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Results from two clinical pharmacokinetic studies are given. The first study was an observational study in 
oral contraceptive users who took either a combination of gestodene and ethinyl estradiol (pill A. 
Femovan) or desogestrel and ethinyl estradiol (pill B. Marvelon). A total of 69 women (39 receiving pill A 
and 30 receiving pill B) were evaluated to determine serum ethinyl estradiol. sex hormone-binding 
globulin. corticosteroid-binding globulin. and cortisol levels. Samples were obtained on 1 day during the 
tenth to twenty-first days of pill intake. All women received the respective oral contraceptive for at least 
3 months. The test power was such that an 80% difference of 1 standard deviation of each target variable 
would have been detected (Ot = 0.05; 13 = 0.1). No statistically significant differences were found in sex 
hormone-binding globulin. corticosteroid-binding globulin. or cortisol serum levels between both groups. 
Time and height of maximum ethinyl estradiol levels were identical as was the area under the curves. 
Ex vivo protein-binding analysis of the progestins revealed a free portion of 0.6% for gestodene and 2.5% 
for 3-ketodesogestrel as the active metabolite of desogestrel. Sex hormone-binding globulin-bound 
portions were much higher for gestodene (75.3% ± 9.1 %) than for 3-ketodesogestrel (31.6% ± 12%). The 
remaining fractions were bound to albumin. In a second study. ethinyl estradiol-bioequivalence from pillS A 
and B was investigated in 18 women in a controlled. single-dose. randomized. crossover design. The area 
under the ethinyl estradiol serum levels were identical up to 4 hours after pill intake between both 
treatments. According to the relatively low variation in data in this group of women. a 10% difference in 
ethinyl estradiol-availability could have been detected. Both studies indicate that the pharmacokinetics of 
ethinyl estradiol were independent of the concomitantly administered progestin. that is. desogestel and 
gestodene. (AM J OasTET GVNECOL 1990;163:329-33.) 
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Recently time-dependent changes in the serum levels 
of progestin have been reported in women who use 
either a combination oral contraceptive containing 75 
f.1g of gestodene plus 30 f.1g of ethinyl estradiol (EE2) 

(Femovan. pill A) or 150 f.1g of desogestel plus 30 f.1g 
of EEz (Marvelon, pill B). It was found that relative to 

From The Research Laboratories of Schering AG. 
Reprint requests: Michael Hilmpel, PhD. Research Laboratories 
of Schering AG, Milllerstra{3e 170-178, 1000 Berlin 65, 
West Germany. 
6/0/20795 

3-ketodesogestrel, higher total serum levels of gesto
dene were reached after repeated administration. 1-3 Re
sults revealed a clear dependency of gestodene levels 
on concomitant changes in sex hormone-binding glob
ulin (SHBG) serum levels. As an additional explana
tion, it was suggested that an "impeded metabolism" of 
gestodene could have contributed to the increase in 
serum levels. A similar interpretation has been offered 
for higher increases in serum EEz, corticosteroid
binding globulin, and cortisol levels found after intake 
of pill A compared with those of pill B in the same 
comparative study.' 
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Table I. Subjects characteristics and study design 
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Characteristics Study 1, group comparison Study 2, intraindividual comparison 

Preparation 
(n) 
Age (yr) 
Weight (kg) 
Height (cm) 
Duration of treatment 

(mo) 
Day of cycle 

F 
(39) 

25 ± 5 
62 ± 10 

170 ± 3 
11 ± 5 

14 ± 3 

M 
(30) 

24 ± 3 
59 ± 9 

167 ± 3 
38 ± 24 

14 ± 5 

F 
(18) 

29 ± 5 
62 ± 7 

170 ± 6 

Single dose 

Changing 

M 
(18) 

Blood sampling times I Day between days 10 and 21 of 
cycle 

0,0.5, I, 1.5,2,3,4,6,8, 12,24, 
48, and 72 hr after single pill 
intake 

0, 0,5, I, 1.5, 2, 3, 4, and 24 hr 
after morning pill intake 

F, Femovan; M, Marvelon. 

Table II. Proportion (%) of free, 
SHBG-bound and albumin-bound gestodene 
and 3-ketodesogestrel in serum pools obtained 
from women using Femovan or Marvelon for 
at least 3 months 

Progestin 

Free fraction 
SHBG bound 
Albumin bound 

Means ± SD. 

Gestodene 

0.6 ± 0.1 
75.3 ± 9.1 
24.1 ± 9.1 

3 -Ketodesogestrel 

2.5 ± 0.2 
31.6 ± 12.0 
65.9 ± 11.9 

The pharmacokinetics of sex steroids have been in
vestigated extensively in the past. 5 Although various 
progestins show manifold differences in some impor
tant pharmacokinetic parameters, such as formation of 
active metabolite(s),6 absolute bioavailability, terminal 
half-life of disposition from plasma,7 and binding to 
carrier proteins,8 their use in oral contraceptives was 
always defined by clinical experience and key studies 
on endocrinology. Furthermore, the daily pill intake 
schedule has never been adopted to pharmacoki
netics. 

The estrogen in most oral contraceptives, EE2, is 
known for its large intersubject variability in pharma
cokinetics.9 Even oral bioavailability seems to vary to 
the same extent between subjects as within the same 
individual. 1o Therefore large groups of users are nec
essary to obtain a valid clinical response for small 
changes in EE. dose. In the past the EE2 dose in com
bination oral contraceptives has been continuously 
lowered from 80 ILg / day to 30 or even 20 ILg / day to 
find an optimal balance between estrogen-dependent 
biochemical changes, efficacy, and bleeding control. 
Therefore the indication of increased serum EE. levels 
in pill A users" was assumed as the working hypothesis 
for two pharmacokinetic-clinical studies. 

The aim of the first study was to investigate further 

the protein-binding characteristics of active ingredi
ents, the serum levels of EE2 and EE2-dependent pa
rameters, such as SHBG, corticosteroid-binding glob
ulin, and cortisol, in two groups of women taking either 
pill A or pill B. 

The aim of the second study was to check the EE2 
bioequivalence of both pills. The study has been per
formed in a controlled, single-dose, randomized, cross
over design with a washout period of 1 week. 

Material and methods 

Subjects and trial designs. The details of subjects 
and studies are given in Table I. 

Study 1 (group comparison) was an observational 
study in healthy women who used pill A or B for at 
least 3 months. The study was carried out at 5 locations 
(gynecologists) in Berlin and West Germany. After the 
purpose of the study was explained, the women were 
asked to donate blood immediately before and at spec
ified times (Table I) after morning pill intake. 

Study 2 was an open, single-dose, controlled, ran
domized crossover trial in 18 healthy women (Table I). 
The study protocol had been approved by an institu
tional review board and written informed consent was 
obtained. Between both treatments there was a washout 
period of I week. 

Analysis. In study 1 all measurements were done 
in duplicate. Serum levels of EE2 and gestodene 
were measured as previously described. II. 12 SHBG, 
corticosteroid-binding globulin, and cortisol levels were 
determined by commercial kits (Diagnostic Products, 
Los Angeles, Calif., IRE Medgenix, Belgium, and 
H. Biermann GmbH, Federal Republic of Germany). 
Protein-binding experiments were carried out accord
ing to Hammond et al. 8 

EE2 levels were analyzed in individual samples and 
serum pools representing time-averaged concentra
tions for the first 4 hours after pill intake. SHBG, 
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Table III. Mean values of pharmacokinetic parameters of EE2 in two groups of women using Femovan 
or Marvelon 

Pharmacokinetic parameters Femovan Marvelon 

Cm", (pg/ml) 
MINIMAX 

tm", (hr) 
MINIMAX 

AUC0-4h (pg' hr . ml-') 
Direct 
MINIMAX 

106 ± 38 
38/212 

1.8 ± 0.7 
0.5/4.0 

305 ± 115 
1011596 

129 ± 51 
371235 

1.6 ± 0.7 
0.5/4.0 

354 ± 139 
85/668 

Pool 
MINIMAX 

(n = 38) 329 ± 123 
88/592 

(n = 29) 374 ± 132 
152/620 

AUCo.24h (pg' hr . ml-') 
MINIMAX 

MINIMAX, Minimum/maximum. 

corticosteroid-binding globulin, and cortisol levels were 
also determined in these pools. 

Analysis of samples from study 2 is ongoing. As the 
first results, serum levels of EE2 in pooled samples are 
available in triplicate measures. 

Statistical analysis. In study I groups were com
pared by an analysis of covariance with "day of cycle" 
and "duration of intake in months" as covariates. The 
null hypothesis was formulated as follows: mean values 
of all parameters are equal for both treatment groups. 

The alternative hypothesis is that with given group 
size and a type I error of 0: = 0.05 and a test power 
of I - 13 = 0.9 a difference of 0.8 (]' = 80% of I stan
dard deviation) would be detectable with a t test. 

The second study was evaluated by the Student t test 
for area under the curve (AUC)-EE2 0 to 4 hours as a 
parameter for bioequivalence. 

Results 

Study 1. Protein binding of 3-ketodesogestrel and 
gestodene was analyzed in 28 and 37 serum pools, re
spectively. The results are given in Table II. 

No specific binding was found for EE2, and free 
fractions were identical under both treatments (1.7 % ± 
0.6% and 1.5% ± 0.2%). 

Whereas 3-ketodesogestrel levels are not yet avail
able, gestodene levels were characterized by AUC (0 to 
4 hours) = 29.6 ± lOA ng . hr . ml-' (n = 38). 

Mean time courses of EE2levels in serum were similar 
in both treatment groups. Average pretreatment (0 
hours) and 24 hours posttreatment levels between 26 
and 28 pg/ml were nearly the same. Maximum EE2 
concentrations of 106 ± 38 pg/ml (gestodene group) 
and 129 ± 51 pg/ml (desogestrel group) were reached 
1.8 and 1.6 hours after ingestion. No differences in 
AUC values - total (0 to 24 hours) and partial areas 
(AUC 0 to 4 hours) were found between both prepa
rations (Table III). 

1246 ± 468 
32112226 

1360 ± 541 
349/2598 

Table IV. Serum levels of SHBG, 
corticosteroid-binding globulin, and cortisol in 
two groups of women using a low-dose 
combination (OC) containing either gestodene 
or desogestrel as the progestin 

Femovan Marvelon 

SHBG n* = 38 n* = 27 
nmollL 186 ± 57 226 ± 64 
MINIMAX 92/299 94/363 
CBG n = 38 n = 38 
f.Lg/ml 89 ± 14 93 ± 14 
MINIMAX 571121 641122 
Cortisol n = 37 n = 27 
ng/ml 281 ± 80 280 ± 62 
MINIMAX 145/461 173/387 

GBG, Corticosteroid-binding globulin. 
*Missing figures from two to three women in any parameter 

compared with Table III are because of the low sample volume 
left after EE2 analysis. 

AUC values (0 to 4 hours) as determined by single 
sample or pooled sample analysis were in complete 
agreement, demonstrating no necessity for pretreat
ment value subtraction. In every case pooled sample 
concentrations were clearly within the sensitive part of 
the standard curve of the assay. Under both prepara
tions a wide range of SHBG levels was obtained (Table 
IV). 

On average, 226 ± 64 nmol/L of SHBG was found 
for the desogestrel group and 186 ± 57 nmol/L for 
the gestodene group; the difference was not signifi
cant. Corticosteroid-binding globulin levels were almost 
identical numerically. Again, no statistically significant 
difference was found for cortisol serum levels mea
sured under both preparations (Table IV). 

Study 2. EE2 levels in pooled serum samples were 
identical after ingestion of both oes (Fig. 1). AUC 
(0 to 4 hours) after Femovan intake was 348 ± 

65 pg' hr' ml-' (range, 224 to 471) and 343 ± 



332 Humpel et al. 

500 

400 

300 

200 

100 

o 

AUC-EE2 : 0 - 4 h 
(P9. h .ml-1 ) 

oc: lEI Femovan 
~Marvelon 

n = 18 18 39 30 
single dose long-term use 

Fig. 1. Comparison of systemic availability of EE2 between two 
low-dose combination OCs_ The single-dose controlled, ran
domized, crossover study was conducted in 18 women, 
whereas the long-term study was conducted in two groups of 
30 and 39 users, respectively_ Means ± standard deviation of 
the area under the EE2 curve up to 4 hours after pill intake 
are compared_ 

69 pg' hr . ml-' (range, 222 to 462) after Marvelon 
treatment. Intrasubject variance of this parameter ac
counted for only about half of intersubject variance. 
According to the relatively low data variation, a 10% 
difference in EE2 availability could have been detected. 

Comment 

Recently a new type of pharmacokinetic study has 
been published that compared actual progestin levels 
after repeated intake of two low-dose OCs containing 
different progestins (desogestrel and gestodene, re
spectively) at different dosages.'-3 Active ingredients 
differ from each other by physicochemical properties 
(n-octanol/water partition coefficient is 285 for gesto
dene and 933 for 3-ketodesogestrel), absolute bioavail
ability, and metabolic clearance rate. Therefore, dose
corrected serum levels of equal height would not be 
expected. One very important property governing total 
serum progestin levels is protein binding, specifically, 
the extent to which a given progestin is bound to SHBG. 
In addition, the concentration of SHBG will markedly 
influence actual levels. The observation that steady
state levels of gestodene (daily dose, 75 fJ.g) were four 
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to five times higher than 3-ketodesogestrellevels (daily 
desogestrel dose, 150 fJ.g) could be explained by the 
EE2-dependent increase in SHBG during pill intake." 2 
The present results confirm this explanation, showing 
that gestodene was highly (about 75%) bound to 
SHBG, whereas about 32% binding was found for 3-
ketodesogestrel. Consequently, the free portion in se
rum was much lower for gestodene (0.6%) than for 
3-ketodesogestrel (2.5%). According to the different 
protein-binding characteristics of gestodene and 3-
ketodesogestrel, the free concentrations of both pro
gestins are almost identical, although total serum levels 
differed about fourfold to fivefold. 

The reason for higher increases in serum levels of 
gestodene compared with levels of 3-ketodesogestrel is 
the 10 times higher affinity to SHBG, which is reflected 
by the much higher proportion of specifically bound 
gestodene. Compared with 3-ketodesogestrel, gesto
dene is distributed differently in the body. 

There is no need for additional (more speculative) 
explanations, such as "impeded metabolism," to inter
pret differences in actual progestin serum levels. 

The present studies failed to confirm the observation 
of increased EE2 serum levels with pill A compared with 
pill B'< Both trials were designed to detect statistically 
significant differences lower than those found previ
ously, even at the first day of treatment.' This was the 
reason for our study 2, because in the single-dose bio
equivalence study, an intraindividual comparison of 
EE2 bioavailability could be accomplished. Interest
ingly, the data did not vary to the same extent as in 
study 1, and therefore an even 10% difference of mean 
EE2-AUC values could have been detected between both 
preparations. 

Therefore in conclusion the pharmacokinetics of EE2 
are independent of the coadministered progestins ges
todene and desogestrel. Consequently, study 1 failed 
to show differences in the EE2-dependent increase 
in corticosteroid-binding globulin and corticosteroid
binding globulin-dependent cortisol serum levels. 
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