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A method was developed for the analysis of the synthetic progestin 17a-hydroxyprogesterone

caproate in equine plasma following its administration by intramuscular injection. The method

employed a reversed-phase solid-phase extraction followed by enol-trimethylsilylation and analysis

by gas chromatography/tandem mass spectrometry. The intact ester was detectable in the plasma for

up to 2 weeks after a single therapeutic dose, and was found to be stable in equine whole blood for at

least 2 months. Copyright # 2006 John Wiley & Sons, Ltd.
The in-competition use of anabolic-androgenic steroids is

banned in Australian horse racing, and this rule is enforced

through rigorous drug testing programs. As a result, some

veterinarians and trainers have shown a willingness to

experiment with less conventional anabolic agents in the

hope that they will be overlooked by existing drug screening

procedures. One compound rumoured to be the subject of

such application is 17a-hydroxyprogesterone caproate

(Fig. 1), a synthetic progestin derived from the endogenous

steroid hormone 17a-hydroxyprogesterone. The principal

therapeutic uses for this compound in horses are for estrus

control, maintenance of pregnancy and management of

progesterone deficiency in mares, and for the prevention of

weight loss in geldings. The latter use in particular, which

makes use of the mild anabolic properties of the steroid, may

be considered a contravention of the rules of racing.

A potential complicating factor in the analysis of

17a-hydroxyprogesterone caproate in horses is the

presence of endogenous free 17a-hydroxyprogesterone.

Given the inherent difficulty in distinguishing exogenous

from endogenous contributions to observed 17a-hydroxy-

progesterone concentrations, additional evidence beyond the

mere presence of this analyte would clearly be required to

establish a rule breach. Similar problems exist for the

endogenous steroids testosterone and cortisol, where allow-

able urinary threshold concentrations have been established

for doping control purposes. However, in the case of 17a-

hydroxyprogesterone, the extensive statistical data necessary

for such an approach is currently unavailable and would be

tedious to accumulate. Consequently, an analysis targeting

the intact caproate ester, which is of clearly exogenous origin,

would be the preferred strategy.

While there are numerous published gas chromatog-

raphy/mass spectrometry (GC/MS)1,2 and liquid chroma-
ndence to: A. R. McKinney, Australian Racing Forensic
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tography/mass spectrometry (LC/MS)3–7 methods for the

analysis of free 17a-hydroxyprogesterone in blood, only two

reports currently exist for the detection of the intact caproate

ester in a biological matrix. These are a radioimmunoassay

procedure8 and a high-performance liquid chromatog-

raphy/ultraviolet (HPLC/UV) procedure,9 applied in each

case to human serum. Unfortunately, however, analytical

approaches such as these fall short of the rigorous specificity

criteria demanded in a doping control context, where mass

spectral data is typically a prerequisite for prosecution.

Hence our aim was to investigate the possibility of detecting

intact 17a-hydroxyprogesterone caproate in equine plasma

or urine byMS following its administration by intramuscular

injection, the usual route of administration in the horse.
EXPERIMENTAL

Chemicals and equipment
17a-Hydroxyprogesterone caproate and 16-dehydroproges-

terone were purchased from Steraloids (Newport, RI, USA).

Medroxyprogesterone acetate was purchased from Aldrich

(Castle Hill, NSW, Australia). C18 solid-phase extraction

(SPE) cartridges (P/N WAT020805) were purchased from

Waters (Rydalmere, NSW, Australia).

Animal administration experiments
An oily solution of 17a-hydroxyprogesterone caproate

(Procyte Depo1, Nature Vet, Glenorie, NSW, Australia;

5mL¼ 500mg steroid) was administered by intramuscular

injection to two thoroughbred geldings (10 years, 550 kg;

11 years, 580 kg). Blood samples were collected in lithium

heparin vacuum tubes pre-administration, then at 2 h

intervals for 6 h, 24 h intervals for 10 days, and 48h intervals

for a further 18 days post-administration. All samples were
Copyright # 2006 John Wiley & Sons, Ltd.
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Figure 1. Molecular structures of 17a-hydroxyprogesterone

caproate (top) and medroxyprogesterone acetate (bottom).
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immediately refrigerated and were transported to the

laboratory for analysis at the earliest available opportunity.

Urine samples were collected by conditioned spontaneous

voiding pre-administration, then at the same intervals post-

administration as the blood samples. All samples were

immediately frozen and stored at �208C until required for

analysis. The experiment was approved by the Racing New

South Wales Animal Care and Ethics Committee.

Sample preparation
Aliquots of plasma (2mL) or urine (2mL) were spiked with

medroxyprogesterone acetate (plasma: 1 ng/mL, urine:

10 ng/mL), and were then loaded onto Waters C18 SPE

cartridges (3mL, 500mg) which had previously been

conditioned with methanol (5mL), water (5mL) and sodium

chloride solution (1% w/v, 5mL). The cartridges were

washed with sodium chloride solution (1% w/v, 5mL) and

water (5mL), dried under vacuum, washed with hexane

(5mL) to remove residual water, dried under vacuum again

and finally eluted with ethyl acetate (5mL). The eluates were

dried by evaporation at 608C under a stream of nitrogen. The

residues were reconstituted in a freshly prepared solution of

ammonium iodide and dithioerythreitol in N-methyl-N-

trimethylsilyltrifluoroacetamide (0.2% and 0.4% w/v, 50mL)

and incubated for 1 h at 808C. The reaction mixtures were

transferred directly to autosampler vials for GC/MS

analysis.

GC/MS analysis
GC/MS data were acquired on a Waters Micromass (Rydal-

mere, NSW, Australia) Quattro triple quadrupole instrument

equipped with a BPX-5 capillary column (30m� 0.25mm i.d.,

0.25mm film thickness; SGE, Ringwood, VIC, Australia) and

using heliumas carrier gas. Sample injections (2mL)weremade

in splitless mode with an injector temperature of 2508C. The
column was initially held at 1008C for 2min, then was ramped

at 408Cmin�1 to 3008C and held for a further 10min. The head

pressure was programmed to maintain a constant flow rate of

1mLmin�1, with the purge valve opening at 2min to a split of

30:1. Themass spectrometerwas operated in electron ionisation

(EI) mode with a transfer line temperature of 2508C, source
Copyright # 2006 John Wiley & Sons, Ltd.
temperature of 2008C and ionisation energy of 70 eV. Analyte

identitywas confirmed inmultiple reactionmonitoring (MRM)

mode using the m/z 456! 441, 456! 351, 456! 208 and

456! 193 transitions. Quantitative data were acquired in

MRM mode using the m/z 456! 208 transition for 17a-

hydroxyprogesterone caproate and m/z 470! 222 for medrox-

yprogesterone acetate. The collision energy and dwell time for

allMS/MS experimentswere 15eV and 20ms.Argonwas used

as the collision gas.

Quantitation
Duplicate calibration curves were constructed for 17a-hydro-

xyprogesterone caproate in blank plasma over the range 0.05 to

1.6ng/mL using medroxyprogesterone acetate (0.4ng/mL) as

an internal standard. The curvewas linear over the stated range

with a correlation coefficient (R2) of 0.985.

Validation
Method specificity was assessed through the analysis of a

series of blank plasma samples (n¼ 16). No significantmatrix

interference was observed in the region of interest in any of

these samples.

The limit of detection (LOD) was estimated through the

analysis of replicate plasma samples (n¼ 4) spiked with 17a-

hydroxyprogesterone caproate at various concentrations.

The value was estimated as being less than 0.05 ng/mL,

based on a signal-to-noise ratio greater than 3 for each of the

four ion transitions monitored.

Analyte recovery from the extraction procedure was

determined by analysing replicate plasma samples (n¼ 6)

spiked with 17a-hydroxyprogesterone caproate (0.1, 0.4 or

1.6 ng/mL) against replicate blank plasma extracts (n¼ 6)

spiked at the same levels. Medroxyprogesterone acetate

(0.4 ng/mL) was added to all samples post-extraction as an

internal standard. The mean recovery of 17a-hydroxypro-

gesterone caproate as determined by this method was 85%.

Analyte stability in equine blood was assessed by spiking

blank whole blood samples collected in lithium heparin

vacuum tubes with 17a-hydroxyprogesterone caproate

(1 ng/mL) and storing either at room temperature or at

48C. The ester was still readily detectable after 2 months at

either temperature.

Quantitative accuracy was assured through the analysis of

duplicate quality assurance spikes (0.4 ng/mL) prepared

from a separate weighing to the calibrators. Both spikes

returned calculated values within 10% of nominal.

Intra-assay variation was assessed through the analysis

of replicate plasma samples (n¼ 6) spiked with 17a-

hydroxyprogesterone caproate (0.4ng/mL). The coefficient

of variation as determined by thismethodwas found to be 6%.

As the quantitation of 17a-hydroxyprogesterone caproate

would not normally be required in a dope testing context,

further quantitative method validation was not performed.

The plasma concentrations reported here are intended as

indicative only.
RESULTS AND DISCUSSION

The procedure developed for the analysis of 17a-hydroxy-

progesterone caproate in plasma or urine involved reversed-
Rapid Commun. Mass Spectrom. 2006; 20: 1855–1858
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Figure 2. CID product ion mass spectrum for the bis(enol-trimethylsilyl

ether) derivative of 17a-hydroxyprogesterone caproate. The precursor ion

is the [M–CH3(CH2)4COOH]þ. ion at m/z 456.

Detection of a synthetic progestin in equine plasma 1857
phase (C18) SPE followed by derivatisation and GC/MS/MS

analysis. Treatment of 17a-hydroxyprogesterone caproate

with N-methyl-N-trimethylsilyltrifluoroacetamide/ammon-

ium iodide reagent provided a bis(enol-trimethylsilyl ether)

derivative with suitable GC/MS characteristics for analysis

at low concentrations. No molecular ion was observed in EI

mode, with facile loss of hexanoic acid giving m/z 456 as the

highest mass ion. The possibility that this was a pyrolytic loss

occurring during the GC separation was discounted through

the analysis of an authentic 16-dehydroprogesterone stan-

dard: the bis(enol-trimethylsilyl ether) derivatives of the two

standards were readily differentiated by both GC and

MS/MS. The product ion mass spectrum obtained from

collision-induced dissociation (CID) of the m/z 456 ion of

derivatised 17a-hydroxyprogesterone caproate is shown in

Fig. 2.
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Figure 3. Representative extracted ion chromatograms

for an equine plasma sample containing 0.05 ng/mL

17a-hydroxyprogesterone caproate.
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The analyte concentrations observed in real samples for

themost part proved too low to confirm by full-scanMS/MS,

and in this case the analyte identity was confirmed by

performing MRM on four distinct ion transitions. The

transitions selected (from the precursor ion at m/z 456) were

the methyl radical loss at m/z 441, the subsequent

trimethylsilanol loss from m/z 441 to m/z 351, the base peak

at m/z 208, consistent with a retro-Diels-Alder fragmentation

of the B-ring, and the ion atm/z 193 presumed to derive from

a combination of the B-ring and methyl loss fragmentations.

The m/z 456! 208 transition was used for quantitation. A

representative chromatogram for 17a-hydroxyprogesterone

caproate at a concentration of 0.05 ng/mL in plasma appears

in Fig. 3. The bis(enol-trimethylsilyl ether) derivative of

medroxyprogesterone acetate behaved in an analogous

manner, with facile loss of acetic acid giving rise to an ion

at m/z 470, which in turn generated a base peak at m/z 222

under CID conditions.

On application to the blood samples collected during the

drug administration trial, intact 17a-hydroxyprogesterone

caproate was detected for up to 12 days in one horse and up

to 14 days in the other. The lower limit of detection of the

method was estimated to be less than 0.05 ng/mL, and peak

plasma concentrations of around 0.6 ng/mL were attained

from 24 to 72 h post-administration. Plots of plasma

concentration against time for both horses appear in

Fig. 4. Given the possibility that several days or even weeks
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Figure 4. Plasma 17a-hydroxyprogesterone caproate con-

centrations in two horses following administration by intra-

muscular injection.
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could elapse between sampling and analysis, the stability of

17a-hydroxyprogesterone caproate in whole blood was also

assessed, andwas found to be adequate for the application of

the method over such a timescale.

In the case of the urine samples from the drug

administration trial, intact 17a-hydroxyprogesterone capro-

ate was not detected. Given this lack of initial success,

method validation in urine was not performed, although it

can be stated from the limited data collected that the method

LOD appeared to be less than 5ng/mL.
CONCLUSIONS

Intact 17a-hydroxyprogesterone caproate was detectable in

equine plasma for up to 2 weeks after the administration by

intramuscular injection of a single therapeutic dose. The ester

was found to be stable in whole blood for at least 2 months.
Copyright # 2006 John Wiley & Sons, Ltd.
17a-Hydroxyprogesterone caproate was not detected in the

corresponding urine samples.
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