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Abstract. Endometriosis is a chronic, estrogen-dependent 
disease characterized by the presence of ectopic endometrium 
either in the pelvic cavity (endometriosis externa) or within the 
uterus (endometriosis interna, adenomyosis). Key symptoms 
are pelvic pain, dysmenorrhea and infertility. Established 
rodent animal models used for drug research in endometriosis 
have certain limitations. Since rodents do not menstruate, they 
cannot develop endometriosis externa spontaneously, but they 
suffer from endometriosis interna. There is growing evidence 
that human endometriosis externa and interna represent two 
faces of the same disease. Both are estrogen-dependent and 
respond to similar treatment paradigms. Here, we addressed 
the question whether a murine endometriosis interna model 
may also be suitable for the characterization of drugs 
employed in human endometriosis. We examined the effects 
of danazol, Faslodex and cetrorelix in SHN mice that devel-
oped endometriosis interna after pituitary grafting. The GnRH 
antagonist cetrorelix and the estrogen receptor antagonist 
Faslodex, which negatively interfered with estrogen-mediated 
signaling, completely inhibited endometriosis interna, whereas 
danazol, an androgenic progestin, showed significant thera-
peutic activity in the majority of SHN mice. We conclude that 
this murine endometriosis interna model may be a valuable 
complement to established endometriosis externa models to 
support drug research in human endometriosis.

Introduction

Five to fifteen percent of women in their reproductive age 
suffer from endometriosis, an estrogen-dependent, chronic 

disease characterized by the presence of ectopic endometrium 
in either the pelvic cavity or the uterus (1). Main symptoms 
are pelvic pain, dysmenorrhea, dyspareunia and infertility 
(2). According to the localization of endometriotic lesions, 
endometriosis can be divided into endometriosis interna 
(presence of ectopic endometrium within the myometrium) 
and endometriosis externa (presence of ectopic endometrium 
within the pelvic cavity) (3). Formerly, endometriosis interna 
and externa were perceived as one pathological entity charac-
terized by mucosal invasions and termed adenomyoma (4). In 
1927, the theory of retrograde menstruation was generated and 
served as a potential pathophysiological explanation for the 
development of endometriosis externa and, as a consequence, 
led to the separation of endometriosis externa and interna (5). 
Nowadays, there is again increasing evidence that endome-
triosis interna and externa may represent different phenotypes 
of the same disease (3,4). The tissue-injury and repair theory 
suggests that local hyperestrogenism in response to microtrau-
matization at the endometrial-myometrial interface leads to 
enhanced uterine peristaltic activity within the endomyome-
trial junctional zone (6). As a consequence, dislocated basal 
endometrium either infiltrates the myometrium (adenomyosis, 
endometriosis interna) or reaches via the ovarian tubes the 
peritoneal cavity leading to endometriosis externa (6).

Since endometriosis significantly impairs quality of life of 
severely affected women, there is a continuous medical need 
for the development of new treatment paradigms. Currently, 
besides laparoscopy, progestins, oral contraceptives, GnRH 
analogues, danazol, as well as pain medication and other 
experimental approaches, such as COX-2 inhibitors, aroma-
tase inhibitors, selective estrogen receptor modulators and 
GnRH antagonists, are employed (3,7). Animal models that 
are used in early stages of drug testing often rely on non-
menstruating rodents with induced endometriosis-like lesions. 
In homologous models, normal endometrial tissue is surgically 
transplanted into the peritoneal cavity of immunocompetent 
recipients and starts to grow in an estrogen-dependent manner. 
In heterologous models, human endometriotic lesions are 
transplanted into the peritoneal cavity of immunodeficient 
mice (8,9). In both models, drug candidates are analysed with 
regard to their ability to influence the estrogen-dependent 
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growth of the endometrial or endometriotic transplants. 
Apart from rodents, primates that spontaneously develop 
endometriosis or that have been transplanted intraperitoneally 
with endometrium can be used to study drug candidates (8). 
However, primate studies are expensive and do not allow for 
high throughput analysis in early stages of drug discovery. On 
the other hand, the established endometriosis externa models 
in rodents are under discussion. It remains to be established 
whether the use of immunodeficient mice or whether the trans-
plantation of normal endometrium into the peritoneal cavity 
of a non-menstruating species indeed completely reflects 
all pathophysiological aspects of human endometriosis. 
Additional models, that complement the established battery of 
endometriosis externa models, may therefore be helpful.

Taking into account that human adenomyosis and endo-
metriosis are again perceived as two phenotypes of the same 
disease (3,4), we used a previously described murine endo-
metriosis interna model (10) and addressed the question of 
whether this model is suitable for the characterization of drug 
candidates that effectively treat human endometriosis. We 
analysed three different compounds in this model: danazol, 
an androgenic progestin that was widely used in the clinic 
in the 1980s (11), cetrorelix, a GnRH antagonist that was 
successfully employed in human experimental studies (11), 
and the antiestrogen Faslodex (ICI182780), which we used 
as a tool compound to examine the estrogen dependency of 
the disease.

Materials and methods

Chemicals. Danazol, Faslodex (ICI182780) and cetrorelix 
were synthesized in the Chemistry Department of Bayer 
Pharma AG (Berlin, Germany).

Animals. SHN mice were kindly provided by the Japanese 
RIKEN BRC Institute, and the SHN breeding colony was 
maintained at Taconic (Denmark). Mice were kept on a 
14-h light/10-h dark cycle and provided with food and water 
ad libitum. All animal procedures were carried out according 
to German animal welfare law with the permission of the 
District Government of Berlin.

Endometriosis interna model using SHN mice. To increase 
the incidence of endometriosis interna in adult SHN mice, 
we grafted 1 male donor pituitary under the kidney capsule 
of 8-week-old female mice as described previously (10). Ten 
randomly chosen control mice remained unoperated. Two 
weeks after pituitary grafting, 40 operated animals were 
randomly allocated into four groups. They remained either 
untreated or were treated subcutaneously on 6 days per week 
with danazol (25 mg/kg body weight, dissolved in sesame oil), 
Faslodex (5 mg/kg body weight, dissolved in ethanol/arachi-
soil, 10/90%, v/v) or cetrorelix (100 µg/mouse, dissolved in 
water containing 5% mannitol). Treatment was performed for 
8 weeks. The experiment encompassed the following groups 
(n=10): no pituitary grafting, no treatment; pituitary grafting, 
no treatment; pituitary grafting, danazol treatment (25 mg/kg 
body weight); pituitary grafting, Faslodex treatment (5 mg/kg 
body weight); pituitary grafting, cetrorelix treatment (100 µg 
per mouse).

Animals were sacrificed on day 73 after pituitary grafting 
and relative uterine weights were determined. The uterine 
horns were fixed overnight in 4% formalin in phosphate buff-
ered saline (PBS). Afterwards, the tissue was dehydrated and 
embedded in paraffin. Sections (5-µm thick) were prepared 
and deparaffinized. For antigen retrieval, sections were heated 
in citrate buffer (S2031; Dako) at 900 W and boiled for 10 min 
at 140 W. Endogeneous peroxidase was blocked by incubation 
with 3% hydrogen peroxide in PBS at room temperature for 
10 min. For actin staining, a mouse monoclonal anti-human 
α-smooth muscle actin antibody (GTX18147, dilution 1:150; 
Genetex) and a secondary horseradish-peroxidase-coupled 
anti-mouse antibody were employed according to the manu-
facturer's instructions (Genetex). For nuclear counterstain, 
sections were stained with hematoxylin, dehydrated and 
embedded with Eukitt. Disease severity was assessed by an 
investigator blinded to the experimental treatment the animals 
had received. Four transverse uterine sections per animal 
were analysed using a modification of a previously developed 
scoring system (12). The adenomyosis score is a six-ordered-
level scoring system that reflects the degree of myometrial 
infiltration by the endometrium: 0, no signs of endometriosis 
interna; 1, the inner circular myometrial layer looses its 
concentricity; 2, endometrial stroma and glands invade the 
inner circular layer of the myometrium; 3, endometrial stroma 
and glands are located between the inner circular and outer 
longitudinal myometrial layer; 4, endometrial stroma and 
glands infiltrate the outer myometrial layer; 5, endometrial 
stroma and glands pass the outer myometrial layer and have 
direct contact with the peritoneum.

Statistical analysis. For the statistical evaluation of the disease 
score, the pituitary-grafted group was considered as reference 
against which all other experimental groups were compared at 
the 5% significance level. Primary endpoint was the disease 
score as a measurement on an ordinal scale. Comparisons 
against the respective reference group were made using Dunn's 
procedure which controls for the familywise error rate (13).

Results for relative uterine weights are depicted as means 
± standard deviation. The experimental groups were compared 
to animals that did not receive a pituitary again using a signifi-
cance level of 5%. For data evaluation a log-normal distribution 
is a suitable model. Therefore, Dunnett's test (14) was applied 
on logarithmized data, keeping the familywise error rate under 
control. Since the performed experiments were exploratory in 
nature, no across variable α-adjustments were applied.

Results

Adult SHN mice remained unoperated or received pituitary 
isografts under the kidney capsule. Two weeks after transplan-
tation, animals remained either untreated or were treated for 
8 weeks with danazol, Faslodex or cetrorelix. Representative 
images of uteri from the different treatment groups are shown 
at the same magnification (Fig. 1). The results of the indi-
vidual animals in the different treatment groups were also 
evaluated using the scoring system described in Materials 
and methods (Fig. 2A). Briefly, a score of 0 was attributed 
to healthy animals, whereas higher score numbers correlated 
with the invasion depth of endometrial stroma and glands into 
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the uterine smooth muscular layers. The median score of each 
treatment group is depicted in Fig. 2A as a horizontal bar. 
Unoperated control animals were either healthy (Figs. 1A and 
2A) or suffered from severe endometriosis interna (Figs. 1B 
and 2A). Asterisks in Fig. 1 indicate endometrial glands and 
stroma invading the inner (IM) and/or outer muscular (OM) 
layer of the uterus. This heterogeneous disease activity in 
unoperated animals (Fig. 1A vs. B; Fig. 2A) was described 
previously.

Mice of the SHN strain tend to develop endometriosis 
interna spontaneously with increasing age (15), and pituitary 
grafting in these animals is known to facilitate homogeneous 
disease development at earlier time points. Pituitary grafting 
provoked endometriosis interna in all animals (Figs. 1C and 
2A) leading to a median disease score of 4 (Fig. 2A). As 
an example, the most severe form of endometriosis interna 
reflecting a score of 5 is depicted (Fig. 1C). Endometrial 
glands and stroma passed through the outer muscular layer of 
the uterus (Fig. 1C). Sixty percent of the animals treated with 
danazol after pituitary isografting were healthy; the median 
disease score after danazol treatment was 0 (p<0.05 vs. 
grafted animals) (Fig. 2A). An example of successful danazol 
treatment is depicted in Fig. 1D. Faslodex (median disease 
score 0, p<0.05 vs. grafted animals; Fig. 1E) and cetrorelix 

(median disease score 0, p<0.05 vs. grafted animals; Fig. 1F) 
successfully prevented endometriosis interna development 
after pituitary isografting in SHN mice. Only 1 animal treated 
with Faslodex still suffered from the disease (Fig. 2A). Relative 
uterine weights in the unoperated control group showed a high 
standard deviation, since the animals were in random cycle 
stages (Fig. 2B). Pituitary isografting resulted in significantly 
lower uterine weights (Fig. 2B). This finding was in line with 
previous reports demonstrating that pituitary isografting led 
to increased progesterone levels and smaller uteri in pituitary-
grafted compared to unoperated animals (16). Progesterone 
inhibits the proliferative activity of estradiol in the endome-
trium and therefore reduces uterine weight. Consequently, 
additional treatment with the androgenic progestin danazol 
also resulted in lower uterine weights compared to unoperated 
control animals (Fig. 2B). The ‘antiestrogenic’ drugs Faslodex 
(estrogen receptor antagonist) and cetrorelix (GnRH receptor 
antagonist leading to inhibition of estradiol synthesis) strongly 
reduced relative uterine weight (Fig. 2B) and size (Fig. 1E and 

Figure 1. Uterine sections. Animals (A and B) remained unoperated or 
(C-F) received a pituitary graft under the kidney capsule. Two weeks later, 
animals (A-C) remained either untreated or were treated for 8 weeks with 
(D) danazol, (E) Faslodex or (F) cetrorelix. Asterisks indicate endometriotic 
foci invading the inner (IM) and/or outer muscular (OM) layer of the uterus. 
(A) Untreated control animals were either healthy or (B) suffered from severe 
endometriosis interna. (C) Pituitary grafting led to endometriosis interna in 
all animals. (D) Danazol treatment prevented endometriosis interna in the 
majority of animals. (E) Faslodex and (F) cetrorelix inhibited the disease in 
all animals. All images were taken at the same magnification.

Figure 2. Disease scores and relative uterine weights. SHN mice remained 
unoperated (control) or received pituitary grafts followed by subsequent 
treatment with danazol, Faslodex or cetrorelix. Median disease scores are 
indicated as horizontal bars, a score of 0 indicates healthy animals. Asterisks 
indicate scores significantly different from the score of the pituitary-grafted 
group (*p<0.05). (A) Uteri from unoperated control animals exhibited dis-
ease heterogeneity. Pituitary grafting provoked endometriosis interna in 
all animals. Danazol (median score 0, p<0.05 vs. pituitary-grafted group) 
faslodex (median score 0, p<0.05 vs. pituitary-grafted group) and cetrorelix 
(median score 0, p<0.05 vs. pituitary-grafted group) prevented the disease in 
pituitary-grafted animals. (B) Compared to the untreated control animals, 
uteri of pituitary-grafted animals exhibited reduced relative weight due to 
increased progestogenic activity. Danazol application did not further reduce 
relative uterine weight. Faslodex and cetrorelix abolished estrogenic activity 
in the uterus and severely reduced relative uterine weight. Data are given as 
the means ± standard deviation. *p<0.05 (vs. the control group).
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F vs. Fig. 1A-D) by completely abolishing estrogenic effects 
in the uterus. Faslodex-treated animals suffered from ovarian 
cysts (data not shown), a phenotype that was also observed 
in estrogen receptor α-deficient mice (17). Since Faslodex 
completely inhibited estrogen receptor-mediated signaling and 
prevented the negative feedback regulation of estradiol within 
the hypothalamic-gonadal axis, ovaries were hyperstimulated 
and developed cysts.

In conclusion, our data provided evidence that Faslodex 
and cetrorelix are fully effective for the treatment of endome-
triosis interna in mice, whereas danazol showed efficacy in the 
majority of treated animals.

Discussion

The aim of the present study was to evaluate whether a murine 
endometriosis interna model could supplement established 
rodent endometriosis externa models for drug research in 
human endometriosis. For that purpose, we analysed three 
compounds that have been employed either clinically or 
in experimental studies in human endometriosis (11,18). 
The GnRH antagonist cetrorelix and the estrogen receptor 
antagonist Faslodex, both interfering negatively with estra-
diol-mediated signaling, completely suppressed the disease. 
Danazol, an androgenic progestin, inhibited endometriosis 
interna in the majority of animals as reported previously (19).

To date, rodent endometriosis externa models are widely 
used in drug research, but may have limitations and may not 
mimick all aspects of human pathophysiology. For example, 
in homologous rodent models, ‘healthy’ uterus is cut into frag-
ments and transplanted into the peritoneum (8,9), whereas it 
has been suggested that the eutopic endometrium of women 
suffering from endometriosis may already be abnormal (20). 
Nude mice lacking an intact immune system are employed in 
the heterologous model which cannot mimick the inflammatory 
response normally seen in human endometriotic lesions (9). 
Although heterologous rodent endometriosis externa models, 
such as human endometriosis, are responsive towards drugs 
and manipulations that induce a hypoestrogenic state, such as 
ovariectomy, GnRH agonists, aromatase inhibitors, danazol 
and selective estrogen receptor modulators (21), there may be 
difficulties with the analysis of novel target families in which, 
for example, the murine ligand does not bind to the receptor of 
the human transplant. In some aspects, murine endometriosis 
interna models may have some advantages compared to rodent 
endometriosis externa models: i) the endometrium becomes 
invasive and, thus, does not appear healthy any longer; ii) the 
mice have an intact immune system; and iii) there is no problem 
with species selectivity of certain receptor ligands.

Identical to endometriosis externa, endometriosis interna is 
an estrogen-dependent disease and can be induced in several 
non-menstruating species, such as mice, rabbits and guinea 
pigs, after long-term estradiol treatment (22). Pituitary grafting 
is known to stimulate an increase in prolactin, growth hormone 
and progesterone (15). Ovariectomy of SHN mice, prevented 
adenomyosis establishment (23), indirectly demonstrating the 
estrogen-dependency of this model. In addition, the estrogen-
dependency of the SHN model was further substantiated by 
our finding that Faslodex and cetrorelix suppressed endome-
triosis interna.

Progestins are marketed drugs for the treatment of endo-
metriosis (24). However, as reported previously (19) danazol, 
an androgenic progestin, was only effective in the majority 
of affected SHN mice. In the established homologous endo-
metriosis externa model, even weaker progestin responsivity 
was observed (25). Wild-type mice were ovariectomized and 
fragments of one uterine horn were transplanted into the peri-
toneum. There was a strong increase in lesion volume after 
estradiol treatment (from 25.8 mm3 in the untreated group 
to 59.3 mm3 in the estradiol-treated group) demonstrating 
estrogen dependency of the model. Compared to the estradiol 
effects, the therapeutic progesterone effects, although statisti-
cally significant, seemed to be minor; compared to untreated 
animals, progesterone decreased lesion volume from 25.9 to 
23.7 mm3 and, compared to estradiol-only treatment, proges-
terone plus estradiol treatment diminished lesion volume 
from 66.8 to 59.3 mm3 (25). Notably, a significant portion of 
endometriosis patients exhibits progesterone resistance and 
does not respond to progestin treatment (26). The employed 
endometriosis interna model reflected the partial progestin 
responsivity seen in the human situation. Further research is 
required to understand the molecular mechanisms of treat-
ment resistance towards progestins in endometriosis.

Taken together, although still under debate, the perception 
of endometriosis interna (adenomyosis) and externa as two 
phenotypes of the same disease is growing (3,4). In humans, 
endometriosis interna and externa respond to the same medical 
treatment paradigms (27). This may reflect that similar 
pathophysiological processes stimulate the development of 
endometriosis interna and externa in women. The results of 
our study suggest that it may be worthwhile to exploit murine 
endometriosis interna models for drug research in human 
endometriosis. Endometriosis interna models could represent 
a valuable complement to the existing homologous and heter-
ologous endometriosis externa models.
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