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Non-protein bound dienogest in serum and salivary dienogest in women
taking the oral contraceptives Certostat1 and Valette1
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Dienogest (17a-cyanomethyl-17-hydroxy-4,9-estradien-3-one) is the progestagen component of the oral contraceptives
Certostat1 and Valette1. In contrast to other 19-norsteroid progestagens like levonorgestrel, norethisterone, gestodene and
3-ketodesogestrel, dienogest does not bind to sexual hormone binding globulin (SHBG). The absent binding to SHBG
results in a high portion of free, non-protein bound dienogest in serum. In female volunteers taking the oral contracep-
tives Certostat1 and Trisiston1, the part of non-protein bound dienogest and levonorgestrel, respectively, in serum was
determined by the method of centrifugal ultrafiltration. The portion of free dienogest was found to be 9.55 � 0.95%
(m � sD, n ¼ 13) of total serum dienogest. Free levonorgestrel constituted 0.97 � 0.14% (n ¼ 12) of total serum levonor-
gestrel. In an investigation with 47 female volunteers taking Certostat1, serum total dienogest was quantified by a speci-
fic radioimmunoassay and free dienogest in serum by centrifugal ultrafiltration. In the serum samples with dienogest
concentrations in the range of 4.1–57.7 ng/ml, the part of free, non-protein bound dienogest was found to be 8.90 �
0.54% of serum total dienogest. There is a high correlation between serum total dienogest and free dienogest (r ¼ 0.989).
In another investigation with 20 female volunteers taking the contraceptive Valette1, serum total dienogest and salivary
dienogest were quantified by radioimmunoassay and free dienogest in serum by centrifugal ultrafiltration. In the serum
samples with dienogest concentrations in the range of 7.5–50.6 ng/ml, the part of free, non-protein bound dienogest was
8.78 � 0.77% of serum total dienogest. Salivary dienogest constituted 7.99 � 0.94% of serum total dienogest showing a
high correlation with serum free dienogest (r ¼ 0.953) and serum total dienogest (r ¼ 0.958). The high portion of non-
protein bound compound in serum is a characteristic pharmacokinetic feature of dienogest.

1. Introduction

Steroid hormones in blood interact with binding proteins
such as sexual hormone binding globulin (SHBG) and
corticosteroid binding globulin (CBG), and also with albu-
min [1]. The steroid protein binding has considerable in-
fluence on the pharmacokinetics of a compound. It protects
against a rapid biotransformation and elimination and can
hinder the penetration of the compound into tissues and or-
gans. The free, non-protein bound fraction of steroids in
blood has been regarded for a long time as the bioavailable
form of the compound which rapidly can distribute into tis-
sues. Nowadays, there is increasing evidence that the ster-
oids bound to albumin are likewise fairly bioavailable [2].
The majority of the synthetic 19-norsteroid progestagens
like levonorgestrel, norethisterone, gestodene, and 3-keto-
desogestrel, is known to be bound in blood by SHBG and
albumin [3]. Only a few percent of these compounds is
present in serum in a free, non-protein bound form [4–7].
First evidence that the new 19-norprogestagen dienogest
(17a-cyanomethyl-17-hydroxy-4,9-estradien-3-one) is not
bound to SHBG was obtained by gel electrophoresis un-
der steady state conditions of plasma samples incubated
with 3H-dienogest. With this method and by competition
experiments it was also demonstrated that dienogest can-
not displace testosterone from its binding to SHBG [8].
Juchem et al. confirmed the absent binding of dienogest to
SHBG in competition studies, and they also found no
binding of dienogest to CBG [9].
Equilibrium dialysis studies according to Rivarola et al. [10]
gave first evidence that dienogest is present in serum to a
considerable part in a free form. This method had the disad-
vantage to work with diluted serum. The method of centrifu-
gal ultrafiltration with membranes of a definite pore size al-
lows to use undiluted serum and conditions which do not
affect the equilibrium [11]. The Centrifree1 devices pro-
vided by Amicon/Millipore are highly practicable and stand

out by small sample volumes, a rapid separation and a low
self-adsorption. This method was applied to determine the
free, non-protein bound dienogest in serum samples of wo-
men taking the oral contraceptives Certostat1 and Valette1.
Since salivary steroids have been discussed to be highly cor-
related with the free steroid fraction in serum [12], in the
Valette1 group, salivary dienogest concentrations were si-
multaneously determined by radioimmunoassay.

2. Investigations, results and discussion

2.1. Comparison of non-protein bound dienogest and le-
vonorgestrel in serum of female volunteers taking the
oral contraceptives Certostat1 and Trisiston1

The method of centrifugal ultrafiltration with the devices
of Amicon/Millipore has proved to be a convenient proce-
dure which is marked by its quickness and accuracy and
by the fact that undiluted serum can be used. By incubat-
ing the serum samples with a definite quantity of the
radioactive-labelled steroid, the tracer distributes between
free and protein-bound steroid according to the present
binding relation of the unlabelled steroid in the sample.
By the process of ultrafiltration, only the free steroid can
pass the membrane of the device and appears in the ultra-
filtrate. Centrifugation occurs within few minutes and war-
rants favourable separation conditions. Relating to the to-
tal tracer in the system, the percent free, non-protein
bound steroid is calculated. In reference to the total serum
steroid concentration determined by radioimmunoassay,
the free fraction in ng/ml can be derived.
In Table 1, single values of percent non-protein bound
dienogest and levonorgestrel, respectively, in serum sam-
ples of female volunteers taking the oral contraceptives
Certostat1 and Trisiston1 are listed. The blood samples
of the volunteers were taken at different days of the cycle
and at different times after intake of the dosage form.
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The free, non-protein bound dienogest constitutes 8–11%
of total serum dienogest and differs significantly from the
low levels of free levonorgestrel which have been found to
be only about 1% of the total serum levonorgestrel. The
data clearly demonstrate the significant difference in the
portions of free, non-protein bound dienogest and levonor-
gestrel, respectively.

2.2. Serum total dienogest and free, non-protein bound
dienogest in female volunteers taking the oral contracep-
tive Certostat1

In an other group of female volunteers taking the oral con-
traceptive Certostat1, total serum dienogest was deter-
mined by radioimmunoassay and the free, non-protein
bound dienogest by centrifugal ultrafiltration. The total
dienogest concentrations in the serum samples comprised
the range of 4.1–57.7 ng/ml. Free dienogest constituted
8.90 � 0.54% (range 7.80–10.07%) of total serum dieno-
gest (n ¼ 47). Fig. 1 shows the high correlation of serum
total and free dienogest (r ¼ 0.989).

2.3. Total dienogest and free, non-protein bound dieno-
gest in serum, and salivary dienogest in female volun-
teers taking the oral contraceptive Valette1

Steroid concentrations in saliva are considered to reflect
the free, biologically active fraction in blood. Since saliva
samples can be collected in a stress-free, non-invasive

fashion, studies with this material offers substantial bene-
fits when frequent sampling is necessary. There are va-
rious studies on salivary steroids which have demonstrated
that interesting informations can be obtained with this ma-
terial. Quantitation of progesterone in saliva was applied
to assess ovarian function [13, 14]. Salivary testosterone
concentrations were found to be better correlated with the
stage of puberty than did serum total testosterone levels
[15]. Salivary cortisol determinations were used to moni-
tor fluctuations in adrenal secretory activity [16], and sali-
vary norethisterone was useful to characterize the bioavail-
ability of preparations and their effect on ovarian function
[17]. The absence of specific and non-specific binding
proteins in saliva facilitates the application of direct, non-
extraction assays for quantitation.
In a group of female volunteers taking the oral contracep-
tive Valette1, total serum dienogest and salivary dienogest
were determined by radioimmunoassay and the percent
free, non-protein bound dienogest by centrifugal ultrafil-
tration. In Table 2, the data of 20 volunteers are compiled.
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Table 1: Free, non-protein bound dienogest and free levonor-
gestrel determined by centrifugal ultrafiltration in se-
rum samples of female volunteers taking the oral con-
traceptives Certostat1 and Trisiston1, respectively

Volunteer Certostat1 Group % free Dienogest

Cycle Day Hours p.a.

1 10 12 8.88
2 11 20 11.60
3 11 9 9.74
4 17 9 9.30
5 11 9 10.35
6 14 8 10.30
7 7 12 10.38
8 2 5 11.18
9 11 15 9.34

10 15 3 8.84
11 1 22 8.60
12 10 15 8.36
13 8 23 8.31

Free, non-protein bound Dienogest: 9.55 � 0.95% (m � sD ; n ¼ 13)

Volunteer Trisiston1 Group % free Levonorgestrel

Cycle Day Hours p.a.

14 8 22 0.96
15 5 12 0.96
16 3 20 1.13
17 18 20 0.78
18 17 24 1.11
19 11 21 0.92
20 17 22 0.84
21 18 22 0.87
22 11 24 0.83
23 21 23 0.98
24 10 24 1.28
25 8 23 0.94

Free, non-protein bound Levonorgestrel: 0.97 � 0.14% (m � sD ; n ¼ 12)
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Fig. 1: Correlation between the serum concentrations of total dienogest and
free, non-protein bound (NPB) dienogest in serum of female volun-
teers taking the oral contraceptive Certostat1

Table 2: Serum total dienogest (DNG) and salivary dienogest
determined by radioimmunoassay, and serum free,
non-protein bound (NPB) dienogest determined by
centrifugal ultrafiltration in female volunteers taking
the oral contraceptive Valette1

Volunteer Serum DNG
ng/ml

Salivary DNG
ng/ml

NPB-DNG
ng/ml

101 19.0 1.6 � 8.4% 1.5 � 8.0%
102 19.5 1.8 9.2% 1.8 9.0%
103 27.4 2.6 9.5% 2.6 9.6%
104 7.5 0.5 6.7% 0.6 8.2%
105 14.8 1.1 7.4% 1.2 7.9%
106 20.9 1.5 7.2% 1.6 7.8%
107 21.3 1.7 8.0% 1.6 7.7%
108 22.4 1.5 6.7% 1.9 8.4%
109 23.1 2.0 8.7% 1.9 8.4%
110 26.6 2.3 8.6% 2.3 8.7%
111 50.6 3.2 6.3% 4.6 9.0%
112 49.8 3.7 7.4% 4.4 8.8%
113 22.2 1.7 7.7% 1.9 8.6%
114 22.9 1.7 7.4% 2.2 9.4%
115 25.8 2.0 7.8% 2.2 8.7%
116 16.4 1.5 9.1% 1.6 9.7%
117 13.0 1.2 9.2% 1.3 9.9%
118 17.8 1.6 9.0% 1.8 10.4%
119 20.1 1.6 8.0% 1.9 9.5%
120 17.4 1.3 7.5% 1.4 8.0%



The data in Table 2 and the calculated correlations in Fig. 2
demonstrate that salivary dienogest correlates well with the
serum total dienogest and also with the free dienogest in
serum. The absolute concentrations of salivary dienogest
fairly reflect the free, non-protein bound dienogest in ser-
um. It is worth noting that the percentage of free dienogest
in serum and also the relation of salivary dienogest to total
serum dienogest cover a small range of 7.7–10.4% and
6.3–9.5%, respectively. This is not found with other ster-
oids. In studies on salivary testosterone and progesterone,
the proportion of salivary steroid concentrations to serum
steroid concentrations varies significantly and increases up
to 10 times when high steroid levels are present in blood.
The increase in salivary steroid concentrations is discussed
as a consequence when all available binding sites of SHBG
and CBG, respectively, in blood are occupied [18].
This dependence of the free steroid fraction on the concen-
tration of the available high affinity binding protein can be
ruled out for dienogest, since albumin with its huge binding
capacity is the main binding component. Therefore, sali-
vary dienogest gives a good reflection of the free and also
of the total dienogest concentrations in serum and will be a
valuable tool for pharmacokinetic studies. In a previous in-
vestigation on dienogest pharmacokinetics, practically the
same elimination half life time was obtained from the se-
rum and salivary dienogest concentration curves [19].
The rather high portion of free dienogest in blood has
been likewise found in animal species such as rat, rabbit,
and dog [20]. Obviously, the absent binding to SHBG is
due to the 4.9-dien-3-oxo structure of the molecule, by
which dienogest differs from the other mentioned proges-
tagens. The high portion of the free steroid and the exclu-
sive binding to albumin makes dienogest exceptionally
good bioavailable and favours the penetration into target
organs. On the other hand, the absent binding to high affi-
nity proteins facilitates the elimination and prevents an
accumulation after repeated administration. Thus, the mode
of dienogest protein binding contributes in different respect
to the favourable effects of the compound in women.

3. Experimental

3.1. Materials

3.1.1. Certostat1

Jenapharm GmbH (Jena/Germany); 1 package includes 21 dragees each
containing 50 mg 17a-ethinylestradiol þ 2 mg dienogest. One dragee is
taken daily from days 1–21 of the cycle.

3.1.2. Valette1

Jenapharm GmbH; 1 package includes 21 dragees with 30 mg 17a-ethinyl-
estradiol þ 2 mg dienogest. One dragee is taken daily from days 1–21 of
the cycle.

3.1.3. Trisiston1

Jenapharm GmbH; 1 package includes 9 dragees with 30 mg 17a-ethinyl-
estradiol þ 50 mg levonorgestrel, 6 dragees with 40 mg 17a-ethinylestra-
diol þ 75 mg levonorgestrel, and 6 dragees with 30 mg 17a-ethinylestra-
diol þ 125 mg levonorgestrel. The dragees are taken from days 1–9, 10–
15 and 16–21, respectively, of the cycle.

3.1.4. Centrifree1 micro partition system

Millipore GmbH (Eschborn/Germany). The devices of Amicon/Millipore
are ready for use for serum volumes of 0.15–1 ml. The separation border
is 30 000 daltons, the retention of serum proteins is >99.9%.

3.1.5. Serum samples

Blood samples were drawn with syringes from the cubital vein of female
volunteers who used Certostat1, Valette1 or Trisiston1 for oral contracep-
tion for a long time and came in regular intervals for consultation to the
hospital. After standing for some time, the samples were centrifuged for
15 min at 3500 rpm. The supernatant serum was stored at �20� C until
assayed.

3.1.6. Saliva samples

Immediately after the blood samples had been taken, saliva was collected
by means of cotton plugs (Salivetten) which remained for 5 min in the
mouth cavity. By centrifugation of the plugs in a special device, the saliva
was obtained. After dilution with buffer, 50–100 ml were directly intro-
duced to the dienogest radioimmunoassay without solvent extraction.

3.1.7. Volunteers

Women taking the above contraceptices and who came regularly for con-
sultation to the hospital.

3.2. Methods

3.2.1. Dienogest radioimmunoassay

The immunoassay was developed in the former Central Institute of Micro-
biology and Experimental Therapy Jena (CIMET) in the 1980s [19, 21]
and later on transferred to other institutions. The assay is characterized as
follows:
The antiserum was raised in rabbits following immunization with dieno-
gest-3-carboxymethyloxime bovine serum albumin conjugate. The antise-
rum is highly specific and has no cross-reactions with endogenous ster-
oids. 14a,15a-3H-dienogest was used as the radioactive tracer. The tracer
was synthesized by a multistep synthesis by Dröscher and Römer at the
former Central Institute for Nuclear Research Rossendorf near Dresden.
Purification of the tracer was realized by CC (0.8� 2 cm) on Lichroprep
Si 60 (Merck, 40� 63 mm) with CHCl3/MeOH 98.5 : 1.5 v/v as eluent,
and subsequent TLC on silica gel GF254 (Merck) in the solvent systems
benzene/acetone 2 : 1 v/v and benzene/MeOH 9 : 1 v/v, resulting in a radio-
chemical purity of >95%.

ORIGINAL ARTICLES

Pharmazie 56 (2001) 4 327

Fig. 2 : Correlation of salivary dienogest with total serum dienogest (left figure, r ¼ 0.958) and with the free, non-protein bound (NPB) dienogest in serum
(right figure, r ¼ 0.953)
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The plasma samples (0.1 ml) were extracted with methylene chloride
(1 ml) using an internal standard of 2500 dpm 3H-dienogest added to the
plasma sample. The extraction yield was found to be 92.6 � 3.1%
(n ¼ 731). Later on, the extraction with methylene chloride was replaced
by an ether extraction. The incubation of plasma extract, antiserum and
tracer was carried out under conditions which are usual for steroid radio-
immunoassays. The separation of free and antibody bound dienogest was
achieved by dextran coated charcoal. The dienogest RIA procedure was
found to have intra-assay variation coefficients of 2.6–7.6%, inter-assay
variation coefficients of 3.9–7.2%, a good accuracy and a sensitivity of
26 pg/tube ffi 0.26 ng/ml serum.

3.2.2. Centrifugal ultrafiltration

In glass tubes (12� 75 mm, Sarstedt), a benzene or ethanol solution of 3H-
dienogest (	 150 000 dpm) was evaporated with a nitrogen stream in a
water bath of 40 �C. Aliquots (0.5 ml) of the serum samples were added to
the tubes, and dissolving of the tracer was achieved by 30 s vortexing,
incubation for 30 min at 37 �C, and once more short vortexing. In two 50
ml aliquots, total serum radioactivity was measured by liquid scintillation
counting with 5 ml Ultima Gold1 (Canberra-Packard) in a TriCarb 1900.
The residual serum is transferred to a Centrifree1 micro partition device.
The device is closed with a plastic cap and centrifuged for 5 min at
2800 rpm in a Heraeus Biofuge 28 RS equipped with an angular rotor
prewarmed to 37 �C. From the container with the ultrafiltrate, 2� 50 ml
are taken for the radioactivity measurement with 5 ml Ultima-Gold1.
The portion of free, non-protein bound dienogest was calculated from the
equation

% free dienogest ¼ dpm UF/dpm TP� 100

dpm UF ¼ radioactivity in the ultrafiltrate; TP ¼ radioactivity in the serum
sample prior to centrifugation.

3.2.3. Calculation of correlation

The correlation between the total and free dienogest concentrations in se-
rum, and between serum free dienogest and salivary dienogest was calcu-
lated by the PadGraphPrismTM programme (GraphPad Software, Inc., San
Diego, CA). The serum concentration of the free dienogest was calculated
from the total dienogest serum concentration and the determined percent
free dienogest.
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