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SUMMARY

In a three-period cross-over study with 24 healthy young females (study part I), the bioavailability of etonogestrel (3-ketodesogestrel) was
determined after a single oral dose of two Cerazette" tablets (each containing 75 ug desogcstrel), one Liseta'" tablet (containing ISO ug
desogestrel and 1.5 mg I7~-estradiol), and an intravenous dose of 150 ug etonogestrel. Etonogestrel serum levels from 23 subjects could
be analysed by radio-immunoassay. The geometric mean bioavailability of etonogestrel from Cerazettef and Liseta" tablets was 0.79 and
0.82, with 95% confidence intervals of 0.734).86 and 0.76-0.88, respectively. Also, the oral formulations were found to be bioequivalent.

Subsequently, the single-dose pharmacokinetic parameters of etonogestrel from Cerazeue" tablets were compared with those after
multiple dosing of one Cerazene" tablet once daily for 7 days, in a subgroup of 12 subjects (study part 2). A steady state was observed
from the fourth day of daily dosing onwards, with time-invariant parameters except for a 14% lower dose-normalised AVe.
The least-squares geometric means of the elimination half-life of etonogestrel were approximately 30 h for the three single-dose
treatments in study part I, as well as for the single- and multiple-dose treatments of Cerazeue" in study part 2, without differences
between groups.'

INTRODUCTION

Desogestrel is a highly selective progestogen with only
weak androgenic effects and no estrogenic activity. In
combination with ethinylestradiol it has been available as
an oral contraceptive since 1981 in the form of, for
example, Marvelon'", Mercilon'", Gracial". From early
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clinical studies with radioactively labelled desogcstrel
(1,2) and from early studies with human liver in vitro (3), it
became apparent that desogestrel, after oral administration,
is rapidly converted into its major metabolite, etonogestrel
(3-ketodesogestrel). In receptor binding studies [e.g.
Bergink et al. (4)1, etonogestrel was shown to display a
much higher affinity for the progesterone receptor than
desogestrel and it was found to be the biologically active
metabolite in the human body.

Recent developments in the desogestrel range of pro
ducts are Cerazette'Ptablets and Liseta" tablets. Cerazette"
is a progestogen-only oral contraceptive containing 75 ug
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of desogestrel per tablet, which has to be taken each day
without tablet-free intervals. The daily dose of 75 ug of
desogestrel inhibits ovulation almost completely. This
progestogen-only pill is very suitable for women who are
contra-indicated to estrogens or who do not wish to take
estrogens, like lactating women. Details about its
pharmacology, efficacy, acceptability and safety can be
found elsewhere (5-9).

Lisetaf has been developed as hormone replacement
therapy for the treatment of climacteric symptoms and the
prevention of osteoporosis. This sequential preparation
was tested in a 28-day regimen of 24 active and 4 placebo
tablets. The 24 active tablets contain 17p-estradiol in a
daily dose of 1.5 mg. To prevent unopposed estrogen
stimulation of the endometrium, the progestogen deso
gestrel has been added during the last 12 days of the 24
day estrogen period, in a dose of 150 ug per day. Details
about the pharmacology, efficacy, acceptability and safety
of Liseta'" can be found elsewhere (10-20).

The pharmacokinetic profile of desogestrel and etono
gestrel after administration of oral tablets has been
reported in a number of publications (1,21-26) on studies
with young healthy female volunteers. Viinikka et al. (1)
were the first investigators reporting on this matter. They
administered an oral dose of 50 ug of [16-3H]-desogestrel,

together with 50 ug of ethinylestradiol, to each of 5
volunteers. The elimination half-life of desogestrel was
found to be as low as 1.3-1.5 h, whereas it ranged from
16-29 h for etonogestrel. The kinetic profile of deso
gestrel was time-invariant, whereas for etonogestrel the
steady-state serum levels were considerably higher than
expected from the single-dose parameters, without a
significant change in the elimination half-life. The
difference was ascribed to an increased number of bind
ing sites on sex hormone binding globulin (SHBG)
induced by ethinylestradiol during multiple dosing.

Hasenack et al. (21) confirmed the rapid and complete
biotransformation of desogestrel into etonogestrel in a
cross-over study in 10 subjects with oral tablets containing
30 ug ethinylestradiol in combination with either 150 ug
desogestrel or 150 ug etonogestrel. No statistically
significant differences between treatment groups were
found with respect to the areas under the curve of the
serum levels of etonogestrel versus time (AUC) , peak
heights (Cmax) and peak times (tmax) .

A study in which also an intravenous dose was admin
istered, was published by Back et al. (22). Each of 9
subjects received one Marvelon" tablet (150 ug deso
gestrel and 30 ug ethinylestradiol) and a single intravenous
dose of 150 ug etonogestrel in a cross-over design. A mean

absolute bioavailability of 76.1% with a standard deviation
of 22.5% was found.

Serum concentrations of etonogestrel and gestodene
were compared by Hammond et al. (23). These authors
administered oral tablets containing 30 ug ethinylestradiol
in combination with either 150 ug desogestrel (Marvelon'")
or 75 ug gestodene (Femovan'"). Serum levels of etono
gestrel and gestodene were used to calculate the affinity
constants for the binding of the two progestogens to SHBG.
Individual serum SHBG concentrations returned to
baseline by day 35 after treatment with the oral contra
ceptives had stopped.

Bergink et ai. (24) performed a study with two tablet
formulations (one with a diameter of 5 mm and one with a
diameter of 6 mm) containing 150 ug desogestrel and 30
ug ethinylestradiol. This was a balanced cross-over study
in 25 women under steady-state conditions after 21 days of
treatment. The intersubject variation in pharmacokinetic
parameters was found to be comparable with that observed
with other contraceptive combinations containing ethinyl
estradiol and norethisterone, levonorgestre1 or gestodene.

In both parts of a study reported by Timmer et al. (25),4
subjects received standard Marvelon'" tablets and a single
intravenous dose of 150 ug etonogestrel. The absolute
bioavailability of etonogestrel was 85 ± 30% and 83 ±
27%, respectively.

In a study with 20 women, Archer et al. (26) employed a
triphasic regimen with oral tablets containing desogestrel
and ethinylestradiol. The dosage schedule was three times 7
days of 50/35 ug, 100/30 ug and 150/30 ug of desogestreU
ethinylestradiol, respectively, followed by a 7-day tablet
free interval. Serum levels on days 1, 7, 14 and 21 (with
wash-out up to 72 h after the last tablet intake) showed
dose-proportional steady-state levels of etonogestrel after
each of the three phases, and constant pharmacokinetics
over time for ethinylestradiol.

Although much information is already available on the
pharmacokinetic profile of desogestrel, no specific data are
known on the two newly developed products Cerazette'"
and Liseta". The aims of the present study were to: (i)
assess the absolute bioavailability of etonogestrel after
single-dose administration of two tablets of Cerazette'" or
one tablet of Liseta'" versus a single intravenous dose of
150 ug of etonogestrel; (ii) test the bioequivalence of two
Cerazette" tablets versus one Liseta'" tablet, both after
single-dose administration, based on serum levels of
etonogestrel; and (iii) investigate the pharmacokinetic
profile of etonogestrel during and after oral administration
of one tablet of Cerazetref daily for 7 days (i.e. in the
absence of an SHBG inducing estrogenic substance).
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Pharmaceutical formulations

MATERIALS AND METHODS shown in Figure 1, together with the structure of
desogestrel. For the radio-immunoassay, [l6-3H]-etono

gestre1 was prepared by the Organic Synthesis Section of
the Department of Drug Metabolism and Kinetics, N.v.
Organon, Oss, The Netherlands. It was obtained through a
protected 17-oxo-precursor by exchange with tritiated
water, followed by ethinylation and removal of the
protective group and purification by HPLC. The position
of the label (52% at 16a and 48% at l6P) is indicated in
Figure 1 by an asterisk. The radiochemical purity was at
least 97% and the specific activity was 1.6TBq/mmol.

Clinical investigator and study centre

The study was performed in the Centre for Human Drug
Research, Leiden University Hospital, Leiden, The
Netherlands. The principal investigator was Professor A.F.
Cohen. The Medical Ethical Committee of Leiden Univer
sity Hospital approved the protocol. The study was
conducted in compliance with the Declaration of Helsinki
and with good clinical practice.

Study design

This was an open, single-centre, randomised, three-way
cross-over study in 24 healthy female volunteers. Each
subject served as her own control. The study design and
treatment allocation are schematically shown in Table I.
Each group was scheduled to consist of 8 subjects.

Part 1 of the study, the assessment of bioavailability,
was carried out by single administration of two tablets of
Cerazette'" (containing 75 ug of desogestrel per tablet) or
one tablet of Liseta® (containing 150 ug of desogestrel
and 1.5 mg of micronised estradiol), versus a single
intravenous dose of 150 ug of etonogestrel. The first dose
was given in the first week of the menstrual cycle. The
total duration of this study part was 3 weeks (3 x single
dose administration and 7 days' wash-out). Serial blood

*
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Antiserum and tritiated etonogestrel for
radio-immunoassay

All medication was provided by the Pharmaceutical
Research and Development Labs. of N.V. Organon, Oss,
The Netherlands: (i) oral Cerazette" tablets containing 75
pg of desogestrel; (ii) oral Liseta'" tablets containing 150
ug of desogestrel and 1.5 mg of 17p-estradiol; and (iii)
ampoules for intravenous use, containing 150 ug of
etonogestrel per ml, with a volume of 1.1 ml, along with 9
ml solvent (NaCl 0.9%).

Just prior to injection, the content of the ampoule was
diluted with the solvent (NaCl 0.9%) using a 50 ml syringe.
The resulting solution was given as a bolus injectionover 1
min usinga Harvardinfusionpump(HarvardApparatus 22).

The antiserum used in the radio-immunoassay was anti
serum against etonogestrel-3-0-CMO-bovine serum
albumin (N.V. Organon, Oss, The Netherlands, R83
2198TO).

The chemical name of etonogestrel, the active metabolite
of desogestrel, is 13-ethyl-17-hydroxy-ll-methylene
18,19-dinor-17a-pregn-4-en-20-yn-3-one. Its structure is

Fig. I : Chemical structure of desogestrel (left) and etonogestrel
(right). The asterisk indicates the tritium label at position 16 for the
radio-immunoassay.

Table I : Study design and treatment allocation

Group Part 1: absolute bioavailability Part 2: multiple-dose kinetics

Day I
(Per .1)

Day 8
(Per. 2)

Day 15
(Per .3)

Days 22-28 Days 29-31
(wash-out)

I
II
III

(n=8)
(n = 8)

(n = 8)

A
C
B

B
A
C

C
B
A

D (n = 12; 3-5 from each group)

Treatment A =Single oral dose of two Cerazette'" tablets (each containing 0.075 mg of desogestrel).
Treatment B = Single oral dose of one Liseta" tablet (containing 0.150 mg of desogestrel and 1.5 mg of micronised estradiol).
Treatment C =Single i.v. dose of 0.150 mg etonogestrel.
Treatment D =Daily oral dose of one Cerazette" tablet (containing 0.075 mg of desogestrel) for 7 days.
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samples were taken at 0 (pre-dose), 0.25, 0.5, 0.75, 1, 1.5,
2,3,4,6,8, 12, 16,24,48 and 72 h after each single dose.
On the days of intravenous treatment, additional blood
samples were taken at I, 2, 5 and 10 min after dosing.

The bioavailability study (part 1) was also used to assess
the bioequivalence of the two oral tablet formulations
without the necessity of additional drug dosing and blood
sampling.

In part 2 of the study, 12 of the 24 volunteers (3-5 from
each group of the three-way cross-over bioavailability part
of the study) participated in an open 7-day multiple-dose
pharmacokinetic study with daily oral administration of75
ug of desogestrel in the form of Cerazette'" tablets. The
total duration of this part of the study was 9 days (7 days
multiple-dose administration, measurements up to 72 h
after administration of the last tablet). Blood samples were
taken on each day prior to drug administration and on the
seventh day (last drug administration) at 0 (pre-dose) and
up to 72 h after dosing, as specified above for the oral
doses in part 1 of the study.

After blood clotting, serum was obtained by centri
fugation and stored at -18°C until analysed.

Subjects

In accordance with the protocol, a total of 24 women
completed the first part of the study and 12 women
completed the second part. Inclusion criteria were: female
volunteers in good physical and mental health; 18--40
years of age; between 80% and 120% of the ideal body
weight (adapted from the Metropolitan Life Insurance
tables); normal menstrual cycles; easy venous
accessibility; and willingness to give informed consent in
writing. Subjects received a subject code number and were
randomly assigned to one of the three treatment groups.
One subject dropped out after day 1 of the study due to
migraine and was replaced.

Means ± standard deviations of age, height and weight
of the 24 subjects were 22 ± 2 years, 171 ± 6 em and 63 ±
7 kg, respectively.

Radio-immunoassay of etonogestrel

The etonogestrel concentrations in serum were determined
by a validated radio-immunoassay in accordance with
good laboratory practice. All quality control (QC) and
study samples were analysed in duplicate. Bound steroids
were released from carrier proteins by acid treatment;
samples were then extracted on C I8 solid phase columns
using a Gilson ASPEC-Xli workstation. The eluates were
evaporated to dryness and the residues were dissolved in

0.02 molll phosphate buffer containing 1% bovine serum
albumin. Finally, etonogestrel was quantified by radio
immunoassay in 96-well deep-well plates using 200 III
aliquots with 100 III rabbit antiserum and 100 III [16-3H]

etonogestrel. Tracer bound to anti-etonogestrel was
separated from unbound tracer using cellulose-coated anti
rabbit immunoglobulin. After precipitation of the second
antibody complex, radioactivity (i.e. the unbound tracer)
was determined in the supernatant. The four-parameter
logistic curve-fit was used for the calibration curve.

QC samples were included in each series to verify assay
performance. Concentrations of QC samples were 0, 32.5,
81.0,325, 1500 and 3000 pg/ml. Accuracy and precision
of the QC samples ranged from 97.8-108.9% and
4.6-11.7%, respectively, in the concentration range
32.5-3000 pg/ml. The acceptance range was the nominal
concentration ± 20%. The non-specific background
concentration in blank serum, always seen in a radio
immunoassay, was 9.1 ± 4.1 pg/ml. The mean sensitivity
of the assay, determined at 50% relative binding of the
tracer to the antiserum, was 132 ± 17 pg/ml (n = 40). The
minimally detectable concentration calculated by the four
parameter logistic curve-fit was 2.79 ± 0.62 pg/ml.

Pharmacokinetic parameters

From the etonogestrel serum levels, the following
pharmacokinetic parameters were calculated from the
wash-out concentration-versus-time (C-t) profiles 0-72 h
post-dosing ofthe doses administered on days 1,8 and 15
(part 1) and on day 28 (part 2) for each subject:

1. The peak concentration, Cmax' and (for oral
treatments) the time of its occurrence, tmax'

2. Corrected Cmax (Cmax.corr) and corrected normalised
C (n-C ) were calculated for day 28, at steadymax max,corr
state of Cerazette'", to enable a comparison with Cmax
after single oral administration: Cmax,Corr = Cmax
residual concentration, where residual concentration =
Cmin'e-Btmax, with Cminbeing the pre-dose concent
ration on day 28, and B= terminal slope = (ln 2)/t 112.

For single dosing, Cmax,corr = Cmaxsince the residual
concentration is then zero. The corrected normalized
Cmax was obtained as n-Cmax,corr= Cmax,cojDose.

3. The elimination half-life, t112 , was determined by
log-linear regression on the terminal part of the
individuallog--concentration versus time plots.

4. The area under the curve from zero to infinity,
AUCo--oo' was calculated for single dosing (part 1) as
AUCo--oo = AUCO--tz + AUCtz_oo , where tz was the last
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measurable data point. The parameter AUCO--tz was
calculated by using the linear trapezoidal rule, and
AUCtz_co =Cti~, where Ctz was the best fitted
concentration at time tz, and ~ =(In 2)/tI/2'

5. The dose-normalised AUCo_oo (n-AUCO--co) was
calculated as AUCO--ooIDose, with Dose as dose
equivalents of etonogestrel.

6. The area over one dosing interval of 24 h (AUC0--24
and n-AUC0--24) was calculated for multiple dosing
(part 2) by means of the linear trapezoidal rule using
the serum level data from 0-24 h after dosing on day
28. The dose-normalised area, n-AUCO--24' was
calculated as AUCO_24/Dose.

(The notation AUC and n-AUC will be used implicitly
meaning AUCo_co and n-AUCO--oo for single dosing, and
AUC0--24 and n-AUC0--24 at steady state. The letter A, B,
CorD may be added as subscript to denote the AUC for
a specific treatment.)

7. The fractional absolute bioavailability, F, was calcu
lated as F = n-AUCx/n-AUCC' where X = A, B or D.

8. The ratio of the geometric means of n-AUCx and n
AUCc was taken as the best estimate ofthe mean
absolute bioavailability. The absolute bioavailability
as percent is defined as F·100%.

9. The clearance, CL, was obtained from the i.v. data as
CL =Dosej/AUCO--co'

From the etonogestrel pre-dose serum levels in part 2,
the following parameters were calculated for each subject:

1. Cmin,i with i =day 0, ..., 7. Eight pre-dose serum
levels were,obtained for each subject: the pre-dose
levels on days 22-28 and the level at t = 24 h on day
28. The latter was taken as the pre-dose level on day
29, although on that day no dose was actually given.

2. Css,min is the minimum steady-state concentration,
obtained as the Cmin,i values averaged over the days
belonging to the steady state.

Parameter estimations were performed using the SAS
system Version 6.08 under the VAXIVMS Operating
System V5.3 on a VAX 3100 Workstation.

Statistical analysis

Comparison between single-dose treatments
The pharmacokinetic parameters of interest of the single
dose treatments A, B and C of part 1 of the study were

subjected to an analysis of variance (ANOVA) to
distinguish variances between and within subjects. The
variance between subjects comprised a fixed group (=
sequence) effect and a random effect of subjects within
groups. The variance within subjects comprised a fixed
treatment effect, a fixed period effect, a random treatment
by-period interaction and a random residual effect. This
ANOVA was applied to the untransformed parameter tmax
and the elog-transformed other parameters, ultimately
resulting in point estimates and 95% confidence intervals.
Effects were considered significant if P < 0.05.

In bioequivalence testing, treatment A (with Cerazette'"
tablets) was arbitrarily defined as test formulation and
treatment B (with Liseta" tablets) as reference formu
lation. In this type of testing, the ANOVA was applied to
the elog-transformed Cmax ' AUCo--oo and tl12, resulting in
point estimates and 90% confidence intervals for the true
test-to-reference ratios. Walsh averages (27) were used to
obtain point estimates and 90% confidence intervals for
the true test-reference difference of tmax. The formulations
were concluded bioequivalent if the 90% confidence
interval was fully included in the acceptance range of
0.80-1.25 for the ratio of AUC, Cmax and t1/2, or ± 20% for
the difference of tmax (28,29).

Attainment of steady state during multiple dosing
The time at which steady state had been reached during
multiple dosing with Cerazette'" in part 2 of the study was
determined by using an ANOVA on the elog-transformed
values of Cmin,i for a design with repeated measures in
combination with the Helmert contrast transformation. In
this transformation, each day is compared with the mean
of all subsequent days. This procedure determines the
time point at which the pre-dose levels cease to change.

Comparison between single-dose and multiple-dose
treatments
To test the predictabilityof multiple-dose levels from single
dose levels (time-invariant kinetics) for Cerazette'", the
parameters derived from single-dose treatment A were
compared with those derived from treatment D (steady state)
by using Student's paired t-test on the elog-transformed
values of n-Cmax,COIT' n-AUC and t1/Z' For tmax, which is
neither normally nor log-normally distributed, the non
parametric signed rank test on the differences was used.

RESULTS

By using Kruskal and Wallis' non-parametric test, no
significant differences were found with respect to age,
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height and weight between the three groups (sequences)
of subjects participating in part 1 of the study.

As was designed in the protocol, 24 women completed
part 1 of the study, arrd 12 out of the 24 women also
completed part 2 of the study (5 subjects from group 1,4
from group II and 3 from group III). All treatments
started in the first week of the menstrual cycle.

For practical reasons, some subjects deviated to a minor
extent from the planned study day of dosing. All pharm
acokinetic calculations were performed using actual blood
sampling times.

For subject 1, the etonogestrel serum levels could not be
measured for treatmentsA and C due to technicalproblems

when starting the radio-immunoassay. Therefore, this
subject was excluded from the pharrnacokineticevaluation.

The intersubject mean single-dose etonogestrel serum
levels from part 1 are shown in Figure 2.

Pharmacokinetic parameters

General
The terminal log-linear part of the log-concentration
versus-time curve of all subjects started at 24 h after
dosing, so that the data points from 24 h up to and
including 72 h after dosing were used for the estimation of
the elimination half-life. The geometric least-squares
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Fig. 2 : Intersubject mean serum levels (n = 23) of etonogestrel after a single i.v. dose of 150 J.Lg etonogestrel and single oral doses of two Cerazettef
tablets (2 x 75 J.Lg desogestrel) and one Liseta" tablet (150 J.Lg desogestrel). Upper diagram, 0--3 h after administration; lower diagram, 0--72 h after
administration.
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Parameter

Cmax
n-Cmax.corr

Css,min

tmax*
AVC
n-AVC

tl/2
F
CL

(pg/ml)
(pg/ml)
(pg/ml)
(h)
(pg/ml.h)
(pg/ml.h)
(h)
(%)
(lib)

Single dose (n =23) Multiple dose (n =12)

2 tablets Cerazette" I tablet Liseta® Intravenous I tablet/day Cerazette'"

=2 x 75 ug desogestrel =150 ug desogestrel 150 ug etonogestrel =75 ug/day desogestrel

1293 1288 5136 640
8.25 8.21 34.2 6.59

119
1.3 1.8 1.8

12400 12801 14964 5059
79.1 81.7 99.8 64.5
30.6 30.1 32.2 33.2
79 82 100 70

10.0

*Arithmetic mean
- not applicable

means of the pharmacokinetic parameters are given in
Table II.

Absolute bioavailability
After single dosing of Cerazette" tablets, the point
estimate of the fractional absolute bioavailability of
etonogestrel was 0.79, with a 95% confidence interval of
0.73-0.86. The elimination half-life of etonogestrel was
not significantly different after oral dosing with
Cerazette'" tablets and intravenous dosing of etonogestrel
itself; the least-squares geometric means were 30.6 hand
32.2 h, respectively. No significant sequence or period
effects were found in the ANOVA on n-AUCo-oo and t1/2'

After single dosing of Liseta'" tablets, the point estimate
of the fractional absolute bioavailability of etonogestrel
was 0.82, with a 95% confidence interval of 0.76-0.88.
The elimination half-life of etonogestrel was not signifi
cantly different after oral dosing of Liseta@ tablets and
intravenous dosing of etonogestrel itself; the least-squares
geometric means were 30.1 h and 32.2 h, respectively. No

Table J11 : Results of bioequivalence testing of etonogestrel from
Cerazette'" tablets (Test) versus Liseta'" tablets (Reference)

Parameter RatiolDifference 9O%CI Conclusion

Cmax 1.00 0.89; 1.13 Bioequivalent

tmax --{}.50 -0.53; -0.25 Not bioequivalent

AVCIJ--oo 0.97 0.91; 1.03 Bioequivalent

tl/2 1.02 0.94; 1.10 Bioequivalent

Ratio = point estimate of Test-to-Reference ratio (for tmax = point
estimate of Test minus Reference).
90% CI = 90% confidence interval for ratio (for tmax = difference).
(Not)bioequivalent = 90% a (not) contained within 0.8~1.25 (for tmax
the acceptance range is ± 20% of the reference mean [-0.36; 0.36]).

significant sequence or period effects were found in the
ANOVA on n-AUCo-oo and t1/2'

Bioequivalence of the oral formulations
The results of bioequivalence testing of two Cerazettef
tablets and one Liseta'" tablet are summarised in Table III.
The tablet formulations Cerazette'" and Liseta'" are
concluded bioequivalent with respect to all parameters
tested except for tmax. After single dosing, the mean tmax
value of Cerazette'" (1.3 h) was shorter than that of Liseta"
(1.8 h), although the mean tmax at steady state ofCerazette'"
(1.8 h) was equal to that of Lisetaf after single dosing. This
parameter, however, is clinically inconsequential since
both pharmaceutical formulations are intended for chronic
dosing and no specific claims are made with respect to the
absorption rates.

Attainment ofsteady state during multiple dosing
Statistical analysis of the pre-dose serum levels from
Cerazette" showed that the contrast variable had become
non-significant on day 5 of daily dosing. This implies that
the pre-dose serum levels of etonogestrel cease to change
and that the steady state had been reached after 4 days.
Therefore, the parameter Css . was calculated as the,mm
arithmetic mean of the pre-dose levels Cminj (i =4, 5, 6, 7
and 8). It also follows that all pharmacokinetic parameters
from the wash-out curve after the last (7th) dose are true
steady-state parameters.

Comparison ofsingle dose with multiple dose
The geometric means of the single-dose and steady-state
parameters of Cerazette'" averaged over those subjects
receiving both single and multiple doses (n = 12) are
shown in Table IV. It should be noted that the mean
parameters of Table II for Cerazette'" after single dosing
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Table IV: Least-squares geometric means of etonogestrel parameters
after administration of desogestrel in the form of Cerazette'" tablets

are different from those in Table IV, since the former
refer to all subjects having participated in part I (n = 23),
whereas the latter refer only to those subjects having
participated in both study parts (n =12).

Statistical analysis did not show significant differences
between the single-dose and steady-state parameters n
C , t and t1/2• The n-AUC was significantly lowermax,corr max
at steady state than after single dosing. A corresponding
difference is, therefore, found in the absolute bioavail
ability.

DISCUSSION

Parameter

Cmax (pg/ml)

n-Cmax.corr (pg/ml)
tmax* (h)
AUC (pg/ml.h)
n-AUC (pg/ml.h)

tl/2 (h)
F (%)

*Arithmetic mean

Single dosing
(n = 12)

2 tablets =2 x 75 llg

1129
7.20
1.5

11273
74.8
29.1
81

Multiple dosing
(n = 12)

I tablet =75 ug/day

640
6.59
1.8

5059
64.5
33.2
70

The objectives of the study have been fully met by the
results given in the previous section. The parameters found
in the present study either confirm or extend the results of
previous studies (1,21-26).

The validity of a logarithmic-normal distribution has
been generally accepted for parameters derived from
plasma or serum levels, such as AUC and Cmax (e.g. 28,
29). In such cases, a logarithmic transformation is required
prior to statistical analysis, so that statistical techniques
under the assumption of normality of the underlying
distribution can be validly applied. The theoretical and
practical aspects of a logarithmic transformation have been
explored by Midha et al. (30). During the last few years,
the number of pharmacokinetic parameters for which a
logarithmic transformation is useful has considerably
increased. This applies, for example, not only to single
dose and steady-state maximum levels, but also to steady
state minimum levels, the absolute bioavailability, the
elimination half-life and the clearance. For this reason, the
geometric instead of the arithmetic mean has been taken as
the relevant measure of central tendency for all pharm
acokinetic parameters except tmax in the present study.

For the non-parametric analysis of tmax in bioequivalence
testing, Steinijans and Diletti's method (27) was applied,
although this method is sensitive to period effects, in
contrast to Hauschke and colleagues' more recent method
(31). This choice is based on the impossibility to validly
select the two oral formulations as a two-period balanced
cross-over part from the three-period cross-over stage (part
1) of the present study.

In the literature, data on the absolute bioavailability of
etonogestrel from oral tablets containing desogestrel are
relatively scarce. Back et al. (22) reported an arithmetic
mean bioavailability of 76.1 ± 22.5% in 9 subjects. which
agrees well with our geometric point estimates of 79% and
82% for Cerazette'" and Liseta" tablets, with 95% con
fidence intervals of 73-86% and 76-88%, respectively. This

was also the case for another study (25), in which arithmetic
mean values of 85 ± 30% and 83 ± 27% were reported for
those parts of a two-stage study in which an intravenous
dose of etonogestrel had also been given to 4 subjects.

The combined findings of bioequivalence and high
bioavailability of etonogestrel from Cerazeue" and Liseta"
tablets allow the conclusion of optimal pharmaceutical
performance of both drug products.

The results of the present study confirm the rapid and
effective biotransformation of desogestrel to etonogestrel
found in other studies (1,21-26). The high absolute
bioavailability of etonogestrel after oral administration of
desogestrel from Ccrazette'" and Liseta'" tablets confirms
the results of earlier studies with other tablets containing
desogestrel (21,25). This categorises etonogestrel as an
active substance with a low hepatic extraction ratio, which
implies that disposition of etonogestrel in the human body
is practically not influenced by hepatic blood flow.
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