductive processes, and thousands
of GnRH analogs have been generated because of their po-
tential clinical utility. Most GnRH analogs are employed in
the treatment of prostate cancer and for their utility in the
disruption of LH surges for the regulation of ovulation in-
duction in women undergoing in vitro fertilization (1-3).
Other clinical uses for GnRH analogs include endometriosis
and other gyecological diseases (4, 5), precocious puberty
(6), and hormonal male contraception (7, 8). Both GnRH
agonists and antagonists suppress gonadotropins and go-
nadal steroids, but the adminish'ation of GnRH agonists is
accompanied by an initial gonadotropin and gonadal hor-
mone surge known as a Hare, delaying suppression by 7-14
d (2). GnRH antagonists do not cause Hare, because they
competitively block and inhibit GnRH-induced GnRH re-
ceptor gene expression, leading to immediate pituitary
suppression.

Acyline is a GnRH antagonist sponsored by the NICHD
that reliably maintained suppression of gonadotropins and
testosterone (T) for 48 h with doses up to 75 ¡ig/kg by sc
injection (9). We sought to determine whether larger or serial

Abbreviations: ACY 150, 150 ¡.g/kg Acylie; T, testosterone.

JCEM is published monthly by The Endocrine Society (http://www.
endo-society.org), the foremost professional society serving the en-
docrine community.

doses of acyline would suppress gonadotropins and T for
suffciently long periods of time to allow a depot formation
of acyline to be conveniently used for clical applications

such as a male hormonal contraception.
We administered acyline as single doses of 150 and 300

¡ig/kg and as serial injections of 75 ¡ig/kg and monitored
serum gonadotropin and T levels for a period of 30 d or until
serum gonadotropins and T retumed to baselie levels.

Subjects and Methods
Acyline

Acylie was originally synthesized by Jean Rivier at The Salk Institute
(La Jolla, CA) (10) and is distributed by the NICHD. Acyline is prepared
as a lyophied powder (4.4 mg/vial) and is stored at -20 C. Acylie-
lyophied powder was suspended in bacteriostatic water to a final
concentration of 2 mg/ml for injecton into sc abdominal tissue. Serum
levels of acyline were measured by RIA in a subset of subjects after the
injection of 300 ¡.g/kg acyline, using a specifc antiserum and a pro-
prietary peptide with authentic peptide standard (Woods Assay, Inc.,
Portland, OR) as described previously (11). The sensitivity of the assay
for acyline was 0.35 ng/mL.

Subjects

All study procedures involving human subjects were approved by the
institutional review board at University of Washington and were per-
formed at the University of Washington Cliical Research Center in

accordance with institutional guidelines. Thiy-five men (age, 18-50 yr)
were recruted by flyers posted on local college campus bulletin boards.
All subjects were healthy, eugonadal men with normal medical histories
and baselie physical examinations, including normal testicular size by
Prader orchidometer and prostate size by digital rectal exam, serum
chemistries, complete blood count, and gonadotropin and T levels. We
excluded subjects who were current smokers, drank more than 7 oz
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alcohol weekly, or had taken prescription medications or any sex steroid
hormone within the last 6 months. Of these men, 34 were screened for
study eligibilty. Six men were excluded or withdrawn from the study
after the screening process and before drug treatment: one man had low
T levels, one man had abnormal hematology results at screening, one
man had an elevated alane aminotransferase test value, and two men
had time constraints that prevented study partcipation. One subject was
screened but did not begin the drug treatment phase, because recruit-
ment for the study was complete_

Subjects were assigned to one of four groups (n = 7): group 1, single
dose of 150 ¡.g/kg acylie on d 0 (ACY 150); group 2, single dose of 300
¡.g/kg acyline on d 0 (ACY 300); group 3, 75 ¡.g/kg acyline injections
on d 0,4, and 8 and placebo on d 2 and 6 (ACY 75X3); and group 4, 75
¡.g/kg acylie injections on d 0, 2, 4, 6, and 8 (ACY 75X5).

Acyline was administered by sc injection in the abdomen between
0700 and 1000 h. For ACY 150 and 300 groups, blood samples were
obtained at 30, 60, 90, and 120 min; 3, 4, 6, 8, 12, and 24 h; and 2,3,4,
7,9,11,13,15,17,19,21,25, and 30 d after injection. For the serial injection
groups ACY 75X3 and 75x5, blood samples were obtained on d 0, 2, 4,
6,8,10,12,14,16,18,21,25 and 30. All research subjects were monitored
for 30 d with vital signs determied, and laboratory tests and physical
exams performed.

Measurements

Hormones. FSH, LH, and T levels were measured by immunofluoromet-
ric assay (Delfa, Wallac Oy, Turku, Finland). Samples from a given
individual were measured in a single assay. The sensitivities of the assay
for FSH and LH were 0.016 and 0.019 il/liter, respectively. For low, !Id,

and high pooled values of 0.054, 1.04, and 20.8 il ¡liter FSH, the in-
traassay coefficients of variation were 12%, 1.9%, and 2.9%, and the
interassay coefficients of variation were 18%, 6.1%, and 4.1%, respec-
tively. For low, !Id, and high pooled values of 0.056, 0.95, and 15.6

IU /liter LH, the intraassay coefficients of variation were 6.5%, 3.9%, and
5.4%, and the interassay coefficients of variation were 21 %,8%, and 6.6%,
respectively. The assay sensitivity for Twas 0.5 nmol ¡liter. For low, mid,
and high pooled values of 3.8,10.6, and 24.4 nmol/liter T, the intraassay
coefficients of variation were 9.6%, 5.2%, and 6.1 %, and the interassay
coefficients of variation were 12%, 8.2%, and 6.7%, respectively. If serum
T levels had not returned to baselie withi 30 d after the injection of
acyline, subjects were requested to return for additional blood sampling
until seru T levels had normaled.

Serum laboratory tests. Screening and monitorig laboratory tests for
complete blood count, electrolytes, glucose (chemistry 7), calcium, ala-
nie aminotransferase, aspartate amiotransferase, alkalie phospha-

tase, albumin, bilrubin, and total protein were performed at the Uni-
versity of Washigton.

Statistics
FSH, LH, and T are expressed as the mean hormone level:! SEM. For

statistical analysis, all hormone data were log-transformed and then
back-transformed for ease of presentation. Comparisons of data with
groups and between groups were analyzed with ANOV A (SigmaStat,
SPSS, Inc., Chicago, IL). Evidence for change from baseline within a
group was further analyzed at each lie point by paired t tests. The area
under the curve was calculated using the trapezoid rule from time zero
to the last measured level without smoothig or cure fitting (PK So-
lutions, Summit Research, Montrose, CO). The half-life (ti /2) was cal-
culated from 3 d to the last measured leveL. For all comparisons, an a
of 0.05 was considered significant.

TABLE 1. Baseline parameters of subjects

Herbst ef at. . Acyline Suppresses FSH, LH, and T for 2 Wk

Results
Study population

The 28 subjects enrolled in this study were eugonadal and
lean by body mass index (Table 1). There were no significant
differences in baseline parameters between groups.

Acyline administration

Acyline was initially suspended in bacteriostatic water at
a concentration of 8.8 mg/ml, which allowed acyline to be
administered as a single, small volume injection at a con-
centration of 300 ¡ig/kg (2.4-ml injection for a 70-kg man).
Nodule formation at the sites of acylie injection (lingering
for as long as 30 d postinjection) suggested that the drug
might be forming a gel in the fat tissue in a volume large
enough to be palpable, similar to other GnRH antagonists
(12). Suppression of gonadotropins and T was also incon-
sistent (data not shown). Acyline was therefore administered
as a 2.0 mg/ml solution in water that does not lead to pal-
pable nodule formation when injected into sc tissue (9), but
did require multiple injections for a dose of 150 or 300 ¡ig/kg.

A 70-kg man administered 300 ¡ig/kg acyline at a concen-
tration of 2.0 mg/ml would have an sc injection of 10.5 ml in
four or five divided doses (2-3 ml/injection).

Single injections of acyline

Gonadotropins. Baseline levels of FSH and LH are shown in
Table 1. Both FSH and LH decreased rapidly after a single
dose of 150 or 300 ¡ig/kg acyline in all subjects (Fig. 1). In the
ACY 150 group, FSH levels dropped significantly below
baseline 8 h after injection, reaching a nadir at 3 d (1.06 :t 0.35
il /liter), and remained signficantly below baseline for 4 d
after injection. LH levels decreased significantly below base-
line by 1.5 h after injection, reached a nadir at 2 d (0.27 :t 0.05
il /liter), and remained signiicantly below baseline for 3 d
after injection.

In the ACY 300 group, FSH levels decreased significantly
below baseline 1 h after injection and remained at these levels
for 21 d, reachig a nadir on d 11 (0.26 :t 0.04 il/liter). LH
levels decreased significantly below baseline by 1.5 h after
injection and reached a nadir at 2 d (0.17 :t 0.1 il/liter),
remaining significantly below baseline levels for 15 d. Go-
nadotropin levels tended to rebound above baseline by d 30

after the injection of acyline, but there was no significant
difference between baseline and d 30 FSH or LH levels in the
ACY 150 or ACY 300 groups.

T. Baseline levels of T for ACY 150 and ACY 300 are shown
in Table 1. T rapidly decreased significantly below baseline

Group

n
Age (yr)
Body mass index (kg/m2)
FSH (lU/liter)
LH (lU/liter)
T (nmol/iter)

ACY 150

7
26.6 :! 2.7
26.1 :! 1.7
2.5:! 0.3

3.2:! 0.5

21. :: 3.1

ACY 300

7
31.9 :! 3.8
24.5:: 0.7

2.7 :! 0.8
3.3 :! 0.7

21.6 :! 4.2

ACY 75X3

7
30.9 :! 2.1
25.6 :! 1.1
3.1 :! 0.5
3.5:! 0.2

20.0 :! 2.6

ACY 75X5

7
23.0 :! 1.8

26.2 :! 1.6

2.0 :! 0.3
4.0 :! 0.4

26.1 :! 3.3
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FIG. 1. Single injections of acyline rapidly suppress gonadotropins and T. Serum values ofFSH ce) and LH (0) after 150 CA) and 300 CB) ¡.g/kg

acyline and serum values ofT ce) after 150 CC) and 300 (D) ¡.g/g acyline are shown. Time is expressed as days after the first injection of acyline.
Values Cn = 7) are expressed as the mean :! SEM. *, P .: 0.05 vs. baseline.

2 h after injection in all subjects after single acyline doses and
decreased below castrate levels (5 nrol/liter) by 12 h after
injection (Fig. 1). T levels reached a nadir in the ACY 150
group 2 d after injection (1.75 :! 0.28 nrol/liter) and began
to rise but remained significantly below baseline through d
7 after injection. One subject's T level remained below base-
line levels until d 37.

T levels reached a nadir on d 2 after injection in the ACY
300 group (1.95 :! 0.38 nmol/liter) and remained at approx-
imately this same level through d 15. T levels began increas-
ing on d 17 after injection, remaining significantly below
baseline levels until d 19 after injection, but were not sig-
nificantly different from baseline levels on d 21. One subject's
T level remained below baselie levels until d 35. On the
average, there was no significant difference between baseline
and d 30 T levels in either group.

Multiple injections of acyline

Gonadotropins. In the ACY 75X3 group, FSH and LH levels
decreased significantly below baseline on d 2 (Fig. 2, A and
B). Gonadotropin levels increased before the next injection on
d 4, but remained significantly below baseline, then de-
creased on d 6, reaching steady suppressed levels on d 10-18
after the third injection. The nadir level of FSH on d 18 was
0.39 :! 0.08 IU/liter, and the nadir level for LH was 0.16 :!
0.04 IU /liter on d 10. LH and FSH levels remained signifi-

cantly below baseline though d 21 and 25, respectively, but
the levels normalized and were not significantly different
from baseline levels by d 30.

In the ACY 75X5 group, LH and FSH decreased signif-
cantly below baseline by d 2 (Fig. 2, C and D). LH levels
remained significantly suppressed below baseline from d
2-16, with a nadir level on d 10 (0.07 :! 0.01 IU/liter). FSH
levels gradually decreased to a nadir on d 12 (0.1 :! 0.01
IV /liter) and remained significantly below baselie on d
2-25.

T. In the ACY 75X3 group, T decreased significantly below
baselie levels after the first acylie injection (Fig. 3A), with
small rebound increases before the second and third injec-
tions. T levels reached a nadir on d 10 after the third injection
(1.29:! 0.22 nrol/liter), remained significantly below base-

line levels from d 2-21, and rehirned to baseline by d 30. Two
subjects' T levels remained below baseline on d 30, but re-
turned to baseline levels by d 33 and 47, respectively.

In the ACY 75X5 group, T levels decreased rapidly and
significantly below baseline, reachig a nadir on d 17 (1.06 :!
0.17 nrol/liter) after the first injection and remained signif-
icantly suppressed through d 25, returning to baseline levels
by d 30. Four subjects' T levels remained significantly below
baseline levels on d 30, returning to baseline levels on d 36,
37, 45, and 47, respectively.
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FrG. 2. Multiple injections of 75 ¡.g/g acyline can maintain suppression of gonadotropins for more than 20 d. Serum values of LH (A; 6) and
FSH (B; .6) after three injections of 75 ¡.g/g acyline spaced 4 d apart (arrows) and LH (C) and FSH (D) levels after five injections of 75 ¡.g/kg
acyline spaced 2 d apart (arrows) are shown. Time is expressed as days after the first injection of acyline. Values (n = 7) are expressed as the
mean :! SEM. *, P -0 0.05 vs. baseline.
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Acyline pharmacokinetics

Serum acyline levels were measured in all seven subjects
in the ACY 300 group (Fig. 4). Acyline reached a maximum
concentration of 112.4:! 6.9 ng/rn90 rn after injection and

remained significantly elevated above background through
d 30. Blood levels of acylie dropped by SO% at 4.9 d.

Adverse events and safety

Skin reactions were the most common side-effect noted
after sc acyline injections. A mild pink blush occurred at the
site of injection in 22 of 28 subjects (78.5%), lasting up to 120
min. The blush occurred in 94% of injections in subjects who
experienced it. Pruritus at the site of injection occurred in
7S% of subjects, with an average score of 2.3 :! 0.1 arbitrary
units of S: 0 = no itch, 1 = barely noticeable, 2 = mild, 3 =
moderate, 4 = severe, and five = the worst itch ever expe-
rienced. The pruritus persisted for approximately 40 min on
the average. Nodules or deep induration were noted in three
individuals, one in each of the groups receiving single acyline
doses (although multiple injections), and persisted at 2 and
11 d; in one subject receiving serial injections, they persisted
for 2 d. Bruising at the site of injection was also noted in 12
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individuals (42.9%), although not at all injection sites. During
the hypogonadal period (T, .:S nmol/liter), 10 subjects ex-
perienced decreased libido or fatigue (3S.7%), and two ex-
perienced hot Hashes or significant changes in mood/irrita-
bility (7.1 %). One subject experienced myalgia without signs
of infection, including fever. There were no significant
changes in any chemistr parameter during the Shidy, in-
cluding aspartate aminotransferase and alanine aminotrans-
ferase. The hematocrit decreased slightly in all 28 subjects
from an average baseline value of 42.5 :! 0.46% to 41.1 :!
0.49% (P .: 0.01), remaining in the normal range (38-S0%).
The white blood cell and platelet counts were unaffected by
acyline administration.

Discussion
GnRH antagonists competitively block and inibit GnRH-

induced GnRH receptor gene expression, leading to imme-
diate pituitary suppression (13) without the surge in gonad-
otropins and T seen after GnRH agonist administration (14).
The GnRH antagonist, acyline, was developed to have
greater potency and less histamine-mediated skin irritation
than previous antagonists (10). A single injection of 300
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FIG. 3. Multiple injections of75 ¡.glkg acyline can maintain suppres-
sion of T for more than 20 d. Serum values of T (.) after three
injections of 75 ¡.glkg acyline spaced 4 d apart (A, arrows) and five
injections of 75 ¡.glg acyline spaced 2 d apart (B, arrows). Time is
expressed as days after the first injection of acyline. Values (n = 7)
are expressed as the mean :: SEM. *, P .: 0.05 vs. baseline.

¡ig/kg acyline in this study rapidly and significantly sup-
pressed gonadotropins and T to castrate levels (T, .:5 nmol!
liter) for 15 d. Five injections of 75 ¡ig/kg acyline spaced 2 d
apart also immediately suppressed gonadotropins and T and
maintained T within the castrate range for up to 21 d. Five
injections of 75 J1g/kg acyline might have suppressed the
hypothalamic-pituitary-gonadal axis longer than the single
300 ¡ig/kg dose, because the cumulative dosage adminis-
tered was greater at 375 ¡ig/kg. Alternatively, because 75

¡ig/kg is known to rapidly and effectively suppress gonad-
otropins and T for up to 48 h (9), serial injections of acyline
every 2 d over an 8-d period might simply maintain that 48-h
suppression. However, if the latter were true, then gonad-
otropins would be expected to begin returning to baseline
approximately 48 h after the last injection. Instead, FSH and
LH were still suppressed 8 d after the last of five injections
of 75 ¡ig/kg acyline.
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significantly elevated for 30 daftr sc injection of 300 ¡.g/g acyline
in seven healthy young men. Values are the mean :: SEM after sub-
traction of 1 ng/ml background levels. *, P .: 0.05 vs. baseline.
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Cetrorelix is a GnRH antagonist that has similar potency
to acyline (9, 15). Data examing the effect of cetrorelix on
pituitary GnRH receptor expression and localization might
help explain why serial injections of 75 ¡ig/kg acyline induce
longer suppression of gonadotropins than a single 300 ¡ig/kg
injection (15-18). GnR receptors were signficantly down-
regulated for at least 72 h in rat pituitaries, accompanied by
suppression of serum LH and T, after a single injection of 100
¡ig cetrorelix (16). The lowest receptor level was found 6 h
after the injection of cetrorelix, but a marked recovery in
receptor number was observed at 48 h. A major decrease in
the expression of mRNA for pituitary LH-releasing hormone
receptors was also found after chronic treahnent with cetro-
relix (17). This suppression is not believed to be a direct effect
on gene expression of the GnR receptor, but due to the fact
that GnRH antagonists prevent up-regulation of receptor
mRNA expression induced by GnRH (18). These data sug-
gest that the prolonged suppression of gonadotropins and T
by serial injections of 75 ¡ig/kg acyline is not only a reHection
of the concentration of the antagonist at the level of the
receptor, but that adminstration every 48 h might have pre-
vented the up-regulation of GnR receptor mRNA expres-
sion longer than the single dose of 300 J1g/kg.

The question then becomes how is acyline best adminis-
tered. Subjects and patients would probably prefer a single
dose of sc acy line twice a month to serial injections. However,
serial injections maintained suppression of gonadotropin
and T levels longer than either single dose, as demonstrated
by the four subjects whose T levels remained significantly
below baseline more than 30 d after the start of the five
inections. A minimal dose for a twice monthly injection
might be 225 ¡ig/kg, because gonadotropins and T were
suppressed in the hypogonadal range for 14 d after three
injections of 75 ¡ig/kg acyline. Alternatively, a higher dose
injection than 300 ¡ig/kg might maintain acyline concentra-
tions in the pituitary at a sufficiently high level to prevent
up-regulation of GnRH receptor mRNA. The GnRH antag-
onist, abarelix, is administered as a 100-mg monthly injection
to maintain suppression of senir gonadotropins and T (2).
The amount of acyline administered to a 70-kg man in this

Downloaded from jcem.endojoumals.org by on May 5, 2007

GDC00661



5964 J Clin Endocrinol Metab, December 2004, 89(12):5959-5965

study as a 300 ¡ig/kg injection was 21 mg, approximately 5
times less than the dose of abarelix. It is therefore possible
that a single higher dose of acyline might suppress gonad-
otropins and T for a month. The only drawback is the volume
of acyline that would need to be administered (10.5 ml). A
depot formulation of acyline is currently under development
by the NICHD.

Adverse side-effects with acyline injection were again
minimal, similar to our previous study (9), and included a
blush at the injection site and mild pruritus. In this study,
however, there was more bruising at the site of injection.
There was no pattern to the bruising; it did not occur more
commonly for specific individual subjects and was not as-
sociated more often with individual nurses who adminis-
tered the injections. We believe that the bruising probably
reflects differences in the manner the injection was admin-
istered, rather than being a result of the acylie itself. Three
sc nodules at the site of injection were noted in this study: two
lasting for 2 d, and one lasting 11 d. Because nodule forma-
tion did not occur with every injection in these individuals,
these nodules probably represent a tissue reaction to the
injection, rather than a reaction to acylie itself.

Other adverse events that occurred durig this study in the
hypogonadal period were expected as a result of declining T
levels. These included hot Hashes, decreased libido, fatigue,
and irritabilty, consistent with symptoms of male hypogo-
nadism (19, 20). Because T is known to increase the produc-
tion of erythropoietin (21, 22), and castration decreases he-
moglobin levels (23), our data demonstratig a small, but
significant, decrease in hematocrit within the normal range
was predictable.

The amount of time for acyline levels in serum to decrease
by half (tl/z) in this study was 4.9 d, greater in length than
the 28.3 h previously found (9). This calculated t1/2 for acy-
line in serum does not fit the classical defiition of a tre ti/z,

because it reHects not only the time required for half the total
amount of acyline to be cleared from the serum, but also the
rate of entry of acyline into serum from the presumed sc
depot. Nevertheless, this calculated ti/z allows us to compare
data from different studies. The difference found in the tl/2
values between the two studies probably reHecLs the in-
creased number of subjects tested for acyline levels in this
study (n = 7) VS. the former study (n == 4), the similarity in
suppression of gonadotropins in the current study (only two
of four subjects had suppression of gonadotropins and T for
7 d in the previous study), and the higher dosage of acyline
administered in the current study. The long calculated tl/2 of
acyline might also represent the abilty of acyline to bind to
serum proteins, as previously discussed (9), or a prolonged
time of entry from the sc tissue into the serum compartment
secondary to increased volume of injections.

Conclusion
Acyline is a likely candidate for use as a potent, long-

lasting GnRH antagonist in the development of an effective
male hormonal contraceptive regimen or for the treatment of
sex steroid hormone-dependent syndromes, such as ad-
vanced severe endometriosis and prostate cancer. It is safe
and potentially can be administered as a single dose, twice

Herbst et 01. . Acyline Suppresses FSH, LH, and T for 2 Wk

a month. Because exogenous long-actig T formulations also
inhibit circulating gonadotropins levels and spermatogene-
sis, a combination of long-acting acyline plus T might make
a male hormonal contraceptive regimen a safe, effective, and
practical option.
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Ferrando, Amy A., Melinda Sheffeld-Moore, Cather-
ine W. Yeckel, Charles Gilkison, Jie Jiang, Alison
Achacosa, Steven A. Lieberman, Kevin Tipton, Robert
R. Wolfe, and Randall J. Urban. Testosterone administra-
tion to older men improves muscle function: molecular and
physiological mechanisms. Am J Physiol Endocrinol Metab
282: E601-E607, 2002. First published November 13;
10.1152/ajpendo.00362.200L.-We investigated the effects of
6 mo of near-physiological testosterone administration to
older men on skeletal muscle function and muscle protein
metabolism. Twelve older men (;:60 yr) with serum total
testosterone concentrations -:17 nmol/ (480 ng/dl) were ran-
domly assigned in double-blind manner to receive either
placebo (n = 5) or testosterone enanthate (TE; n = 7) injec-
tions. Weekly intramuscular injections were given for the 1st
mo to establish increased blood testosterone concentrations
at 1 mo and then changed to biweekly injections until the
6-mo time point. TE doses were adjusted to maintain nadir

serum testosterone concentrations between 17 and 28 nmol/.
Lean body mass (LBM), muscle volume, prostate size, and
urinary flow were measured at baseline and at 6 mo. Protein
expression of androgen receptor (AR) and insulin-like growth
factor I, along with muscle strength and muscle protein
metabolism, were measured at baseline and at 1 and 6 mo of
treatment. Hematological parameters were followed monthly
throughout the study. Older men receiving testosterone in-
creased total and leg LBM, muscle volume, and leg and arm
muscle strength afer 6 mo. LBM accretion resulted from an
increase in muscle protein net balance, due to a decrease in
muscle protein breakdown. TE treatment increased expres-
sion of AR protein at 1 mo, but expression returned to pre-TE
treatment levels by 6 mo. IGF-I protein expression increased

at 1 mo and remained increased throughout TE administra-
tion. We conclude that physiological and near-physiological
increases of testosterone in older men will increase muscle
protein anabolism and muscle strength.

aging; muscle strength; lean body mass; insulin-like growth
factor I

MOST AGING MEN SHOW A REDUCTION in circulating serum

testosterone concentrations (16, 22). This reduction in
serum testosterone concentration is a core physiologi-
cal event in what is termed andropause. Andropause

Address for reprint requests and other correspondence: A. A.

Ferrando, Depts. of Surgery and Metabolism, Shriners Hospitals
for Children, 815 Market St., Galveston, TX 77550 (E-mail:
aferrandt1utmb.edu).
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can be clinically characterized by decreased potency
and libido, increased fatigability, and decreased mus-
cle strength (13, 24). A signficant decrease in serum
total testosterone occurs as early as ages 50-59 (16).
This decrease in testosterone production is associated
with the loss of lean body mass (LBM) and muscle
strength. When men are made hypogonadal with a
gonadotropin-releasing hormone analog (14), LBM and
muscle strength are lost. Once weakened, older indi-
viduals are prone to fals that prevent an independent
living status and diminish the quality of life. As the
population of older Americans grows, the need to de-
velop therapies to counteract the aging-induced loss in
skeletal muscle mass and function becomes critically
important.

Previously we demonstrated that testosterone ad-
ministration primes skeletal muscle for growth by in-

creasing net protein synthesis in the fasted state (10,
18). The logical extrapolation of a continued increase in
net protein synthesis is an increase in lean body mass
and strength. Bhasin et al. (2) demonstrated that sup-
raphysiological doses of testosterone can induce in-
creases in muscle size and strength in younger men
without concomitant exercise. This relationship holds
true in relatively hypogonadal populations, where the
increase of circulating testosterone increases muscle
protein synthesis (23), LBM (3, 20), and muscle
strength (3, 23). In an earlier study (23), we demon-
strated that 1 mo of testosterone administration in-
creased muscle anabolism and strength in six older
men. We also demonstrated that the increase in muscle
anabolism was associated with an increase in the ex-
pression of intramuscular mRNA for insulin-like
growth factor I (IGF-I) (23). Because IGF-I has also
been demonstrated to be a potent anabolic hormone
(11), the relationship between testosterone administra-
tion and IGF-I levels was investigated in the present
study.

Previous studies of testosterone administration in
older men used a standard clinical dosing paradigm (3,
15, 21). Although this dosing is clinically feasible and

The costs of publication oftms article were defrayed in part by the
payment of page charges. The aricle must therefore be hereby
marked "advertisement" in accordance with 18 V.S.C. Section 1734
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convenient, it does not account for individual response
to hormone administration. We have previously noted
that a given dosage of testosterone administration re-

sults in widely varied blood concentrations (23). Al-

though group means often reveal significant increases
in testosterone, individual variation may mask a con-
sistency in outcomes. For example, Bhasin et al. (3)
and Tenover (21) each used a standard clinical replace-
ment dose in elderly men for up to 3 mo. However,
Bhasin et al. demonstrated an increase in muscle
strength, whereas Tenover did not. Individual re-
sponse can be resolved in part by using supraphysi-
ological doses (2); however, these doses may be associ-
ated with the potential for increased side effects such

as altered lipid profiles (12) or hemodynamic profiles
(15). In the present study, we endeavored to adjust
individual testosterone concentrations to remain
within the mid- to high physiological range. We rea-

soned that remaining within or near physiological tes-
tosterone concentrations would diminish potential side
effects while allowing the investigation of testoster-
one's anabolic effects. We hypothesized that increases
in testosterone within or near the physiological range

would also stimulate muscle anabolism and increase
muscle strength in older men much like previous stud-
ies where supplementation resulted in supraphysi-
ological concentrations (2, 15). To accomplish this, we
carefully adjusted individual nadir hormone concen-
trations to remain within the physiological range
throughout the 6-mo study. This dosing paradigm per-
mits the investigation of the effcacy of long-term tes-

tosterone administration at or near physiological con-

centrations in older men.

METHODS

Subjects. Twelve healthy, older male subjects were ran-
domly assigned in double-blind fashion to receive either tes-
tosterone enanthate (TE) or placebo for 6 mo. Seven subjects

(68 2: 3 (SE) yr; 91 2: 5 kgl were randomized to receive TE,
whereas five subjects (67 2: 3 yr; 99 :: 7 kg) received a placebo
consisting of sesame seed oiL. The study was approved by the
Institutional Review Board at The University of Texas Med-
ical Branch (UTMB). Inforned consent was obtained after
the study was explained to each individuaL. Subjects were

selected on the basis of the following inclusion criteria: 1)
prostate-specific antigen (PSA) :54.0 J.g/l (6),2) serum total
testosterone :517 nmol/ (480 ng/dl), 3) serum low-density
lipoprotein (LDL) :5200 ng/dl (7), 4) completion of a Bruce
treadmil exercise test without significant findings of cardio-
vascular disease, and 5) no medical ilnesses causing disabil-
ity. The serum testosterone cutoff was chosen because it has
been shown that 85% of healthy older men (age 60-98 yr)
have serum testosterone concentrations -:17 nmol/ but stil
in the low-nornal range of:; 10 nmol/ (1). Exclusion criteria
included a history of prostate cancer and severe coronary

artery disease (due to the possible hypertrophic and athero-
genic effects of testosterone), knee replacement (for reasons
of strength determination), or use of a blood anticoagulant,

e.g., Coumadin (for fear of excessive bleeding during biopsy
and catheterization procedures). Because we wanted to de-
termine the outcomes of testosterone without the confound-
ing effects of exercise (2), we excluded subjects engaged in
regular training (defined as 30 min of aerobic or resistance

training activity ;:2 days/wk). These exclusion/inclusion cri-

teria were similar to those of previously published studies by
our group and others (21, 23).

Experimental protocol. The studies were perforned at the
General Clinical Research Center (GCRC) at UTMB. Sub-
jects were studied at baseline, after 1 mo, and after 6 mo of
treatment. Each GCRC admission consisted of -3 days. On
day 1, subjects were admitted in the afternoon and under-
went Cybex II isokinetic dynamometer testing for muscular
endurance. Subjects followed a standardized protocol that
included 15 min of pretest stretching. Muscular endurance
was defined as the total work perforned for 20 repetitions at
240o/s. On the morning of day 2, subjects were weighed in
hospital gowns, resting (recumbent) blood pressure was
taken, and blood was drawn from the fasted subjects for
hematological measures. Subjects were then taken for mag-
netic resonance imaging (MRI) of the lower body. Leg muscle
volume was determined by analysis of images colleCted by
MRI (GE Signa 1.5~Tesla whole body imager; General Elec-
tric, Milwaukee, WI) as previously described (9). Image data
files generated at the MRI facility were analyzed for appen-
dicular total and muscle volumes using NIH Image software
(NIH Image public domain analysis package). Muscle volume
(cma) was computed as the addition of individual slice areas
multiplied by the slice thickness (10 mm). After breakfast,
subjects were taken to the UTMB Field House for one-
repetition maximum (IRM) determinations for bicep curl,
tricep extension, leg extension, and leg curl on specific equip-
ment (Cybex) designed for each movement. Subjects were
initially familiarized on the equipment after screening and
selection. For lRM testing, subjects first warned up on a
stationary bike set at 30 W for 10 min. The deternination of
lRM was accomplished by increasing the load on each ma-
chine until successful completion of the movement was no
longer possible. The heaviest load lifted was considered the
lRM. At approximately noon, subjects received dual-energy
X-ray absorptiometry (DEXA) to deternine LBM and fat
mass. Body mass components were determined with regional
analysis software as previously described (8). Finally, sub-
jects were referred to the Department of Urology at UTMB
for prostate ultrasound and urine flow measurements. Pros-
tate volume was measured by transrectal ultrasound, and
urinary flow rate measures were made using a Life-Tech
uroflowmeter (Life Tech, Houston, 'I).

On day 3, subjects received a stable isotope infusion to
determine skeletal muscle protein metabolism. Muscle pro-
tein net balance and fractional synthesis rate (FSR) of skel-
etal muscle were deternined by infusion of the stable isotope

(2Halketoisocaproic acid, arteriovenous sampling, and mus-
cle biopsies as previously described (10). Briefly, skeletal
muscle FSR was calculated from the deternination of the
rate of tracer incorporation into the protein and the enrich-
ment of the intracellular pool as the precursor

FSR = ((Ep2 - Epi)/(EM' t)). 60.100

where Ep1 and Ep2 are the enrichments of the protein-bound
(2HaJleucine (from transamination of (2Halketoisocaproic
acid) from the biopsies at 2 and 5 h of isotope infusion; EM
represents the average intracellular (2HaJleucine enrichment
over the time of incorporation; and t is the time in minutes.
The factors 60 and 100 are required to express FSR in
percent per hour. Each biopsy was divided to be used for both
Western blot and isotopic enrichment analyses.

Afer the isotope infusion study on day 3, subjects were

given injections and discharged. Subjects returned every
week for fasted blood draw and injections for the first 4 wk
and then every 2 wk for the remainder of the study. Serum
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total testosterone concentrations were measured on each
occasion and adjusted to between 17 and 28 nmol/ (500 and
800 ng/dl; based on the concentration for the visit before each
injection) to approximate concentrations found in young men.
The aforementioned measurements were made at baseline
and at 1 and 6 mo. However, at 1 mo, the MRI, DEXA, and
urology measures were omitted. We designed the TE dosing
paradigm for weekly injections for the 1st mo so that we could
adjust TE doses and establish increased testosterone concen-
trations by the first measurements that were done at 1 mo.
This paradigm was reproduced from our initial study (23). A
biweekly injection paradigm would not have allowed TE dose
adjustment before the assessments at 1 mo.

Clinical measures. Measurement of clinical parameters
(see Table 2) such as testosterone (DPC, Los Angeles, CA),
estradiol (DPC), blood lipids (Vitros 250 Chemistry System,
Johnson & Johnson, Arlington, TX), PSA, liver function tests
(Vitros 250), and hematocrit (Couter Onyx, Beckman
Coulter, Brea, CA) were done on a monthly basis by a UTMB
clinical laboratory. Subjects were also monitored monthly for
breast tenderness and the presence of gyecomastia by his-
tory and physical examination. Serum testosterone concen-

trations were deternined by the clinical laboratory, so that

adjustments in TE doses could be made on the basis of the
previous serum testosterone concentration.

Western blot analysis. Protein was isolated from muscle
biopsy samples by slicing frozen muscle in very small pieces
with a clean razor blade and thawing the tissue in lysis buffer
(150 mM NaCl, 10 mM Tris, 1% Triton X-I00, 1% Na deoxy-
cholate, 0.1% SDS, 5 mM EDTA) containing protease inhb-
itors (1 mM phenylmethylsulfonyl fluoride, 1 mM benzami-
dine, 10 ¡.g/ml aprotinin, 50 ¡.g/ml leupeptin, 1 ¡.g/ml

pepstatin A) at a concentration of3 ml of ice cold lysis buffer
per gram of tissue. The tissue was homogenized with a
Dounce homogenizer (4°C) and centrifuged at 15,000 g for 20
min, and the supernatant was removed and centrifuged

. again to result in total cell lysate. The androgen receptor
(AR) antibody (Santa Cruz Biotechnology, Santa Cruz, CA)
was incubated with 80 mg of cell lysate run on standard
SDS-PAGE gel with a working solution concentration range
of 1:15-20. The IGF-I antibody (Santa Cruz Biotechnology)

was incubated with 40 mg of cell lysate run on standard
SDS-PAGE gel with a working solution concentration of
1:100. The actin "housekeeping" antibody (Sigma) was used
with a working solution concentration range of 1:100-200.
This anti-actin antibody is a broad-based antibody that rec-
ognizes an epitope located on the NH2-terninal region of
actin and demonstrates a broad reactivity among multiple
actin isoforms in various species. The housekeeping antibody
was used to correct the results for protein loading of the gel.
Western analysis allows the direct measurement of protein
expression in the muscle biopsy samples.

Statistical analysis. Comparison of 1- and 6-mo measures
to baseline values was accomplished by 2-way repeated-
measures ANOV A with Dunnett's multiple comparison test.
Comparison of clinical outcome values over the 6-mo study
period was accomplished by ANOVA with Dunnett's multiple
comparison test. Where I-mo measures were omitted, a
paired t-test was used to statistically compare 6-mo and
baseline values. Statistical significance was P ,; 0.05. Data
are presented as means :'SE.

RESULTS

Clinical outcomes. Figure 1 shows the mean testos-
terone profiles of each group at 2-wk intervals over the
6-mo study period. Table 1 shows the individual tes-
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Fig. 1. Serum testosterone profiles throughout treatment. Values
are means :! SE. Testosterone treatment group values were signif-
icantly higher at all time points after baseline. Arows indicate study
time points.

tosterone concentrations for each of the seven subjects
who received TE and the dose adjustment made for
each individual. None were clinically hypogonadal at
the beginning of this study. TE injections were ad-
justed by an independent clinician to maintain levels
within the normal range (17-28 nmol/). As can be seen
in Table 1, the serum testosterone concentrations and
the doses of TE administered were varable from indi-
vidual to individuaL. Following such a paradigm, espe-
cially with the use of intramuscular injections, the
older men were exposed to serum testosterone concen-
trations at varous times during the 6-mo study that
were above the physiological range. Therefore, this
study assesses a mix between physiological and near-
physiological administration. However, serum testos-
terone concentrations were greater in the treatment

group at all time points after baseline (P ~ 0.05).
Serum testosterone did not change in the placebo

group. Table 2 delineates subject characteristics and
laboratory values over the 6-mo study period. Treat-
ment subjects remained normotensive, and liver fiinc-
tion tests, blood lipid profiles, and PSA were un-
changed. Estradiol increased upon treatment and, for
the most part, remained elevated throughout the 6-mo
period without causing breast tenderness or gyneco-
mastia by report or examination. Hematocrit was ele-
vated after 4 mo of TE and remained elevated until the
end of the study.

Prostate volume was not significantly increased with
TE administration. Prostate volume in the treatment
group was 44 :' 15 ml at baseline, whereas the placebo
group was 41 :' 8 ml. Six-month values were 47 :' 13
and 35 :' 7 ml, respectively, for the treatment and
placebo groups. Urinary flow rate also did not change
over time or as a result oftreatment. Baseline flow rate
was 8.3 :' 1.5 and 8.9 :' 1.3 ml/s, whereas 6-mo values
were 7.5 :' 1.4 and 8.7 :' 1.6 ml/s for the treatment and
placebo groups, respectively.

Western blot analysis. TE administration signifi-
cantly increased skeletal muscle AR protein expression
at 1 mo (P ~ 0.05), but AR returned to baseline levels
at 6 mo. Figure 2 shows a representative autoradio-
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Table 1. Serum testosterone concentrations and TE dose adjustments for the 7 older men receiving testosterone

s Baseline 1 wk 2wk 3wk 4wk 6wk 8wk 10 wk 12 wk 14 wk 16 wk 18 wk 20wk 22 wk 24wk

1 10.7 30.9 30.9 26.3 43.3 17.6 15.8 7.4 23.7 23.9 20.6 21.0 16.4 36.9 31.8
(100) (100) (100) (100) (150) (125) (200) (200) (200) (200) (200) (250) (250) (300)

2 13.9 21.8 22.1 24.1 27.0 13.3 16.5 15.4 17.6 13.9 23.2 13.9 12.2 17.5 29.3
(100) (100) (100) (50) (150) (150) (150) (200) (200) (250) (250) (300) (350) (400)

3 15.9 32.3 36.8 33.6 22.4 10.7 12.6 14.7 17.6 18.4 20.1 21.9 21.8 17.1 21.2
(100) (100) (100) (50) (150) (150) (200) (200) (250) (250) (300) (300) (350) (350)

4 13.3 20.5 27.8 32.8 50.3 45.5 13.9 18.2 20.6 20.7 22.1 28.6 40.2 26.6 26.4
(100) (100) (150) (150) (150) (150) (100) (200) (200) (200) (250) (250) (250) (200)

5 11.4 24.4 22.2 19.6 24.0 9.4 12.0 14.8 21.0 18.1 22.0 30.3 25.6 26.8 37.3
(100) (100) (100) (100) (200) (200) (250) (300) (350) (350) (400) (400) (400) (400)

6 9.6 13.8 18.7 26.6 22.3 23.8 19.4 18.9 11.4 14.9 17.9 21.5 24.5 18.2 25.4
(100) (100) (150) (150) (200) (200) (200) (250) (250) (300) (300) (400) (400) (400)

7 13.2 16.8 22.1 29.8 33.0 20.2 26.6 22.6 25.0 20.6 46.3 32.7 33.6 32.9 42.7
(100) (100) (150) (150 ) (200) (200) (250) (250) (300) (300) (300) (300) (300) (300)

Nos. are testosterone concentrations in nmol/; nos. in parentheses are doses of testosterone enanthate (TE) administered (ing) at that visit.
S, subject. Testosterone dose adjustments were made on the basis of the preceding testosterone concentrations; i.e., an adjustment at 8 wk
was based on the 6-wk testosterone concentration.

gram of a Western blot for skeletal muscle AR from a
subject receiving testosterone and a graph of the den-
sitometry data from the treatment group. There was no
correlation between the serum testosterone concentra-
tion at 1 mo and the change of AR expression from
baseline to 1 mo for individuals. IGF-I protein expres-
sion in skeletal muscle increased at 1 mo and remained
elevated at 6 mo (P .: 0.05; Fig. 3). AR and IGF-I
protein expression did not change in the placebo group
(data not shown).

Physiological outcomes. The net balance of muscle
protein was less negative in the fasted state in the

treatment group throughout TE administration (Fig. 4;
P -: 0.05), but stil less than zero. In other words,

treatment subjects were less catabolic when fasting
than those in the placebo group. The more favorable
net balance was due to a decrease in fasting protein
breakdown, as fractional synthetic rate of muscle pro-
tein remained constant throughout (0.071 :: 0.02 to
0.084 :: 0.013 to 0.062 :: 0.016%/h at baseline and 1
and 6 mo, respectively).

The resultant improvement in net protein balance
led to an increase in LBM. Table 3 outlines the changes
in LBM and muscle strength over the 6-mo study
period. The treatment group demonstrated increases
in total and leg LBM, whereas the percentage of total
body fat diminished. Leg muscle volume by MRI was
also increased signcantly afer 6 mo of TE adminis-

Table 2. Subject characteristics and laboratory values during 6 mo of testosterone or placebo treatment

Baseline 1 roo 2 IDa 3 roo 4 mo 5 roo 6mo

Weight, kg 91:!5 92:!5 92:!5 92:!5 92:!5 92:!5 91:!6
99:!7 98:!6 98:!7 98:!7 96:!6 96:!6 96:!6

Systolic BP, mmHg 141:!7 144:!4 154:!5 150:!4 156:!5 152:!6 149:!3
140:!8 148:!5 155:!3 150:! 7 154:!4 147:!8 148:!5

Diastolic BP, inmHg 78:!3 79:!3 82:!4 85:!4 87:!3 84:!3 85:!3
82:!6 81:!7 79:!5 83:':5 83:'6 78:'5 79:'4

ALT VI! (9-51) 32:!3 30:!2 27:!2 27:!3 29:!3 32:!3 28:!3
36:! 10 37:!9 35:!6 34:!6 33:!6 29:!2 30:!4

AST VI! (13-40) 23:!2 23:! 1 24:!3 22:!2 24:!2 25:!2 24:!2
24:!7 27:!7 25:!6 25:!5 24:!5 19:!5 22:!5

ChoL. (mmol/) (3.1-5.2) 4.81:! 0.62 4.81:! 0.28 4.71:! 0.21 4.65 :! 0.28 4.73:! 0.16 4.84:! 0.16 4.50:! 0.23
5.15:! 0.34 5.17:! 0.44 5.30:! 0.31 5.3 :! 0.26 4.84 :! 0.28 5.02 :! 0.26 5.12:!0.26

HDL (mmol/) (0.78-1.8) 1.14:!0.13 1.01 :! 0.10 1.1:! 0.13 1.06:! 0.10 1.06:! 0.13 1.09:! 0.13 0.96:! 0.13
0.88:! 0.08 0.96:! 0.08 0.91:! 0.05 0.88:! 0.05 0.85:! 0.08 0.93 :! 0.08 0.88:! 0.08

LDL (mmol/) (2.1-5.69) 2.77:! 0.34 2.79:! 0.28 2.79:! 0.18 2.71 :! 0.26 2.77:!0.6 2.92:! 0.18 2.69:! 0.23
2.97:! 0.54 3.23:! 0.47 3.36:! 0.39 2.92:! 0.57 2.82:! 0.47 3.02 :! 0.34 3.05:! 0.40

PSA, fLg/ (':4) 1.4 :! 0.4 1.9:! 0.4 2.1 :!0.7 2.0:!0.7 2.1:! 0.4 2.0:!0.5 2.3:!0.9
1.2:! 0.4 1.4:! 0.4 1.2:! 0.4 1.0:! 0.4 1. :! 0.4 1.2 :! 0.3 1.3:! 0.4

E2, pmol/ (48-173) 103:! 7 272:! 33* 114:! 1 154:! 26* 187 :! 26* 169:! 18* 242 :! 40*
110:! 15 14:!7 92:! 15 103:! 18 92:! 11 103:! 11 117 :! 15

Hct, % (37-50) 40:!0.8 40:!0.7 43:!0.8 44:!0.9 45:!0.1* 46 :! 0.8* 44:! 1*
40:!0.7 41:!0.3 41:!0.6 43:!0.7 42:! 1 41 :! 0.4 40:!0.8

Values are means:! SE. For each test parameter, the first line represents values for the testosterone group (n = 7), and the second line
represents values for the placebo group (n = 5). BP, blood pressure; ALT, alanine aminotransferase; AST, asparate aminotransferase; ChoL.,
total cholesterol;-HDL, high-density lipoprotein; LDL, low-density lipoprotein; PSA, prostate-specific antigen; E2, estradiol; Hct, hematocrit.
Normal ranges are given in parentheses by the tests. *Statistical significance from the placebo group at each time point as determined by
ANOVA with Dunnett's multiple comparison test.

AJP-Endocrinol Metab . VOL 282 . MARCH 2002 . www.ajpendo.org

GDC00667



TESTOSTERONE ADMINISTRATION TO OLDER MEN

AR 1iZ.IiDä

..din

lJ

~..

16.:.......4'...

" :
.

;,-i".

:0

'.E..'.;'fi~~.~
TeStosletOIéc

Fig. 2. Androgen receptor (AR) protein expression in skeletal muscle
during 6 mo of testosterone adminstration in older men. Top: rep-

resentative Western blot from one of the 7 subjects assessed for
protein expression of AR by use of standard Western analysis. Actin
was used as an internal control for protein loadig. Bottom: means i:
SE from the 7 subjects that received testosterone. Five subjects who
received placebo demonstrated no change throughout the study in
AR expression (data not shown). Data are expressed as arbitrar
units calculated as the ratio ofthe band densities of AR over the band
densities of actin. *Statistical significance was determined by
ANOV A, P ,, 0.05.

tration. All 1RM strength scores increased in the treat-
ment group afer 6 mo of TE. Muscular endurance, as
tested by an isokinetic dynamometer, did not increase
at i or 6 mo.

DISCUSSION

This study demonstrates that testosterone increases
within or near the physiological range can produce
increases in muscle anabolism, LBM, and muscle
strength similar to supraphysiological administration.
We monitored serum testosterone concentrations and
adjusted the dose of TE to maintain testosterone con-
centrations in older men in ranges comparable with
those of younger men. Durng the 6 mo of TE admin-
istration, some subjects experienced testosterone con-
centrations that exceeded the physiological; however,
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Fig. 3. Insulin-like growth factor I (lGF-Il protein expression in
skeletal muscle during 6 mo of testosterone administration in older
men. Top: representative Western blot from one of 7 subjects as-
sessed for expression of IGF-I by use of standard Western analysis.
Bottom: mean data from the 7 subjects receiving testosterone admin-
istration. Five subjects who received placebo demonstrated no
change throughout the study in IGF-I expression (data not shown).
Data were derived as described in Fig. 2.
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Fig. 4. Fasting net phenylalanine balance across the leg. Phenylal-
anine net balance describes the net balance between muscle protein
synthesis and breakdown. *SignifcanUy less negative than the pla-
cebo group and baseline testosterone, by ANOV A, P -c 0.05.

testosterone concentrations were consistently main-
tained above baseline values. The older men in this
study demonstrated an increase in LBM that was com-
parable to that achieved with a standard replacement
regimen that resulted in higher testosterone concen-

trations (5). We also found that, similar to younger
men (2), testosterone wil increase muscle anabolism
and strength in older men. The strength increases of
the older men in this study were greater than those

demonstrated with standard replacement paradigms

(15,21) or with testosterone patch administration over

Table 3. Absolute changes in body mass and muscle
strength with 6 mo of testosterone treatment

Treatment

Variablc) units Testosterone PI ace bo P Value

lTotal LBM, kg
Î 4.2i:O.6 l 2.0 i: 1.0 -CO.OOL

lLeg LBM, kg
Î 1.6 i: 004 l 1.3 i: 0.6 0.003

lArm LBM, kg
Î 1.6 i: 0.6 l 104 i: 1.4 0.056

lBody fat, %
l 3.6i:O.7 Î 0.3i: 1.7 0.0392Leg muscle volume, ml
Î 488 i: 76 l 96i: 155 0.04

3Bicep curl, kg
1 mo Î 3.6i:2.3 l 0.5 i: 2.0 0.16
6 mo Î 9.1 i: 1.5 l 0.9i: 1.5 0.002

3Tricep extension, kg
1 mo Î 4.9:! 1. 7 Î 2.3:! 1.6 0.33
6 mo Î 1004 i: 2.1 l 0.9 i: 1.2 -CO.OOL

3Leg curl, kg
1 mo Î 5.5:! 204 Î 1.8:! 1.3 0.11
6mo Î 7.5:!2.1 -0.O:!4.0 0.051

3Leg extension, kg
1 mo Î 6.5:!3.1 Î 4.5:! 104 0.73
6 mo Î 15.3:! 5.2 -O.O:! 3.1 0.015

Isokietic endurance knee

extension, dominant
leg, J

Imo Î 2.3:!3.1 Î 304:! 6.8 .313
6mo Î 17.6:!9.8 Î 6.0 i: 7.5 .344

Values are means:! SE. LBM, lean body mass. lDual-energy
X-ray absorptiometry; 2 magnetic resonance imaging; 3 one-repetition
maximum on Cybex equipment with both limbs. P value denotes
differences between treatments; Î or l indicates direction of nu-
merical change.
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36 mo (20). Our data suggest that a standard paradigm
of testosterone administration that does not include
individual dose adjustment may not always achieve
desired outcomes if the subjects have not received
adequate testosterone to stimulate metabolic changes
in muscle. Because we studied only a small number of
subjects, we cannot draw any conclusions regarding
the risk-to-benefit ratio of testosterone administration
in older men. However, we found no significant side
effects in our small group other than an increase in
hematocrit. Our data indicate that testosterone can
improve muscle strength in older men when careful
dosing ensures sustained blood testosterone increases.
Our first study demonstrated that short-term admin-
istration with standard replacement dosages resulted
in LBM and strength increases (23). The present study
indicates that these LBM and strength increases can
be maintained over 6 mo with careful dose adjustments
that ensure primarly physiological testosterone levels.
This study also demonstrates that the muscle's re-
sponse to testosterone changes over the 6-mo period of
administration, indicating that alternative paradigms
of testosterone administration (i.e., cyclic administra-
tion) can be of physiological benefit.

Testosterone administration resulted in some note-
worthy effects on AR and IGF-I expression in skeletal
muscle. AR protein expression was increased after 1
mo of TE but had returned to pretreatment levels by 6
mo. Physiologically, it is logical that androgen would
enhance its own receptor expression as it stimulates
muscle metabolism. We previously noted an upregula-
tion of AR expression with oxandrolone administration
(18) in young males, which also occurred concomitantly
with an increase in muscle protein synthesis. The re-
turn of AR expression to pretreatment values after 6
mo of continuous androgen administration indicates a
steady-state adaptation to the treatment paradigm.
There is also the possibility that the AR response is
nothing more than a response to the dosing paradigm.
At 1 mo, older subjects were receiving TE weekly
rather than every 2 wk, and their mean serum testos-
terone concentrations were more in the supraphysi-
ological range than they were at 6 mo. However, this
relationship is weakened by the fact that individual
testosterone concentrations at 1 mo did not correlate
with the change in AR expression from baseline to 1
mo. This pattern of AR expression raises the possibility
that cycling of testosterone administration could pro-
duce effects on skeletal muscle analogous to continuous
administration. Such a paradigm would be beneficial
by administering significantly less testosterone for
similar anabolic outcomes, thus minimizing the possi-
bility of side effects.

IGF-I accompanies increases in muscle mass and
strength (17). In frail elderly, progressive resistance
training that increases muscle mass and strength also
increases intramuscular IGF-I concentrations (19).
Clinically, we previously demonstrated that older men
given testosterone for 1 mo increased IGF-I transcripts
in muscle while decreasing the inhibitory IGF-binding
protein (23). The present study agrees with our previ-

ous work in that IGF-I protein expression increased at
1 mo and furher demonstrates that this increase was
maintained throughout the 6 mo of testosterone ad-
ministration. This confrms that the increase in IGF-I
mRNA noted in our earlier study (23) translates into
an actual increase ofIGF-I protein. A corollary to these
studies found that young men who were made hypogo-
nadal for 10 wk by Lupron showed a decrease in muscle
strength and a decrease in intramuscular IGF-I mRNA
concentration (14). Taken together, these data indicate
a mechanistic importance of IGF-I on muscle anabo-

lism.
Although the intracellular mechanism stimulating

muscle protein anabolism requires furher clarifica-
tion, it is clear that testosterone improves net protein
balance of skeletal muscle. This effect is pronounced in
the fasted state as net protein balance becomes less

negative. We have previously demonstrated (10, 18)
that one of the primary effects of testosterone (during
fasting) is the efficient reutilization of intracellular
amino acids (derived from protein breakdown) for pro-
tein synthesis. However, the present study demon-
strates that, even if breakdown is decreased, ample
amino acid precursors are present to support the initial
rate of protein synthesis. Thus testosterone adminis-
tration may ameliorate the loss of skeletal muscle
nitrogen during fasting in this older population by

preventing the loss of intracellular amino acids. Not
only is the appearance of amino acids from protein
breakdown reduced, but those that are derived from
protein breakdown are effciently utilized to maintain
protein synthesis, as we have previously demonstrated
(10, 18). This retention of nitrogen during fasting,
when combined with the anabolic stimulus of a meal
alone (4, 25), may lead to muscle (LBM) accretion over
time and explain the anabolic effects of chronic testos-
terone administration.

In summary, the present study demonstrates that
careful and near-physiological testosterone adminis-

tration in older men wil increase LBM and muscle
strength similarly to younger men. However, fuher
consideration should be given to the specific androgen
and length and type of administration regimen to be

used in older men and to large-scale studies initiated to
determine the risk-to-benefit ratio of testosterone ad-
ministration in older men.

This study was supported by National Institutes of Health Grants
AG/AR-llOOO (R. J. Vrban), MOI-RR-00073 (General Cliical Re-
search Center, Vniversity of Texas Medical Branch), GM-57295
(A. A. Ferrando), ànd Shriners Hospitals for Children Grant 8940
(R. R. Wolfe).

REFERENCES

1. Abbasi AA, Drinka PJ, Mattson DE, and Rudman D. Low
circulating levels of insulin-like growth factors and testosterone
iii chronically institutionalized elderly men. J Am Geriatr Boc
41: 975-982, 1993.

2. Bhasin S, Storer TW, Berman N, Callegari C, Clevenger B,
Philips J, Bunnell TJ, Tricker R, Shirazi A, and Casaburi
R. The effects of supraphysiologic doses of testosterone on mus-
cle size and strength in normal men. N Engl J Med 335: 1-7,
1996.

AJP-Endocrinol Metab . VOL 282 . MARCH 2002 . www.ajpendo.org

GDC00669



TESTOSTERONE ADMINISTRATION TO OLDER MEN E607

3. Bhasin S, Storer TW, Berman N, Yarasheski KE, Clev-
enger B, Philips J, Lee WP, Bunnell TJ; and Casaburi R.
Testosterone replacement increases fat-free mass and muscle
size in hypogonadal men. J Clin Endocrinol Metab 82: 407-413,
1997.

4. Biolo G, Tessari P, Inchiostro S, Bruttomesso D, Fongher
C, Sabadin L, Fratton MG, Valerio A, and Tiengo A. Leucine
and phenylalanine kinetics durig mI.xed-meal ingestion: a mul-

tiple tracer approach. Am J Physiol Endocrinol Metab 262:
E455-E463, 1992.

5. Brodsky IG, Balagopal P, and Nai KS. Effects of testoster-
one replacement on muscle mass and muscle protein synthesis in
hypogonadal men-a clinical research center study. J Clin En-
docrinol Metab 81: 3469-3475,1996.

6. Catalona WJ, Smith DS, RatlifTL, Dodds KM, Coplen DE,
Yuan JJ, Petros JA, and Andriole GL. Measurement of
prostate-specific antigen in serum as a screening test for prostate
cancer (published erratum appears in N Engl J Med 1991 Oct 31,

325: 1324). N Engl J Med 324: 1156-1161, 1991.
7. Denke MA and Grundy SM. Hypercholesterolemia in elderly

persons: resolvig the treatment dilemma. Ann Intern Med 112:
780-792, 1990.

8. Ferrando AA Lane HW, Stuar CA, Davis-Street J, and
Wolfe RR. Prolonged bed rest decreases skeletal muscle and
whole body protein synthesis. Am J Physiol Endocrinol Metab
270: E627-E633, 1996.

9. Ferrando AA Stuart CA, Brunder DG, and Hilman GR.
Magnetic resonance imagig quantitation of changes in muscle
volume during 7 days of strict bed rest. Aviat Space Environ Med
66: 976-981, 1995.

10. Ferrando AA Tipton KD, Doyle D, Phillps SM, Cortiella
J, and Wolfe RR. Testosterone injection stimulates net protein
synthesis but not tissue amino acid transport. Am J Physiol
Endocrinol Metab 275: E864-E871, 1998.

11. Fryburg DA, Jahn LA Hil SA, Oliveras DM, and Barrett
EJ. Insulin and insulin-like growth factor-I enhance human
skeletal muscle protein anabolism during hyperaminoacidemia
by different mechanisms. J Clin Invest 96: 1722-1729, 1995.

12. Haupt HA and Rovere GD. Anabolic steroids: a review of the
literature. Am J Sports Med 12: 469-484, 1984.

13. Mastrogiacomo I, Feghali G, Foresta C, and Ruzza G.
Andropause: incidence and pathogenesis. Arch Androl 9: 293-
296, 1982.

14. Mauras N, Hayes V, Welch S, Rini A, Helgeson K, Dolder
M, Veldhuis JD, and Urban RJ. Testosterone deficiency in

young men: marked alterations in whole body protein kinetics,
strength, and adiposity. J Clin Endocl'inol Metab 83: 1886-1892,
1998.

15. Morley JE, Perry HM III, Kaiser FE, Kraenzle D, Jensen J,
Houston K, Mattammal M, and Perry HM Jr. Effects of
testosterone replacement therapy in old hypogonadal males: a
preliminary study. JAm Geriatr Soc 41: 149-152, 1993.

16. Moroz EV and Verkhratsky NS. Hypophyseal-gonadal system

during male aging. Arch Gerontol Geriatr 4: 13-19, 1985.
17. Sheffeld-Moore M. Androgens and the control of skeletal mus-

cle protein synthesis. Ann Med 32: 181-186,2000.
18. Sheffeld-Moore M, Urban RJ, Wolf SE, Jiang J, Catlin DH,

Herndon DN, Wolfe RR, and Ferrando AA Short-term ox-
androlone administration stimulates net muscle protein synthe-

sis in young men. J Clin Endocrinol Metab 84: 2705-2711, 1999.
19. Singh MA Ding W, Manfredi TJ, Solares GS, O'Neil EF,

Clements KM, Ryan ND, Kehayias JJ, Fielding RA and
Evans WJ. Insulin-like growth factor I in skeletal muscle after
weight-lifting exercise in frail elders. Am J Physiol Endocrinol
Metab 277: EI35-EI43, 1999.

20. Snyder PJ, Peachey H, Hanoush P, Berlin JA, Loh L,
Lenrow DA, Holnes JH, Dlewati A, Santanna J, Rosen CJ,
and Strom BL. Effect of testosterone treatment on body com-
position and muscle strength in men over 65 years of age. J Clin
Endocrinol Metab 84: 2647-2653, 1999.

21. Tenover JS. Effects of testosterone supplementation in the
agig male. J Clin Endocrinol Metab 75: 1092-1098, 1992.

22. Tenover JS, Matsumoto AM, Plymate SR, and Bremner
WJ. The effects of agig in normal men on bioavaIlable testos-
terone and luteinizing hormone secretion: response to clomi-
phene citrate. J Clin Endocrinol Metab 65: 1118-1126, 1987.

23. Vrban RJ, Bodenburg YH, Gilkison C, Foxworth J, Cog-
gan AR, Wolfe RR, and Ferrando A. Testosterone admins-
tration to elderly men increases skeletal muscle strengt and
protein synthesis. Am J Physiol Endocrinol Metab 269: E820-
E826, 1995.

24. Urban RJ and Veldhuis VJ. Hypothalamo-pituitary concom-
itants of aging. In: The Endocrinology of Aging, edited by Sowers
JR and Felicetta JV. New York: Raven, 1988, p. 44-74.

25. Volpi E, Mittendorfer B, Wolf SE, and Wolfe RR. Oral amino

acids stimulate muscle protein anabolism in the elderly despite
higher first-pass splanchnc extraction. Am J Physiol Endocrinol
Metab 277: E513-E520, 1999.

AJP-Endocrinol Metab . VOL 282. MARCH 2002 . www.ajpendo.org

GDC00670



0021-972XJ05/$15.00/O
Printed in U.SA.

The Journal of Clinical Endocrinology & Metabolism 90(5):2610-2617
Copyright tE 2005 by The Endocrine Society

doi: 10.1210/jc.2004.1221

Oral Testosterone in Oil Plus Dutasteride in Men: A
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Testosterone (T) is not admstered oraly, because it has been
reported to be rapidly metabolized by the liver. We hypothesized
that suffcient doses of T or T enanthate (TE), admstered
oraly in oil would resut in clicaly usefu elevations in seru
T. We also hypothesized that coadmstration of dutateride (D)
with T or TE would TTiniTTize increases in seru DHT seen
previously with oral admistration. Therefore, we conducted a
pharacokietic study of oral T and TE in oil, with and without
concomitant D, in normal men whose T production had been
temporary suppressed by the GnR antagonist acyline. Thir-
teen healthy men (mean age, 24 :t 6 yr) were enrolled and as-
signed to oral T (n = 7) and oral TE (n = 6) groups and were
admnistered 200, 400, or 800 mg of either T or TE in sesame oil
in the morng on 3 successive days 24 h afr receivig acyline.
Blood samples for measurement of seru T and diydrotestos-

terone were obtaied before T or TE admstration and 0.5, 1,
2,4,6,8, 10, 12, and 24 h afr adminstration. Subjects were then
adminstered D for 4 d before repeating the sequence ofT or TE
doses with D. Seru T was signcantly increase in a dose-
dependent fashion with the admintration of oral T or TE in oil.
Coadmstration of D with oral T or TE signcantly increased
the 24-hr average seru T levels compared with admstration
of Tor TE alone (average serum T afer 400 mg dose, 8.7 :t 3.0
nmolß (T) and 8.3:t 5.7 nmolß (TE) vs. 16.1 :t 5.8 nmolß (T + D) and
15.0 :t 8.8 nmolß (TE + D); P .c 0.05 for T vs. T and D). The
admstration of oral T or TE in oil combined with D resuts in
unexpected and potentialy therapeutic increases in seru T.
Additional studies of ths combination as a novel form of oral
androgen therapy are waranted. (J Clin Endcriiwl Metab 90:
2610-2617,2005)

TESTOSTERONE (T) is crucial for male health. The nor-mal male testes produce 4-8 mg T daily (1, 2). De-
pending on age, 2.5-10% of men have T levels below the
normal range (3). T has effects on a variety of tissues, in-
cluding brain, liver, muscle, bone and bone marrow, blood
vessels, skin, prostate, and penis. Men with T deficiency have
symptoms of depression, reduced libido, and low energy and
suffer from anemia, osteoporosis, and debilitating muscle
weakness. These men require T replacement therapy to im-
prove well-being, maintain bone and muscle mass, and re-
tain healthy sexual function (4-8), yet there is no acceptable
form of oral T for therapy in the United States.

Most T regimens in the United States depend on parenteral
injections, skin patches, gels, or buccal tablets (9-11), because
currently available oral forms of Tare aklylated and cause
liver toxicity when used long term (11-16). Injections are
administered im every 1-3 wk and can be painful (17). Some
T patches can cause moderate to severe skin reactions due to
the vehicle that faciltates T absorption across the skin (18).

The T gels are effective and generally well accepted by pa-
tients, but are expensive, and care must be taken to avoid
inadvertent exposure to women and children (19).

Oral administration of unodified T at doses up to 100 mg

have little effect on serum T levels in T-deficient men (20, 21);
however, 200-mg doses of oral T have been shown to elevate
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Abbreviations: D, Dutasteride; DHT, dihydrotestosterone; E2, estra-
diol; T, testosterone; ti /2' half-lie; TE, testosterone enanthate; TU, tes-
tosterone undecanoate.
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serum T levels to the low normal range for up to 8 h (22, 23).
At the time, these serum T levels were thought to be insuf-
ficient for clincal use, and research into using unodified
oral T was largely abandoned.

Testosterone undecanoate (TV) is a T ester currently given
orally in oil and used clinically in Europe and Canada for the
treatment of T deficiency. When administered orally, TV
therapy results in therapeutic increases in serum T; however,
it also results in elevations in serum dihydrotestosterone
(DHT) well above the normal range (24-27). Because DHT is
required for cell growth within the prostate, concern has
been raised about the potential for long-term harm associ-
ated with oral TU therapy from the elevated levels of serum
DHT; however, no increased risk of prostate disease has been
reported to date.

Because the androgen TV is absorbed well in oil, we be-
lieved that other androgens such as T enanthate (TE) and
potentially T itself might be well absorbed if also adminis-
tered orally in oiL. Moreover, because the recently available
Sa-reductase inhibitor, dutasteride (D), lowers serum DHT
levels more than 90% by inhibitig both isozymes of Sa-
reductase (28), we hypothesized that oral administration of
the combination of higher doses of unmodified T or the T
ester, TE, in oil when combined with D would be safe and
result in therapeutic serum T levels. In addition, we hypoth-
esized that the concomitant administration of the Sa-reduc-
tase inhibitor D with T or IE would further increase serum
T levels while minimizing the elevations in seru DHT seen
after oral administration of oral androgens such as TU. If
effective, we believed that this novel means of T therapy
would allow for selective androgen therapy in men with T
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deficiency. Therefore, we conducted a pilot study of the oral
administration of single doses of T and TE with and without
concomitant adminstration of D to determine the pharma-
cokinetics and safety of single high doses oral T in oil in
healthy men rendered temporarily hypogonadal with the
GnRH antagonist acyline.

Materials and Methods
Subjects

Fourteen healthy, normal male volunteers between 18 and 45 yr of age
were recruited through local news media (newspaper and radio) and
college campus bulleti boards and enrolled in the study. The inclusion
criteria were no prior medical ilesses, normal physical examination,
and routine hematology, blood chemistr, and liver fuction. Exclusion
criteria included regular use of any medication; abnormal serum T, DHT,
or estradiol (E2); or previous or current ethanol, ilcit drug, or anabolic
steroid abuse. A total of 16 men were evaluated for eligibilty. Of these,
14 men were potentially eligible and agreed to participate in the study.
The two men who did not enroll in the study were excluded for elevated
bilrubin (one subject) and use of finasteride (for the treatment of male-
pattern baldness). One enrolled subject failed to appear for his acylie

injection and was therefore not studied futher; thus, 13 men completed
the study period. The institutional review board of University of Wash-
ington approved all study procedures, and subjects gave written in-
formed consent before screenig.

Study design

Partcipants were randomly assigned to one of two groups: 1) oral T
in sesame oil, or 2) oral TE in sesame oil (Delatestrl, BTG Pharmaceu-
ticals, Iselin, NJ) at a concentration of 200 mg/ml. A sample size of seven
subjects per group was estiated to have an 80% power with an Ci of 0.05
to detect a 50% in the change in serum T area under the cure between
a given dose of T and T plus D or between TE and TE plus D. The oral
T in sesame oil was manufactured by the compounding pharmacy at
University of Washigton. Briefly, micronized T (U.5.P. grade, Spectrum
Quality Projects, Gardena, CA) was suspended at 100 mg/ rn in sesame
oil (N.F. grade, Spectrum Quality Projects) and mied thoroughly on a
magnetic stir plate to create a homogenous T / sesame oil emulsion. The
compounding pharmacist then drew up the emulsion into syriges at the
desired dose leveL~ (200,400, and 800 mg) immediately before treatment.
The syringe was sent to the Clinical Research Uni.t, where it was vig-
orously mied (by shakig) with mil and admistered to the subject.
The dose of oral TE in sesame oil was normalized for the T content, so
that the subjects in the TE group (molecar weight, 397) were admtered
276, 554, and 1108 mg TE, corresponding to 200, 400, and 800 mg T.

The drug exposure period lasted 11 d (Fig_ 1). On d 0, subjects received
a single injection of the GnR antagonist acylie (300 ¡.g/kg, sc), which
has been shown to suppress T production in normal men for a minimum
of 15 d (29). One, 2, and 3 dafter acyline adminitration, subjects drank
200, 400, or 800 mg T or 276, 554, or 1108 mg TE. Subjects self-admi-
istered D (0.5 mg, orally, once daily) on d 5-10 after acyline injection, and
doses ofT and TEwere repeated on days 8, 9, and 10. For safety,subjects

~i~:,il'T~i¡¡i':.E~il.(ri'

ì:lld~(O$ nigdaily)

Diw: 0 f 2.3 it .5:6 78.9 10 Il

FIG. 1. Study design.
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underwent daily testig of liver fiUlction (aspartate aminotransferase,
bilirubin, and alkaline phosphatase), kidney functi.on (urea nitrogen and
creatine), and hemopoiesis (hemoglobin and hematocrit).

Measurements

After treatment on d 1,2,3,8,9, and 10, subjects had blood drawn
via a heparin-locked iv lie at 30 mi and 1, 2, 4, 6, 8, 10, 12, and 24 h
for measurement of serum T, DHT, E2, and SHBG. Total T was measured
by a RIA (Diagnostic Products Corp., Webster, TX) The assay had a
sensitivity of 0.35 nrol/liter; interassay variations for low, medium, and
high pools of 13.6%, 6.1 %, and 6.8%, respectively; and intraassay vari-

ations of 10.0%, 5.3%, and 6.6%. The normal range was 8.7-33 nrol/liter.

DHT was measured using an RIA kit (Diagnostic Systems Laboratory,
lnc., Los Angeles, CA). The sensitivity of this assay was 0.043 nmol/liter,
and the intraassay variations for medium and low range pools were 9.9%
and 11%, respectively, with interassay coefficients of variations of 19%
and 25%. The normal range for serum DHT was 1.0-2.9 nmol/liter.
SHBG was measured by RI (Delphia, Wallac Oy, Turku, Finand). The
sensitivity of thi assay was 0.2 nmol/liter, and the interassay variations
for low, medium, and high pools were 31%,10.6%, and 6.8%, respec-
tively; the intraassay variations were 3.8%, 1.7%, and 2.2%. The normal
range was 3.2-47 nmol/liter. The normal ranges for T, DHT, and SHBG
were determined in our laboratory using seru samples obtained from
100 normal men, aged 20-50 yr. Seru E2 was measured in the labo-
ratory of Dr. David Hess (Oregon National Primate Research Center,
Portland, OR) with an Elecsys 2010 Platform (Roche, Indianapoli, IN).

The sensitivity of this assay was 5.5 pmol/liter, intraassay variations
were 3.7%, and 2.8% for mediwn and high range values, and the in-
terassay coeffcient of variation was 4.7%. The normal range for senim
E2 in this assay in men was 40-220 pmol/liter.

Statistics

Serum hormone levels at each tie point for each dose of T or TE with
or without D were compared using a Wilcoxon sign-rank test. Pharma-
cokietic parameters between successive doses of T or TE with or with-
out D were compared using a Wilcoxon sign-rank test with a Boruerroni
correction for repeated measures (effective Ci = 0_01). The average con-
centration durig the 24-h period after treatment, the maximum con-
centration after dosing, time to maximum concentration, area under the
curve, and elimination phase half-lie (tl12) were calculated using a
pharmacokietics program (PK Solutions, Golden, CO). Statitical anal-
yses were performed using STATA (College Park, TX).

Results
Subjects

Fourteen men were enrolled in the study; seven were
randomized to the T group, and seven were randomied to
the TE group, but one man assigned to the TE group failed
to report for his acyline injection. Therefore, seven men com-
pleted the T arm, and six completed the IE arm of the study
(Table 1). Except for the subject who failed to appear for his
acyline injection, all subjects completed the dnig exposure

TABLE 1. Baseline characteristics of study subjects by group

Age (yr)
Weight (kg)
Height (cm)

BMI (kg/m2)
Total T (nmol/iter)
DHT (nmol/iter)
SHBG (nmol/iter)
Free T (pmol/iter)
E2 (pmol/iter)

T group (n = 7)

24.2:: 8.7

77:: 4.0

182:: 9

23.3 :: 2.3
22.7 :: 8.0
1.24 :: 0.46
33.2 :: 9.84

435 :: 156

132 :: 17

TE group (n = 6)

24.7 :: 6.7
89:: 16

186 :: 1l
25.8 :: 4.2
17.0::5.8
1. :: 0.5

24.0 :: 10.7

341 :: 92
121 :: 31

Values are the mean:: SD. BMI, Body mass index (weight in
kilograms/Dieight in meters)2).
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period. There were no serious adverse effects during the
shidy. Nine of the subjects experienced transient mild pru-
ritis at the site of the acylie injection, which resolved in all
cases withn 1 h of the injection. Eight subjects complained
of mild, transient hot flash symptoms toward the end of the
shidy period, presumably due to low T levels; however, no
subject complained of feelings of anger, aggression, or irri-
tabilty during treatment. There were no adverse gastroin-
testinal symptoms associated with oral T or oral TE in oiL.
One subject developed a small area of gyecomastia (~1 X
1 cm) imediately under the nipple during the treatment
period, but this resolved during follow-up. There were no
changes in seru markers of liver or kidney fuction or in
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the hematocrit or hemoglobin during the treatment phase or
at follow-up. Furthermore, no significant changes in blood
pressure or pulse were observed. T and gonadotropin levels
returned to baseline in all subjects during the follow-up
period (data not shown). No subjects were lost to follow-up.

Serum T

All subjects were suppressed to castrate levels of T by 24 h
after acyline administration (d 0 T, 20.0 :! 7.4; d 1 T, 2.3 :! 0.5
nmol/liter; p ~ 0.0001). There was no difference in serum T

levels 24 h after acyline between groups (2.3 :! 0.7 (T) vs. 2.3 :!
0.8 (TE); P = 0.9). In addition, mean serum T levels before
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FIG. 2. Serum T concentrations (mean:! SEM) after oral administration of 200, 400, and 800 mg T in oil (A-C) and TE in oil (D-F) with and
without D for 24 h in normal men treated with the GnRH antagonist acyline to temporarily suspend T production. Note the larger y-axs for
the 800-mg dose. The dotted lines represent the upper and lower limits of the normal range for serum T. *, P , 0.05 compared with T alone.
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TABLE 2. T pharmacokinetics after administration of a single dose of oral T and oral TE in oil with and without D to normal men
previously administered a GnRH antagonist

TOnly T + D
Testosterone (n = 7)

200 mg 400 mg 800 mg 200 mg 400 mg 800 mg

Cmax (nmol/iter) 12.3 :! 4.1 26.1 :! 15.1 40.4 :! 10.la 22.2 :! 8.4b 50.3 :! 30.9",b 122.1 :! 82
Tmax (h) 2.8 :! 1.9 3.9:! 2.6 3.1 :! 2.0 3.1:! 2.0 3.8:! 3.1 3.4 :! 1.5

AUC (nmol-h/iter) 124 :! 28 208 :! 74a 328 :! 72a 176 :! 46c 393 :! 140a,c 846 :! 363a,c
t1l (h) 10.4 :! 2.9 10.7:! 6.0 8.1 :! 5.0 9.9:! 3.8 9.0:! 2.8 7.8:! 3.2

TE only TE + D
TE (n = 6)

200 mg 400 mg 800 mg 200 mg 400 mg 800 mg

Cmax (nmol/iter) 14.6 :! 8.5 51.8:! 59 160.8 :! 149 20.2 :! 9.4 74 :! 55a 229 :! 228
Tmax (h) 3.2:' 2.6 4.1:! 4.0 2.7 :!: 1.5 4.1 ::c 4.2 4.3:' 3.8 3.3 :' 2.4
AUC (nmol-h/iter) 90:! 27 200 :! 140 612 :! 249d 141 :! 41 450 :! 196a 1327 :! 1021
t1l (h) 10 :! 2.4 10:! 3.2 8.4 :! 3.2 9.4 :! 3.2 9.2:! 2.9 8.4 :! 2.4

Values are the mean:! SD. AUC, Area under the curve; Cmax, maxmum concentration after dosing; Tmax, time of maximum concentration.a p -( 0.05 vs. immediately lower dose.
b p -( 0.05 vs. T and TE only.
c p .c 0.01 vs. T only.

each dose of T were not significantly different from those 24 h
after acyline administration.

With the administration of both oral T and oral TE in oil,
serum T was significantly increased in a dose-dependent
fashion (Fig. 2; P .c 0.01 for h'end). In addition, the maximum
concentrations of T, average concentrations of serum T, and
area under the curve of serum T increased signficantly in a
dose-dependent fashion (Table 2 and Fig. 3A), with the max-
imum concentration of T after oil dosing exceeding the nor-
mal range for the 800-mg dose of T and the 400- and 800-mg
doses of oral TE in oiL. The tie of maximum concentration
was between 2.5 and 4.5 h in all cases, and the calculated
terminal tl/2 of oral T and TE in oil was between 7.5 and 11 h.

Coadministration of 0 with oral T or TE in oil significantly
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FIG. 3. Average serum T (A) and DHT (B) concentrations (mean :! sn)
over the 24-h interval after oral treatment. The dotted lines represent
the upper and lowei'limits of the normal range for serum T. *, P-(
0.05 compared with T alone.

increased the resulting serum T levels compared with ad-
ministration of T or IE alone (Fig. 2; P .c 0.01 for trend). The
maximum concentration of T after oral treatment with the
combination of T or IE and D exceeded the normal range for
both the 400- and 800-mg doses of T and TE in oiL. Simlar to
the administration of TorTE only, the tie to maximum
concentration remained between 2.5 and 4.5 h, and the cal-
cuated termal t1/2 was between 8 and 10 h. The T area under

tlie cure for the combination of T and 0 was signcantly
increased at all doses compared with that for T alone (200 mg,
124 :l 28 nmol-h/liter (T alone) vs. 176 :l 45 nmol-h/liter
(T + D); 400 mg, 208 :l 74 nmol-h/liter (T alone) vs. 393
nmol-h/liter (T plus D); 800 mg, 328 :l 82 nmol-h/liter
(T alone) vs. 846 :l 363 nmol-h/liter (T plus D); P .c 0.01 for
all comparisons).

Serum DHT levels

Serum DHT decreased significantly 24 h after acyline ad-
ministration (d 0 DHT, 1.6 :l 0.6 nmol/liter; d 1 DHT, 0.6 :l
0.2 nmol/liter; P .c 0.05). There was no difference in serum
DHT levels 24 h after acyline administration between groups
(T, 0.5 :: 0.2; TE, 0.6 :: 0.2; P = 0.63).

The administration of both oral T and oral IE in oil sig-
nificantly increased serum DHT in a dose-dependent fashion
(Fig. 4). In addition, the maximum concentration ofDHT and
the area under the curve increased significantly (Table 3),
with the maximum concentration of DHT after oral treatment
exceeding the normal range for all doses of T and TE in oiL.
The time of maximum concentration was between 3.9 and 6 h
in all cases, and the calculated terminal t1/2 of oral T and TE
in oil was between 7.5 and 11 h.

Coadministration of 0 with oral T or TE in oil significantly
decreased both maximum and average serum DHT levels
compared with the administration of TorTE alone (Fig. 3B
and Table 3). The maximum concentration of DHT after oral
treatment with the combination of T and 0 exceeded the
normal range at the 800-mg dose of T and at the 400- and
800-mg doses of TE in oiL. The time to maximum concen-
tration was between 2.5 and 7.5 h, and the calculated termial
t1/2 was between 8 and 10 h. The DHT area under the curve
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FIG. 4. Serum DHT concentrations (mean :! SEM) after oral administration of 200, 400, and 800 mg T in oil (A-C) and TE in oil (D-F) with
and without D for 24 h in normal men treated with the GnRH antagonist acyline to temporarily suspend T production. Note the larger y-axis
for the 800.mg dose. The dotted lines represent the upper and lower limits ofthe normal range for serum DHT. *, P -: 0.05 compared with T
plus D.

for the combination of T and D was significantly decreased
compared with the area under the curve for T alone at all
doses.

Serum E2 and SHBG

Mean serum E2 levels were not significantly different be-
tween the treatment groups on d 0 (134 :t 21 (T) VS. 116 :t 30
(TE) pmol/liter) or 24 h after acyline administration (94 :t 14

(T) VS. 87 :t 12 (IE) pmol/liter). With oral administration of

T or TE, serum E2 levels increased nonsignificantly com-
pared with baseline levels with the 800-mg dose in both the
T and TE groups (Fig. S), but all E2 levels remained within
the normal range. There were no signifcant differences in

serum E2 between either T or TE alone compared with T or
TE with D coadministration. Serum SHBG did not change
significantly after administration of acyline or oral admin-
istration of T or TE in oil either with or without concomitant
D administration (Fig_ 6).

Discussion
In this shidy we have demonstrated that single doses of T

or TE when administered orally in oil can result in serum T
levels that would be useful for the treatment of T deficiency.
Secondly, we have demonstrated that addition of the Sa-
reductase inibitor D to oral T in oil 1) significantly increases
the serum T levels achieved after a given dose of T, and 2)
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TABLE 3. DHT pharmacokinetics after administration of a single dose of oral T and oral TE in oil with and without D to normal men
previously administered a GnRH antagonist

TOnly T + D
T(n = 7)

200 mg 400 mg 800 mg 200 mg 400 mg 800 mg

Cmax (nmol/itcr) 5.6:' 2.0 12.0 :' 3.9" 30.0 :' 7.0a 2.2:' 0.7b 4.2 :' 1.6a,b 10.3 :' 3.5a,b

Tmax (h) 4.7 :' 3.4 5.0:' 3.8 3.9:' 3.5 5.1:' 3.0 6.0:' 3.3 4.6:' 2.2

AVC (nmol-h/iter) 51:' 15 106 :' 29a 239 :' 71a 25 :' 8.5c 45 :' 15a,b 99 :' 40a,b

t1l2 (h) 10:' 2.3 9.3:' 2.0 7.5:' 3.6 9.9:' 3.8 10.6 :t 2.3 9.9:' 2.2

TE only TE + D
TE (n = 6)

200 mg 400 mg 800 mg 200 mg 400 mg 800 mg

Cmax (nmol/iter) 15.3 :t 12 21.0 :' 19 48.8 :t 22.6" 4.0 :' 2.4C 8.0 :' 6.5a 25.3 :' 24c

Tmax (h) 3.2 :t 1.3 4.2 :t 3.5 2.5 :! 1.6 5.5:' 3.7 7.2:' 4.0 2.7:' 2.0

AVC (nmol-h/iter) 75:' 48 100 :' 42 253 :' 101 35 :t 18c 72 :t 45 173:' 148
t1l2 (h) 10:' 2.2 9.1:' 3.5 8.6:' 2.9 8.6:' 3.5 8.4 :' 3.4 9.0 :t 3.3

Values arc the mean:' SD. AUC, Area under the curve; Cavg, average concentration durig 24-h period afer dosing; Cmax, maxmum
concentration after dosing; Tmax, time of maximum concentration.

a p ~ 0.05 vs. immediately lower dose.
b p ~ 0.01 vs. T only.
c p ~ 0.05 vs. T and TE only.

attenuates the supraphysiological elevations in serum DHT
seen with the administration of oral T or T esters (e.g. TV)
without concomitant Sa-reductase inibition.

These data contradict the prevailng wisdom in the field,
which states that the oral route for T delivery is impractical
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FIG. 5. Serum E2 (mean :' SEM) after oral administration of200, 400,
and 800 mg T (A) and TE (B) in oil with and without D for 24 h in
normal men treated with the GnRH antagonist acyline to temporarily
suspend T production. The dotted line represents the lower limit ofthe
normal range.
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due to near-complete hepatic first-pass metabolism of orally
administered T (11). Although it is true that the bioavail-
abilty of orally administered T is very low, probably around
1 % (30, 31), our work demonstrates that if sufficient T is
administered orally in oil, potentially therapeutic levels of
serum T can be achieved after oral dosing. It is likely that liver
metabolism of orally dosed T is extensive, because oral T
adminstered to men with cirrhosis results in serum T levels
that are markedly elevated compared with normal controls
(32, 33). Whether long-term administration of oral T in oil
would induce increased hepatic metabolism of oral T and
therefore reduce T bioavailabilty wil be the subject of future
research.

Previous studies of the oral admintration of T may have
found reduced levels of serum T in part due to Sa-reductase
activity in the intestie and liver (34). In this study using T
or TE, and in the work of others with TV (24-27), serum
levels of DHT after oral administration are markedly ele-
vated, implying that a large fraction of the orally admis-
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FIG. 6. Serum SHBG concentrations (mean:' SEM) after oral admin-
istration of 200, 400, and 800 mg T and TE in oil with and without D
for 24 h in normal men treated with the GnRH antagonist acyline to
temporarily suspend T production. The dotted lines represent the
upper and lower limits of the normal range.
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tered T dose may be metabolized in the liver and intestines
to DHT. Surprisingly, in this study, the coadministration of
a Sa-reductase inibitor roughly doubles the average T con-

centration and the area under the curve for the serum Twhile
reducing the elevations of serum DHT by approximately
half. These marked elevations in serum T with concomitant
Sa-reductase inibition are probably due to inibition of the
Sa-reductase enzyme in intestine and liver, which appears to
account for approximately one half of the metabolism of T
after an oral dose. Importantly, the combination of elevated
serum T without marked elevations in seru DHT may
allow for selective oral androgen therapy, which may be
useful in decreasing the risk for DHT-dependent disease,
such as benign prostate hyperplasia and prostate cancer.

It is also important to note that previous studies of oral T
administration demonstrating poor oral bioavailabilty of T
have used T in powder form at doses of 100 and 200 mg
(21-23). We have tested oral T in powder form in doses as
high as 400 mg without achieving therapeutic serum T levels
(data not shown), implying that the administration of T in oil
is crucial for the achievement of the therapeutic seru T
levels seen in this study. It has been previously shown that
the absorption of oral TU is markedly affected by concom-
itant intake of fatt foods (27,30). This is probably due to the
fact that much of the orally administered TU is absorbed via
the lymphatics (35). In an animal model of TU absorption,
more than 80% of the bioavailable T is thought to be absorbed
via the lymphatics (36). Whether food intake wil affect the
absorption of oral T in oil is unown and probably depends
on how much of the dose is absorbed via lymphatics VB. via
the portal circulation. Because T was adminstered in oil in
this study, some of the dose may have been absorbed via the
lymphatics. This might explain in part the unexpectedly long
seru half-life of T seen with oral compared with iv admin-
istration of T, which has been reported to have a half-life of
less than 1 h (31, 37). Another possibility is that there is some
degree of enterohepatic circulation of the orally administered
T, prolonging the apparent half-life in serum. Because of ths
uncertainty, the impact of food intake on the absorption and
serum levels of T after the administration of oral high dose
T wil be the subject of future study.

It is important to note that there was no evidence of either
liver or kidney toxicity associated with the doses of oral T
administered in this study; however, additional long-term
study of these doses combined with a Sa-reductase inhibitor
wil be required to determie the safety of this approach to
T therapy. Although one subject did report transient gy-
necomastia, this subject's serum E2level remained with the
normal range. Additionally, no subject complained of im-
potence, decreased libido, or sexual dysfuction during the
treatment period. These side effects have been reported when
D is adminstered alone for benign prostate hyperplasia (38);
however, in theory, they would be less likely when D is
administered in combination with T. Additionally, the im-
plication of long-term Sa-reductase inibition wil need ex-
amination given the increase in high grade prostate cancer
(despite an overall decrease in prostate cancer incidence)
seen with chronic finasteride administration in the prostate
cancer prevention trial (39).

There were slight, nonsignificant increases in serum E2

Amory and Bremner. Effects of Oral Testosterone Plus Dutasteride in Men

seen after oral dosing of T and TE in oiL. This implies that
although orally administered T can undergo aromatization
to E2, it does not do so at high levels, suggesting that there
is probably little aromatase activity in the intestine and liver
in man. This finding is reassuring in showing that orally
administered T is likely to allow for the important functions
of estrogen in man, such as maintenance of bone density (40),
but not lead to an increased risk of estrogen-related side

effects such as gynecomastia.
From a practical standpoint, a regimen using oral T in oil

in the formulation used in this study may need to be ad-
ministered twice daily; however, additional refiements of ths
approach, such as the use of slow-release capsules, may allow
for more controlled release of T in the intestie and could lead
to a formulation tht could be admstered oraly once daiy,
a major improvement over curent T replacement options.

In conclusion, we have demonstrated that single doses of T
or IE, when admtered orally in oil, can result in markedly
elevated serum levels of T in normal men with induced hypo-
gonadim; such levels would presumably be therapeutically
effective in treating testicular failure. In addition, we have dem-
onstrah.'( that addition of the Sa-reductase inbitor D to oral
T in oil signicantly increases the seru T levels observed with
a given dose of T and attenuates the supraphysiological eleva-
tions in serum DHT seen with the adminstration of oral T
alone. Combinations of oral T and Sa-reductase inbitors may
allow for an oral, selective form of androgen therapy. Addi-
tional studies of the long-term safety, pharmacokinetics, and
pharacodynamcs of th combination are warranted to de-
termine whether it might be a clinically useful and attactve
method of treatig T deficiency.
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Exogenous Testosterone or Testosterone with
Finasteride Increases Bone Mineral Density in Older
Men with Low Seru Testosterone
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Older men, particularly those with low seru testosterone (T)
levels, might benefit from T therapy to improve bone mieral
density (BMD) and reduce fracture risk. Concerns exist, how-
ever, about the impact of T therapy on the prostate in older
men. We hypothesized that the combination of T and finas-
teride (F), a 5a-reductase inhibitor, might increase BMD in
older men without adverse effects on the prostate. Seventy
men aged 65 yr or older, with a seru T less than 12.1 nmoV
liter on two occasions, were randomly assigned to receive one
of three regiens for 36 months: T enanthate, 200 mg im every
2 wk with placebo pils daily (T-only); T enanthate, 200 mg
every 2 wk with 5 mg F daiy (T+ F); or placebo injections and
pils (placebo). Low BMD was not an inclusion criterion. We
obtaied serial measurements ofBMD of the lumbar spine and
hip by dual x-ray absorptiometry. Prostate-specifc antigen
(PSA) and prostate size were measured at baselie and during
treatment to assess the impact of therapy on the prostate.
Fify men completed the 36-month protocol. By an intent-to-
treat analysis including all men for as long as they contributed
data, T therapy for 36 months increased BMD in these men at
the lumbar spine (10.2 :! 1.4% (mean percentage increase from
baseline:! SEM; T-only) and 9.3:! 1.4% (T+F) VS. 1.3 :! 1.4% for
placebo (P c: 0.001)) and in the hip (2.7 :! 0.7% (T-only) and 2.2 :!
0.7% (T+F) VS. -0.2 :! 0.7% for placebo, (P s 0.02)). Signifcant

increases in BMD were seen also in the intertrochanteric and
trochanteric regions of the hip. Afer 6 months of therapy,
urinary deoxyyridinoline (a bone-resorption marker) de-
creased significantly compared with baseline in both the T-
only and T+ F groups (P c: 0.001) but was not significantly
reduced compared with the placebo group. Over 36 months,
PSA increased signifcantly from baseline in the T -only group
(P c: 0.001). Prostate volume increased in al groups during the
36-month treatment period, but this increase was signifi-
cantly less in the T+F group compared with both the T-only
and placebo groups (P = 0.02). These results demonstrate that
T therapy in older men with low serum T increases vertebral
and hip BMD over 36 months, both when administered alone
and when combined with F. This fiding suggests that dihy-
drotestosterone is not essential for the beneficial effects of T
on BMD in men. In addition, the concomitant administration
of F with T appears to attenuate the impact of T therapy on
prostate size and PSA and might reduce the chance of benign
prostatic hypertrophy or other prostate-related complica-
tions in older men on T therapy. These fidings have impor-
tant implications for the prevention and treatment of osteo-
porosis in older men with low T levels. (J Clin EncWcrinol
Metab 89: 503-510, 2004)

TWENT PERCENT OF men over age 60 have serumtestosterone (T) concentrations below the normal range
for young men (1,2). Because low T levels are associated with
an increased risk of osteoporosis and fracture (3-7), T therapy
in older men might increase bone mieral density (BMD) and
reduce fracture risk. Studies in young, hypogonadal men
have demonstrated that T therapy increases BMD (8-11), but
few studies have investigated older patients, who are at
greater risk of fracture. Two randomized clinical trials of
transdermal T treatment in men over the age of 64 yr have
been published (12, 13). In the first study, vertebral but not
hip BMD increased, and only in those with low pretreatment

Abbreviations: BMD, Bone mieral density; BPH, benign prostatic
hypertrophy; CV, coefficient of variation; DHT, dihydrotestosterone; E2,
estradiol; F, finasteride; po, per as; PSA, prostate-specific antigen; T,
testosterone; TE, T enanthate.

JCEM is published monthly by The Endocrine Society (htt://www.
endo-society.org), the foremost professional society serving the en-
docrine community.

T levels (12). In the second study, T prevented the loss of hip
BMD observed in the placebo-treated men (13). Therefore,
significant questions still exist about the ability of T therapy
in older men to have significant impact on bone health.

The relative roles of T and its metabolite, dihydrotestos-
terone (DHT), in regulatig BMD are not clear. Because DHT
contributes to the development of benign prostatic hyper-
trophy (BPH) and possibly prostate cancer, increasing T lev-
els without also increasing DHT might be preferable in older
men, especially if DHT has little or no effect on BMD. Fin-
asteride (F) inhibits DHT production by blocking the enzyme
Sa-reductase, which converts T to DHT, and has been used
safely to treat BPH in older men without compromising BMD
(14-16).

We hypothesized that long-term im T therapy in older men
who had serum T below the range of normal for young adult
men would significantly increase BMD. Furthermore, we
hypothesized that the addition of the Sa-reductase inhibitor
F would have no impact on T -mediated increases in BMD but
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would minimize the potential for adverse effects on prostate
health. Therefore, we conducted a randomized, double-
blind, placebo-controlled trial of im T adminstration, with or
without F, to test these hypotheses.

Subjects and Methods
Subjects

Men aged 65 yr and older were recruited using advertisements and
direct mailings. The inclusion criterion was a nonfastig, mornng serum
total T level below 12.1 nmol/liter (350 ng/ dl) for 2 d. Exclusion criteria
included the following: severe iless; use of medications including

anabolic steroids, antiandrogens, glucocortcoids, bisphosphonates, di-
uretics, calcitonin, seizure medications, or warfarin; Paget's diease;
smokig or heavy alcohol use; sleep apnea; hematocrit greater than 48%;
total cholesterol above 300 mg/dl; abnormal kidney, liver, thyroid,
adrenal, or pitutary fuction; reguar exercise more than tlu-ee ties a

week; prostate L~sues ¡prostate cancer, a prostate nodule on exam, pros-
tate-specifc antigen (PSA) ;,4.0 ng/rn, or International Prostate Symp-
tom Score ;,8); urinary postvoid residual by ultrasound of more than 149
ml; or an abnormal transrectal ultrasound. Reduced BMD was not an
inclusion criterion_ The Intitutional Review Board of Emory University,
where al subject interactions occurred, approved the study, and subjects
gave written informed consent before screenig.

A total of 676 men were evaluated for eligibilty. Of these, 283 men
were potentially eligible and underwent T measurement. One hundred
ten men met the T criterion and underwent further screening tests; 70
men were enrolled. Forty men who passed intial screenig were not
enrolled for the following reasons: abnormal PSA, prostate ultrasound,
postvoid residuaL, or symptom score (11); pituitary, thyroid, or adrenal
disease (5); medical iless (4); second T levels above 350 ng/dl (4); total
cholesterol above 300 mg/dl (1); or being eligible but refuing enroll-
ment (15).

Study design

Participants were randomized to one of thee treatment groups: 1)
T-only group, T enanthate (TE; Schein Pharmaceuticals, Florham Park,
NJ) 200 mg im every 2 wk, plus placebo pil oraly ¡per os (po)) daily; 2)
T+F group, TE 200 mg im every 2 wk, plus F (Merck & Co., Rahway,
NJ) 5 mg po daiy; or 3) placebo group, sesame oil placebo 1 rn im every
2 wk, plus placebo pil po daily. The estimate of sample size for the tral

was based on the percentage change in BMD from baselie to 6-month
follow-up. Assuming a clinically important increase on average of 1 %
in the T+ F group, no change on average in the placebo group, and an
estiated SD in each group of 1 %, a sample size of 17 men per group

ensured approxiately 80% statistical power to detect a treatment dif-
ference of 1 % (signficance level, 0.05; two-sided test) if the true differ-
ence between groups was a 1 % BMD increase from baselie to 6-month
follow-up. Allowing for a 30% dropout rate over 3 yr, 70 patients were
randomized in the tral.

The order of treatment assignment was randomly computer-gener-
ated in permuted blocks of six. Partcipants were treated for 36 months.
Ony the research pharmacist and safety monitoring board knew of the
randomization. A nurse administered the injections, and 98% occurred
withi 2 d of the scheduled time. There was 95% compliance with the

daily F or placebo in the enrolled subjects based on monthly pil counts.
The study design included the potential for dose reduction of T or
plac;ebo injection by decrements of 0.2 rn (40 mg of TE for subjects
actually receiving T) for a hematocrit of more than 52% on safety mon-
itoring performed at 2, 4, 8, 12, 18, 24, and 30 months. Calcium and
vitamin D supplements were not provided, but patients were allowed
to continue these medications if they were taking them already. Par-
ticipants were queried at the beging and end of the study in regard
to the intake of these supplements, with no significant change in their
use being noted. Specifcally, two men in the placebo group, one
man in the T-only group, and none in the T+ F group were taking
calcium supplements during the study. No subject was takig additional
vitami D.

For men who discontinued the study prematurely, telephone fol-
low-up was conducted to ascertain clinical outcomes.

Amory et al. . Testosterone for Bone Density in Older Men

Measurements

At baselie and after 6, 12, 18, 24, and 36 months of treatment, BMD
was measured at the lumbar spine (Ll-L4; anteroposterior view only)
and in the nondomiant hip by dual x-ray absorptiometry using a
Hologic QDR-2000 densitometer (Hologic, Waltham MA) that was stan-
dardized daily. The intra person coefficient of variation (CV) was 1.0%
for both the spine and the hip. T and Z scores were calculated using male
databases; the manufacturer's database was used for the spine, and the
National Health and Nutrtion Examination Survey II was used for all
of the hip measurements. One of the investigators (N.B.W.) who was
blided to treatment analyzed al of the BMD measurements and ex-
cluded from analysis vertebrae that showed localized degenerative
change, compression fractures, or other confounding factors. One or two
vertebrae were deleted from analysis if there was obvious degenerative
change on the image and/ or if it was 1 SD or more higher than the lowest
vertebrae (six placebo subjects, five T-only subjects, and five T+ F sub-
jects). If three or more vertebrae showed evidence of degenerative
change, the spine measurement was considered invalid and was not
used (no placebo subjects, two T -only subjects, and one T + F subject).

Blood was drawn for hormone measurements in the morning at
baselie and imediately before injections after 2, 4, 6, 8, 12, 18,24, 30,
and 36 months of treatment. Samples at baselie 6, 12, 18, 24, and 36
months were fastig samples, whereas the other samples were nonfast-
ing. Blood was drawn for markers of bone metabolim afer a 12-h fast
at baselie and after 6 months of treatment. For a subset of men (n = 22),

additional mornig blood was drawn at the end of the first study year
on d 3 or 4, 7, and 11 of the T-dosing period to obtain between-nadir
samples. Serum samples for 25-hydroxyvitamin D and intact PTH were
assayed imediately. All other samples were stored frozen at -70 C

unti the end of the study, when serum samples from each participant
were assayed concurrently. A 2-h morng urie was collected for mea-
surement of deoxypyridinolie at baselie and after 6 months of treat-
ment. T, SHBG, and estradiol (E2) were measured using fluoroimmu-
noassays (Delfa, Wallac Oy, Turku, Finand). The intraassay and
interassay CVs for midrange measurements were 4.5 and 9.5% for T, 4.0
and 11. 1 % for SHBG, and 3.6 and 6.0% for E2. The normal range is 12-33
nmol/liter for T and 60-220 pmol/liter for E2. DHT was measured by
RIA (Endocrie Sciences, Calabasas Hil, CA); the midrange intra assay
and interassay CVs were 6.6 and 14%, respectively. Non-SHBG-bound,
bioavailable T was assayed using RI afer ammonium sulate precip-
itation (Centre Hospitalier de lUniversite at Laval University (CHUL)
Research Center, Sainte-Foy, Quebec, Canada); the midrange intraassay
and interassay CVs were 7.4 and 12%, respectively. Osteocalcin was
measured by RIA (Diagnostic Systems Laboratories, Inc., Webster, TX);
the midrange intraassay and interassay CVs were both 7.2%. Bone-

specifc alale phosphatase was measured by immunoassay (Metra
Biosystems, Mountain View, CA); the midrange intraassay and inter-
assay CVs were 1.4 and 4.8%, respectively. Uriary deoxypyridinoline
was measured by chromatography after acid hydrolysis and was nor-
malzed to urinary creatie; midrange intraassay and interassay CVs

were 8 and 15%, respectively. Intact PTH was measured by a chemilu-
miescent assay (Diagnostic Products Corp., Los Angeles, CA);
midrange intraassay and interassay CV s were 5.1 and 5.3%, respectively.

Participant monitoring

Participants were examied monthy. Measurements of hematocrit
and transamiases occurred every 2 months for 1 yr, and every 6 months
thereafter. Prostate volume was assessed by tranrectal ultrasound
(Bruel & Kjaer, Boras, Sweden) at baselie (model 3535) and at the end
of treatment (model 1846 PM) using established technques (17, 18). PSA
levels were measured every 4 months during the first year and every 6
months thereafer; digital rectal examination was performed every 6
months.

Statistical analysis

The priary analyses of the data were performed according to pa-

tients' origial treatment assignment (i.e. intention-to-treat analyses),
and all men were included in the analyses for as long as they contributed
data. Baseline characteristics between treatment groups were compared
with the Kruskal-Walls test. Repeated-measures analyses for each of the
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four BMD measurements were analyzed as percentage change from
baseline with a means model with SAS Proc Mixed (version 8; SAS
Institute, Inc., Cary, NC) providing separate estimates of the means by
tie on the study (6,12,18,24,30, and 36 months) and treabnent groups.

An unstrctured variance-covariance form among the repeated mea-

surements was assumed for each outcome, and estimates of the SE values
of parameters were used to perform statistical tests and construct 95%
confidence intervals. Student's t tests were used to compare the pairise
differences between the model-based treabnent means (least-squares
means) at each time point or treabnent month. The model-based means
are unbiased with unbalanced and missing data, as long as the missing
data are noninforrative (missing at random). A dropout process is
assumed to be mising at random if, depending on the observed data,
the dropout is independent of the unobserved measurements. Mean
changes over time within a treabnent group were tested for linear trend.
Repeated-measures analyses were also performed for T, DHT, E2, and
PSA after a log transformation, and for prostate volume, hematocrit,
hemoglobin, and lipids. The Wilcoxon signed-rank test was used to
compare change from baselie to 6 months with each treabnent group

for six markers of bone metabolism. Statistical tests were two-sided. A
Boruerroni adjusbnent (P .: 0.0167) was used for the three pairise

comparisons performed at each treabnent month.

Results
Seventy men, with a mean age of 71 :t 4 yr (range, 65-83

yr), participated in the study. Twenty-four were randomized
to T -only, 22 to T + F, and 24 to placebo. Fifty men completed
the entire 36 months of the study. Of the 20 men who did not
complete the study, six were in the placebo group, and seven
each were in the T -only and T + F groups. Reasons for dis-
continuation included the following: personal reasons (10

men), intercurrent illess (7 men), or a new diagnosis of

J Clin EndocrInol Metab, Februar 2004, 89(2):503-510 505

prostate cancer (3 men). At baseline, the three treatment
groups did not differ significantly from each other in age,
body mass index, hormone levels, BMD, prostate volume, or
PSA (Table 1). Twenty-four of the 70 men (10 in the placebo
group, 8 in the T-only, and 6 in the T+ F group) had baseline
serum E2 levels that were below the lower limit of normaL.
The baseline BMD for the hip and lumbar spine for the
participants was similar to that for a standard male popu-
lation of the same age (Z scores, Table 1). A total of seven
men, two each in the placebo and T + F groups and three in
the T-only group, had low baseline lumbar-spine BMD (T
score more than 2.5 SD below peak bone mass for young
men), whereas four men, two in the placebo group and one
each in the T-only and T+F groups, had low baseline hip
BMD. There were no signficant differences in the baseline
characteristics between the men who discontinued and those
who completed the study. Reduction of T dosage was nec-
essary in 14 men (seven in the T-only group and seven in the
T + F group vs. none in the placebo group). After the decrease
in T dosage, the final mean (:tSD) dose of TE was 158 :t 36
mg for the T -only group and 164 :t 40 mg for the T + F group
every 2 wk.

Mean nadir serum total T, bioavailable T, and E2levels in
the T-only and T + F groups significantly increased through-
out the h"eatment period (Fig. 1, A-C), whereas these hor-
mone levels did not change in the placebo group. Nadir
serum total T and E2 levels tended to be higher in the T + F
group compared with the T-only group, but this difference

TABLE 1. Baseline characteristics (mean :! SD) of 70 older men administered im T alone, T with F, or placebo for 36 months

Characteristic Placebo (n = 24) T-only group (n = 24) T + F group (n = 22) P
Age (yr) 71:! 5 71:! 4 71:! 4 0.99
Body mass index (kg/m2) 27.8 :! 3.6 28.7:! 3.6 27.0 :! 2.7 0.24
Hormones

Total testosterone (nmolJiter) 10.5 :! 1.7 9.9:! 1.6 10.1 :! 2.1 0.36
Dihydrotestosterone (nmolJiter) 1.0 :! 0.5 0.8:! 0.3 0.9:! 0.2 0.48
Estradiol (pmolJiter) 83.3 :! 44.4 71.5 :! 33.7 84.0 :! 33.3 0.47
SHBG (nmolJiter) 44.0 :! 18.1 45.2 :! 16.6 48.2 :! 15.0 0.55
Bioavailable T (nmolJiter) 3.5 :! 1.3 3.3 :! 1.2 3.4 :! 1.2 0.62

BMD
Lumbar spine

Density (g/cm2) 1.04 :! 0.15 1.06:! 0.16 1.03 :! 0.19 0.81
T scoreu -0.48 :! 1.47 -0.30 :! 1.56 -0.53 :! 1.66
Z scoreu 0.44 :! 1.49 0.69 :! 1.62 0.51 :! 1.67

Total hip
Density (g/cm2) 0.96 :! 0.13 0.96 :! 0.14 0.90 :! 0.23 0.67
T score -0.87 :! 0.89 -0.84 :! 1.13 -1.02 :! 0.80
Z score 0.30 :! 0.86 0.24 :! 1.21 0.12 :! 0.79

Intertrochanter
Density (g/cm2) 1.11 :! 0.15 1.11 :! 0.17 1.11 :! 0.13 0.96
T score -0.90 :! 0.88 -0.77:! 1.7 -0.80 :! 0.96
Z score 0.06 :! 1.10 0.29 :! 1.21 0.16:! 0.82

Trochanter
Density (g/cm2) 0.74 :! 0.11 0.75 :! 0.11 0.71 :! 0.10 0.29
T score -0.92 :! 2.32 -0.39 :! 1.0 -0.73 :! 0.86
Z score 0.27 :! 1.16 0.45 :! 1.7 0.13 :! 0.85

Femoral neck
Density (g/cm2) 0.81 :! 0.12 0.78 :! 0.13 0.74:! 0.09 0.19
T score -1.56 :! 1.07 -1.77 :! 1.16 -2.03 :! 0.87
Z score 0.42 :! 1.06 0.19:! 1.7 0.03 :! 0.86

Prostate parameters
PSA (ng/dl) 1.4 :! 1.1 0.9:! 0.8 1.0 :! 0.6 0.08
Prostate volume (ems) 32:! 14 29:! 11 33:! 16 0.80

U T score compares the BMD to the mean for young normal males and Z score compares it with age-matched controls.
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FIG. 1. Geometric mean (:! SEM) nadir serum total T (A), bioavailable (non-SHBG-bound) T (B), E2 (C), and DHT (D) in older men with low
T who were treated with either T (T-only), T and F (T+ F), or placebo for 36 months. Horizontal dotted lines represent normal ranges. *, P -c
0.05 compared with baseline and placebo; il, P -c 0.05 compared with baseline, placebo, and T-only; q" P -c 0.05 compared with baseline.
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did not reach statistical signficance for any tie point for
total T and was only significant at month 12 for E2 (P = 0.03).
For the subset of men from whom blood was sampled at
multiple times throughout the 2-wk T-dosing period (six
men in the placebo group, seven men in the T-only group,
and nie men in the T + F group), peak serum total T levels
were at or above the normal serum T range for the two T
treatment groups, with a mean peak value for the T-only
group being 35.9 :! 12.1 nmol/liter (mean:! SD) and that for
the T + F group being 43.5 :! 7.6 nmol/liter. Average total T
levels during the2-wk dosing interval were 25.8 :! 6.0,33.0 :!
6.4, and 11.8 :! 2.3 mnol/liter for the T-only, T+ F, and pla-
cebo groups, respectively. In comparing these two T treat-
ment groups, there was no difference in peak T levels (P =
0.13), but the average total T levels were somewhat higher in
the T+ F group (P = 0.04).

Mean nadir serum DHT levels did not change throughout
the study in the placebo group, increased significantly in the
T-only group, and decreased in the T+F group (P -= 0.001
compared with baseline and placebo) by 6 months and
remained suppressed throughout treatment (Fig. ID).
The maximum decline in serum DHT levels in the T + F group
was 50% below baseline, which was reached at treatment
month 4.

BMD and metabolism

BMD of the lumbar spine, total hip, and trochanteric and
intertrochanteric regions increased in both the T-only and the
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T + F groups during the study period, whereas those in the
placebo group did not change (P -= 0.001; Table 2 and Fig. 2,
A-D). The mean percentage increase from baseline in BMD
of the lumbar spine was significant (P -= 0.001) for the T-only
and T + F groups, but the mean did not change for men in the
placebo group (P = 0.39 for linear trend). There was no
significant change over the 36 month in the BMD at the
femoral neck in any of three treatment groups (P = 0.16). In
the T groups, increases in lumbar BMD were positively cor-
related with magnitude of increase in both serum total T (1' =
0.44; P = 0.001), bioavailable T (1' = 0.45 and P = 0.009), and
serum E2 (1' = 0.45; P = 0.0006) but were not related to
baseline BMD; to baseline levels of total T, bioavailable T,
DHT, or E2; or to baseline levels of T or E2 after correction
for baseline SHBG levels.

After 6 months of therapy, serum osteocalcin (a bone for-
mation marker), intact PTH, and 25-hydroxyvitamin D did
not change in any group (Table 3). In contrast, urinary de-
oxypyridinoline, a bone resorption marker, decreased sig-
nificantlyin both the T-only and T + F groups (bothP -= 0.001)

but was unchanged in the placebo group (P = 0.30). Bone-
specific alkaline phosphatase, a bone formation marker, de-
creased significantly in the T-only group (P = 0.049).

Prostate and hematological effects

Forty-nine of the 50 subjects who completed the 36-month
study underwent end-of-treatment prostate ultrasound, and
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TABLE 2. Mean BMD (g/cm2) and 95% confidence interval measured by dual-energy x-ray absorptiometry in older men administered in
T alone, T with F (T+ F), or placebo at the lumbar spine, total hip, femoral neck, and intertrochanteric and trochanteric regionsa

Baseline 6 months 12 months 18 months 24 months 36 months

Lumbar spine
T only 1.06 (0.98-1.3) 1.09 (1.02-1.6)b 1.0 (1.03-1. 7)b 1.3 (1.05-1.21)b 1.3 (1.05-1.20)b 1.6 (1.08-1.24)b

T+F 1.03 (0.96-1.0) 1.07 (0.99-1.14)b 1.08 (1.00-1.5)b 1.10 (1.02-1.17)b 1.0 (1.03-1. 7)b 1.13 (1.05-1.20)b
Placebo 1.04 (0.97-1.11) 1.05 (0.97-1.12) 1.05 (0.98-1.3) 1.04 (0.97-1.2) 1.05 (0.97-1.2) 1.06 (0.98-1.4)

Total hip
T only 0.96 (0.90-1.00) 0.97 (0.91-1.02) 0.96 (0.91-1.02) 0.97 (O.92-1.03)b 0.97 (0.92-1.03)b 0.98 (0.92-1.04)b
T+F 0.94 (0.89-1.00) 0.94 (0.88-0.99) 0.96 (0.90-1.01) 0.95 (0.89-1.01) 0.95 (0.90-1.01) 0.96 (0.90-1.02)b
Placebo 0.96 (0.90-1.01) 0.95 (0.90-1.01) 0.95 (0.90-1.00) 0.95 (0.90-1.00) 0.95 (0.91-1.01) 0.95 (0.90-1.01)

Intertrochanteric region

T only 1.11 (1.05-1.7) 1.3 (1.06-1.9) 1.3 (1.06-1.9) 1.13 (1.07-1.20)b 1.3 (1.07-1.20) 1.15 (1.08-1.21)b
T+F 1.11 (1.04-1.7) 1.1 (1.04-1.8) 1.3 (1.06-1.9) 1.11 (1.05-1.8) 1.2 (1.06-1.9) 1.14 (1.07-1.21)b
Placebo 1.11 (1.04-1.7) 1.0 (1.04-1.7) 1.0 (1.04-1.6) 1.0 (1.03-1.6) 1.0 (1.04-1.6) 1.0 (1.04-1.7)

Trochanteric region

T only 0.75 (0.70-0.79) 0.76 (0.71-0.80)b 0.76 (0.71-0.81) 0.77 (0.72-0.81)b 0.78 (0.73-0.82)b 0.78 (0.73-0.83)b
T+F 0.71 (0.66-0.76) 0.71 (0.67-0.76) 0.73 (0.68-0.78)b 0.73 (0.68-0.78)b 0.73 (0.68-0.78)b 0.75 (0.69-0.80)b
Placebo 0.74 (0.69-0.78) 0.74 (0.69-0.78) 0.74 (0.69-0.78) 0.74 (0.69-0.78) 0.73 (0.69-0.78) 0.74 (0.69-0.79)

Femoral neck
Tonly 0.78 (0.73-0.82) 0.79 (0.74-0.83) 0.78 (0.74-0.83) 0.79 (0.74-0.84)b 0.79 (0.74-0.83) 0.79 (O.74-0.84)b
T+F 0.74 (0.69-0.79) 0.75 (0.70-0.79) 0.76 (0.71-0.80) 0.76 (0.71-0.81) 0.76 (0.71-0.81) 0.77 (0.72-0.82)b
Placebo 0.81 (0.76-0.85) 0.81 (0.76-0.85) 0.80 (0.76-0.85) 0.80 (0.76-0.85) 0.81 (0.76-0.85) 0.81 (0.76-0.86)
a Includes data from all measurements available at a given time point.
b p ~ 0.01 compared with baseline.
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in older men with low T who were treated with either T (T-only), T and F (T+ F), or placebo for 36 months. *, P .c 0.05 compared with baseline
and placebo.

all subjects had an end-of-treatment PSA. There was a small
but significant increase in serum PSA in the T-only group
(P -c 0.001 by month 36), but there was no change in PSA in
either the placebo or T + F group at any time during the study
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(Table 4). Prostate volume increased significantly in all
groups over the 3-yr study period. The increase in prostate
volume in the T-only group was similar to the increase seen
in the placebo treatment group (P = 0.35), whereas the in-
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TABLE 3. Markers of bone metabolism during treatment (median, 75th-25th percentiles) in older men administered ¡m T alone, T with
F, or placebo after 6 months of therapy

Placebo Tonly T+F
Baseline Month 6 Baseline Month 6 Baseline Month 6

Osteocalcin (ng/m!) 2.06 (1. 79) 1. 79 (2.44) 2.35 (2.35) 2.40 (1.37) 2.38 (2.16) 2.02 (2.08)
BSAP (IUlliter) 14.3 (4.8) 14.3 (5.2) 14.6 (7.5) 12.0 (5.2)a 16.0 (5.6) 13.9 (4.7)
U-deoxyyridinoline (/Lmollmol Cr) 5.8 (2.0) 6.1 (2.5) 6.2 (2.3) 5.0 (1.6)b 6.0 (2.0) 4.5 (1.6)b

PTH (pg/m!) 45 (28) 42 (15) 44 (28) 50 (40) 40 (19) 52 (27)
25 hydroxy-vitamin D (ng/ml) 34 (20) 44 (19) 35 (21) 39 (24) 41 (12) 48 (13)

BSAP, Bone-specific alkaline phosphatase; D, urinary; PTH, intact PTH; Cr, creatinine.
a p ~ 0.05 compared to baseline.
b p ~ 0.001 compared to baseline.

crease in prostate volume in the T + F group was significantly
less than in the T-only group (P = 0.02).

One man in the placebo group, two in the T-only group,
and no subjects in the T + F group had a diagnosis of prostate
cancer, leading to discontiuation of study partcipation (P =
0.46). The two men with prostate cancer in the T-only group
were diagnosed after 7 and 8 months of study participation.
The indication for biopsy in one case was an abnormal digital
rectal exam and in the other case was asthenia and fever. In
both cases, one of six biopsy samples revealed Gleason grade
5 disease. For the man with the abnormal digital rectal exam,
the positive biopsy occurred in the opposite lobe from the
abnormal exam finding. The individual in the placebo group
with prostate cancer was diagnosed after 24 months in the
study; the indication for biopsy was an elevated PSA. Of the
17 remaining men who discontiued participation in the
study, 15 were free of prostate cancer or other prostate dis-
eases at the conclusion of the study. Two men were lost to
follow-up.

Mean hematocrit and hemoglobin values increased sig-
nificantly during treatment in the T-only and T + F groups
(P .ç 0.001 compared with baseline and placebo) but were
unchanged in the placebo group (Table 4). Increase in he-
matocrit was positively associated with elevations in T (1' =
0.41; P .ç 0.001). In the T-only group, one man suffered a
cerebral hemorrhage during treatment, and another man
developed new symptoms of sleep apnea confirmed by a
sleep study. There were no other serious adverse cardiovas-
cular, cerebrovascular, or pulmonary events.

Discussion
This study demonstrates that im T therapy in older men

with low serum total T levels increases BMD in the lumbar
spine and hip over 3 yr. The increase in BMD would be
expected to decrease fracture risk. The increases in BMD seen
in this study are similar in magnitude both to those observed
with T therapy in younger hypogonadal men (8-11) and to
those seen with bisphosphonate therapy in men with osteo-
porosis (19,20). The increases seen in BMD were not limited
to the spine but also involved most areas of the hip that were
measured. Previous studies of T therapy in older men have
reported either smaller increases in lumbar spine BMD (12)
or no increase in hip BMD with T therapy (12, 13). There
could be a number of reasons why the findings of this study
differ from the findings of these previous studies. For one,
the men enrolled in this study all had baseline serum total T
levels that were below the normal range for young men,

which was not the case in one of the previous studies (12).
In addition, the seru levels of total T and E2 achieved with

im T injections in ths study were two to three times higher
than those achieved in studies using T patches in older men
(12, 13). Such large increases over baseline T and E2 levels
might account for much of the difference between the in-
creases in BMD seen in these studies. Although the dose-
response range for bone in regard to T (or E2) in older men
has not been established yet, these data may suggest that a
certain threshold of serum T (or E2) must be reached and/ or
a certain magnitude of change from baseline levels must be
achieved before significant effects of the sex steroids on bone
are acheved in older men. It also is important to note that,
in contrast to previous studies in older men, subjects in our
study were not administered supplemental calcium and vi-
tamin D. This may have increased the magntude of the
differences between placebo and treatment groups we ob-
served in our study; however, dramatic improvements in
BMD were seen without calcium and vitamin D supplemen-
tation. Whether supplementation in combination with T
would result in even greater increases in BMD should be the
subject of future research.

Both the T-only and the T+ F groups had similar increases
in serum nadir total T and E2 levels and in BMD; however,
there was a significant decrease in serum DHT in the T + F
group. This suggests that conversion to DHT is not essential
for the effect of T on BMD. Because F incompletely blocks the
conversion of T to DHT (21) and men in our study achieved
at best a 50% reduction in serum DHT levels, it is stil possible
that low levels of DHT are required for stimulating increases
in BMD.

The beneficial effects of T therapy on BMD may be me-
diated by its conversion to E2. The increases in E2 serum
levels from baseline with T therapy in this study were sub-
stantiaL. The impact of E2 on BMD in men has been dem-
onstrated in a man with aromatase deficiency who had high
serum T levels but low BMD. Treatment with E2 resulted in
epiphyseal closure and increased BMD (22). Furthermore, a
second man with an E2 receptor mutation was found to have
unfused epiphyses and low BMD (23). Other work has sug-
gested that bioavailable E2 may be the best predictor of BMD
in older men (24, 25). Although it is likely that E2 plays a
major role in maintenance of BMD in men, further studies
using nonaromatizable androgens wil be required before we
wil completely understand relative roles ofT and E2 in bone
formation in men.

The mechanism by which androgens and/or estrogens
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low serum T levels markedly increases BMD in both the spine
and the hip over 3 yr. The addition of F to T does not diminish
increases in BMD but does decrease prostate growth and
increases in PSA compared with treatment with either T
alone or placebo. Given its beneficial effects on BMD, larger,
long-term randomized studies of T therapy with and without
inbitors of Sa-reductase should be conducted to better de-

fine the risks and benefits of T therapy and its impact on the
risk of osteoporotic fractures in older men.
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1. INTRODUCTION

This report is submitted by the team of Independent Observers (10) from the World Anti-

Doping Agency (WADA), which was present at the Tour de France 2003. The 10 team was

able to observe the anti-doping programme implemented by the various organisations

working in cooperation during the Tour: The International Cycling Union (UCI), the

French Ministry of Sport, the Amaury Sport Organisation (ASO), the French Council for

the Prevention and Fight against Doping (CPLD) and the French National Drug Testing

Laboratory (LNDD).

The team appointed by WADA to carry out this task comprised 3 members, all regarded

as experts in their particular fields.

2. INITIAL PREPARATIONS AND MEETINGS

In the run up to the 2003 Tour, WADA circulated an agreement among the relevant

parties in order to confirm that, in accordance with the mandate of the 10 programme,
the observers would have access to all the relevant documentation and would be able to

observe the anti-doping control process implemented for the Tour de France at its various

levels. In spite of a few initial problems associated with the legal constraints specific to

the Code of Public Health in France hosting the Tour, it was possible to reach an
agreement authorizing the WADA team to observe the following procedures:

~ selection procedures;

~ notification of the cyclists selected for the controls;

~ analysis of samples at the LNDD;

~ preparation of the controls;
~ compiling of the appropriate forms after the controls;

~ preparing the sample for dispatch to the laboratory;

~ procedures in the event of a "B" sample.

4

G DC00690



In addition to this, the observers were able to enter the doping control station, provided

that they were medical doctors and there was adequate room to accommodate the
cyclist, the doctor taking the sample, the UCI delegate and possibly the accompanying
person of the cyclist.

An anonymous copy of the doping control forms, as well as a copy of the analysis reports

were also supplied to the observers.

Before the observers arrived in Paris, arrangements were made for several meetings to

be held in order to ensure, on the one hand, that just as events were starting off, all the

parties concerned would be informed of each other's role in the process, while also
ensuring that there would be no problems from an organisational point of view.

Two important meetings were held during the first two days, on 1st and 2nd July, in Paris.

During the first meeting between a representative from WADA and M. D. Baal, Deputy

Director of the Tour, the entire logistics for the event, including accommodation,

transportation, etc. were reviewed and coordinated. A car and driver were made available

to the observers from the time they arrived in Paris.

A second meeting took place between representatives from the French Ministry of Sport,

CPLD, UCI, ASO, LNDD and the WADA observers, which focused on this first contact

being made and on explaining the WADA observers' mission, their objectives and role

during a sporting event. All the steps involved in the anti-doping test process

implemented during the Tour were described in detail and explained. Furthermore, an
agreement was reached on guaranteeing anonymity with regard to the copies of reports

sent to the observers.

It is important to note that during the meeting the CPLD expressed its opinion about the

exchange of information with the observers relating to the doping control forms. It did

not agree with the compromise offered by the French Ministry of Sport and consequently,

the CPLD stated that it declined all responsibility in the event of any dispute.

During the meeting the President of the 10 team emphasised that this type of mission is

carried out based on a positive, constructive approach. These objectives can only be

achieved with the cooperation of all the present parties based on a system of ongoing

communication to help avoid any problems during the mission.
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During this meeting, the President also gave all the relevant authorities copies of the
documents guaranteeing confidentiality with regard to the information gathered as part of

the mission and to the commitment to expose any personal conflict of interèst.

On the evening of 4th July, the WADA observers were invited to attend the general
reception for the teams being held at Paris City HalL. Race officials not only made the

most of this occasion to inform the teams about the Tour de France's Code of Ethics,

along with its regulations on behaviour and safety, but they also made the cyclists and

their backup teams aware of the issue of doping!. The anti-doping testing process was
quickly explained and an appeal was made to the cyclists for maintaining the spirit of fair

play.

RECOMMENDATIONS

It is essential that in future, agreements between the various parties are reached and
signed well beforehand in order to guarantee the best possible organisation for all the

parties concerned. The agreement was sent to the relevant parties on 16th May 2003 and

it was only on 27th June, virtually just before the observers were due to arrive that

agreement was successfully reached.

3. MEDICAL CHECK-UP

Before the start, all the cyclists underwent a medical check-up, including a blood test and

a medical examination.

a. BLOOD TESTS

All 198 riders officially registered for the 2003 Tour de France underwent a blood test the

day before the start of the race.

The samples were taken at the hotels where the teams were staying from 7.30 AM

onwards. These tests were carried out under the responsibility of the UCI, which
appointed several teams made up of a doctor to take the sample and two UCI
commissioners.

i See pages 30-31 of this report for more details
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Three samples were taken from each rider: an A sample and a B sample for evaluating

the levels of haematocrit, haemoglobin and the percentage of reticulocytes and free
plasma haemoglobin; a third sample for evaluating other biological parameters

(transaminases, glucose, iron, trasferrin, ferritin, cortisol, etc.).
The 10 team members observed the procedures for taking the blood samples, compiling

the forms and transporting the samples to a temporary laboratory located in a hoteL.

There were two different teams working in the laboratory. One was from the Lausanne

Laboratory and the other from the Ghent Laboratory. Each team was made up of a

Scientific Director and a Technician. The Swiss team used a Sysmex (ß analyzer, while

the Belgian team used a Coulteur ACT 8 (ß. The laboratory was also equipped with a

centrifuge and a Hemocue(ß analyzer for measuring free plasma haemoglobin. This is the

first occasion where the UCI has not only evaluated the usual parameters (haematocrit,

haemoglobin and the percentage of reticulocytes), but also free plasma haemoglobin,

which rises quite significantly when synthetic haemoglobin is administered.

When the analyses, which were carried out immediately as soon as the samples arrived,

showed abnormal profiles (abnormal values or trends), the UCI questioned the rider (or
his doctor) about the source of this abnormality, or let him know that he would have

another test carried out during the race and that he would be classified as being suspect

by the UCI Anti-doping Commission.

The UCI authorised the observers to attend all the health check procedures, but not when

the results were being issued. The reason behind that being that the health checks were

not part of the anti-doping process. Nevertheless, the observers do not share this view

because on several occasions during the Tour, the UCI carried out tests in competition

and out of competition based on suspect results from blood tests taken as part of the

health checks.

This strategy paid off with a out-of-competition control, during the Tour, which showed a

positive result for erythropoietin (EPO).

Since this year, the UCI has been using a new protocol for identifying riders with an

abnormal blood profile. If, for instance, a rider has a haematocrit value of 48% (below

50%), but if the average value of the four previous samples taken was 43%, the Anti-
doping Commission will automatically make this rider provide a urine sample to be

screened for EPO.
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The two doctors included in the 10 team were able to view the UCI's blood parameters

database and listen to the explanations from Mario Zorzoli, the UCI doctori about the

strategy linked to the health checks.

Appendices I and II describe the procedure for the medical examination carried out to

determine blood parameters and the protocol for measuring free plasma haemoglobin.

Appendix III contains the letter sent to all the riders before the race containing some
information about the blood tests.

The third blood sample was dispatched in refrigerated form to a laboratory in Switzerland

for an evaluation of the other parameters, which would be passed on to the UCI doctors

at a later stage.

All the technical and administrative procedures were carried out quickly, in a highly

professional manner and with the excellent cooperation of all the riders.

During the health checks the commissioners requested health booklets from all the riders

for them to photocopy. During the technical meeting on 4th July the UCI Medical

Commission returned the health booklets and informed the team representatives of the

results from the health checks.

One member of the 10 team was also present at the health checks carried out on 9th

July, where all the riders in the six teams were examined.

During the Tour the UCI carried out other health checks after the observers' departurei
where all the riders with suspect results had to undergo a out-of-competition control or a

control on the same day at the end of the stage in order to screen for erythropoietin.

The day before the first health check, the UCI held a meeting attended by the doctors
involved in taking the samples and the laboratory managers to explain to them their

duties and responsibilities and to issue the relevant documentation and equipment to

them.
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The observers would like to congratulate the UCI for implementing this strategy involving

health checks, which is still at the moment and was in the past a very important measure

for protecting the riders' health. The introduction of testing for abnormal biological

profiles and the evaluation of free plasma haemoglobin demonstrate that the UCI strives

to improve its health check procedures.

Based on the analysis of the individual assessments, it is possible to divide the riders into

three categories:

Those who will be banned from starting due to a haematocrit level above 50% and a

haemoglobin level higher than 17 g/dl;

Those with no biological abnormalities;

Those who will be authorised to start but, due to a biological profile regarded as

"suspect", will have to be included in the group of riders obliged to take a urine test to

be screened for EPO at the end of the prologue.

RECOMMENDA TIONS

During any future WADA observation mission, the VCl should supply the results from

the health checks to the WADA team to prove the system's effectiveness (total,

indisputable transparency).

The VCL should provide a copy of the completed form with the sample codes for each

rider.

Samples should be transported in refrigerated form in a sealed case, along with an
appropriately completed security document.

b. MEDICAL EXAMINATION

On 3rd and 4th July all the riders underwent a medical examination organised by the
medical team employed by the ASO led by Dr. Gérard Porte.

The medical team's aim was to make an initial contact with all the riders. It comprised six

doctors and two nurses.
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A medical record was completed for each cyclist, who underwent several observations
and examinations: weight, height, spirometry, cardiopulmonary auscultation, blood

pressure and ECG.

The technical procedure used for measuring weight and height was not appropriate, nor
were the conditions ideal for cardiopulmonary auscultation (the rooms in the large hall of

the Palais des Expositions did not have integrated ceilings and there was background

noise. The cars following the Tour were also located nearby). The cyclists' privacy was not

respected either. For instance, the ECGs were carried out in a large room with four beds

and no curtains separating them from the ever-present media.

It is vital and necessary for contact to be made between the medical team in charge
during the Tour de France and the cyclists and their doctors, but some basic principles of

medical practice need to be observed.

RECOMMENDATIONS

The cyclists' privacy should be respected.

Examinations and, in particular, recording the cyclists' medical history should be
carried out in an atmosphere of peace and quiet in order to obtain as much
information as possible from the cyclists.

The procedures for measuring weight and height should comply with normal technical

procedures.

It is vital that the cyclist's medical record is supplied and that the team doctor is
interviewed.

Closer cooperation with the UCL medical team and the issuing the results of the blood

analyses carried out in Switzerland will definitely benefit this large medical structure

put in place for the Tour de France.

4. OUT-OF-COMPETITION TESTING BEFORE THE START

The day before the start, the UCI decided to control at random two cyclists who had

"suspect" biological profiles.
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On the morning of the prologue another cyclist was also tested. The three riders' urine

samples were screened for erythropoietin.

The 10 team was present at one of the tests carried out by a team made up of the Anti-

doping Inspector and a doctor from the UCI. The test was carried out in accordance with

the technical and administrative procedures set out by the UCI's Anti-doping regulations.

The three samples were transported to the laboratory along with the samples taken after

the prologue, which was 34 hours after the first out-of-competition sample was taken.

The observers did not see the conditions for storing and ensuring the security of these

three samples taken during a random test between the time they were taken and their
arrival at the venue for the anti-doping test during the prologue.

The observers agree with the UCI's strategy of testing at random cyclists with "suspect"

results from the health checks.

RECOMMENDATIONS

The observers recommend that the samples are transported immediately to the
laboratory after being taken and not 34 hours afterwards.

5. IN-COMPETITION TESTING

The French Ministry of Sport, the UCI and ASO shared responsibility for in-competition

testing. The Ministry of Sport appointed a doctor responsible for all the samples taken.

The selection of the athletes took place every day one hour before the finish in the UCI

Anti-doping Inspector's car in the presence and with the cooperation of the doctor

appointed by the Ministry of Sport.

In accordance with UCI Anti-doping regulations, at each stager the wearer of the yellow

jersey and the stage winner were automatically selected to take an anti-doping test.

During several stages the Anti-doping Inspector received a message from the President of

the UCI Anti'-doping Commission instructing him to select directly a few riders with

"suspect" profiles from the blood tests.
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Usually three other riders were then selected randomly to give a total of six or seven
riders to be tested and two reserve riders. Half an hour before the finish, the anti-doping

inspector would give the President of the board of commissioners the jersey numbers of

the riders selected for testing, as well as those of the reserve riders. This information

would then be passed on by the President via the Tour radio (accessible to Tour officials)

twenty minutes before the finish. The names and numbers of the riders were then
displayed at the entrance to the anti-doping control station.

During the time-trial stages lots would be drawn before the first rider set off and notice
would be given by a UCI commissioner five minutes before each selected rider set off.

After the finish the rider had an hour to report to the doping control station without ever

being accompanied.

The Ministry of Sport doctor took the urine samples in two caravans made available by

the ASO, one of which was used as a waiting room. The doping control station was at

least 50 metres from the finish line and the press rooms. It was surrounded by barriers
with a door opening onto the course. There was always a security guard from the
organisation at the door.

The Berlinger (ß system was used to take the samples and the forms from the Ministry of

Sport were used as report templates.

Once all the tests were carried out, the doctor taking the samples and the Medical

Inspector would put all the in-competition samples and the out-of-competition samples

from the same day in a case containing dry ice required for transporting the samples at

minus 20 degrees Centigrade.

The case was immediately brought to the heliport or airport where a helicopter or plane

chartered by the organisation was waiting each evening to take the case and the samples

to Bourget airport in Paris where they were handled by a private carrier. This carrier

brought the samples between 0900 and 1000 the following day to the Châtenay-Malabry

anti-doping laboratory.
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The 10 team observed the system for selecting the riders, the notification system, the

procedures for taking the samples and the team also monitored the riders after the finish

until they reported to the testing area during the prologue and the first four stages. The
observers also monitored the case containing the samples from the doping control station

right to the premises of the company assigned with their transportation during the day of

the prologue. At the end of anti-doping testing after the third stage, the observers
monitored how the case was brought to the heliport.

During the Tour, 132 urine samples were taken in-competition (6 samples for fifteen

stages and 7 samples for 6 stages).

Most of the procedures followed during the in-competition tests complied with the UCI

Anti-doping regulations and/or WADA International Standard for Testing. However, the

observers identified a few discrepancies with regard either to the UCI Anti-doping

regulations or the International Standard for Testing.

a. SELECTION PROCESS

When the riders were selected during the second stage, one of those selected by the

President of the UCI Anti-doping Commission was not notified at the finish due to an error

when noting the numbers of the riders selected. During the selction process at the third

stage, the inspector had made a mistake noting the figures in the jersey number of the

selected rider. Because of the confusion from the previous day when a. rider was omitted,

the latter was selected automatically for testing that day by the President of the UCI Anti-

doping Commission.

b. NOTIFICATION

During the prologue the cyclists were notified five minutes before the start. This meant

that the cyclists who were not notified then still had the opportunity to take a stimulant

before the start of the race, as they were certain not to be tested (unless they won!). Of

the six cyclists tested during the prologue only one reported for testing more than 60

minutes after notification, without any comment from the inspector. The Anti-doping

Inspector informed some of the athletes and managers that they had 60 minutes to

report for testing.
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During the road-racing stages notification was given via the Tour-radio 20 minutes before

the end of the race. This meant that the riders who were not selected again had an
opportunity to take a fast-acting stimulant because they knew for certain they would not

be tested (unless they won!).

c. ESCORTS

There were no escorts. The cyclists sometimes took over 20 minutes to get changed in

their team trucks. Some kind of manipulation could have taken place.

d. TESTING AREA

There was no sign available to indicate where the anti-doping control station was. In

addition, the testing area's location was not indicated in the route guide. The anti-doping

caravan (waiting room and area where samples were taken) and the relevant doctor's car

had a "Contrôle Médical" (Medical Test) sign rather than any mention of anti-doping.

In one instance, a cyclist and his doctor were meant to report for the anti-doping test,

but could not find the venue due to the lack of signs.

The premises where the tests were carried out were far too smalL. There was also no

system for recording when people came and left the area.

Every day there were unauthorised people in the anti-doping control and waiting areas,

such as chauffeurs, mobile-home drivers and sometimes even members of the media.

With a UCI doctor's authorisation, a television crew was able to enter the restricted area

and film the dopipng control station with only a WADA observer present. Afterwards, the

TV crew remained in the restricted area around the caravan and filmed cyclists leaving

the testing area, as well as the inside of the testing and waiting areas when a cyclist was

there. Finally, the TV crew filmed a close-up of the procedure for filling and closing the

dry ice container.

e. PROCEDURES FOR TAKING SAMPLES

Cyclists did not receive at any time an explanation of what the anti-doping test
procedures involved.
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Often the doctor taking the sample carried out himself the process for filling the samples

without requesting the cyclist's authorisation or recording this action on the test form.

Given the numerous (7) copies of the report which had to be made, the last copy,

intended for the laboratory, was on several occasions virtually illegible.

The cyclist's privacy was not respected during micturition. This was carried out with the

Anti-doping Inspector present, while the small bathroom was used to store the equipment

and samples after they had been taken.

On at least one occasion, the doctor taking the sample left the caravan when the cyclist

was trying to urinate. The Anti-doping Inspector was not able to observe the cyclist from

where he was, although this was not part of his function.

The doctor taking the samples never measured their density and pH.

According to the doctor taking the samples, pH and density are not measured because of

a directive from the LNDD (French National Drug Testing Laboratory) issued two years

ago stating that this measure was not necessary.

The Independent Observers, however, questioned the Ministry of Sport on this matter,
which informed them that neither UCI regulations nor French law made this measure
compulsory, even if there was a relevant box for this purpose on the form and that it was

stipulated by the Olympic Movement Anti-doping Code.

Whenever there was a sample containing an insufficient quantity of urine the doctor

taking the samples never used the Berlinger(ß system intended for this purpose (with

blue caps). A cyclist held his open sample in his hand, at one moment he was even left all

alone in the doping control station. Despite this, the doping control form provides a

section for indicating the number of the intermediate seals, which' was therefore never
used.

The doctor taking the samples always observed the 75 ml limit. Sometimes, when

analysing EPO, a larger quantity of urine is required. To obtain this it would have been
preferable to pour more urine into the bottles even if there was already a sufficient

quantity of urine.
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On several occasions the doctor took more than 75 ml urine, the quantity taken was
noted in the report. He then filled bottle A and bottle B up to the label and the rest of the

urine was poured down the toilet.

The doctor taking the samples noted all the drugs featuring in the rider's health booklet

on the form and asked him to state all the drugs he had recently taken. He did not ask

him to state the nutritional supplements he had taken. The doctor often did not ask the

rider if he had any comments to make about the procedure.

After a cyclist was tested the samples were not kept in a safe, refrigerated place. The

BerlingerC§ set with the sample was placed on the ground in the small bathroom in the

caravan, which was not used for micturition.

During the prologue controls, the three samples from the random control taken in the

morning were kept refrigerated in the carry case, which was not sealed and was located

outside the caravan near the entrance.

In one case, the cyclist's copy of the doping control form was detached before the Cycling

Director could sign the form. He signed it afterwards but the cyclist's copy did not have

his signature on it. The various copies were put in envelopes and sent by normal post to

the relevant authorities. The copies were therefore not kept in sealed envelopes.

Once the in-competition tests were complete, the container of dry ice was emptied in the

street in full public view, with the samples placed on the ground nearby.

Then all the samples were placed in the container again and the driver of the doctors' car

put the dry ice back in the container using plastic bags to protect his hands.

The actual container was not sealed. The unsealed envelope containing the copies of the

laboratory reports and the sample security form were placed under the lid of the
container, which did not close properly. This envelope was therefore in full public view

and easily accessible.

f. TRANSPORT

There was no transport form (security form for the case).
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After the prologue, the doctor taking the samples and the Anti-doping Inspector took the

container to their hoteL. Immediately when they arrived, the container was given to an

employee from DynaposteCE (who was not requested for proof of identity). This company

did not supply the doctor taking the samples with a transport form. This meant that the

doctor had no proof that the samples had actually been delivered. DynaposteCE

transported the samples to a post office where they were kept in air-conditioned
premises. The post office's security system consisted of an alarm and access code.
DynaposteCE does not have a quality control system. The samples were scheduled to be

dispatched to the laboratory at 9 AM the following morning.

RECOMMENDATIONS

The following measures are recommended by the 10 team as a means of improving the

anti-doping test procedures at the Tour de France:

. The procedures for selecting the riders should be carried out in an atmosphere of

peace and quiet to prevent any mistakes being made.

· VCI Anti-doping regulations should describe precisely when the riders should be
notified during the time-trial and road-racing stages. The form described in the VCI

Anti-doping regulations should only be used for notification after the finish,
preferably in the mixed area or alternatively, beside the relevant team trucks.

The Observers believe that this system can be totally practicable, even during a
major competition like the Tour de France.

· Once notification has been given, an escort trained specially for this purpose
should accompany the rider until he arrives at the anti-doping control station, as
described in the VCI Anti-doping regulations (Article 53) and in accordance with

Article 5.4 of the International Standard for Testing.

. The time the rider has to report for testing specified in the VCI Anti-doping

regulations (Article 54 - 30 minutes or 50 minutes, if he has to attend a press

conference) should be observed.

· The testing area should be clearly signposted from the finish line (Article 38 of the

VCI Anti-doping regulations).
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. The testing area should comply with VCI recommendations (Article 39), especially

with regard to its dimensions, guaranteeing riders' privacy during the test, as well

as with Article 6.3 of the International Standard for Testing.

. The person appointed to guard the entrance to control station should have a

system for recording who enters and leaves the area. The press, organisation

drivers, mobile home drivers and other persons not involved in the anti-doping test

process should not enter the testing area (Article 40 of the VCI Anti-doping

regulations).

. The doctor taking the samples should explain the procedur:es to the riders, give

them the opportunity to ask questions and take all the samples in a calm

environment and in accordance with Article 47 of the VCI Anti-doping regulations

and the procedures specified in WADA's International Standard for Testing (Article

7.0).

. The doctor taking the samples must ask riders which nutritional supplements they

have taken, as this information could help with the interpretation of a positive

analysis report and the decision on what kind of sanction to impose (Article 10.5 of

WADA's World Anti-doping Code).

. The french doping control form should be amended so that there are fewer copies

or that the copy to be sent to the Laboratory is the third or fourth sheet so that it

is more legible. The 10 team does not understand why one copy has to be supplied

to the National Federation and a second to the International Federation.

If it is an international competition the copy should be given to the International
Federation and if it is national it should be given to the National Federation. The 10

team wonders why a copy has to be supplied to the French Ministry of Sport if the

French Council for the Prevention and Fight against Doping already receives one.

. The doctor taking the samples should pour all the urine collected into bottles A and

B because it is sometimes the case that the laboratory needs a large amount of

urine to be able to confirm a quantifiable substance or detect erythropoietin.

· The samples should be kept refrigerated in a secure place after they have been
taken.
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. The doctor taking the samples and the VCI Anti-doping Inspector should place the

copies of the report in the envelopes intended for the various recipients after the
last sample has been taken and close them using the security seals (Article 66 of

the VCI anti-doping regulations).

. The doctor taking the samples should draft a report after each doping control

session. A single report at the end of the Tour mission would not allow for
corrective measures to be taken if there were irregularities in one of the controls

during the actual Tour.

. The samples and envelope containing the reports to be sent to the laboratory
should be placed in a casei which should be sealed by the doctor taking the

samples and the Anti-doping Inspector.

. . The doctor taking the samples or the Anti-doping Inspector should complete a

security document for the case (in accordance with Article 9.3.2. of the
International Standard for Testing)i specifying the date and time at which the case

was sealed and the security seal number. The integrity of each person who wil

carry the case should be guaranteed and a new entry must be made in the security

document when the case is received.

. The Tour's organisation should choose a company with a quality assurance system

to transport the case.

. The samples should be transported in a case refrigerated at a temperature
between DOC and 1 DOC while in transit.

Transporting the samples at -2DoC is secure but it slows down the procedures for

preparing the samples in the laboratory as they have to wait until the samples

have thawed once they have arrived.

6. OUT-OF-COMPETITION TESTING DURING THE TOUR

A total of seven out-of-competition controls were carried out during the Tour de France

(one on 7th July, two on the first rest day, one on 18th July and three on the second rest
day). The doctor from the Ministry of Sport taking the samples carried out the controls in

cooperation with the UCI Medical Inspector.
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The President of the UCI Anti-doping Commission decided on the riders to be selected

and the laboratory screened all the samples taken for erythropoietin;

One of the WADA observers observed one of the controls carried out at 7 AM on 7th July.

It was carried out at the rider's hoteL. The only remarks to be made relate on one hand to

the time the rider took to report for the control - 23 minutes - after being notified by one

of the team managers without being accompanied by the UCI Medical Inspector and on

the other hand to the system for transporting the samples. After taking the samples, the

doctor carried them in a small bag.

RECOMMENDA TIONS

The UCI and French Ministry of Sport should carry out more controls, especially to

monitor riders with "suspect" blood profiles, instead of monitoring them by selecting

these riders for in-competition controls. Post-competition proteinuria can make it

more difficult to interpret the results from the procedure for detecting erythropoietin

in the laboratory.

The UCI Medical Inspector should accompany the team manager from the time of their

meeting unti the rider is notified.

The samples should be transported and stored in a refrigerated case, closed with a

security seal until the time it is finally transported to the laboratory.

7. LABORATORY

The analyses of all the samples taken for anti-doping testing, in competition and out of

competition during the Tour de France, were carried out by the French National Drug

Testing Laboratory (LNDD) in Châtenay-Malabry.

The LNDD is a national public, administrative institute, which operates under the
responsibility of the Ministry of Sport.
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This laboratory carries out analyses under the terms of Article L.3632-2 of the French

Public Health Code and is responsible for managing and sending the equipment required

to take the samples, as specified in the article of the Decree of 11th January 2001

mentioned above. Another of the LNDD's tasks is to carry out research in the area of

doping prevention.

The laboratory has evolved historically as part of the institutional framework represented

by national and international sporting bodies (sports federations, International Olympic

Committee and World Anti-Doping Agency) and administrative bodies in the form of the
Ministry of Sport and more recently (1999) the Council for the Prevention and Fight

against Doping (CLPD).

In view of this, the laboratory's activities meet the requirements of national regulations

and those of the sporting bodies.

At the moment, the LNDD is the only establishment in France approved by the 10C and

WADA for carrying out analyses of anti-doping controls. In order to maintain the quality

level of the service provided, the remuneration of the staff involved in carrying out the

analyses does not depend on the number of samples processed nor on the results of
these analyses. The LNDD is situated in the Châtenay-Malabry centre for popular
education and sport (CREPS). It is made up of three technical departments, a
paratechnical department, a quality assurance department, as well as a general

secretariat. It has a current capacity for processing around 9,000 samples annually,

based on 800 (between 700 and 900) per month over 11 months, taking into account a

period of one month to deliver the results from the time the samples are received at the

laboratory.

The Laboratory's management team is made up of the Director of the Laboratory, Prof.

Jacques de Ceaurriz and a General Secretary. The Director is the laboratory's technical

manager.

The LNDD has a staff of 40 comprising:

1 Director

1 General Secretary

3 Heads of department

1 Quality Assurance manager

23 technicians and 3 para-technical staff
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8 administrators.

The laboratory has three technical departments. The various heads of department are
also the technical managers for their respective departments:

. Department of GC chemical testing. This testing department is responsiblefor carrying

out conventional analyses using gas chromatography, with or without mass

spectrometry.

. Department for analytical research and development and LC chemical testing. Its

function is to develop new analytical methods for identifying new doping products, as

well as to improve already existing ones.

. Department for biological research and development and immunochemical testing. Its

function is to develop new biological analytical methods for identifying new doping

products, as well as to improve already existing ones. This department is responsible

for the technical procedures of erythropoietin screening.

The laboratory's quality control system has had general accreditation from COFRAC

(French Committee for Accreditation) in Medical Biology (no. 1-1174) since 1st June 2001.

The LNDD currently has the following equipment:

11 units - GCjMS

3 units - GCjMS-MS

2 units - (LCjMS)

2 units - system for analysing luminescence with dark room and optical system

1 unit - (LCjMS-MS)

An observer from the 10 team visited the LNDD on the morning of 10th July. The observer

was very warmly welcomed by the Director and quality assurance manager. He was able

to visit the laboratory facilities, which are currently under renovation. These facilities are

quite extensive offering an ideal separation between all the departments and sections.
For instance, each technical department has a screening section, confirmation section and

resea rch section.
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The observer witnessed the reception of the samples taken during the 4th stage, which

arrived at the laboratory via DynaposteCß at around 10 AM.

The procedure for receiving the samples was carried out in a highly professional manner,

in accordance with the laboratory's quality system and WADA's International Laboratory

Standards. The samples were frozen at the time of their reception.

The observer was able to look at some of the laboratory's quality documents. The quality

control system is well structured and implemented in a very active and highly
professional manner.

The 10 team concluded that the analysis reports described the methods used for
screening and confirmation, but that these reports did not mention the technical

procedure codes used.

The 10 team also concluded that there were a few weaknesses concerning the security
system. For example, a door leading outside remained open while the samples were
being received; the WADA observer was not asked for identification at the entrance to the

laboratory and his presence was not recorded.

The laboratory sign at the entrance on avenue Roger Salerno was not very visible, which

made it difficult for any visitor trying to locate it.

During the Tour de France the Laboratory made small changes to the way in which it
organised its daily activities. The samples from the Tour de France were processed as a

priority and working hours were extended slightly, but the laboratory was not open at

night or during the weekend.

Outside normal working hours and during the weekend, there was nobody at the
laboratory, not even a security guard. The laboratory does, however, have a double

security system:

centrally controlled anti-burglary shutters on all the windows

an alarm linked to a remote monitoring and response centre (at the Director or
General Secretary's request).
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While the WADA 10 team was present at the Tour, following a telephone call between 3

and 4 PM, the laboratory sent the analysis reports by fax, ensuring anonymity was

preserved, to the President of the 10 team.

After the 10 team's departure the Laboratory sent the analysis reports every day via the
10 team President's confidential fax number in Lisbon.

The analysis reports were sent to the UCI Anti-doping Commission and the President of

the French Council for the Prevention and Fight against Doping (CPLD) and for

information, to the President of the International Olympic Committee's Medical

Commission and to the person dealing with these matters at the French Cycling

Federation.

During the Tour de France the LNDD processed a total of 142 samples (132 taken in-

competition and 10 out-of-competition). In 2002, 138 samples were taken and 170

samples in 2001.

The in-competition samples taken during the prologue, 2nd, 4th, 6th, 7th, 8th, 9th, 12th, 13th,

14th, 15th, 16th, 18th and 19th stages and all the out-of-competition samples were screened

for erythropoietin and hydroxyethyl starch (HES).

This type of screening was carried out on a total of 100 samples (70.4% of all the
samples taken during the Tour), which marks an increase compared with the last few

years (82 samples in 2002 and 72 in 2001).

All the samples were also screened for glucocorticosteroids.

The timetable for taking samples was drawn up by the French Ministry of Sport and the

LNDD in cooperation with the UCI Anti-doping Commission. Either the Ministry or the UCI

gave the laboratory the order to carry out the EPO analyses on the samples.

During the Tour de France the time taken for the results to be issued to the WADA 10

team was on average around 66 and 72 hours after receipt of the samples at the
laboratory for normal and EPO screening procedures respectively.
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The time for issuing the results for normal procedures was around 100 hours for samples

taken during the 12th and 14th stages. It must be pointed out that samples arrived at the

laboratory every day, at least 14 hours after the in-competition tests had been

completed.

Tables 1 and 2 show all the reports indicating the presence of doping agents.

Table 1
Reports indicating the presence of doping agents other than erythropoietin

Substances Number of Comments
samples on concentrations

Triamcinolone 28 Median - 6.0 ng / ml

acetonide Variation - 1.0 nq / ml - 19 nq / ml

Betamethasone 6
Median - 26 ng / ml

Variation - 1 ng / ml -37 ng / ml

Salbutamol 6
Median - 143 ng / ml

Variation - 87 ng / ml -449 ng / ml

Dexamethasone 3
Median - 10 ng / ml

Variation - 8 ng / ml -15 ng / ml

Caffeine 1 10.7 ¡.g / ml

Terbutaline 1

Lidocaine 1

Total: 46

Table 2
Reports indicating the presence of recombinant erythropoietin or with anomalies

Classification Number of Commentssamples
Presence of recombinant

1erythropoietin
Undetectable recombinant

15 Camera intensity below 10,000 LAUerythropoietin
Electrophoretic migration between

Unclassifiable recombinant
4

48% and 65%, between 65% and
erythropoietin 85% for NESP and for epoietin alfa

and beta respectively

Total: 20
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Looking at Table 2, it should be pointed out that 20% of the test results for the samples

analysed for EPO had anomalies and that the only positive case was recorded in a sample

taken out-of-competition.

The 10 team has to emphasise the quality of the LNDD in terms of management, quality

control system, facilities, staff and equipment. It would like to thank the laboratory's

managers for their due cooperation throughout the whole of the Tour de France.

RECOMMENDATIONS

The 10 team would like to make a few constructive recommendations with a view to

optimize the services provided by the LNDD during the Tour de France:

The laboratory should reduce the time taken to issue results during the Tour de

France. In a competition organised in stages like the Tour de France, a delay in

announcing a positive result can allow a rider who has taken drugs to distort the

competition results for a few days.

To achieve this aim, the 10 team recommends that the laboratory increase its working

hours, by operating extra hours at night and during the weekend and that samples are

transported at between OOC and 10°C to facilitate the start of the technical procedures

carried out in the laboratory.

The laboratory should have a system for receiving the samples 24 hours a day, which

would facilitate the security system protecting the samples and the start of the
technical procedures.

The laboratory's security system should be reviewed to eliminate a few weak spots.

The laboratory should enter in the report the codes for the technical procedures used

in the analyses to make the information clearer for its customers.
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8. HANDLING THE RESULTS

The 10 team would like to say at this point that, in addition to the analysis reports from

the LNDD, it also received copies of the reports with the concealed identities of the riders

from the doctor taking the samples, because the French law does not allow them to be
disclosed.

The results were handled during the Tour de France by the UCI (UCI Anti-doping control

regulations) and by the French Council for the Prevention and Fight against Doping

(CPLD) (French Public Health Code - Article L 3612-1).

a. WHILE THE OBSERVERS WERE PRESENT

During this period the 10 team received a copy of the reports either from the doctor

taking the samples or the UCI Medical Inspector the day after each test, in competition or

out of competition. The observers have nothing to report during this period.

b. AFTER THE OBSERVERS' DEPARTURE

During this period the President of the 10 team received copies of the reports at his

confidential fax number in Lisbon or by post.

On 25th July at 1440 (Paris time), the President of the 10 team received a fax of analysis

report no. 117 /07-EPO, which confirmed the presence of recombinant erythropoietin in a

sample taken on 18th July during an out-of-competition control. Twenty minutes later the

President of the 10 team received a telephone call from the President of the UCI Anti-

doping Commission, who provided the same information and said that the UCI Medical

Inspector was going to inform the rider and his cycling manager after the final stage of

the day.

On 1st August the President of the 10 team received the report on the B sample analysis

carried out at UCI's request on 28th July, which confirmed the presence of recombinant

eryth ropoietin.
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On 4th August the President of the 10 team requested additional information from the

President of the UCI Anti-doping Commission concerning the disciplinary procedures

applied in the event of a positive test, as well as information about the existence of other

disciplinary procedures concerning positive results obtained by the LNDD, relating to

samples taken during the Tour de France (copy of fax in Appendix IV).

On 6th and 7th August the President of the 10 team received faxes (in Appendices V and

VI) from the President of the UCI Anti-doping Commission informing him that the positive

result case was handled in accordance with Articles 174 to 183 of the UCI Anti-doping

regulations.

The UCI received the result of the B sample analysis after the final day of the Tour de

France and for this reason, it was not possible to apply the principles described in Article

183 of the UCI Anti-doping regulations i.e. to exclude the rider from the race. The case
was handed over to the rider's national federation, in accordance with Article 113 of the

UCI Anti-doping regulations for it to apply disciplinary procedures, which must be
completed within one month of the time limit set for the dispatch of the summons.

In a fax of 6th August the President of the Anti-doping Commission advised the observers

that all the other positive cases were examined by the UCI Anti-doping commission,

which decided that all these cases were justified on medical grounds. In the case of

treatments taken during the Tour de France, all these treatments had been prescribed

with the cooperation of the UCI's medical experts and were entered in the riders' health

booklets.

The 10 team reviewed the drugs declared in the reports and noted that in 71.8% of the
samples taken the riders had declared that they had taken a drug. In 60.6% of the
samples taken, glucocorticosteroids were administered and in 27.5% of cases beta-2-

agonists were used.

The 10 team confirmed that, in spite of the information from the UCI Anti-doping
Commission about the existence of justified medical grounds in every case where there

was a positive result for glucocorticosteroids, the timescales between the date the sample

was taken and the date entered in the health booklet when the substance was

administered were extremely large.
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The 10 team calculated these differences in twenty of the twenty-eight positive reports

with triamcinolone acetonide, which was 37 days on average, with a variation between 8

and 57 days. In five cases the difference was more than 45 days. The 10 team could find

no reliable scientific data which could support a urinary excretion time of this duration.

On two occasions the 10 team did not find that there was any medical justification
concerning the cases showing a positive result for glucocorticosteroids:

one positive result with triamcinolone acetonide with a medical declaration specifying

Betamethasone by infiltration;

one positive result with Betamethasone (30 ng/ml) with a medical declaration

specifying cutaneous aapplication of Betamethasone, the last occasion being 39 days

before the test.

On the 18th August the President of the 10 team requested additional information from

the General Secretary of the CPLD concerning the disciplinary procedures applied with

regard to the positive results received from the LNDD, relating to the samples taken
during the Tour de France (copy of fax in Appendix VII).

On the same day the President of the 10 team received a fax from the General Secretary

of the CPLD (in Appendix VIII), informing him that, apart from the cases involving EPO,

where proceedings were already under way, the President of the CPLD sent an initial

letter to several riders to ensure that a "proof of a medical prescription based on justified

therapeutic grounds" is sent to the CPLD.

RECOMMENDATIONS

The 10 team recommends the following measures for improving the system for handling

results in the Tour de France and other cycling competitions:

Results should be handled by an Anti-doping Commission with representatives from

the UCI Anti-doping Commission and the CPLD to avoid any conflcts. A single code of

regulations should be adopted, in accordance with WADA's World Anti-doping Code.
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The UCI should adapt its anti-doping regulations to allow temporary suspension after

the result of the B sample analysis has been notified and in accordance with the

gUidelines applicable to temporary suspensions under the World Anti-doping Code

(Article 7.5).

Any rider who has obtained a positive result from the test carried out during the Tour

de France may continue to participate in competitions unti the final decision is made

by his national federation, which has one or two months (if the national federation has

a disciplinary appeal body) to complete the disciplinary procedures.

Until the final decision is made, the rider can help other riders in competitions

organised in stages to achieve victories or a good position in the classification. Article

184a of the UCI Anti-doping regulations does not cover every case where temporary

suspension proves to be necessary in order to ensure sporting equality.

It is necessary to carry out studies into the urinary excretion of glucocorticosteroids

following administration of these products by inhalation, local injection, intra-articular

injection or other forms of local application to verify the detection time for these
substances in urine. We also recommend carrying out studies concerning the
metabolism of cortisol in riders in order to detect a temporary or permanent inhibition

of its production.

The UCI Anti-doping Commission should be more careful in its analysis of substances

and the dates entered in the health booklet when verifying the existence of justified

medical grounds if, for instance, the Laboratory has detected a glucocorticosteroid, as

specified in point 3 of Article 64 of the UCls Anti-doping regulations.

9. INFORMING AND EDUCATING ATHLETES

The day before the Tour de France started, the ASO organised a session to raise the
riders' awareness with regards to doping issues in the reception room at the Paris City

Hall. This session was attended by Patrice Clerc (President of the ASO), Jean-Marie

Leblanc (Director of the Tour de France), Daniel Baal (Deputy Director of the Tour), Jean-

François Pescheux (Competition Director), all the teams and their coaches and the

members of the WADA 10 team.
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The organisers of the Tour, in particular, Jean-Marie Leblanc and Daniel Baal spoke in

very clear and firm terms about observing the Tour de France's Code of Ethics and they

reminded the riders that zero tolerance was applied in this competition.

Daniel Baal gave some explanations about the anti-doping controls which were to be
carried out during the Tour and reminded the riders that the UCI would introduce for the

first time during the Tour an analysis for free plasma haemoglobin with a view to
detecting any possible use of synthetic haemoglobin. He announced that all the riders
would receive the same leaflet as in 2002 entitled "Dopage et Cyclisme - ce que vous

devez savoir" (Doping and Cycling - what you need to know), which contained very

important and useful information for the riders (in Appendix IX).

Daniel Baal stressed the importance of the Tour de France's Code of Ethics (in Appendix

X), which appears in the regulations and in the Tour guide book and was signed by all the

teams.

This commitment was included both in the Agreement between the ASO and the
International Association of Professional Cycling Groups (AIGCP) and in the Agreement

signed with each team before the Tour started.

10. UCI MEDICAL COMMISSION

For the third time the UCI appointed a medical commission for the Tour comprising nine

doctors. Based on a rota system, two of them were present at all times during the Tour.

This commission's task was to observe, advise on and authorise the administration of

drugs, especially those subject to restrictions.

The observers requested from the UCI to be informed of the Medical Commission's

activities while they were present at the Tour. However, the observers never received any

information about any requests made by any team doctor or rider to the Medical
Commission.

The observers want to congratulate the UCI for setting up the Medical Commission.
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11. MISCELLANEOUS

The French government has set up a system for importing drugs similar to the system

introduced during the 2002 Tour.

This involves, in particular, recommendations about importing drugs, with an emphasis

on the importance of professional team doctors having two medicine kits (an emergency

kit containing possible doping substances and a backup kit without any doping
substances).

It is also recommended that a list is kept up to date of all the drugs contained in the two

kits being taken out and put back and that these documents can be shown, particularly

during custom controls. The CPLD sent the ASO a document summarising these
procedures with the reminder that doctors from foreign teams must declare the activities

they intend to carry out when in France during the Tour de France. The observers

congratulate the French government for this initiative.

The observers also have to congratulate the ASO for its reaction concerning the doping

problematic and for implementing during the last few years measures capable of making

a significant contribution to the fight against doping during the Tour de France. These
include:

Changes to the course so that fewer kilometres are covered in total and in the time-
trial stages and easier stages with fewer hills.

Ensuring that there are always two days' rest during the Tour with easier transfers.

Producing a guide for hoteliers offering advice on the cyclists' food requirements and

on measures for ensuring the riders get sufficient rest.

12. CONCLUSIONS

The Tour de France is one of the most important sporting events in the world, with huge

media coverage and a considerable financial impact.
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This is why the positive and negative aspects of this competition will attract so much

media attention and therefore, may have major repercussions from an educational point

of view.

The scandal during the 1998 Tour de France brought many changes in the fight against
doping in almost every sport and in the world of cycling, in particular.

The changes made are moving in the right direction, based on closer cooperation

between the responsible bodies (French Ministry of Sport, CPLD, UCI and the Tour de

France's organisation) in developing a strategy to combat doping during the Tour de

France. The meeting held before the Tour started, between the responsible bodies and

WADA, is a good example to support the statement we have made. Accepting an

Independent Observer team from WADA is another example of this positive development.

The anti-doping control system developed during the 2003 Tour de France involved

considerable sums of money and sometimes was even excessively demanding (e.g.

transporting the case containing the samples by aeroplane). It had weaknesses too,
though, which may be highly significant in the pursuit of the ultimate goal - to protect

the riders' health and retain the true spirit of sportsmanship, especially for the riders who

do not use banned substances or methods.

The observers have no doubts at all about the good intentions of all those people
involved in planning and implementing the system, but these small weaknesses may help

possible cheaters to get round the system or find solutions they can use to defend their
actions.

Procedures for taking samples might well be carried out under ideal conditions, but if
there are riders who know for sure that they will not be tested twenty minutes before the

finish line or even before they have started (time-trial stages) and have the opportunity

to perform some kind of physical manipulation before they reach the doping control

station, the system cannot guarantee sporting equality.

In spite of some weaknesses in the anti-doping control system, the observers would like

to stress that there were strong, positive points to come out of the 2003 Tour de France:
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- The firm tone adopted in the speech made by those responsible for organising the
Tour de France about observing the Code of Ethics and the fight against doping.

- The soundness of the UCI's health check system and the important role this system

plays in the fight against doping in cycling.

- The strategy developed by France in its fight against doping, especially in the area of

legislation and through creating the CPLD, providing a high-quality anti-doping control

laboratory and implementing measures to prevent trafficking of doping substances.

Closer cooperation between the bodies responsible for anti-doping controls during the
Tour de France and the implementation of WADA's World Anti-doping Code and

International Standards will be sufficient to guarantee an ideal system. However, all the

measures implemented may not be enough if all the partners involved do not assume
their responsibilities, especially with regard to protecting the riders' physiological limits.

Furthermore, it is important to note that from now on, the observers will only carry out

their mission if they have access to all the required documentation.
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15. APPENDICES

Appendix 1: Procedure for determining blood parameters
(UCI)

~~ Juillet 03

Procédure de lexamen médical pour la
déterniination des Daramètres sanauins

o. Conditions générales

Le laboratoire accrédité par I'Uel est I'lnstitut Indépendant qui assume fa responsabilté
opérationnelle scientifique et médicale globale de la récolte des échantillons sanguins et
des paramètres biochimiques nécessaires à I'établissement de valeurs fiables de
I'hématocrite.

Le responsable médical du programme est Ie Professeur Patrice Mangin.

Pour chaque examen I'uei désigne un ou plusieurs Inspecteurs Médicaux.
La procédure se déroule dans un local adapté qui peut être une chambre d'hôtel. Si
possible dans I'hôtel où sont logés les coureurs, pour les prises de sang. L'appareil
de mesure est Instal/é dans un endroit pratique pour la remise des résultats.

1. La prise de sang doit avolr lieu avant tout effort physique et de préférence avant
Ie petit déjeuner.
A cette fin, I'lnspecteur Médical de l'Uel transmet personnellement Ie formulaire
"Notification au coureu... au Directeur Sportif ou au Chef d'Equipe. à défaut au coureur
(dans un délai raisonnable).

2. Le coureur désigné doit se présenter

dans Ie délai mentionné sur la notification;
au médecin de I'lnstitut Indépendant. dans la chambre mentionnée sur la notification.

II est obligé de déposer sa licence auprès de I'lnspecteur Médical.

3. Le laboratoire désigné s'engage à assurer les prises de sang veineux chez les
cyclistes qui lui sont désignés par l'Uel dans les règles de I'art et à effectuer les
analyses dans les délais requis.

A cette fin. Ie laboratoire met à disposition I'équipe médicale scientifique et technique
nécessaire; notammel't pour la prise de sang, un médecin diplômé. familier des
problèmes du sport. Le laboratoire garantit I'expérlence du médecin quant à
lexécution de prises de sang successives.
Le materiel du prélèvement est fourni par Ie laboratoire.

Les tubes sont rendus anonymes au moment du prélèvement.

NB. Sur demande du coureur. la prise de sang peut également être pratiquée par Ie
médecin du G.S., à la condition sine qua non qu'il se conforme au protocole établi. La
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Procédure de I'examen médical pour la détermination des oaramètres sanouins

présence de I'lnspecteur Médical est obllgatoire. A défaut ou sl I'échantilon de sang n'a
pas été prélevé dès Ie 1sr essai, la ponction est effectuée par Ie médecln de I'lnstitut.

4. Après les prises de sang. I'équipe du laboratoire effectue les analyses requises.
Elles doivent répondre aux critères de qualité reconnus dans la profession.
A cette fin. I'on utilse un appareil (C COULTER PORTABLE DE LA SERlE AC.T ou
SYSMEX XT-20001 ".

Pour I'Hb synthétique, lappareil .. HEMOCUE LOW PLASMA HEMOGLOBINE"
pourra être également employé.

Les résultats obtenus sur place seront communiqués immédiatement sous forme écrite
au responsable désigné par I'UCI, soit I'lnspecteur Médical, so it un médecin de la
Commission Sécurité et Conditions du Sport.
La totalité des paramètres sanguins sera communiquée au Président de la Commission.
Sécurité et Conditions du Sport.

5. L'lnspecteur Médical fait mention:

A. des résultats aux Directeurs Sportifs ou Chefs dEquipe concemés. en leur
restituant la licence des coureurs examlnés,

B. des résultats inacceptables au Président du Collège des Commissaires au moyen
du formulaire de I'UCI "Déclaration dinaptitude",

C. des valeurs hématocrite aux coureurs selon leurs désirs.

Cette procédure correspond aux conditions de travail Idéales au déroulement des
contrôles. Les dévlances éventuelles ne peuvent donner lieu ã des contestations, s'i1
n'est pas établl qu'elles ont pu influencer la validité des résultats.
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Appendix 2: Measurement protocol (UCI)

lEY Juillet 2003

Protocole de mesure de I'hémoQlobine olasmatiQue libre

A. PRISE DE SANG - ECHANTILLONS A ET B

1. Le coureur doit être en position asslse.

2. Le garrot ne doit pas être posé trop longuement inutilement (délai de moins
de une minute entre la pose du garrot et I'apparition du sang dans Ie tube).

3. Deux tubes de 2,7 ml de sang sont prélevés par une ponction unique. 115
sont désignés arbitrairement échantilons A et B. 115 sont étlquetés avec un
numéro identique.
Le tube A est roulé au minimum 15 minutes et analysé immédiatement tel
que la procédure Ie décrit ci-dessous dans Ie point C.
Le tube Best placé dans un flacon numéroté. Le flacon est attribué à
I'équipe toute entière. Le numéro du flacon est inscrit sur Ie formuláire
"Contrõle sanguin" so us Ie point 9.
Cet échantilon peut être utilsé pour une deuxième analyse, en cas de
résultat entrain ant une déclaration dinaptitude.

4. Si pour une raison quelconque, Ie remplissage du deuxième tube présente
des diffcultés par la même ponction, II sera demandé au coureur s'i1 désire
una dauxième ponction, sinon ii admet qu'en cas de résultat entraînant une
déclaration dinaptitude pour I'échantilon A, la deuxième analyse se fera
également sur I'échantilon A. Cette condition est acceptée sous Ie chiffre 11
du formulaire "Contrôle sanguin".

5. En cas de résultat entraînant une déclaration dinaptitude pour I'échantilon
A, Ie coureur peut demander que I'échantilon B so it ouvert devant lui et
analysé suivant les mêmes règles que pour I'échantilon A. Après una
contre-expertise, c'est Ie résultat de I'échantillon B qui sera pris en compte
de manlère définitive. La. demande douverture de I'échantilon B doit être
formulée dans un temps raisonnable, après I'annonce du résultat de
I'échantilon A, en tenant compte des impératifs de la course et de la qualité
des analyses. Ce délai sera discuté Ie cas échéant entre I'inspecteur
médical, Ie directeur sportif du coureur et Ie responsable scientifique de
I'équipe médical (cf. art 13.1.055 du règlement UCI).

C. ANALYSE

1. Préparation des sanqs et mesures

Les sangs sont roulés pendant 15 minutes au minimum avant I'analyse pour
homogénéisation et stabilsation de température.

Après la détermination des valeurs hématiques habitue lies (Het, Hb, rétieuloeytes),
les éehantillons seront eentrifugés.

2. Coloration du plasma
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Protocole de mesure de lhémoqlobine plasmatique libre

La couleur du plasma sera observée. 5i Ie plasma a une coloration rose/rouge,
léchantîllon sera alors analysé pour lhémoglobine plasmatique libre, avec les
appareils prévus (Coulter, 5ysmex ou Hemocue).

5i la valeur dhémoglobine plasmatique libre est supérieure à 300mci/dl (3cill, on
procédera à I'analyse de I'échantillon B.

. Analyse de I'échantilon B
- Le coureur ou son mandataire est alors informé qu'il peut assister, dans un délai

défini par linspecteur médical, à I'analyse de léchantilon B.
- La contre-expertise sera effectuée à I'aide de I'analyseur Coulter ou 5ysmex ou

Hemocue.
- Déroulement de la contre-expertise :

. effectuer deux mesures à laide de lanalyseur Coulter ou Sysmex ou
Hemocue

. si la valeur est:: à 300mg/dl (3g/l) Ie coureur est déclaré inapte.

Appendix 3: Information for riders (UCI)

~~
UNION CYClISTE INTERNATIONALE

COMMISSION SECURITE ET CONDITIONS DU SPORT

Messieurs les caureurs,

Nous 8imerions vaus donner quelques informations concemant les centrOlas sanguins.
Contrôles sanCluins
Lars des contrõ.as sanguJns. nataninient pendant Ie Tour de France. les paramètres
habitue's serant analysés : hêmatocrite, hémaglobine at réticulocytes.
Si les analyses devaient mantrar des profils anormaux (va leurs au évolutions anorrales). andemandera au cauraur (au à son médecin) quelle est I.origine de cetta anomalie. at on lui
fara savoir qu.iI sera davantage cantrålé. car if restera suspect à nos yeux.
Dès cette année, neus utilisons un nouveau protocols pour Identifier les coureurs qui ant ..n
profil sanguin non normaL.
II est évident qu"on les soumetlra à des contrõles antidepage. pour la recherche de I.EPO au
du NESP.
Hérnocilobines svnthétlc:ues
Depuis Ie début de I"année" neus mesurcns" Jars des contrOlas sanguins" un nouveauparaniètre: I"hémoalobine olasmatiaue fibre. Ce paramètre augments de façon très
importante (plusieurs cenLaines de fois) an cas d'ådminfstration d"hémoglobine synthétique.
Gomme vous savez, I'Hb synthétique est une substance interdite. at sa commercialisation à
plus large échelle est en train de sa réaliser. Or, vu qu"elle est encore indécelable lars des
contråfes urinaires" ii neus (allail trouver una solution pour décourager son éventuelle
utilisation, afin de garantir Ie droit à avolr des campétitions équitablas.
Ce .paramètre ne peut pas être employé en tant que test antidopage at. par analogie à ce quise passe avec les valeurs d'hématocrite élevées" un coureur qui aura una valeur
d'hérnoQlobine clasmat.iaue libre ~ 300rna/dl (30/1) sera done déclaré inaoLe. at obligé à
sa soumettre aux investigations hérnatologiques. L"hémoglobine synthétique. grãce à la
déterrination de cs paramètre, peut être détectable pendant plusieurs jours.Nos équipes médicales vant analyser ce pararnètre lors de taus les contrOles sanaulns du
matin (v comoris celui d"auiourd'hun, qui sa dérouleront de la même façon qu"auparavant
(rnême quantité de sang prélevée).
En restant à votre disposition pour tout renseignement supplémentaire" nous vous
souhaitons tout Ie succès sportif que vous méritez.

~ ~~~
Dr Leon Schattenberg
Président Commission Antidopage Dr Mario Zorzoli

Médecin UCI

CH , 860 Aigle I Suisse0)+41 2446858" fex -+41 244685812
v.vvvv.uci.ch
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Appendix 4: Request for information 04/08/03

LABORATÓRIO DE ANÁUSES E DOPAGEM
Av". Prof. Egas Moniz (Estádio Universrio)

1600 USBOA - PORTUGAL

TELEFAX N°.: 21 79775 29

De:

Para:
Prof. Doutor Luis Horta

President of the Medical
Commission of UCI

FAX N°.: 0031 46 4008521

N°. de Páginas:
Data: 04/08/2003

Dear Dr. Leon Schatewberg

As President of the Independent Observer Mission during the Tour de France, I want kindly

request infonnalion . about the development of the disciplinary procedures done in the

positive case met in the sample A 190775 and confinned in the sample B 190775, on 1st of

August.

I want also to request if UCI develop any other disciplinary procedures conceming the

positive reports delivery by the French Antidoping Laboratory in the samples collected

during the Tour de France.

Best regards.

1M
President of Independent

Observer Mission
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Appendix 5: UCI reply (07/08/03)
7. RUT. ¿!did:: lb: 1' N\i:,::, C'.l

i.
INTERNATIONAL CYCLING UNION

CH 1860 Aigle I SwilZenaod
Cl : +41244685811 - Fax: +41244685812

FAX MESSAGE
To

Fax nbr

From

Date

Ref

Total pages

Subject

Prof Dr. Luis Hort

+351 21 797 75 29

Dr. Leon Schattenberg

7 August 2003

Antidoping Services I Lsch I cv

(including this one)

Independent Observer Mission

Dear Dr. Horta,

I would like to add some information to my last correspondence. As regard to the duration of
the proceedings and according art. 113 AER: 'The proceedings before the competent body
of the licence-holder's national federatIon must be completed within one month of the time
limit set for the dispatch of the summons."

We will of course keep you informed all along the procedure. All the documents we will get
from the national federation shall be sent to you.

Best Regards,

On behalf of the Antidoping Commission,

~
Dr. Leon SCHATIENBERG, President
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Appendix -6: UCI reply (06/08/03)
I:.HlIl.¿-i-i.: 14'4='1 ;" -,.- 1'I~4t::J 1".1

£L:
INTERNATIONAL CYCLING UNION

CH 1860 Algie I Switerland
ai: +41244685811 - Fax: +412446868 12

FAX MESSAGE
To

Fax nbr

From

Date

Ref

Total pages

Subject

Prof Dr. Luis Hort

+351 21 797 75 29

Dr. Leon Schattenberg

6 August 20.0.3 _

Antidoping Services J Lsch / c:

2 (including this one)

Independent Observer Mission

Dear Dr. Horta,

I would like to give you the following information as regard to your demand concerning the
Tour de France 20.0.3.

The positive case found in the sample A+B 190.775 has been and is peing managed
according to the UCI AER, art. 174 to 183 (Stage races).

The UCI was informed by the laboratory of the B sample result after the Tour de France
ended. Therefore, the case has now been transmitted to the rider's national federation for
disciplinary procedure.

As far as the corticoids are concerned, the results have been examined by the UC\
Antidoping Commission. All cases were justified on medical grounds and were accepted by
the Antidoping Commission. For treatments prescribed during the Tour de France, all of them
have been prescribed with the cooperation of the UCI medical experts and treatments have
been writen in the health booklet,

I also invite you to read two articles written by Dr. Gérard Guilaume:

1. Corticothérapie locale et effet systémique (revue de la Ifttérature) publié dans
Médecin du Sport; Gérard Guilaume et Marcel-Franeìs Kahn; e-mail address:
a-auilaume ~ wanadoo, fr

2. Intérêts et limite des infiltrations de corticoides dans Ie sport, publiá dans jOL¡rnal de

traumato!ogie du sport.
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f~, ..HU I . e:i.i.:: 14: ::i. 1..!:4t::= ...'"

( wil try to send you other information and publication as soon as possible.

Best Regards.

an behalf af the Antidoping Commission.~
Dr. Leon SCHATTENBERGi, President

Appendix 7: Fax to the CPLD (18/08/03)
~do~ha__--~_cI~d-,J...~

.~ · Instituto do Oespof'to de POf'tugOiI

Labonalõno de Anállses eo Dopagarn

ReFERËNCIA:
REFERENCE)

DATA:
(DATE)

049'L.A. D./2003FAX
CPLD
MR. PHILIPE ROuX-CaMEL!
SÉCRETAIRE-GENERALE

1 a DE AGOSTO DE 2003
PARA:
(To)

AlA: FAX; I 00 3:'~1_.:4_~2 77 39-
DE:
(FROM)
N_o PAGINAS:
(NUMBER OF PAGE~t

INSTITUTO DO DESPORTO DE PORTUGAL - LASORATÓRIO DE ANÁUSES E DOPAGEM

ASSUNTO;__l~OUR DE_=-R_~:~____.
-- -._----~-----~-~-----

Char Philipe Roux-Comeli,

Comme President de la Mission d' Observateurs Independents de I. AMA dans Ie Tour de France, j'ai
reçu les copies des PV sans I~ identification des couraurs et les rapports analytiques du LNDD.

...l ai reçu plusieurs rapports analytiquEls positives pour glucorticosteroids. .."ai demande des
informations à l UCI sur 18 géstion de cas resultats. L~ UCI a inforré qua sa Comission Médicale a
decidé que tous les rapports positives avec glucocorticosteroids étions justifié par una declaration
niédicale dans Ie camet de santé_

Je suis entrain de finir Ie rapport de notre mission at je veux savoir si Ie CPLD a quelque chose a
ajouter a la position de I. UCI.

~aiutationr\

d~-~
Luis Horta
President de la Mission 0_ i. de I. AMA

AV-. Pf. EaIINQ: (ESTAo U_....T..IO)_ 1001GG LISDOA
TI (3G1)21 7_ DO 73 . FAX (351)21 707 70 2: e:-Ml.cn.I~II.I~pi
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Appendix 8: Reply from the CPLD _ (18/08/03)
~~i~~-~)Y.:'--'- -;_:-.:.:., ".':: ,:.-.-:. ,,'::
f~n~ ~,.: '.

-__..,.;._.._ ,'.","" "'.._---,- ~---

j.

I CONSElL l)H PRÉVENl'ON ET DE
I 1.U1TE CONTRE LE DOPAGE
i
i

!

i

,':/) //
- -/I¿l"'p¡,,,y,,,,,,,

.. ý.
~. ~~~~k~;r"'~;'J'"

Paris, Ie 18/08/2003._,.---.,-
39 rue Saint Dominique
, 7S007 PARIS

Tcl : 01.40.62.76.76
Fiix: 01.47.53.75.36

/." Sc'cretair" (j(;iiáu/

Cßrnct~re : très uriicnt ~

ur~cnt II
courant 11

1.._.__._..-

j:XPEDITEUR : Philippe ROUX COMOLI

D.E.STINATAIRE : Dr Luis HORTA, Président de la mission 0.1. de
I'AMA

N' DE FAX: 00.35.1.217977529

Monsieur Il' Prtosidl'iit,
,

Le Prc~itlrnl tlii Conseil de iiréveiilion I't de lulte cuiitre Ie dopal!c a rcçu
I'cnsemhle des procès-v('i'b:iii~ ("t rrsiilt:its d':in:ilys(" I'clatir.~ auii contrôl('s ('lTcclllcs lol's
dii To"I' de Fnincr 2003.

Oiih'c 1(" cas pOl'taiit sur l'J.lO doiit la procédur(' est eii cours. il a lriinsniis un

fll'cmi('1' courri('r ;1 ¡iliisìeiir,~ coureiirs alin de s'assiir('r aiie cl'nx-d traiismettent au
Colis,,¡1 (( la pr"u\'l" "'unl" pr",.c/'il'fi"" iiblh'/fle tÌ tie,\ fi"' flufl-ljJcflf;qflc.,' J/f,\fijiéc',,' )).
L 'juslruciioii est done en (oUr~.

F,ii rl'stiiiil ii \lolre \."ti~re disposition pour toutl' informiition compléml'ntnirf', .ie
\loiis pril' dii~r~rr, I\hin,~il'iir II' Pi'csidciil. l'e"Jlrcs,~illll de n,.. ,I'iil.imeiit.~ les meileur'S.

~(;,;x ;:OMOLI

Nombre de page,f¡ y compris celle-ci: 1
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Appendix 10: Tour de France Code of Ethics
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code
Tour

éth iq ua .................. ..........
. .. ,r'.;:,;/¡Jr~::;;;.N;~~Ri~k:/.":~.:;.';::';,':: .;;"".,::;;,.;.

ra n'" G' .e. ",,'..~: ," . ";: "." ';' " " ,('¡'~: ": ~-. ., ' .:. _,. - . ;'" .:., ,,, - ., '. ','; ;.d, _~ ..'
,. -','::..'. ":~,-,.~,,, "--":'~,..::,-,":\-¿:'.'¡~;:~;::'~',:";,,

L e Tour de France possède
seulement sa crédibilité ."jP.
économique et sociale.....,_,,-:~_/'..1

Ces valeurs de référenë'ë6'tihse.r ..
compte les notiorisd~C:9rnpatitj,Qn;;
majeur de victoirEj:".:,,'

Mais il riep~4ts;£i~lr'

1--- ~i~Eil;¡if

\

Le~,~

+:lJti~'gW1Y.

ii~~gL~t~i~~ .

4

47

GDC00733









G01352.01



G01352.02



G01352.03



G01353.01



G01353.02



http://www.jobboom.com/jobmag/2005/v6n6/v6n6-06g.html GDC01354



GDC01355.01



GDC01355.02



GDC01356.01



GDC01356.02



GDC01356.03



GDC01357.01



GDC01357.02



GDC01357.03



GDC01357.04



GDC01357.05



GDC01357.06



GDC01357.07



GDC01357.08



GDC01357.09



GDC01357.010













































































































GDC01359.1



GDC01359.2



GDC01359.3



GDC01359.4



GDC01359.5



GDC01359.6



GDC01359.7



GDC01359.8



GDC01359.9



GDC01359.10



GDC01359.11



GDC01359.12



GDC01359.13



GDC01359.14



Catlin is leaving UCLA anti-doping lab 
One of the world's leading authorities in sports doping, he is 
turning to full-time independent research. 
 
By Michael A. Hiltzik, Times Staff Writer 
March 14, 2007  
 
Don H. Catlin, who founded UCLA's Olympic drug-testing laboratory in 1982 and built it 
into the busiest such facility in the world, said Tuesday he will retire from the university and 
turn to full-time research in sports doping.  
 
"Basically, I know how to test," he said in a telephone interview from his Westside office, 
"but I don't have enough time anymore for my favorite avocation, which is research. Now 
I'll get to pick and choose my pet projects." 
 
Catlin, 68, said those include developing a urine test for human growth hormone, which is 
reportedly growing in popularity as a sports doping substance, and improving the existing 
test for erythropoietin, or EPO, a performance-enhancing hormone that promotes the 
growth of red blood cells. 
 
He will work through the Anti-Doping Research Institute, a non-profit lab he founded and 
that is located about a mile from the Olympic lab in West L.A. The institute, which is 
unaffiliated with UCLA, received a three-year, $500,000 grant from Major League Baseball 
last year to develop an HGH test, which is currently undetectable in urine.  
 
Catlin says the lab also has a commitment from the U.S. Anti-Doping Agency to provide it 
with a mass spectrometer, a crucial machine in drug testing, for a nominal lease fee, and 
is talking with the National Football League and other organizations to raise further funds. 
 
"We're trying to get a handle on whether sport is really able and willing to support a 
research institute," he said.  
 
As a professor at UCLA medical school, Catlin founded the Olympic lab at the request of 
the International Olympic Committee to provide drug testing at the 1984 Los Angeles 
Games. It is now part of a network of 34 anti-doping labs accredited by the World Anti-
Doping Agency.  
 
Of those, it is by far the busiest: Last year, the lab performed roughly 40,000 tests for anti-
doping agencies, the NCAA, minor league baseball, and the NFL — nearly four times as 
many as the runner-up lab (in Cologne, Germany). The Olympic lab employs about 40 
people. 
 
One of the world's leading authorities in sports doping, Catlin's reputation is closely tied to 
the lab, and it is unclear whether the facility will retain its prominence after his departure. A 
spokesman for UCLA said the university hopes to keep the lab operating as part of its 
David Geffen School of Medicine. In a statement issued Tuesday, the Geffen school's 
dean, Gerald S. Levey, said he would "immediately begin discussions" with WADA and the 
other lab clients "with respect to the continuation" of the lab's association with the school. 
 

http://www.latimes.com/sports/la-sp-catlin14mar14,1,4604751.story GDC01360.1



Catlin said the transition to a new lab director, yet to be selected, would take about a 
month, and that he would become an emeritus professor at the Geffen school, where he 
plans to continue teaching.  
 
As lab director, Catlin notched numerous milestones in the field of sports doping, notably 
his identification in 2003 of tetrahydrogestrinone (THG) a "designer steroid" illicitly 
dispensed to athletes by the notorious Bay Area Laboratory Cooperative, or BALCO. 
 
But he has also been critical of the existing anti-doping system, which he believes is 
underfunded by sports and anti-doping organizations and unduly fixated on proving 
athletes dirty. Instead, he has proposed giving athletes an incentive to establish their 
cleanliness by volunteering for long-term medical profiling. 
 
Under WADA rules, Catlin has been barred from offering his expertise as a witness to 
athletes defending themselves against anti-doping charges. He said Tuesday that he was 
unsure under what circumstances he would take on such assignments as an independent 
researcher. 
 
"I'm not going to be out there testifying against my old friends," he said. "But I'll be out 
there trying to get it right for sport, for the agencies, for the athletes. It has to be right for 
everybody." 
 

http://www.latimes.com/sports/la-sp-catlin14mar14,1,4604751.story GDC01360.2
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