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Summary. The influence of two progestins, medroxypro- 
gesterone acetate (MPA) and megestrol acetate (MA), giv- 
en orally in high doses, on the pharmacokinetics of antipy- 
rine, digitoxin, and warfarin were studied in patients with 
advanced breast cancer. Antipyrine and warfarin were giv- 
en as a single test dose before and after 5 weeks of proges- 
tin treatment. The pharmacokinetics of digitoxin was in- 
vestigated at steady state in patients receiving this drug 
therapeutically before and during treatment with proges- 
tins. Small changes in clearance rates for antipyrine, war- 
farin, and digitoxin were found. A minor decrease ob- 
served in warfarin clearance however may be of clinical 
importance. Half-lives decreased by 13% for antipyrine 
and increased by 71% for warfarin. High-dose progestins 
given orally do not seem to have a major influence on 
drug metabolism, probably reflecting a minor effect on 
drug and steroid-metabolizing microsomal mono-oxygen- 
ases in the liver. 

Introduction 

High-dose progestin therapy seems to be as efficient as 
conventional endocrine therapy in the management of 
advanced breast cancer. This has been documented for in- 
tramuscular (IM) administration, but recently also for oral 
(PO) treatment [1, 16]. The mechanism of action of proges- 
tins as anticancer agents is unknown but may be related to 
suppression of adrenal steroid synthesis [1, 24], decrease in 
estrogen receptor synthesis [20], or alterations in steroid 
metabolism in target cells [21, 22]. 

There are recent reports on a possible influence of pro- 
gestins on the mixed function oxidase system of the liver 
[3, 8, 15, 17]. This enzyme system is responsible for the me- 
tabolism of several drugs and some steroid hormones, in- 
cluding progestins themselves. Therefore, progestin ad- 
ministration may have a major impact on the metabolic 
fate and thereby dose schedules of these compounds. 

No data exist on the possible effects of a high oral dose 
of progestins on the pharmacokinetics of drugs meta- 
bolized by the hepatic mixed function oxidase system. We 
therefore studied the kinetics of antipyrine, digitoxin, and 
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warfarin before and during long-term oral dosage of two 
progestins, medroxyprogesterone acetate (MPA) and me- 
gestrol acetate (MA). These drugs were selected because 
their use as clinical probes for assessing the functional 
state of the mixed function oxidase system has been veri- 
fied. 

Materials and methods 

Patients 

All patients (13 females and 1 male) in this study were re- 
ceiving progestins (MPA or MA) as treatment for their 
advanced breast cancer. MPA was given at a dose of 
500 mg b.i.d. (5 x 100 mg tablets, Provera, Upjohn) and 
MA as 160 mg once daily (4 × 40 mg tablets, Megace, Bris- 
tol-Myers). All patients gave their informed concent to 
participate in the study. None of the patients were smo- 
kers, and other drugs known to be enzyme inducers or in- 
hibitors were not used. Aminoglutethimide (AG), a known 
enzyme inducer [11], had been given to 3 of the patients, 
but this treatment was stopped 2 -5  weeks before the first 
test situation. Other drugs were kept constant during the 
test period. During the investigation patients were on a 
standard hospital diet without charcoal broiled food and 
with a fixed amount of xanthine-containing beverages. 
Serum creatinine and BUN were within normal limits in 
all patients. Albumin, coagulation factors, and bilirubin 
were usually within normal limits; no changes were ob- 
served during the study. 

Study protocols 

Antipyrine study. Nine patients (eight females, one male) 
were used to test for an influence on antipyrine metabo- 
lism, four with MPA and five with MA. Their mean age 
was 69 years (range 43-85), and the mean body weight 
was 67 kg (range 45-88). One patient (KH) had liver me- 
tastases shown by ultrasonography, but these remained un- 
changed during the test period. None of the patients had 
thyroid dysfunction [18], episodes with fever [5]; both con- 
ditions which are known to influence drug metabolism. 
Three patients (KH, ON, GRG) had stopped AG therapy 
2, 2.5, and 5 weeks, respectively, before the first test situa- 
tion. 

The patients received a single dose of 1000 nag of an- 
tipyrine orally (two 500 mg tablets, Fenazon, "NAF",  Os- 
lo). The drug was given at 8 a. m. after an overnight fast. 
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Food and medication was allowed 2 h after the dose. 
Blood samples were taken immediately before and 2, 4, 6, 
8, 10, 12, 24, and 30 h after the test dose. Then the patients 
started progestin therapy (MPA or MA) and the study was 
repeated 5 weeks later, at a steady state blood level of pro- 
gestins. 

Digitoxin study. Three patients with mean age 76.3 years 
(range 74-80) and mean body weight 58 kg (range 54-63) 
were studied, two with MPA and one with MA. One pa- 
tient (GRG) was tested at the same time both for digitoxin 
and antipyrine metabolism and one (OG) for both digitox- 
in and warfarin metabolism. One patient (GRG) had 
stopped AG therapy 5 weeks before the first test dose. 
Steady-state blood concentration of digitoxin was estimat- 
ed in three patients from blood samples taken 6 h after me- 
dication on 3 consecutive days, before start and after 5 
weeks on progestin treatment. 

Warfarin study. Four patients were included; two received 
MPA and two MA. Mean age was 71.0 years (range 
58-80) and mean body weight was 66 kg (range 46-95). 
One patient increased her body weight by 2.5 kg during the 
test period. 

Warfarin was administered as a single test dose of 
0.30 mg/kg BW using racemic warfarin dissolved in water. 
Parameters of coagulation (NT, TT, Cephotest, platelet 
count, and bleeding time) were measured and found nor- 
mal in all patients before the two test situations. Blood 
samples were taken immediately before and 2, 4, 6, 8, 10, 
12, 24, 36, 48, 72, 96, and 120 h after the test dose and re- 
peated after 5 weeks on progestin treatment. 

Progestins. Progestin serum levels were measured in all our 
patients at steady state, using blood samples taken imme- 
diately before and 2, 4, 6, 8, 10, 12 (MPA) and also 24 
(MA) h after the morning dose of progestin. For one pa- 
tient (HF) only the 6-h sample on 3 consecutive days was 
used. 

Radioimmunoassay of progestins 

[3H] MPA (NET-480:6 c~ methyl-17c~-hydroxy-progester- 
one acetate, [1,2-3H(N)], 60.0 Ci /mmol  was obtained from 
New England Nuclear (Boston, Mass.). Crystalline nonra- 
dioactive MPA, 6-a-methyl-17c~-hydroxy-progesterone 
acetate (No.M-1629) and MA, megestrol acetate (No.M- 
0513) were from Sigma Chemical Co. (St. Louis, Mo.). All 
solvents, of analytical grade, were from Merck. Opti-Fluor 
from Packard Instruments was used as liquid scintillation 
cocktail. 

Antiserum against MPA-3-O-carboxymethyl-oxime- 
BSA conjugate; Anti-Provera, v~ 15698-Fak-53 was a gift 
from the Upjohn Co. (Kalamazoo, Mich.). All blood sam- 
pies, drawn as venipuncture, were allowed to coagulate for 
1 h at 4 °C, and then centrifugated at 3000 rpm for 15 min. 
Serum was separated and stored at - 2 0  °C until analysis. 

MPA and MA were measured by a radioimmunoassay 
(RIA) carried out as described by Ortiz et al. [13] with 
some modifications. Phosphate-BSA buffer (PBSA) with 
pH 7.5 (0.05 M potassium phosphate, 0.1 M sodium chlo- 
ride, 0.2% BSA, and 0.05% sodium azide) was used in the 
assay. 

[3H]MPA (1000 cpm) was added in 3001,tl buffer to 
300 pA serum and extracted once with 5 ml hexane for 

20 min. The extract was evaporated at 40 °C with N 2 and 
the residue dissolved in 1 ml PBSA. To correct for extrac- 
tion loss, an aliquot (400 ~tl) was obtained for scintillation 
counting. Aliquots of 50 pA adjusted to 200 Ixl with PBSA 
and seven different standard solutions, containing 62.5 to 
4000pg MPA or MA in each assay tube, were used. 
[3H]MPA (5000 cpm) in 100 ~tl buffer and 100 pA antiserum 
diluted 1:16000 in buffer were added to the incubation 
tubes. Samples and standards were run in duplicate and 
incubated overnight at 4 ° C. Then 750 ~tl ice-cold dextran- 
coated charcoal solution (0.25% charcoal Norit A and 
0.025% dextran) were added and the antibody-bound 
[3HIMPA in the supernatant was obtained for liquid scin- 
tillation counting after centrifugation at 2000 g. A nonli- 
near fit was used to construct standard curves and calcu- 
late MPA or MA concentrations in the unknown samples. 
The antiserum did not cross-react with progesterone, 
17-hydroxy-progesterone or medroxyprogesterone, but 
showed a high affinity for MPA (Ka= 1091/mol) and a 
45% cross reaction with MA (Ks= 1081/mol). 

Measurements of the test substances 

Antipyrine concentration was measured as described by 
Frazer et al. [6]. The series of antipyrine from each patient 
were analyzed at the same time, each sample in duplicate, 
with an intraassay coefficient of variation (Cv) of 2.8%. 
Serum digitoxin concentration was measured by a commer- 
cially available RIA Kit (Diagnostic Products Corpora- 
tion, California) used routinely in this hospital. Drug anal- 
yses were done in duplicate with an intraassay coefficient 
of variation of 4.1%. Warfarin concentration was measured, 
using a HPLC method published previously [23], all sam- 
ples from each patient were analyzed in a single run. 

Pharmacokinetic calculations (2) 

Clearance for antipyrine and warfarin were obtained using 
the formula: 

CI f× D , 
AUC 

where f i s  the fraction of dose absorbed, D is the dose of 
drug, and AUC is the area under the serum concentration 
curve from time zero to infinity. Since these drugs have 
been shown to be nearly completely absorbed with no de- 
tectable first pass metabolism [10, 18], f was considered to 
be 1 in our calculations. AUC was measured by the trape- 
zoidal rule from time zero until the last serum value ob- 
tained. The total area was found by adding the residual 
area calculated by extrapolation to infinity after log linear 
least-square regression analysis. Since antipyrine elimina- 
tion is described by a first-order, one-compartment model, 
all concentrations after peak were used to estimate t,/2. For 
warfarin all concentrations after t=  12 were used. 

Apparent volume of distribution (V~) was calculated by 
the equation: 

f ×  D 
Vz = Kz x AUC 

Lz = the disposition rate constant 

Clearance of digitoxin was calculated using the formula: 

C1 f x  DM 
Css avX'~ 

where DM is the maintenance dose size, C ss~v is the average 
steady-state concentration and "~ is the dosing interval. 
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Fig. 1. Antipyrine serum concentration profiles in one patient be- 
fore and after medroxyprogesterone acetate (MPA) therapy. An- 
tipyrine serum concentration is expressed as rag/1 
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Fig. 2. Antipyrine serum concentration profiles in one patient be- 
fore and after megestrol acetate (MA) therapy. Antipyrine serum 
concentration is expressed as rag/1 

Digi toxin is known to be well absorbed  [14] and f i n  the 
formula  was considered to be equal to 1. AUCss (at s teady 
state calculations) for the progest ins  were measured by the 
t rapezoida l  rule using all measurements  dur ing the dosing 
interval.  

Results 

Ant ipyr ine  serum concentra t ion  profi les in two pat ients  
are shown in Fig. 1 (MPA) and Fig. 2 (MA). The half-life, 
apparen t  volume of  dis tr ibut ion,  and  clearance values for 
each pat ient  before  and during progest in  t rea tment  are 
shown in Table 1. Log l inear  regression analysis  of  antipy- 
r ine e l iminat ion curves gave r values between 0.949 to 
0.999. No difference in the pharmacolog ica l  parameters  
were observed after progest in  treatment.  The clearance 
values for digi toxin are shown in Table 2. Only small  dif- 
ferences were observed fol lowing progest in  treatment.  

The warfar in  serum concentra t ion  profi le  in one pa- 
t ient is shown in Fig. 3. Log l inear  regression analysis of  
warfar in  e l iminat ion curves gave r values between 0.873 to 
0.995. The clearance values for indiv idual  pat ients  before 

and  during progest in t reatment  are shown in Table 3, 
which also gives dis t r ibut ion volume and half-lives. No 
differences in dis t r ibut ion volumes were observed,  but  all 
pat ients  showed a consistent  decrease in clearance from 
2.3 to 1.5 m l / h  kg BW (34.8%). A mean increase in half- 
lives from 43.4 to 74.4 h (71.4%) was observed. 

Ind iv idua l  progest in values of  concentrat ions  immedi-  
ately before (Cmi,) and  6 h (C6h) after the morning  dose, 
with A U C  at s teady state, are given in Table 4. Mean val- 
ues found for M P A  and M A  were 85.3 n g / m l  and 
162.4 n g / m l  for Cmin and 143.1 n g / m l  and 221.1 n g / m l  for 
C6h. 

Discussion 

Antipyr ine ,  digitoxin,  and  warfar in are all drugs, which 
are well absorbed  after PO adminis t ra t ion,  and  they do not  
undergo  significant first-pass metabol ism [10, 14, 18]. The 
pharmacokine t i c  calculat ions [2], based on the assumpt ion 
that  the absorpt ion  fraction is equal to 1, therefore,  seem 
justified.  

Only a small  fract ion of  p lasma  ant ipyr ine  is bound  to 

Table 1. Antipyrine kinetics 

Patients Age BW c Distribution volume Clearance Half-lives 
(years) (kg) (% BW) (ml h-~ kg -~) (h) 

Before During Before During Before During 

GRG" 74 58 45.5 46.2 15.2 l 7.6 20.8 18.2 
KHa 75 73 57.0 40.5 18.2 15.8 21.7 17.8 
DE a 73 49 44.3 56.5 23.7 29.4 12.9 13.3 
LH" 67 70 52.1 46.9 23.5 24.4 15.2 13.2 
MM b 85 58 39.3 40.5 17.4 18.5 15.6 15.2 
O N b 71 45 56.4 58.0 51.6 35.8 7.6 11.2 
OS b 72 88 43.4 43.5 28.5 32.5 10.6 9.3 
EP b 43 79 33.5 33.3 9.8 16.5 23.6 14.0 
SL b 59 83 39.7 39.8 19.1 23.1 14.0 12.0 

_~ 68.7 67.0 45.6 45.0 23.0 23.7 15.8 13.8 
SD 11.9 15.2 8.1 8.0 12.0 7.4 5.3 2.9 

a MPA 
b MA 
c No change in BW during progestin treatment 
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Fig. 3. Warfarin serum concentration profiles in one patient be- 
fore and after medroxyprogesterone acetate (MPA) therapy. War- 
farin serum concentration is expressed as Ixg/ml 

a lbumin ( <  10%) [18], whereas both  digi toxin [14] and war- 
far ine [10] are highly prote in  b o u n d  (>90%).  M P A  does 
not  b ind  to specific sites on p lasma  proteins  and is only to 
a small  extent associated with p lasma a lbumin [12]. There- 
fore, M P A  probab ly  does not  interfere with p lasma pro-  
tein b inding of  ant ipyrine,  digitoxin,  or warfarin,  and  in- 
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teract ion between M P A  and these test drugs involving dis- 
p lacement  seems unlikely.  Besides, M P A  did  not  affect 
prote in  b inding  of  these drugs by al terat ion in the p lasma 
a lbumin level. 

The pharmacokine t ic  parameters ,  half-lives, apparen t  
volume of  dis tr ibut ion,  and  clearance,  obta ined  for the test 
drugs during the present  s tudy were within the ranges re- 
por ted  by others [10, 14, 18]. We have previously obta ined 
similar pharmacokine t ic  da ta  for advanced  breast  cancer  
pat ients  [11]. The t ime interval  between the test before and 
during chronic progest in t rea tment  (5 weeks) al lowed a 
steady-state progest in concentra t ion in p lasma  to be at- 
ta ined (Table 4). This concentra t ion was in the range re- 
por ted  by others [19], when progest ins were adminis tered  
at the same dose as endocr ine  therapy for advanced  breast  
cancer. The lack of  major  influences of  progest ins on 
mixed function oxidase activity does not  seem to be due to 
low levels of  progestins in our patients. 

The ant ipyr ine  clearance is decreased following intake 
of  an oral contracept ive containing estrogens in combina-  
t ion with small  amounts  of  progest ins [9]. However,  when 
low oral dose (5 -10  mg M P A  daily) of  progest in alone 
was given to patients with liver cirrhosis [17], an increase 
in ant ipyr ine  clearance was observed. This f inding was in 
accordance  with increased mixed function oxidase activity 
in liver biopsies from these patients [17]. 

Rautio et al. [15] repor ted  that  high-dose M P A  
(250 rag /day)  t reatment  given as IM injections to patients 

Table 2, Digitoxin kinetics 

Patients Age BW Dose Digitoxin concentration Clearance 
(years) (kg) (mg) (nmol/1; x+ SD) ~ (ml h -I kg -I) 

Before During Before During 

GRG ~ 74 58.0 0.1 c 14.2_-, 1.5 21.7+2.0 6.6 4.3 
HF a 75 53.5 0.05 d 18.5 _+ 1.5 16.5 _+ 1.5 2.8 3.1 
OG b 80 63.5 0.1 c 19.7 +_ 1.6 18.2 _+ 1.5 4.4 4.8 

76.3 58.3 17.5 18.8 4.6 4.1 
SD 3.2 5.0 2.9 2.7 1.9 0.9 

a MPA b MA 
5d/w d 7d/w 

e Mean of measurements on 3 consecutive days 

Table 3. Warfarin kinetics 

Patients Age BW c Distribution volume Clearance Half-lives 
(years) (kg) 1 (% BW) (ml h -J kg -t) (h) 

Before During Before During Before During 

MG a 58 95.0 13.5 (14.2) 14.6 (15.0) 2.4 1.6 40.5 66.4 
OG a 80 63.5 8.4 (13.2) 7.5 (11.9) 2.1 0.9 44.6 96.3 
IN bx 70 61.0 8.2 (13.4) 10.5 (17.1) 2.0 1,4 45,8 81.8 
AC h 76 45.5 7.8 (17.1) 7.3 (16.2) 2.8 2.1 42,5 53.0 

X 71 66.3 9.5 (14.5) 10.0 (15.1) 2.3 1.5 43,4 74.4 
SD 9.6 20.8 2.7 (1.8) 3.1 (2.3) 0.4 0.5 2,3 18.8 

MA 
MPA 
No change in BW during progestin treatment 

x tested during steady-state progestin treatment, then 5 weeks after progestin had been stopped 
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Table 4. Plasma levels & AUCss of progestins 

Patients Concentration (ng/ml) 
Cmin C6h 

MPA MA MPA MA 

AUCss 
(ng ml -I h -I) 

MPA0_ j~ MA0_2a 

GRG 
LH 
KH 
DE 
IN 
AC 
HF 
OS 
ON 
SL 
EP 
MM 
OG 
MG 

103 130 
72 63 
82 151 
92 124 
54 77 

109 306 
- 151" 

1555 
795 

1396 
1461 
1058 
2912 

36 50 1171 
264 325 5939 

80 146 2775 
244 383 8106 
211 220 4755 
153 223 4976 
149 201 4731 

85.3 162 .4  143.1  221 .1  1529 .5  4636.1 
SD 20.4 84.0 79.6 109.8 734.3 2211.6 

a Mean of 3 measurements 

with endometr ia l  cancer,  decreased the ant ipyr ine  half-life 
after 6 days. When  the M P A  exposure was cont inued in 
these pat ients  by giving a low oral  dose (50 m g / d a y ) ,  the 
ant ipyr ine  half-lives increased after 4 months to values ob- 
served pr ior  to IM adminis t ra t ion.  A lack of  induct ion  of  
an t ipyr ine  metabol i sm dur ing oral  t rea tment  was ex- 
p la ined  by the low dose used, but  no da ta  on serum pro-  
gestin levels were given in this repor t  [15]. 

Our  data,  showing that high oral  dose of  M P A  or  M A  
did  not  increase the clearance o f  three test drugs, including 
ant ipyrine,  are difficult  to reconcile  with the f inding of  
Raut io  et al. [15]. The different  conclusion reached by  us is 
p robab ly  not  related to different  routes o f  adminis t ra t ion  
(PO vs IM). Tamass ia  et al. [191 have shown that  after dai ly  
I M  inject ion of  MPA,  the serum concentra t ion  of  this 
c o m p o u n d  increases very slowly to reach s teady state after 
several  weeks. Therefore,  within 6 days,  i.e., the t ime peri- 
od between the first and  second test dose with ant ipyr ine  
[15], only a low M P A  serum level has p robab ly  been ob- 
tained.  

We observed a small  decrease in warfar in  c learance 
fol lowing high-dose oral  adminis t ra t ion  of  M P A  (Table 3). 
I t  is conceivable  that  high-dose M P A  may  funct ion as a 
weak inhibitor of  isozyme(s) o f  the mixed funct ion oxidase 
system, par t ic ipa t ing  in the metabol i sm of  warfarin.  This 
may,  however,  be of  clinical  impor tance  as even a slight 
decrease in warfar in  c learance can result in serious bleed-  
ing disturbances.  

Progestins have been shown to increase the activity of  
some enzymes involved in the metabol i sm of  steroids. 
These include hepat ic  5-cx reductase [7], estradiol  dehy- 
drogenase  [21], and  arylsulfotransferase [22]. This st imula- 
tory effect may  decrease the amount  of  estrogens avai lable  
to the target  tissues and has been assigned a role in the me- 
chanism of  act ion of  MPA.  

In conclusion,  a l though progest ins seem to influence 
the activity of  some impor tan t  enzymes in steroid metabo-  
lism, oral adminis t ra t ion  of  high-dose M P A  or  M A  did not  
have a signif icant  s t imnlatory effect on the metabol i sm of  

ant ipyr ine,  digitoxin,  and  warfarin.  Therefore,  the results 
repor ted  here give no reason to suggest that  oral  dosing 
with M P A  or  M A  may  increase the metabol ism and there- 
by  the dosing of  these drugs or of  other xenobiotics.  

Acknowledgements. The authors wish to thank G. Wallem, T. 
Lygre, G. Kvalheim, H. Bergesen, and A. Eliassen for their excel- 
lent technical assistance. 

R e f e r e n c e s  

1. Alexieva-Figusch J, Blankenstein MA, Hop WCJ, Klijn JGM, 
Lamberts SWJ, De Jong FH, Docter R, Adlercreutz H, van 
Gilse HA (1984) Treatment of metastatic breast cancer pa- 
tients with different dosages of megestrol acetate; dose rela- 
tions, metabolic and endocrine effects. Eur J Cancer Clin On- 
col 20:33-40 

2. American College of Clinical Pharmacology (1982) Manual of 
symbols, equations & definitions in pharmacokinetics. J Clin 
Pharmacol 22: ls-23s 

3. Camaggi CM, Strocchi E, Canova N, Costanti B, Pannuti F 
(1985) Medroxyprogesterone acetate (MAP) and tamoxifen 
(TMX) plasma levels after simultaneous treatment with low 
TMX and high MAP doses. Cancer Chemother Pharmacol 
14:229-231 

4. Clarke CL, Adams JB, Wren BG (1982) Induction of estrogen 
sulfotransferase in the human endometrium by progesterone 
in organ culture. J Clin Endocrinol Metab 55:70-75 

5. Elin RJ, Vesell ES, Wolff SM (1975) Effects of etiocholano- 
lone-induced fever on plasma antipyrine half-lives and meta- 
bolic clearance. Clin Pharmacol Ther 17:447-457 

6. Fraser HS, Mucklow JC, Murray S, Davies DS (1976) Assess- 
ment of antipyrine kinetics by measurement in saliva. Br J 
Clin Pharmacol 3:321-325 

7. Gordon GG, Altman K, Southren AL (1971) Human hepatic 
testosterone A-ring reductase activity: effect of medroxypro- 
gesterone acetate J Clin Endocrinol Metab 32:457-461 

8. Hedly DW, Christie M, Weatherby RP, Caterson ID (1985) 
Lack of correlations between plasma concentration of me- 
droxyprogesterone acetate, hypothalamic-pituitary function, 
and tumour response in patients with advanced breast cancer. 
Cancer Chemother Pharmacol 14:112-115 

9. Homeida M, Halliwell M, Branch RA (1978) Effect of an oral 
contraceptive on hepatic size and antipyrine metabolism in 
premenopausal women. Clin Pharmacol Ther 24:228-232 

10. Kelly JG, O'Malley K (1979) Clinical pharmacokinetics of 
oral anticoagulants. Clin Pharmacokinet 4: 1-15 

11. Lonning PE, Kvinnsland S, Bakke OM (1984) Effect of 
aminoglutethimide on antipyrine, theophylline, and digitoxin 
disposition in breast cancer. Clin Pharmacol Ther 36: 
796-802 

12. Mathrubutham M, Fotherby K (1981) Medroxyprogesterone 
acetate in human serum. J Steroid Biochem 14:783-786 

13. Ortiz A, Hiroi M, Stanczyk FZ, Goebelsmann U, Mishell DR 
(1977) Serum medroxyprogesterone acetate (MPA) concentra- 
tions and ovarian function following intramuscular injection 
of depo-MPA. J Clin Endocrinol Metab 44:32-38 

14. Perrier D, Mayersohn M, Marcus FI (1977) Clinical pharma- 
cokinetics of digitoxin. Clin Pharmacokinet 2:292-311 

15. Rautio A, Kauppila AJ, Tuimala RJ, Sotaniemi E (1979) An- 
tipyrine metabolism and liver function in patients treated with 
high-dose medroxyprogesterone. Biomedicine 31 : 135 - 138 

16. Robustelli Della Curia G, Bernardo-Strada MR, Ganzina F 
(1982) High-dose medroxyprogesterone acetate in metastatic 
breast cancer. A critical review. In: Cavalli F, McGuire WL, 
Pannuti F, Pellegrini A, Robustelli Della Curia G (eds) Pro- 
ceedings of the international symposium on medroxyproges- 
terone acetate. Excerpta Medica, Amsterdam, pp 290-305 



275 

17. Sotaniemi EA, Hynnynen T, Ahlquist J, Ahokas J, Puoskari 
U, Pelkonen I (1978) Effect of medroxyprogesterone on the 
liver function and drug metabolism of patients with primary 
bilary cirrhosis and chronic active hepatitis. J Med 9: 
117-128 

18. Stevenson IH (1977) Factors influencing antipyrine elimina- 
tion. Br J Clin Pharmacol 4:261-265 

19. Tamassia V, Battaglia A, Ganzina F, Isetta AM, Sacchetti G, 
Cavalli F, Goldhirch A, Brunner K, Bernardo G, Robustelli 
Della Cuna G (1982) Pharmacokinetic approach to the selec- 
tion of dose schedules for medroxyprogesterone acetate in 
clinical oncology. Cancer Chemother Pharmacol 8 : 151-156 

20. Tseng L, Gurpide E (1975) Effects of progestins on estradiol 
receptor levels in human endometrium. J Clin Endocrinol 
Metab 41 : 402-404 

21. Tseng L, Gurpide E (1975) Induction of human endometrial 
estradiol dehydrogenase by progestins. Endocrinology 97: 
825-833 

22. Tseng L, Liu HC (1981) Stimulation of aryltransferase activity 
by progestins in human endometrium in vitro. J Clin Endocri- 
nol Metab 53:418-421 

23. Ueland PM, Kvalheim G, Lonning PE, Kvinnsland S (1985) 
Determination of warfarin in human plasma by high-per- 
formance liquid chromatography and photodiode array detec- 
tor. Ther Drug Monit 7:329-335 

24. van Veelen H, Willemse PHB, Sleijfer DT, van der Ploeg E, 
Sluiter WJ, Doorenbos H (1985) Mechanism of adrenal sup- 
pression by high-dose medroxyprogesterone acetate in breast 
cancer patients. Cancer Chemother Pharmacol 15 : 167-170 

Received January 7, 1986/Accepted July 27, 1986 


