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Abstract

The use of anabolic steroids as growth promoting agents in food production is prohibited under
European Union legislation, but there is currently no internationally accepted method for defecting
the abuse of the anabolic steroid nandrolone in the porcine. Therefore, an analytical biomarker
approach based on gas chromatography-tandem mass spectrometry (GC-MS-MS) analysis of the
maijor urinary free fraction nandrolone metabolite 19-norefiocholanolone was developed and
validated. The lower and upper limits of quantification of the assay were 25 and 3,000 pg mL™"
respectively. The limit of detection was calculated as 13.2 pg mL™", which is significantly lower
than previously reported methods. When applied to a population of untreated animals, 19-nor-
etiocholanolone distributions in boars and giltwere bimodal, with a small number of concentrations
in each sex at around the 1,000 pg mL™" region and the majority of concentrations closer fo the
lower end of the calibration range. Statistical analysis of the data was carried outin order to suggest
screening and confirmatory threshold approcaches for this steroid in the urine of boars and gilts. The
adopting of particular screening thresholds would be at the discretion of the individual regulating
authorities, but at a false non-compliance rate of 1 in 10,000 of the normal population, the
suggested confirmatory thresholds (7,501.6 pg mL™" for boars and 19,200.4 pg mL~" in gilts)
are able to detect the abuse of nandrolone for several weeks following administration of this steroid.
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Introduction

The use of anabolic steroids as growth
promoting agents in food production is
prohibited under European Union leg-
islation [1]. However, some androgenic—
anabolic steroids, such as testosterone
(174-hydroxy-androst-4-en-3-one), nan-
drolone (17f-hydroxy-estr-4-en-3-one),
and boldenone (17p-hydroxy-androsta-
1,4-dien-3-one), are known to be
endogenous in certain species [2], mak-
ing a simple qualitative determination of
their presence insufficient for proving
abuse. The detection of intact steroid
esters or the use of combustion isotope
ratio mass spectrometry can be useful for
the confirmation of certain endogenous
steroids [2], but these methods are not
suitable for all steroids and are too
laborious to be used as screening ap-
proaches. Therefore, a quantitative
threshold or biomarker approach is
usually required to regulate the use of
endogenous steroids.

For many years, nandrolone was
considered to be a purely synthetic ste-
roid, but in the 1980s it was isolated as
a natural hormone in the stallion [3]
and boar [4]. Since then, nandrolone
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Fig. 1. Diagram depicting some of the possible metabolic pathways leading to the presence of
19-noretiocholanolone in porcine urine. A similar pathway could also operate starting with
androstenedione carboxylic acid in place of nandrolone carboxylic acid, leading to either 19-
noretiocholanolone or 19-norandrostenedione as metabolites

related compounds have also been de-
tected in the bovine [5], ovine [6],
caprine [7], human [§] and cervine [9].
The presence of nandrolone in boar
meat also has potential consequences
for consumers, since it has been shown
that following consumption of boar
meat, human urine contains increased
concentrations of nandrolone metabo-
lites [10].

Studies on the metabolism of nan-
drolone following administration of the
steroid [11, 12] have shown that nan-
drolone itself is excreted in urine
predominantly as a sulphate, while a
number of a-ring reduced metabolite
isomers are present in the free, glucuro-
nide and sulphate fractions. Although
nandrolone has been found to be present
in the urine and several other matrices of
untreated porcine animals [13-15], these
studies have reported that the a-ring re-
duced metabolites were not detected in
porcine urine.

The absence of a-ring reduced
metabolite in the ‘natural’ state is hard
to rationalise if nandrolone is truly pro-
duced by the porcine, since nandrolone
administration studies have clearly
demonstrated them to be major metab-
olites. A clue to the real source of nan-
drolone in porcine urine may lie in
studies carried out in the equine, where
similarly to the porcine, nandrolone is
detected in the urine of intact males, but
the a-ring reduced metabolites are much
less abundant than would be expected if
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nandrolone itself were present [16].
Nandrolone in the equine is now known
to be predominantly an analytical arte-
fact of the breakdown of a 19-carboxylic
acid precursor that is endogenous in this
species [16]. It has therefore recently
been suggested [2] that such 19-carbox-
ylic acids may also be the precursors to
urinary nandrolone in the porcine
(Fig. 1). This theory is supported by
studies in porcine granulosa cells, where
the existence of a 19-carboxylic acid
derivative of androstenedione has been
demonstrated [17].

Since the a-ring reduced nandrolone
metabolites are present in large quanti-
ties in the urine of treated, but not un-
treated porcine animals, a quantitative
method for 19-noretiocholanolone (3a-
hydroxy-58-androstan-17-one) (Fig. 1)
in the urinary free fraction was therefore
validated and applied to real samples in
order to produce thresholds for screen-
ing and/or confirmation of nandrolone
abuse. The reason for choosing 19-nor-
etiocholanolone in particular is because
it has been shown to be one of the most
abundant urinary metabolites following
nandrolone administration and was
therefore predicted to be a good bio-
marker of nandrolone abuse [11]. Anal-
ysis of the free fraction was preferred
over the glucuronic or sulphate fractions
because the free fraction contains the
highest concentrations of 19-noretio-
cholanolone [11] and also because the
other fractions contain significant quan-
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tities of other materials that interfere in
GC-MS based analytical assays (James
Scarth, personal observation).

Experimental
Chemicals and Reagents

Deionized water was prepared using an
SG Ultrachem TWF UV system (Bars-
buttel, Germany). All organic solvents,
buffers and bases were analytical grade
and were purchased from Fisher
Scientific (Loughborough, UK). Ammo-
nium iodide, N-(z-butyldimethylsilyl)-N-
methyltrifluoroacetamide (MTBSTFA),
dimethylformamide (DMF) and ethane
thiol were obtained from Sigma-Aldrich
(Dorset, UK). C18, 6 cc, 500 mg and
silica, 6 cc, 500 mg solid phase extraction
cartridges supplied by Waters
(Wexford, Ireland). 19-noretiocholano-
lone was supplied by Steraloids (Rhode
Island, USA) and Dy-19-noretiocholan-
olone was provided by LGC Promochem
(Teddington, UK).

were

Collection of Samples
from Untreated Animals

Urine samples were obtained in the UK
from both live animals (various univer-
sity and research institute owned herds;
from animals housed in metabolic cages
and collecting urine using a floor-based
drainage system) and from animals
going for slaughter (organically farmed
animals slaughtered for food produc-
tion; collecting urine directly from the
bladder post-mortem). A total of 205 gilt
urine samples (none from pregnant ani-
mals) were obtained from animals rang-
ing from 10 to 39 weeks of age and a
total of 263 boar urine samples were
obtained from animals ranging from 10
to 28 weeks of age. Whilst future Euro-
pean legislation may lead to a more
widespread banning of porcine castra-
tion, many countries in Europe currently
prefer to rear castrated males because of
the potentially unsavoury ‘boar taint’
odour of meat from intact males [18].
Boar taint is believed to result from the
increased concentrations of skatole and
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androstenone produced by intact boars
[18]. However, the rearing of intact
males is currently preferred in the UK
because these animals are generally
slaughtered earlier than in Europe, with
the result that the animals are less likely
to reach sexual maturity and hence pro-
duce lower concentrations of skatole and
androstenone. Also, reducing profit
margins in the UK pork industry have
meant that the economic benefits to
rearing intact males are also factors
in refraining from castration (various
researchers and organic farming consul-
tants—personal communications 2008
and 2009). Because of the current UK
practice to rear intact males, no urine
samples from castrated males were
available for study.

Samples were collected and stored
chilled on ice within 1-h. Samples on ice
were then delivered by courier within 48-
h before being frozen at —80 °C until the
time of analysis.

Preparation of Calibration
Lines and QCs

Calibration lines were constructed using
pooled urine from castrated male bovine
animals as a surrogate matrix. Bovine
calibrant urine was augmented with 19-
noretiocholanolone at concentrations of
0, 25 (the lower limit of quantification or
LLOQ), 50, 100, 250, 500, 1,000, 1,500,
2,000 and 3,000 (the upper limit of
quantification or ULOQ) pg mL™'. The
reason for not using pooled porcine
urine for constructing calibration lines
was twofold; firstly because it contained
measurable endogenous concentrations
of 19-noretiocholanolone (bovine urine
did not) and secondly because the vol-
umes needed to produce enough of the
pool for both the validation and sample
analysis studies were not available.

In order to validate the use of bovine
urine as a surrogate calibration line matrix,
pooled porcine boar urine was used as the
QC matrix. Porcine QC concentrations
were; the endogenous concentration
only (E), endogenous augmented with
25pgmL™" (E + 25), 100 pg mL™!
(E + 100), 1,000 pg mL™" (E + 1,000)
and 2,000 pg mL™' (E + 2,000).
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Sample preparation:

Sample (3 mL) + internal marker (10 uL) + pH 6.8 phosphate buffer (1 M, 1.5 mL)
2

C18 extraction (6 cc, 500 mg):
Condition with MeOH (5 mL) then Water (5 mL)
Load the sample
Wash with water (5 mL) than hexane (5 mL)
Dry cartridge under Vacuum for 20 min
Elute the cartridge with diethyl ether (5 mL)
\:

Sodium hydroxide clean-up:
Rotary mix diethyl ether with 2 M NaOH (2 mL) for 10 min
Discard aqueous layer
Dry ether over sodium sulphate
Transfer the diethyl ether to a separate tube
Extract the sodium sulphate with diethyl ether (2x1 mL)
Evaporate to dryness under nitrogen
2
Silica extraction (6 cc, 500 mg):
Reconstitute the extract in diethyl ether (0.5ml) and then hexane (0.5 mL)
Condition with chloroform (5 mL) and then diethyl ether/hexane (1:1; 5 mL)
Load the sample
Elute the cartridge with chloroform/ethyl acetate (1:1; 3 mL)
Dry over sodium sulphate
Transfer the chloroform/ethyl acetate to a new tube
Extract the sodium sulphate with chloroform/ethyl acetate (1:1, 2x1 mL)
Evaporate to dryness under nitrogen
{
Enol-TBDMS (tertiary-butyl,dimethyl-silyl) derivatisation:
Add enol-TBDMS derivatisation reagent (100 pl - prepared by mixing 3 mL
MTBSTFA, 1.5 mL DMF, 18 mg ammonium iodide and 30 pL ethane thiol)
Heat for 1 h (100 °C)

Add methanol (0.5 mL) and water (0.5 mL)
Extract with hexane (2x2 mL)
Evaporate to dryness under nitrogen
Add 30 pl dried ethyl acetate and vortex
{

GC-MS-MS Analysis

Fig. 2. Schematic of the extraction method

Extraction Method

Samples were prepared and extracted
according to the scheme shown in Fig. 2.
The Dy4-19-noretiocholanolone internal
standard was added at a concentration
of 800 pg mL~" to all samples (other
than an extracted blank bovine urine
control sample).

Method Validation Protocol

The validation protocol was based on
the US Food and Drug Administration
(FDA) Centre for Drug Evaluation and
Research guidelines for bioanalytical
method validation [19], with accuracy
defined as the degree of relative error
(% RE) and precision as the coeffi-
cient of variation (% CV). In terms
%RE and %CV acceptance limits, the
FDA recommended + 20% limit for the

lower limit of quantification (LLOQ)
and + 15% limit for all other concen-
trations were relaxed to 20 and 25%
respectively. This was because the assay
was considerably more complex than the
majority of small molecule applications
that the FDA guidelines are designed
for. These somewhat relaxed limits were
considered ‘fit-for-purpose’ according to
the recommendations for biomarkers of
Lee et al. [20], the results of which are
taken into account through the applica-
tion of uncertainty of measurement (see
later section on statistical analysis).
Three separate precision and accuracy
batches were extracted and analyzed in
order to determine the inter-batch pre-
cision and accuracy, chromatographic
separation, selectivity, linearity, lower
and upper limits of quantification
(LLOQ and ULOQ respectively) and the
limit of detection (LOD). Each precision
and accuracy batch contained a blank

Chromatographia 2010, 72, August (No. 3/4) 299



19,404 min, Scans: 753-T57  El full scan MS SN i o
100% - o (W _E7) (#47.3)
241.2
75%
50%
75.0 4483
t Molecular
e iz ./T““\.
25% 207.0 4493 {’_DL‘/
0% Jullllihll'lj hl]]tﬂ_iLi L 1 L K Ll
100 200 300 400 500
miz

Fig. 3. Full scan EI-MS spectrum of 19-noretiocholanolone-di-TBDMS (tertiary-butyl,di-
methyl-silyl) at 20 eV, highlighting the molecular ion and the fragment chosen as the MS/MS

precursor ion
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Fig. 4. Full scan EI-MS-MS spectrum of 19-noretiocholanolone-di-TBDMS at a collision
energy of 7 eV, highlighting the MS-MS product ions

sample (extracted bovine urine with no
internal standard or analyte added), a
bovine urine calibration line (as
described in the above section) and
five replicates of each of the porcine
urine QC concentrations (E, E + 25,
E + 100, E + 1,000 and E + 2,000
pg mL™").

Stability of the analytes in porcine
the E + 100 and E + 1,000 porcine
QCs was assessed by measuring 19-nor-
etiocholanolone concentrations at 3-, 6-,
9-, 12 and 13.5-months (the longest
period for which ‘real’ samples were
stored) and comparing the results to
those determined at time-zero.

Recovery was assessed by comparing
porcine urine spiked with 19-noretio-
cholanolone at 1,000 pg mL™' before
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(matrix fortified) and after (matrix mat-
ched) extraction (n = 5).

The ability to dilute from outside
the calibration range was assessed by
spiking pooled porcine urine with
16,667 pg mL~" 19-noretiocholanolone
and then performing a 1 in 10 dilution
with pooled porcine urine in order to
bring the resulting concentration of
analyte into the workable calibration
range.

Analysis of Samples
from Untreated Animals

Following validation of the method,
samples from untreated animals were
analyzed alongside a bovine urine spiked
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calibration line  (25-3,000 pg mL ™!,
made up of nine separate calibrant con-
centrations) and six porcine urine spiked
QCs (two at each of the E + 100,
E + 1,000 and E + 2,000 pgmL™'
concentrations) interspersed with the
samples throughout the batch.

GC-MS-MS Method

Nine microlitres of sample was intro-
duced into a Varian 1079 programmable
temperature vaporiser (PTV) injector
held at 125 °C for 1 min and then ramped
t0 280 °Catarate of 150 °C min~' before
being held at 280 °C for 13 min. The
injector split/column flow ratio was 20:1
until 1 min, before being reduced to 0:1
until 3 min, before being increased to 50:1
for the remainder of the run-time. Chro-
matography was carried out using a
Varian CP-3800 gas chromatograph with
helium as the carrier gas (1.0 mL min~")
anda 30 m x 250 pm x 0.25 pm Varian
VF-17MS column initially held at 120 °C
for 2.00 min and then ramped by
50 °Cmin~" to 220°C at 4.00 min,
ramped by a further 4.5 °C min~' to
291 °C at 19.78 min, held for 2.00 min,
ramped by a further 4.5°C min~! to
300 °C at 23.78 and then ramped by
50 °C min~"' to 320 °C at 28.18 min.
Mass spectrometry was carried out
using a Varian 320-MS triple quadrupole
mass spectrometer operated in the elec-
tron ionization (EI) mode. Transfer line
temperature was 280 °C, ion source
temperature was 220 °C, electron energy
was 20 eV and electron multiplier voltage
was typically around 1,800 V. Positive
ion MS-MS data was acquired in the
selected reaction monitoring (SRM)
mode using argon as the collision gas at a
pressure of 1.5 m Torr. Precursor and
parent m/z transitions monitored were
451.3-375.2 for Dy4-19-noretiocholano-
lone (collision energy 7 V), 447.3-371.2
for 19-noretiocholanolone transition 1
(used for quantification) (collision energy
7 V) and 447.3-239.1 for 19-noretiocho-
lanolone transition 2 (used to provide
additional support for the peak of inter-
est relating to 19-noretiocholanolone)
(collision energy 10 V) (Figs. 3, 4). Dwell
times were 0.167 s for each transition.
Data were acquired and processed using
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the Varian Workstation version 6.9
software.

Statistical Analysis
of the Untreated Animal
Population Data

In order to control the abuse of nan-
drolone in the porcine, the statistical
analysis set out to suggest 19-noretio-
cholanolone thresholds with various
probabilities (1 in 20, 1 in 100, 1 in 1,000
and 1 in 10,000) of finding a larger value
by chance in a natural population. The
one-tailed version of the Chebyshev
inequality was used. This method, de-
scribed by Estler [21], is based on prob-
ability theory and makes minimal
assumptions about the distribution of
the data. Chebyshev confidence intervals
are as far as possible from a mean for a
given standard deviation; they are dis-
tribution-independent confidence inter-
vals and are ideally suited to dealing
with non-normally distributed data such
as those resulting from the current study.
A one-tailed Chebyshev confidence
interval is given by

< -
p—1+t2/V

Hence

Vv
(< ==V
)

Where:

t is the difference between the mean and
concentration at the upper confidence
interval

V is the variance (square of the standard
deviation),

p is the probability that difference be-
tween the mean concentration and the
concentration of a sample taken at ran-
dom is greater than z.

To assess the extent to which concen-
tration differed between gilts and boars,
a Monte Carlo permutation test was
implemented [22]. Here, gender was per-
muted amongst individuals and the mean
difference in concentration of 19-noreti-
ocholanolone between gilts and boar was
calculated for each permutation. The
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observed difference was then compared to
the distribution of mean differences for
1,000 permutation and significance as-
sessed on the basis of the position of the
observed mean in the distribution.

Uncertainty of measurement was
calculated using a Monte Carlo sample
[22] from the distribution consistent with
the observed result along with the ana-
lytical performance observed at valida-
tion. 1,000 samples were taken from
these distributions and 1,000 Chebyshev
threshold estimates were generated. The
different probabilities of finding a value
by chance in a ‘natural’ population are
then reported at the upper 95% quantile
results after factoring in the determined
method uncertainty. Values for CCx and
CCp (decision limit and detection capa-
bility respectively) on each Chebyshev
threshold associated with these proba-
bilities [23], again at the 95% confidence
interval, were also calculated for each
analytical method used.

Results

In the following section all raw data and
calculated threshold concentrations are
uncensored and are given to one decimal
place. All other summary statistics are
presented to three significant figures.

Chromatography

Complete chromatographic separation
for 19-noretiocholanolone in bovine ur-
ine was achieved (Fig. 5). In some por-
cine urine samples there was a small
peak close after 19-noretiocholanolone
(Fig. 5), but this did not reach significant
enough a size to interfere with the inte-
gration of 19-noretiocholanolone.

Selectivity

In addition to the chromatographic
separation, selectivity was assessed
through monitoring the ratio of two
separate MS-MS transitions for 19-
noretiocholanolone, which support the
suggestion that the peaks found in the
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porcine samples relate to 19-noretio-
cholanolone (Figs. 4, 5).

Linearity

The calibration curves (weighted 1/x)
were linear over the range studied (25 to
3,000 pg mL~'—see chromatograms in
Fig. 5). The mean 2, slope, intercept and
response factor % RSD values were
0.995, 0.00143, 0.0150 and 14.8 respec-
tively (n = 15 over the validation and
sample analysis phases).

Lower Limits of Quantification
and Detection

The limit of quantification (25 pg mL™")
was defined by the lowest point on the
bovine urine calibration curve that could
be quantified with a relative error of less
than 25% (based on the FDA guidelines,
as discussed earlier). The LOD was cal-
culated using the endogenous porcine
QCs analyzed during the validation.
The mean S:N of the 19-noretiocholan-
olone peaks in these samples was 8.15
at a mean calculated concentration of
35.9 pg mL~'. When defining the LOD
as the concentration that leads to a S:N
of 3:1, extrapolation of the endogenous
porcine QC data leads to a predicted
LOD of 13.2 pg mL™".

Precision and Accuracy

Inter-batch precision and accuracy dur-
ing both the validation and sample
analysis stages were good, with relative
errors (%RE) and relative standard
deviations (RSD)  within  15.0%
throughout (Tables 1, 2).

Linearity of Dilution

Results of QC samples diluted 1 in 10
from above the calibration range were
acceptable, with the relative error and
RSD being less than 2% in each case
(Table 3).
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Fig. 5. Chromatograms obtained for samples at a the lower limit of quantification (a 25 pg mL™! spiked calibration line sample. Note: this
peak was absent in unspiked bovine urine), b the upper limit of quantification (a 3,000 pg mL~" spiked calibration line sample) and ¢ a porcine
urine from the sampled population with a determined concentration of 896.5 pg mL™". The top trace refers to the D4-19-noretiocholanolone
internal standard (m/z 451-375), the middle trace refers to 19-noretiocholanolone transition 1 (used for quantification) (m/z 447-371) and
the bottom trace refers to 19-noretiocholanolone transition 2 (used to provide additional support for the peak of interest relating to
19-noretiocholanolone) (m/z 447-239)

Table 1. Inter-batch precision and accuracy results for 19-noretiocholanolone concentrations in porcine QCs during the validation (n = 15 at each
concentration)

Endogenous QCs Endogenous + Endogenous + Endogenous + Endogenous +
pg mL~! (E) 25 pg mL™! 100 pg mL~" QCs 1,000 pg mL™! 2,000 pg mL™!
QCs (E + 25) (E + 100) QCs (E + 1,000) QCs (E + 2,000)
Theoretical conc.? 36.1 61.1 136.1 1,036.1 2,036.1
Measured mean conc. 35.9 68.6 136.4 1,049.8 1,945.9
SD 5.22 10.1 16.1 56.6 147
% RSD 14.5 14.7 11.8 5.39 7.55
% RE —0.391 12.3 0.237 1.32 —4.43

% The theoretical concentration for the endogenous QCs was the mean of the determined concentrations in the endogenous QCs in the
first of the three precision and accuracy validation batches. The theoretical concentration for the remainder of the QCs was this
endogenous concentration plus the known spiked amount on top of this number i.e. endogenous + 100 pg mL~! for LOW QCs

Table 2. Inter-batch precision and accuracy results for 19-noretiocholanolone concentrations in porcine QCs during the sample analysis phase of
the study (n = 24 at each concentration)

Endogenous +
100 pg mL~!
QCs (E + 100)

Endogenous +
1,000 pg mL™!
QCs (E + 1,000)

Endogenous +
2,000 pg mL~!
QCs (E + 2,000)

Theoretical conc.”
Measured mean conc.
SD

% RSD

% RE

136.1
141.0
15.0
10.6
3.61

1,036.1
1,036.3
134
12.9
0.0186

2,036.1
2,021.0
320
15.8
—0.743

% See footnote to Table 1
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Recovery

The mean recovery of 19-noretiocho-
lanolone spiked at 1,000 pg mL™"' (n = 5
for each of the matrix fortified and matrix
matched spikes) was 87.4%.

Matrix Stability

19-noretiocholanolone was found to be
stable in urine at —80 °C during the 13.5-
months period studied (within + 20.0%
of time-zero values at all subsequent time-
points studied).

Application of the Method
to a Population of Samples
from Untreated Animals

The descriptive statistics of the popula-
tion data from untreated animals are
shown in Table 4. 19-Noretiocholano-
lone distributions in boars and gilt were
bimodal, with a small number of con-
centrations in each sex at around the
1,000 pg mL~! region and the majority
of concentrations closer to the lower end
of the calibration range. The ratio of the
two MS-MS transitions in these samples
is consistent with them relating to 19-
noretiocholanolone (Fig. 5).

Statistical Analyses
of the Population Data

19-Noretiocholanolone concentrations
in gilt and boar urines were determined
to be statistically significantly different
from each other (Monte Carlo permu-
tation test p < 0.025, 1,000 permuta-
tions) and hence threshold calculations
were performed separately for each sex.
The estimated thresholds of finding a
value by chance in a ‘natural’ population
at different probabilities are given in
Table 5 and are reported as the ‘95%
confidence interval,” signifying that they
are the upper estimates for the thresh-
olds after factoring in the method’s
uncertainty of measurement. Table 5
also lists the CCa and CCp values
relating to these thresholds when using
the analytical methodology presented
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Table 3. Results of the 1 in 10 dilution QCs (note: no samples needed to be diluted during the

population sample analysis phase)

in 10 dilution

Measured concentration
(pg mL™") after 1

Adjusted concentration
(relative to the theoretically
spiked concentration

of 16,667 pg mL™")?

Measured mean conc. 1,679.4
SD 28.9
% RSD 1.72
% RE N/A

16,399.4
289

1.76
—1.61

% Because of the endogenous contribution in the porcine urine used for dilution, in order
to compare the relative error of the measured concentrations in the diluted samples
compared to the theoretically spiked concentration, it was necessary to adjust the mea-
sured values for the endogenous contribution. This was achieved by subtracting the
endogenous concentration of the diluting matrix (as measured by the mean of five
endogenous QCs run in this batch) from the dilution QC measured value and then mul-

tiplying the result by the dilution factor of 10

Table 4. Summary statistics for determined 19-noretiocholanolone concentrations in the free

fraction of porcine urine

Boars Gilts
Mean concentration (pg mL™") 12.2 40.5
SD 69.7 183
% RSD 572 452
Minimum determined concentration (pg mL™") <LOD <LOD
Maximum determined concentration (pg mL™") 937.2 1181.8
n 263 205

Table 5. The 95% quantile thresholds (the upper threshold estimate after factoring in uncer-
tainty of measurement) and associated CCu/f concentrations (p = 0.05) for free fraction 19-
noretiocholanolone in porcine urine at different false non-compliance probability rates

probability rates

Chebyshev thresholds (pg mL™") at different false non-compliance

1 in 20 1in 100 1 in 1,000 1 in 10,000

Boar

95% quantile 3454 763.8 2,384.3 7,501.6

CCu 396.4 876.4 2,735.8 8,607.5

CCp 464.9 1,027.9 3,208.9 10,096.0
Gilt

95% quantile 885.1 1,955.8 6,103.4 19,200.4

CCu 1,015.6 2,244.2 7,003.2 22,031.1

CCp 1,191.2 2,632.2 8,214.2 25,840.8

herein. The application of the resulting
thresholds for screening and confirma-
tion of nandrolone abuse will be dis-
cussed in the following section.

Discussion

Previous studies have suggested the
existence of endogenous nandrolone in
porcine urine and at the same time the
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absence of the a-ring reduced metabo-
lites in untreated animals [11-15]. Sev-
eral authors have therefore suggested
that 19-noretiocholanolone could be
used as a biomarker for nandrolone
abuse [2, 11, 12]. The results of the cur-
rent study have shown that while
concentrations of 19-noretiocholanolone
are relatively low (maximum of 0.937
and 1.182 ng mL™' in boars and gilts
respectively), it has been demonstrated
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for the first time that 19-noretiocholan-
olone is endogenous in this species. Since
the limit of detection (13.2 pgmL™")
was much lower than previously re-
ported methods (due to the analysis of
the urinary ‘free’ fraction, the use of a
PTV injector and analysis by GC-MS-
MS), it is not surprising that a small
amount of 19-noretiocholanolone can be
detected in porcine urine, since it might
be expected that a small proportion of
the suggested nandrolone carboxylic
acid precursors might be converted into
nandrolone metabolites in vivo.

The endogenous nature of 19-noreti-
ocholanolone, albeit at low concentra-
tions, means that a threshold approach
rather than a simple qualitative demon-
stration of it’s presence is required in
order to be able to use this compound as
a biomarker of nandrolone abuse. The
principle of adopting thresholds to con-
trol the abuse of endogenous compounds
has long been an accepted approach in
both food production [24] and animal
sports [25]. If used to formally confirm
the abuse of an endogenous substance,
the standard approach is to set the
threshold at a statistical probability of
finding a false non-compliance at a rate
of 1 in 10,000 in a natural population
[25], since this is considered to offer a
sufficiently large safety margin to pre-
vent the occurrence of false non-com-
pliances.

Thresholds for screening may be set
at a lower probability, but there then
needs to be a secondary mechanism for
confirmation if the confirmatory thresh-
old is not also breeched. Typically, this
may include follow-up analyses using gas
chromatography carbon isotope mass
spectrometry (GC-C-IRMS) [26], detec-
tion of an intact steroid ester [27] or an
on-farm inspection (Jack Kay, personal
observation). In an ideal world, a con-
firmatory threshold would also be suit-
able as a screening threshold, but this
requires that the threshold is able to
produce both low rates of false compli-
ance and non-compliance; an ideal that
is seldom achieved.

The analytical method presented
herein was validated to a high standard
and therefore considered suitable for
application to a population of animals
for use in establishing urinary 19-nor-
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etiocholanolone confirmatory thresholds.
Because of the non-normal distribution
of the data, it was necessary to use
a non-parametric method of statistical
analysis and the Chebyshev was consid-
ered the most suitable as it makes minimal
assumptions about the population distri-
bution and produces conservative thresh-
olds relative to methods based on normally
distributed data (James Scarth, personal
observation).

As shown in Table 5, the suggested
confirmatory thresholds for free fraction
19-noretiocholanolone concentrations at
a false non-compliance probability rate of
11in 10,000 are 7.502 and 19.200 ng mL~"
for boars and gilts respectively. To put
these thresholds into context, in a recent
study administering 2 mg kg~' nandro-
lone laurate via intra-muscular injection
to six boars aged 8—10 weeks, the mean
free fraction 19-noretiocholanolone con-
centration at the last time-point of the
study (15 days following administration)
was 28.4 ng mL ™', with a range of 9.6—
53.6 ngmL~™" [12]. The suggested
threshold of 7.502 ng mL~" in boar urine
should therefore be able to detect the
abuse of nandrolone for a significant time
period in most treated animals and lead to
rates of both low false compliance and
non-compliance.

Quantitative data on 19-noretioch-
lanolone concentrations following nan-
drolone administration to gilts are
lacking, but if the results are similar to
boars, then the suggested threshold of
19.200 ng mL~" in gilt urine should still
be able to detect abuse in a significant
number of cases in this sex also. Since no
castrated males were available within the
current study, it was not possible to
suggest thresholds for these animals, but
if the current (2009) UK trend to leave
animals intact continues, then a thresh-
old for castrated animals would not be
required.

Although the current study has fo-
cussed on male and female porcine ani-
mals, recent studies have also suggested
that inter-sex porcine animals may
occasionally be encountered [28, 29].
Therefore, it is important that these
animals be identified during regulatory
surveillance procedures in order that
they can either be excluded from mea-
surement against threshold concentra-
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tions or be subject to further investigations
to rule out nandrolone abuse should a
breech of one of the threshold concentra-
tions be observed.

Threshold concentrations at false
non-compliance probabilities of lower
than 1in 10,000 are also given in Table 5
in order that these concentrations could
also be used in screening programmes
prior to confirmatory analysis using one
or more of the alternative follow-up
techniques described earlier, should this
be required. For example, should
screening thresholds be set at a false
non-compliance probability of 1 in 1,000
instead of the 1 in 10,000 used for con-
firmation, then the resulting threshold
concentrations for boars and gilts are
reduced by a factor of approximately
threefold to 2.384 and 6.103 ng mL™'
respectively. With reference to the 19-
noretiocholanolone concentrations re-
ported in the Ventura et al. 2008 nan-
drolone administration study, these
threshold concentrations would be able
to detect 100% of the instances of nan-
drolone use in boars at the last time
point studied (15 days), while also lead-
ing to a low rate of follow-up work (1 in
1,000 samples tested). Ultimately, the
decision to establish a particular screen-
ing threshold is at the discretion of the
individual regulatory authority and will
no doubt reflect the striking of a balance
between the amount of unnecessary fol-
low-up work generate and the ability to
minimize false non-compliances at the
different probabilities. Although the
CCa and CCp values for the thresholds
using the method above are also given in
Table 5, these are unique to this labo-
ratory. If other laboratories adopt these
thresholds, then CCo and CCf values
must be independently determined in
these laboratories before applying the
method to ‘real-life’ samples.

In conclusion, the analytical method
presented above has been validated and
applied to a population of boars and
gilts in order to suggest urinary 19-nor-
etiocholanolone screening and confir-
matory biomarker thresholds for the
detection of nandrolone abuse. The
establishment of these thresholds is sig-
nificant since there is currently no inter-
nationally accepted method for detecting
nandrolone abuse in this species.

Original



Acknowledgements

This study was funded by the Depart-
ment for Environment, Food and Rural
Affairs.

References

1. European Union (1996) J Eur Union
L125:3-9

2. Scarth J, Akre C, Van Ginkel L, Le Bizec
B, De Brabander H, Korth W, Points J,
Teale P, Kay J (2009) Food Addit Con-
tam 26(5):640-671. doi:10.1080/026520
30802627160

3. Houghton E, Copsey J, Dumasia MC,
Haywood PE, Moss MS, Teale P (1984)
Biomed Mass Spectrom 11(2):96-99. doi:
10.1002/bms.1200110209

4. Maghuin-Rogister M, Bosseloire A,
Gaspar P, Dasnois C, Pelzer G (1988)
Ann Med Vet 132:437

5. Vandenbroecke M, Van Vyncht G, Gas-
par P, Dasnois C, Delahaut P, Pelzer G,
De Graeve J, Maghuin-Rogister G (1991)
J Chromatogr 564:405-412. doi:10.1016/
0378-4347(91)80509-B

6. Clouet A, Le Bizec B, Montrade MP,
Monteau F, Andre F (1997) Analyst
122(5):471-474. doi:10.1039/a607933d

7. Sterk S, Herbold H, Blokland M, van
Rossum H, van Ginkel LA, Stephany R
(1998) Analyst 123:2633-2636. doi:10.1039/
a804947e

8. Dehennin L, Silberzahn P, Reiffsteck A,
Zwain 1 (1984) Pathol Biol 32(8):828-829

9. Van Hende J (1995) Postgraduate thesis
on the endogenous occurrence of alpha-
nortestosterone in pregnant animals of
various species. Ghent University, Bel-
gium

Original

10.

1.

12.

13.

15.

16.

18.

19.

Le Bizec B, Gaudin I, Monteau F, Andre
F, Impens S, De Wasch K, De Brabander
H (2000) Rapid Commun Mass Spectrom
14(12):1058-1065. doi:10.1002/1097-0231
(20000630)14:12 < 1058:AID-RCM991 >
3.0.CO;2-7

Roig M, Segura J, Ventura R (2007) Anal
Chim Acta 586(1-2 SPEC. ISS.):184-195.
doi:10.1016/j.aca.2006.08.033

Ventura R, Roig M, Pérez B, Lopez S,
Medina M, Bosch J, Segura J (2008)
Rapid Commun Mass Spectrom 22(12):
1863-1870. doi:10.1002/rcm.3563
Debruyckere G, Van Peteghem C, De
Brabander HF, Debackere M (1990) Vet
Q 12(4):246-250

. De Brabander HF, van Hende J, Batjoens

P, Hendriks L, Raus J, Smets F (1994)
Analyst 119(12):2581-2585. doi:10.1039/
AN9941902581

Poelmans S, De Wasch K, Noppe H, Van
Hoof N, Van Cruchten S, Le Bizec B,
Deceuninck Y, Sterk S, Van Rossum HJ,
Hoffman MK, De Brabander HF (2005)
Food Addit Contam Part A Chem Anal
Control Expo Risk Assess 22(9):808-815.
doi:10.1080/02652030500197805
Houghton E, Teale P, Dumasia MC
(2007) Anal Chim Acta 586:196-207. doi:
10.1016/j.aca.2006.11.059

. Garrett WM, Hoover DJ, Shackleton

CHL, Anderson LD (1991) Endocrinol-
ogy 129(6):2941-2950. doi:10.1210/endo-
129-6-2941

Font i Furnols M, Gispert M, Guerrero
L, Velarde A, Tibau J, Soler J, Hortos M,
Garcia-Regueiro JA, Perez J, Suarez P,
Oliver MA (2008) Meat Sci 80(4):1013—
1018. doi:10.1016/j.meatsci.2008.04.018
US FDA (2001) Guidance for industry:
bioanalytical method validation. US
Department of Health and Human Ser-
vices, US FDA, Centre for Drug Evalu-
ation and Research, Rockville, MD, USA.
URL  http://www.fda.gov/cder/guidance/
4252fnl.htm

Chromatographia 2010, 72, August (No. 3/4)

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Lee JW, Devanarayan V, Barrett YC,
Weiner R, Allinson J, Fountain S, Keller
S, Weinryb I, Green M, Dua L, Rogers
JA, Milham R, O’Brien PJ, Sailsted J,
Khan M, Ray C, Wagner JA (2006)
Pharm Res 23(2):312-328. doi:10.1007/
$11095-005-9045-3

Estler WT (1997) J Res Natl Inst Stand
Technol 102(5):587-588

Manly BJF (2007) Randomization,
bootstrap and Monte Carlo methods in
biology, 3rd edn. Chapman and Hall/
CRC, Florida, USA ISBN: 978-15848
85412

European Union (2002) Off J Eur Comm
L221. Commission Decision (2002/57/
EC) of 12 August 2002, pp 8-36
Heitzman RJ (1994) Veterinary drug res-
idues: residues in food producing animals
and their products: reference materials
and methods. Blackwell, Oxford, UK
ISBN: 0-632-03786-5

Houghton E, Crone DL (2000) In: Pro-
ceedings of the 13th international
conference of racing analysts and veteri-
narians, Cambridge, UK. R&W Publica-
tions, Newmarket, UK, pp 23-26. ISBN:
899772-08-1

Prévost S, Buisson C, Monteau F, Andre
F, Le Bizec B (2004). In: Proceedings of
Euroresidue 5, Addix (Wijk bij Duurst-
ede, Netherlands) pp 777-782. ISBN: 90-
804925-2-3

Boyer S, Garcia P, Popot MA, Steiner V,
Lesieur M (2007) J Chromatogr B Bio-
med Appl 852:684-688. doi:10.1016/j.
jchromb.2007.02.046

Van Cruchten S, De Wasch K, Impens S,
Lobeau P, Desmedt I, Simoens P, De
Brabander H (2002) Vlaams Dierge-
neeskundig Tijdschrift 71:411-418
Cornillie P, Mortier V, Verheyden K,
Simoens P, De Brabander HF, Vanhaecke
L (2009) Online J Vet Res 13(1):63-75

305


http://dx.doi.org/10.1080/02652030802627160
http://dx.doi.org/10.1080/02652030802627160
http://dx.doi.org/10.1002/bms.1200110209
http://dx.doi.org/10.1016/0378-4347(91)80509-B
http://dx.doi.org/10.1016/0378-4347(91)80509-B
http://dx.doi.org/10.1039/a607933d
http://dx.doi.org/10.1039/a804947e
http://dx.doi.org/10.1039/a804947e
http://dx.doi.org/10.1002/1097-0231(20000630)14:12%3c1058:AID-RCM991%3e3.0.CO;2-7
http://dx.doi.org/10.1002/1097-0231(20000630)14:12%3c1058:AID-RCM991%3e3.0.CO;2-7
http://dx.doi.org/10.1002/1097-0231(20000630)14:12%3c1058:AID-RCM991%3e3.0.CO;2-7
http://dx.doi.org/10.1016/j.aca.2006.08.033
http://dx.doi.org/10.1002/rcm.3563
http://dx.doi.org/10.1039/AN9941902581
http://dx.doi.org/10.1039/AN9941902581
http://dx.doi.org/10.1080/02652030500197805
http://dx.doi.org/10.1016/j.aca.2006.11.059
http://dx.doi.org/10.1210/endo-129-6-2941
http://dx.doi.org/10.1210/endo-129-6-2941
http://dx.doi.org/10.1016/j.meatsci.2008.04.018
http://www.fda.gov/cder/guidance/4252fnl.htm
http://www.fda.gov/cder/guidance/4252fnl.htm
http://dx.doi.org/10.1007/s11095-005-9045-3
http://dx.doi.org/10.1007/s11095-005-9045-3
http://dx.doi.org/10.1016/j.jchromb.2007.02.046
http://dx.doi.org/10.1016/j.jchromb.2007.02.046

	Validation of an Analytical Biomarker Approach for the Detection of Nandrolone Abuse in the Porcine
	Abstract
	Introduction
	Experimental
	Chemicals and Reagents
	Collection of Samples from Untreated Animals
	Preparation of Calibration Lines and QCs
	Extraction Method
	Method Validation Protocol
	Analysis of Samples from Untreated Animals
	GC--MS--MS Method
	Statistical Analysis of the Untreated Animal Population Data

	Results
	Chromatography
	Selectivity
	Linearity
	Lower Limits of Quantification and Detection
	Precision and Accuracy
	Linearity of Dilution
	Recovery
	Matrix Stability
	Application of the Method to a Population of Samples from Untreated Animals
	Statistical Analyses of the Population Data

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


