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Abstract

We observed hyperplasia of the mammary gland in female beagle dogs, but not in female rats and monkeys, in
91-day toxicity studies on dienogest. In order to elucidate a possible mechanism for its development and to account
for this species difference, we determined the plasma level of growth hormone (GH) in dogs, rats, and monkeys
treated orally with dienogest for 91 days. As a result, dogs with mammary hyperplasia showed a prominent,
dose-dependent increase in their GH level; and, contrarily, rats and monkeys without the hyperplasia of this organ
failed to show any such increase. These results were supported by evidence from immunohistochemical and
morphometric analysis of the pituitary gland. In addition, dienogest and medroxyprogesterone acetate (MPA)
stimulated the growth of canine mammary epithelial cells in the presence of estradiol in vitro, but had no effect on
rat and human mammary epithelial cells incubated under the same conditions. In conclusion, dienogest with
progestational activity caused proliferation of the mammary gland in beagle dogs by increasing the secretion of GH,
as do other progestational compounds. This change may be partially dependent on the direct effect of the drug.
© 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Dienogest, (17a-cyanomethyl-17b-hydroxy-es-
tra-4,9-dien-3-one; Fig. 1, upper), is an orally
active synthetic steroid with prominent progesta-
tional activity that is used for contraception and

is currently being studied for the possible treat-
ment of endometriosis (Katsuki et al., 1997,
1998). In repeated toxicity studies on dienogest,
we observed that beagle dogs showed prolifera-
tion of mammary epithelium, whereas rats and
rhesus monkeys failed to exhibit evidence of such
proliferation. Thus, this proliferative change was
specific to dogs. The purpose of the present study
was to elucidate the mechanism responsible for
the proliferation of canine mammary epithelium
induced by dienogest.
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2. Materials and methods

2.1. Test materials

In the 91-day toxicity study conducted previ-
ously, the test drug, dienogest (Jena Pharm, Jena,
Germany), was suspended in 0.5% car-
boxymethylcellulose (Wako Pure Chemical, Os-
aka, Japan) and orally administered to rats, dogs,
and monkeys. In this in vitro study, dienogest,
medroxyprogesterone acetate (MPA; Fig. 1,
lower, Sigma Chemical, St. Louis, MO), and 17
beta-estradiol (Sigma Chemical) were dissolved in
dimethylsulfoxide (DMSO, Wako Pure Chemical)
and then sterilized by passage through a filter (0.2
mm in diameter, Advantec, Tokyo, Japan).

2.2. Animals

Six-week-old female Slc: Wistar rats (Japan
SLC, Hamamatsu, Japan), 9 or 10-month-old fe-
male beagle dogs (White Eagle Laboratories,
Doylestown, PA), and 3 or 4-year-old female
rhesus monkeys bred in purpose (CSK Research
Park, Suwa, Japan) were subjected to rat, dog, or
monkey 91-day toxicity study, respectively. The
rats, dogs, and monkeys were individually housed
in aluminium cages (170W×260D×180H mm),

stainless steel cages (780W×800D×960H mm),
and stainless steel cages (600W×700D×700H
mm), respectively, in rooms, a separate one for
each species, kept at a controlled temperature
(2392°C) and relative humidity (55915%) and
having a 12-h light/12-h dark cycle. The rats,
dogs, and monkeys were given a certified solid
diet, FR-2 (Funabashi Farm, Funabashi, Japan),
Lab Diet �4360 (Purina Japan, Tokyo, Japan),
and Primate Diet �5048 (Purina Japan), respec-
tively, and free access to water during the experi-
mental period. At the start of dosing, the ranges
of body weight of the rats, dogs, and monkeys
were 110–122 g, 7.7–10.9 kg, and 3.5–4.9 kg,
respectively. The guidelines of Mochida Pharma-
ceutical were followed for the care and use of the
animals in these studies. Based on the results of
our 14-day dose-determining study on rats, on
those of the 6-month toxicity study on dogs re-
ported by Hoffmann et al. (1983), and on those of
our 91-day toxicity study on dogs, we set up four,
three, and three doses for the rats, dogs, and
monkeys, respectively, to clarify toxic and non-
toxic dose levels in each species. The rats, dogs,
and monkeys were treated orally for 91 days with
0 (vehicle alone), 0.3, 1, 3, or 30 mg/kg/day of
dienogest; 0, 0.03, 0.3, or 3 mg/kg/day; and 0, 0.1,
1, or 10 mg/kg/day, respectively. Control animals
were given vehicle (0.5% carboxymethylcellulose)
alone. As a result, the nontoxic dose level for rats,
dogs, and monkeys was 3, 0.03 (except mammary
gland proliferation), and 1 mg/kg/day, respec-
tively. The above-mentioned 91-day toxicity stud-
ies were conducted in accordance with the
guideline on Good Laboratory Practice published
by the Japanese Ministry of Health and Welfare.

2.3. Plasma samples

Plasma samples were obtained from the rats
(n=5 for each dose), dogs (n=3 or 4), and
monkeys (n=3 or 5) treated orally with dienogest
or the vehicle for 91 days at the above-mentioned
dose levels for each species. The plasma samples
were used for determination of their growth hor-
mone (GH) level and were stored at −80°C
before being assayed.

Fig. 1. Chemical structures of dienogest and medroxyproges-
terone acetate.
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2.4. Measurement of plasma GH le6els

Plasma GH levels were measured by a time
resolved-fluoroimmunoassay (Hemmilä, 1988) us-
ing the DELFIA system (Pharmacia Biotech,
Uppsala, Sweden). Briefly, 100 ml of goat anti-
rabbit IgG antibody (Funakoshi, Tokyo, Japan)
diluted 1:100 with phosphate-buffered saline
(PBS) was added to each well of a 96-well mi-
croplate (NUNC, Roskilde, Denmark) and incu-
bated for 30 min at 37°C. After discarding of the
solution, each well was washed with PBS contain-
ing 0.05% Tween 20. Then, 100 ml of PBS contain-
ing 0.1% bovine serum albumin (Sigma Chemical)
was added to each well, and incubation was car-
ried out for 15 min at room temperature. After
removal of the solution, each well was washed
again as described above. Finally, 50 ml of rabbit
anti-rat GH antibody (Cosmobio, Tokyo, Japan),
rabbit anti-dog GH antibody (Shibayagi, Gunma,
Japan), or rabbit anti-human GH antibody (Cos-
mobio) solution was added simultaneously with
50 ml of europium-labeled rat, dog, or human GH
(Cosmobio; purity; 90, 95, and 98%, respectively)
solution and 50 ml of plasma samples from rats,
dogs, or monkeys to each well, and incubation
was then carried out for 30 min at 37°C. After
discarding of the solution, each well was washed
with DELFIA washing solution. Then, 100 ml of
enhancement solution [0.1 M acetate buffer (pH
3.2) containing 15 mM a-2-naphtoyltrifluoro ace-
tate, 50 mM tricyclphosphenoxide, and 0.1% Tri-
ton-X 100] was added, and incubation was carried
out for 5 min at 25°C. The fluorescence of eu-
ropium was measured with a DELFIA fluorome-
ter, and the GH concentration was calculated
from the standard curve previously prepared. The
detection limit of GH level was about 100 pg/ml
for a 50 ml plasma sample from rats, dogs, or
monkeys.

2.5. Mammary glands and pituitary glands

On the day after the last dosing, the animals
were killed by exanguination under anesthesia
with pentobarbital sodium; and then their mam-
mary glands, pituitary glands, etc. were removed.
The mammary glands obtained from rats (n=10)

given dienogest at 0 or 30 mg/kg/day, dogs (n=3)
treated with the drug at 0, 0.03, 0.3, or 3 mg/kg/
day, and monkeys (n=3) given it at 0 or 10
mg/kg/day were routinely fixed in 10% phosphate-
buffered formalin, embedded in paraffin, cut at a
thickness of 3 mm, stained with hematoxylin and
eosin, and examined under a light microscope.
The pituitary glands obtained from the above-
mentioned animals were stained immunohisto-
chemically for GH and morphometrical analysis
as described below.

2.6. Immunohistochemical analysis of GH

Deparaffinized sections of the pituitary glands
were treated with 3% H2O2 to inactivate endoge-
nous peroxidase, rinsed in PBS, and then incu-
bated with blocking serum (goat serum,
Cosmobio) for 20 min at room temperature. Next,
the sections from rats, dogs, and monkeys were
treated with rabbit anti-rat GH, rabbit anti-dog
GH, and rabbit anti-monkey GH antibodies (Bio-
genesis, Poole, UK), respectively. After having
been washed with PBS, the sections were next
incubated with a biotinylated secondary antibody
(goat anti-rabbit IgG) for 30 min at room temper-
ature. After another washing with PBS, the sec-
tions were incubated with streptoavidin-
peroxidase and again washed with PBS. Finally,
the sections were treated with 3, 3%-diaminoben-
zidine-H2O2 substrate medium, rinsed in tap wa-
ter, and counterstained with hematoxylin. The
size of the cells positive for GH staining was
determined morphometrically with an image ana-
lyzer (LUZEX III, Nireco, Tokyo, Japan).

2.7. In 6itro effects of dienogest and
medroxyprogesterone acetate (MPA) on
mammary epithelial cells from rats, dogs, and
humans

2.7.1. Preparation of rat and dog mammary
epithelial cells

On day 16 or 17 of gestation, pregnant Slc:
Wistar rats were killed by exanguination under
anesthesia with pentobarbital sodium (25 mg/kg,
i.p.). Then, the mammary glands were removed.
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Mammary tissues of lactating beagle dog dams
belonging to CSK Research Park (Suwa, Japan)
were obtained by biopsy under anesthesia with
pentobarbital sodium (30 mg/kg, i.p.). After re-
moval of the vessels and adipose tissues from
the mammary tissues, the latter were washed
with sterilized PBS. The tissues were next
minced with a surgical knife, immediately dis-
persed in collagenase (Nitta Gelatin, Tokyo,
Japan) solution (6000 units/ml) for 10 min at
37°C with shaking (10 times/min), and then
washed in MEM medium (Nissui Pharmaceuti-
cal, Tokyo, Japan). Thereafter, the cells were in-
cubated in deoxyribonuclease (Sigma Chemical)
solution (1000 units/ml) for 10 min at 37°C with
shaking (10 times/min), washed in MEM
medium, and suspended in the medium at a
concentration of 104/ml. Aliquots of the cell sus-
pension (1000 cells in 0.1 ml) were distributed
into several plastic plates (Primaria, Falcon)
coated with collagen type-IV and basement ele-
ment (Nitta Gelatin) and containing 0.9 ml of
MEM medium supplemented with fetuin (1 mg/
ml, Sigma Chemical), insulin (5 mg/ml, Sigma
Chemical), transferrin (5 mg/ml, Sigma Chemi-
cal), fibroblast growth factor (100 ng/ml, Fu-
nakoshi), and epidermal growth factor (10
ng/ml, Funakoshi), and then incubated at 37°C
under an atmosphere of 5% CO2 and 95% air.

2.7.2. Human mammary epithelial cells
Normal human mammary epithelial cells

(Mammary pack) were purchased from Kurabo
(Tokyo, Japan). The cells were suspended in the
above-mentioned medium for their proliferation.
Aliquots of the cell suspension (1000 cells in 0.1
ml) were distributed into several plastic plates
(Falcon) coated with collagen type-IV and base-
ment element (Nitta Gelatin) and incubated at
37°C under an atmosphere of 5% CO2 and 95%
air.

2.7.3. Treatment with dienogest or MPA
Before the cells had become confluent, they

were isolated with 0.25% trypsin solution in PBS
and used for an in vitro study. An aliquot of
the cell suspension (1000 cells) was distributed
into a plastic plate (Falcon) incubated for 60

min at 37°C, and then cultured with DMSO as
a vehicle control or with dienogest (3.2×10−11,
3.2×10−10, 3.2×10−9, or 3.2×10−8 M as the
final concentration) or MPA (2.6×10−11, 2.6×
10−10, 2.6×10−9, or 2.6×10−8 M as the final
concentration) in the absence or presence of
estradiol (3.7×10−11, 3.7×10−10, or 3.7×
10−9 M as the final concentration) for 7 days at
37°C under an atmosphere of 5% CO2 and 95%
air. We selected these doses based on the results
of a previous experiment in which dienogest
suppressed the proliferation of rat endometrial
cells in the presence of estradiol (Katsuki et al.,
1998). After the culture period, the cells were
stained with trypan blue (Wako Pure Chemical);
and the number of viable cells (×103/culture)
was then counted under an inverted microscope.

2.8. Pharmacokinetics of dienogest in rats, dogs,
and monkeys

Five-week-old female Slc: Wistar rats (Japan
SLC), 2-year-old female beagle dogs (White Ea-
gle Laboratories), and 5- or 6-year-old female
rhesus monkeys bred in purpose (CSK Research
Park) were used, 5, 3, and 3 animals, respec-
tively, for this pharmacokinetic study. At 0.25,
0.5, 1, 2, 4, 6, and 24 h after oral administra-
tion of dienogest to the rats at a dose of 10
mg/kg corresponding to the high doses in the
91-day toxicity study, to the dogs at a dose of
0.03 mg/kg, which caused apparently mammary
gland hyperplasia, and to the monkeys at a dose
of 10 mg/kg, equal to the high dose in the 91-
day toxicity study, heparinized blood samples
were taken without anesthesia. The samples
were centrifuged at 2200×g for 15 min at 4°C
to isolate the plasma for determination of
plasma dienogest levels. To the plasma sample
(100 ml), 10 ml of ethanol and 10 ml of 17a-
ethynylestradiol solution (20 mg/ml) as an inter-
nal standard were added. Then, 4.9 ml of 0.01
M phosphate-buffered saline (PBS, pH 7.4) con-
taining 0.25% (v/v) sodium heparin was added
to the mixture, vortex-mixed, and centrifuged at
2200×g for 10 min at room temperature to iso-
late the supernatant. The supernatant was
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loaded onto a solid-phase extraction column; and
the column washed successively with PBS, water,
20% acetonitrile, and 70% ethanol; and the drug
and internal standard were eluted with 90%
methanol. After the extract had been evaporated
to dryness, the residue was dissolved in 120 ml of
HPLC eluent [20 mM PBS (pH 7.0): acetoni-
trile=60:40 (v/v)], and filtered through a mem-
brane filter (0.45-mm pore size). A 50-ml aliquot of
the filtrate was injected onto a HPLC column
(Inertsil ODS-2, 4.6 f×250 mm). The com-
pounds were separated on the column by use of a
mobile phase consisting of 20 mM PBS (pH 7.0)
and acetonitrile (60:40, v/v) and detected with a
UV detector at wavelengths of 300 nm (0–12 min)
and 280 nm (12–25 min). The peak height of
dienogest relative to that of 17a-ethynylestradiol
was calculated, and then the concentration of
dienogest was determined from a calibration
curve (10–2000 ng/ml) prepared previously by
adding known amounts of dienogest to control
plasma.

2.9. Statistical analysis

The results of each experiment were expressed
as the mean9standard deviation (SD). After
analysis of variance, Dunnett’s test was used to
analyze statistically significant differences between
the groups by the multicomparison procedure us-
ing SAS software (version 6, SAS Institute, Cary,
NC). A statistically significant difference was
defined at PB0.05.

3. Results

3.1. Plasma le6els of GH in female rats, dogs,
and monkeys (Fig. 2)

In rats treated orally with dienogest (0.3, 1, 3,
or 30 mg/kg) for 91 days, their plasma levels of
GH were similar to those of the control animals.
In contrast, in dogs treated orally with the drug
(0.03, 0.3, or 3 mg/kg) for 91 days, their GH
levels increased significantly in a dose-dependent
fashion. The values at doses of 0.03, 0.3, and 3
mg/kg were :4, 9, and 18 times, respectively,

Fig. 2. Changes in plasma levels of growth hormone in female
rats, dogs, and monkeys treated orally with dienogest for 91
days. Each column represents the mean9SD (n=5 for rats,
n=3 or 4 for dogs, and n=3 or 5 for monkeys). Data were
analyzed by analysis of variance and Dunnett’s test. Signifi-
cant differences from the control: *PB0.05, **PB0.01.

greater than the control value. In monkeys treated
orally with dienogest (0.1, 1, or 10 mg/kg) for 91
days, their GH levels were similar to those of the
control animals.
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3.2. Histopathology, immunohistochemistry, and
morphometry

The mammary glands from female rats and
monkeys treated with dienogest for 91 days
showed no abnormalities. In contrast, the mam-
mary glands from female dogs treated with
dienogest for 91 days showed dose-dependent

proliferation of their mammary glands. Espe-
cially, the dogs (Fig. 3) given 3 mg/kg showed
severe hyperplasia of alveoli and a large number
of vacuoles in the alveolar cells. This histology
resembled that seen during the lactation period.
The cells producing GH in the pituitary glands
from dienogest-treated rats (Fig. 4, B) and mon-
keys (Fig. 4, F) were histologically similar to

Fig. 3. Mammary glands from dogs treated orally with dienogest or vehicle for 91 days. A and B: Hyperplasia of acini is noticeable
in the mammary gland from a dienogest (3 mg/kg) -treated dog (B) when this gland is compared with that from a vehicle-treated
one (A). Acini are densely arranged in the mammary gland and the amount of interstitial tissues has decreased in the drug-treated
gland. H&E stain, ×150.
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Fig. 4. Growth hormone immunostaining in the pituitary glands from rats (A and B), dogs (C and D), and monkeys (E and F)
treated orally with dienogest or vehicle for 91 days. A and B: No differences are seen between a dienogest (30 mg/kg) -treated rat
(B) and a vehicle-treated one (A). C and D: Slight hypertrophy of GH-positive cells (arrows) is noticeable in the pituitary gland from
a dienogest (3 mg/kg) -treated dog (D) as compared with the size of these cells from a vehicle-treated one (C). GH-positive cells in
D have a large amount of cytoplasm. E and F: No differences are seen between a dienogest (10 mg/kg) -treated monkey (F) and
a vehicle-treated one (E). Immunohistochemical staining with anti-GH antibody, ×150.

those of the control animals (Fig. 4, A and E,
respectively). In contrast, the pituitary glands from
dienogest-treated dogs (Fig. 4, D) showed slight
hypertrophy as compared with those from control
dogs (Fig. 4, C). In addition, by morphometric

analysis, the GH-positive cells in the pituitary
glands from dienogest-treated dogs were dose-de-
pendently larger in size than those of the control
animals; and at 3 mg/kg the GH-positive cells were
significantly larger than the control ones (Fig. 5).
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Fig. 5. Changes in size of growth hormone (GH) -secreting
cells in the pituitary glands from rats, dogs, and monkeys
treated orally with dienogest for 91 days. Each column repre-
sents the mean9SD (n=10 for rats, and n=3 for dogs and
monkeys). Data were analyzed by analysis of variance and
Dunnett’s test. A significant difference from the control:
**PB0.01.

3.3. In 6itro effects of dienogest and MPA on
mammary epithelial cells from female rats, dogs,
and humans (Table 1)

Dienogest (3.2×10−9 and 3.2×10−8 M) and
MPA (2.6×10−9 and 2.6×10−8 M) had no
effect on rat or human mammary epithelial cell
growth in the presence or absence of estradiol. In
contrast, dienogest (3.2×10−9 M or more) and
MPA (2.6×10−10 M or more) stimulated
slightly, but significantly, dog mammary epithelial
cell growth in the presence of estradiol but did not
do so in the absence of the hormone. Dienogest
was equal to MPA in stimulative potency. Estra-
diol stimulated the growth of cells from all three
species in a concentration-dependent manner.

3.4. Pharmacokinetics of dienogest in rats, dogs,
and monkeys

Plasma concentration-time curves for rats,
dogs, and monkeys after a single oral administra-
tion of dienogest are shown in Fig. 6. The rele-
vant pharmacokinetic parameters for each species
are shown in Table 2. The Cmax value for mon-
keys was about 3.6 times greater than that for
rats; and AUC value for the former was :20.9
times greater than that for the latter. Therefore,
systemic availability of dienogest was greater in
monkeys than in rats. On the other hand, in dogs
given 0.03 mg/kg, which showed a significantly
increased secretion of growth hormone, Cmax
and AUC values were about 1/100 of those in
monkeys. Based on the dose used for each species,
these results suggest that the dogs may have the
greatest systemic availability of dienogest.

4. Discussion

Macroscopic mastoplasia was observed in the
mammary tissue of female beagle dogs after 2 or
3 weeks of treatment in a 91-day toxicity study on
dienogest at oral doses of 0.03, 0.3, and 3 mg/kg/
day; but this change was not augmented by in-
creasing the duration of exposure or by increasing
the dose. The increase in mammary gland size was
equal or slightly larger than that dependent on the
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Table 1
Effects of dienogest and medroxyprogesterone acetate (MPA) in the absence or presence of 17 b-estradiol on growth of rat, dog, and
human mammary epithelial cells in vitroa

Species Drug Concentration (M) Vehicle Estradiol (M)

3.7×10−11 3.7×10−10 3.7×10−9

– 3.8bRat 4.5Control 5.4 5.3
Dienogest 3.2×10−9 3.8 4.5 5.4 5.3

3.2×10−8 3.8 4.5 5.4 5.3Dienogest
2.6×10−9 3.8 4.5MPA 5.4 5.3
2.6×10−8 3.8 4.5 5.4MPA 5.3
– 3.9 4.7Control 5.9Dog 5.9
3.2×10−11 3.9 4.7 5.9Dienogest 6.0
3.2×10−10 3.9 4.7Dienogest 6.0 6.4
3.2×10−9 3.9 4.8 6.3*Dienogest 6.5**
3.2×10−8 3.9 4.8Dienogest 6.7** 6.5**
2.6×10−11 3.9 4.7MPA 5.9 5.9
2.6×10−10 3.9 4.7MPA 5.9 6.4*
2.6×10−9 3.9 4.7 6.4**MPA 6.6**
2.6×10−8 3.9 4.9*MPA 6.7** 6.6**
– 2.3 3.2Human 4.2Control 4.6
3.2×10−9 2.3 3.3Dienogest 4.1 4.6
3.2×10−8 2.3 3.2 4.1Dienogest 4.6
2.6×10−9 2.3 3.2MPA 4.1 4.5
2.6×10−8MPA 2.3 3.2 4.2 4.6

a Each value represents the mean (n=3). Standard deviations were from 0.0 to 0.2. Data were analyzed by analysis of variance
and Dunnett’s test. Significant differences from the control: *PB0.05, **PB0.01. Significant differences between the vehicle and all
estradiol treatments were observed at PB0.01.

b The total number of viable cells (×103) per culture.

menstrual cycle (unpublished data). Histopatho-
logical examination revealed that the mammary
gland proliferation occurred in a dose-dependent
manner. On the other hand, there was no masto-
plasia in mammary epithelia of female rats or
monkeys in the 91-day toxicity studies on
dienogest at oral doses of 0.3, 1, 3, and 30 mg/kg/
day for the former and 0.1, 1, and 10 mg/kg/day
for the latter. Dogs given 0.03 mg/kg, which
induced hypermastia in the 91-day toxicity study,
showed lower values for pharmacokinetic parame-
ters (Cmax and AUC values) than those in rats
and monkeys given 10 mg/kg. Based on the re-
sults of pharmacokinetics, these results show a
clear species difference in dienogest-induced
growth of the mammary gland. Neumann (1991)
reported evidence for progestogen-induced prolif-
eration of the mammary gland in female dogs: (1)
The mammary gland in dogs treated with
progestogens for a long-term period reached the

same size as that seen during lactation; (2) Dog
pituitary gland showed a prominent increase in
the number of basophilic cells positive for
paraldehydefuchsin staining, and these cells were
immunohistochemically equivalent to the cells
producing GH; (3) Serum GH level increased; (4)
Canine GH was a prominent impetus for mam-
mary gland enlargement and lactation; and (5)
Mammotropic effects of progestogens were not
observed in hypophysectomized dogs treated with
these compounds. In addition, in MPA-treated
dogs, an increased serum level of GH and devel-
opment of mammary nodes were reported by
Concannon et al. (1981), and an increase in the
former was indicated by McCann et al. (1987).
Furthermore, Gräf and El Etreby (1979) reported
these same changes in dogs treated with
cyproterone acetate. These results suggest that
progestational compounds have no direct prolifer-
ation-stimulating effect on the canine mammary
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Fig. 6. Plasma concentration-time curves for rats (	), dogs
(), and monkeys (") after a single oral administration of
dienogest at a dose level of 10, 0.03, or 10 mg/kg, respectively.
Each point represents the mean (n=5 for rats, and n=3 for
dogs and monkeys).

in a dose-dependent fashion. These results are in
accord with those described by Neumann (1991),
Concannon et al. (1981), and Gräf and El Etreby
(1979) with other progestins.

In order to examine the direct effect of
dienogest on mammary epithelial cells, we con-
ducted an in vitro study using the cells from
pregnant rats and lactating dogs as well as human
mammary epithelial cells. As a result, dienogest
had no direct effect on the growth of mammary
epithelial cells from dogs, rodents, or humans at a
maximal concentration of 3.2×10−8 M in the
absence of estradiol. In the presence of estradiol,
however, the drug caused the growth of mam-
mary epithelial cells from dogs alone in a concen-
tration-dependent manner. MPA used as a
reference progestin showed similar results as ob-
tained with dienogest. These results from the in
vitro study also suggest that there is a species
difference in the effects of progestational drugs on
the mammary gland.

In conclusion, dienogest with progestational ac-
tivity caused proliferation of mammary gland ep-
ithelial cells in dogs through the same physiologic
mechanism (increased secretion of GH) as other
progestational compounds. This change was spe-
cific to dogs. From the results of the in vitro
study, the proliferation of canine mammary gland
cells may be partially dependent on the direct
effect of progestational compounds.
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gland but rather influence proliferation through a
prominent secretion of GH from the pituitary
gland. However, there are few reports on hyper-
mastia and an increase in lactation in other exper-
imental animals treated with progestogens or
progesterone alone. It is recognized that serum
levels of GH in women taking oral contraceptives
including progesterone and estrogen do not in-
crease (Mishell et al., 1977 and Johnson, 1989).

We determined plasma levels of GH in rats,
dogs, and monkeys treated orally with dienogest
for 91 days. As a result, rats and monkeys with-
out hypermastia showed no increase in GH level;
contrarily, all dogs with mammary hyperplasia
showed a prominent increase in plasma GH level

Table 2
Pharmacokinetic parameters of dienogest in rats, dogs, and monkeysa

Number of animals Dienogest (mg/kg)Species Cmax (ng/ml) AUC (ng·h/ml)

16399562105Rat 28939732
3 654950Dog 62940.03
3 10Monkey 594291914 60411915106

a Values are expressed as the mean9SD.
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