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Medroxyprogesterone acetate (MPA) is a synthetic progestational agent 
which has proved to be effective for contraceptive purposes [l] and is in- 
creasingly used in oncology as an adjuvant treatment for hormone-dependent 
cancers such as endometrial cancer [Z] and especially breast cancer [3, 41. 
The plasma measurement of this product in breast cancer, for which repeated 
high doses of MPA -are becoming frequent, appears to be relevant, as was 
recently demonstrated in a comparative study on kinetics during per OS or 

intramuscular administration [5] . Reports in the literature make mention of 
gas chromatography 161 or radioimmunology [7] for quantification of MPA 
concentrations in the blood. We propose a method based on high-performance 
liquid chromatography in which emphasis has been placed on the ease of 
plasma extraction and on the speed and quality of the chromatographic resolu- 
tion. 

MATERIALS AND METHODS 

Reagents and materials 
Bidistiikd water was obtained from Laboratoire Aguettant (Lyons, France), 

RP. Normapur methanol was obtained from Prolabo (Paris, France), and 
glacial acetic acid was purchased from Carlo Erba (Milan, Italy). Medroxy- 
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progesterone acetate was a generous gift from Carlo Erba (Milan, Italy): batch 
MP 0004/2149_ Cyproterone acetate was a generous gift from Labor&oh-es 
Theramex (Principality of Monaco). The internal standard, 19-norprogesterone 
(19-NPG), and the other steroids tested in the study were obtained from Sigma 
(St_ Louis, MO, U_SA_)_ Plasma samples were taken into EDTA tubes. 

Extraction procedure 
Sep-Pak extraction cartridges were purchased from Waters Assoc. (Milford, 

MA, U.S.A.). Before use they were washed with 2 ml of methanol and 5 ml of 
distilled water. Use was made of injection syringes with a flow-rate of approx- 
imately 2-3. ml/min_ A plasma standard enriched with MPA to a concentra- 
tion of 200 ng/ml was prepared for reference purposes_ Plasma samples were 
tested only once. To 2 ml of plasma (standard or sample) were added 20 crl 
of IS-NPG 5-1O-5 M in solution in ethanol. The entire 2 ml were than passed 
through the cartridge and the eluate was discarded_ Five miliihtres of water 
and 2 ml of methanol-water (30:100, v/v) were then passed successively 
through the cartridge with the eluate being discarded each time. Two milli- 
Iitres of pure methanol were then passed through the cartridge; the eluate 
was collected and evaporated at 60°C in a water bath under a flow of nitrogen_ 
The dry residue was recovered in 200 ~1 of ethanol and an aliquot was injected 
into the chromatograph- The maximum injected volume necessary to guarantee 
good separation was 75 ~1. We generally used 50 PI_ 

Appamtus and chromatographic conditions 
The liquid chromatograph and coIumn were from Waters Assoc.; the unit 

inciuded a 6000 A pump and a U6K injector coupled with a radial compres- 
sion RCM 100 module equipped with a Radial Pak cartridge (8 X 100 mm) 
containing 5-r-m reversed-phase particles of Bondapak C,,. An M 440 UV 
detector (254 nmj connected to a Data Module integrator was used for detec- 
tion and quantification of the compounds chromatographed. For calcula- 
tions, peak heights were taken into consideration. 

The mobile phase consisted of a methanol-water mixture (75:100, v/v)_ 
The pH was lowered to 4.00 with glacial acetic acid. The flow-rate was 2.5 
m!/min, and the resulting pressure was 80 bars. 

RESULTS 

Chromatogram 
Fig_ L4 shows a chromatogram of blank plasma to which the intemaI stan- 

dard 19-NPG (peak 2) had been added; Fig- 1B shows the chromatographic 
profile of a piasma sample taken 6 h after drug ingestion (1000 mg) and spiked 
with 19-NPG, MPA was chromatographed and peak 1 corresponds to the r&en- 
tion tune of the pure product. 

ResoIution between iMPA and the internal standard 19-NPG appears satis- 
factory; the blank does not show any interfering peak at the MPA retention 
time_ 
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Fig. 1. (A) Cbromatogram of a blank plasma sample (2 ml) spiked with 20 rl of 5-lo-’ M 
l9aorprogesterone (peak 2); 75 ~1 injected. (B) Chromatogmm of a plasma sample (2 ml) 
taken6hafteroraladminis tration of MPA and spiked with 20 ~1 of 5-IO-’ M 19-nor- 
progesterone (peak 2); 50 g1 injected. Peak 1 corresponds to MPA. 

Calibration curve and sensitivity 
The calibration curve obtained with MPA concentrations from 20 to 500 

ng/ml (six points) was linear, with a coefficient of correlation of 0.987. The 
limit of sensitivity for plasma samples was reached at a concentration of 4 ng/ 
ml. This represented 2% of full scale detection at 0.005 ABS. 

Recovery and reproducibility 
Recovery from a reference plasma at a concentration of 200 ng/ml was 

76% (the mean of seven samples). Six identical aliquots of plasma (200 ng/mI) 
were measured in the same series and gave a coefficient of variation [(SD./ 
mean) X 1001 of 3.2%, representing the in&z-assay reproducibility_ 

The same plasma (200 ng/ml) was also evaluated in six different series, 
and a coefficient of variation of 8.6% was obtained; this represented the inter- 
assay reproducibility_ 

Selectivity 
The following steroids have been separated using the same chromatographic 

system: oestradiol, progesterone, promegestone, cortisone, hydroxycortisone, 
testosterone, dihydrotestosterone and cyproterone acetate. None of them had 
the same retention times as MPA or 19-NPG. 
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Application: plasma levels in patients undergoing treatment 
MPA was measured for breast cancer patients taking the drug daily, either 

orally or by intramuscular injection. Table I gives the plasma drug concentra- 
tions for the fiit day and days thereafter_ There appear to be wide inter- 
individual variations in absorption as well as in the steady-state level, as recent- 
ly mentioned by others [ 5]_ 

TABLEI 

PLASMA LEVELS OF MEDROXYPROGESTERONE ACETATE (MPA) IN BREAST 
CANCER PATIENTS TREATED ORALLY OR BY INTRAMUSCULAR INJECTION 

Means of P&ient MPA corxe&ration in pksma (nmolfl) 

administration 
First day Followingdays 
(hours after -ion) (6hafteradministration) 

+2 i-4 +6 i-12 +1 i-2 i-3 +4 i-5 

rbxmllscuiarl 38 47 22 ND* 5 11 22 28 44 
(5OOmg) 2 15 30 31 26 30 40 92 27 54 

3 16 54 22 ND 58 50 69 57 53 

Oral 4 118 117 112 12.5 ND 166 170 125 220 
(1OOOmg) 5 11 6 4 <4 14 60 70 75 90 

6 630 530 312 25 120 220 265 147 413 

*ND=notdetermined_ 

DISCUSSION 

The high-performance liquid chromatographic method described allows 
MPA separation and quantification in plasma. The choice of Sep-Pak cartridges 
for MPA extraction was based on a previous report [8] concerning estrogen 
extraction from urine and plasma. The procedure is simple, rapid, quantitative 
and reproducible, as shown by the relatively low coefficient of variation 
(below 10%) for intra- and inter-assay reproducibility_ It eliminates the need 
for liquid-liquid extraction, which is often tedious for steroids and can in- 
volve classical problems with emulsions and low recovery levels. Radial com- 
pression columns represent a new technique in liquid chromatography: the 
radiaI compression forms a non-voiding chromatographic bed and applies 
uniform pressure to the flexible-walled cartridge_ The theoretical elimination 
of channels thus obtained results in objective improvement in separation 
performance with a greater number of plates when compared to conventionally 
used stainless steel cohunns_ Furthermore, the back pressure is relatively low: 
less than 68-100 bar with a flow-rate of 2.5-3.0 ml/min. 

We f-1 that this type of chromatography is particularly suitable for the 
separation of steroids. All of the major steroids have been tested for possible 
interference with MPA retention, but none of them showed any superposi- 
tion of peaks with MPA_ It should also be noted that cyproterone acetate, a 
drug recently shown to have the same retention as MPA [9], did notinter- 
fere in this chromatographic system. 

While the sensitivity of our method is comparable to that of gas chromato- 
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graphy [S] , our technique has the advantage of being simple and thus easy to 
perform, especially for sample preparation. Since it allows MPA quantification 
in patients treated by this drug, it could be used for pharmacokinetics studies. 
The metabolism of MPA in humans has not yet been studied extensively [lo], 
and our method could be adopted by investigators with a view to identifying 
and quantifying the products of MPA degradation in man. 
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