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ObjectiveObjectiveObjectiveObjectiveObjective: To develop an experimental model of endometriosis in rats. MethodsMethodsMethodsMethodsMethods: Thirty adult female Wistar rats were used.

The surgical technique consisted of median laparotomy with identification of  the bicornuate  uterus  and  resection  of  a 2-cm

segment of the right uterine horn. A 0.25 cm2 flap was removed from that structure and sutured to the  abdominal wall with the

endometrial side  facing the peritoneal cavity. The rats were randomly divided into two groups according to the reoperation date:

group 1 (n=15) was reoperated in 30 days, and group 2 (n=15), in 60 days. On the occasion of the second laparotomy, the

implants were evaluated macroscopically, resected and referred for microscopic analysis with  hematoxylin-eosin and

immunohistochemical staining (HEMA, AE1 and AE2). ResultsResultsResultsResultsResults: The implants developed in 83.3 % of group 1 and  71.4% of group

2. There was no statistically significant difference between the weights of the animals in the two groups. No statistically significant

difference was found in the surface area of the induced lesions: in group 1, the mean was 0.37 cm2 and in group 2, 0.25 cm2.

According to Keenan’s semiquantitative histological classification (based on the preservation status of the epithelial layer of the

endometrium), the mean for group 1 was 1.9 and for group 2, 2.4. ConclusionConclusionConclusionConclusionConclusion: The technique used for inducing the development

of endometriosis in rats was satisfactory.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Endometriosis is a chronic condition characterized by the
presence of endometrial tissue (glands and/or stroma)

outside the uterine cavity1. These ectopic deposits of
endometrium are more commonly found in the ovaries,
peritoneum,   uterosacral ligaments and rectovaginal pouch,
but  extrapelvic implants may also be present2.

The prevalence in women of reproductive age is
estimated to be 10%3. In women presenting with chronic
pelvic pain, that prevalence may reach up to 82%4,5, and in
those undergoing investigation for infertility, between 20%
and 50%3,6-8.

Several theories have been proposed to explain
the pathogenesis of this disease9. Among them, the most
relevant are the retrograde menstruation theory
(implantation theory or Sampson’s theory)10, the celomic
metaplasia theory11-13 and the embryonic remnants theory14,15.
However, none of them sufficed to elucidate the
etiopathogeny of the disease. There is a current trend to
associate those theories with each other and with aspects
such as immunological, hormonal, genetic and
environmental factors.

Endometriosis usually appears in the reproductive
years, when the lesions are stimulated by ovarian hormones.
A significant number of women remains asymptomatic. In
those who are symptomatic, the events of pain tend to be
more intense in the premenstrual period, improving after
cessation of menstruation. Pelvic pain as dysmenorrhea is
the most common symptom, and does not correlate with
the visually assessed degree of endometriosis16 nor with the
depth of tissue infiltration17,18. Other symptoms that may be
present are lumbar pain, dyschezia, pain during micturition
and dyspareunia. The latter, when deep, may be the result
of fibrosis in the uterosacral ligaments, nodularity of the
rectovaginal septum, obliteration of the pouch and/or uterine
retroversion. In addition, endometriosis is associated with
infertility as a result of adhesions that distort the pelvic
anatomy and impair ovum release and capture. However,
tubal distortion is not the only cause of infertility, since
endometriosis patients seem to have worse ovarian reserve
with lower oocyte and embryo quality2.

The gold standard for the diagnosis of
endometriosis is direct visualization of the endometrial lesions
via laparoscopy, accompanied by histological confirmation
of the presence of at least two  of the following findings:
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macrophages containing hemosiderin or endometrial
epithelium, glands, or stroma19.

The ideal treatment for this disease is yet to be
discovered20. The available options are based on drugs,
surgery and on the association of both. The therapeutic
modality to be adopted is dependent on factors such as the
stage of the disease, symptomatology, the patient’s age
and the desire for a future pregnancy.

The fact that endometriosis requires an invasive
method for diagnosis hampers or even prevents the
undertaking of controlled studies on the response of
endometriosis implants to the various drugs21. Therefore,
a good animal  experimental model is required in order
to elucidate the disease mechanism and test new
therapeutic drugs. However,  endometriosis occurs
spontaneously only in primates, which are too costly for
experimental use22. Consequently, experimental models
have been surgically produced in small animals such as
rabbits, rats and mice23-28. The murine model proposed
by Jones29 in 1984 is the most widely employed, since
the operative technique is simple and most implants are
successful, that is,  induction of endometriosis is effective
and reproducible21.

The objective of this study is the development of
an experimental model of endometriosis in rats according
to the technique proposed by Jones29.

METHODSMETHODSMETHODSMETHODSMETHODS

The study was previously approved by Opinion
80/07 of the Animal Research Ethics Committee of the
Pontifícia Universidade Católica do Paraná (PUC-PR) and
followed the guidelines of the Colégio Brasileiro de Experi-
mentação Animal (Brazilian College of Animal
Experimentation, COBEA).

Female Wistar rats (Rattus norvegicus albinus),
adult and virgin, were kept in appropriate cages with five
animals each, under controlled temperature, humidity and
environment luminosity. They received water and chow ad
libitum. After a three-day acclimation period, the surgical
procedure for induction of endometriosis was performed.

Over the period from December 2007 through
January 2008, 30 female rats were operated on at the
Operative Technique and Experimental Surgery Laboratory
of PUCPR. A preoperative fast was established for the 12
hours preceding the operation.

Prior to anesthesia, the animals were weighed
for anesthetic dose calculation. Anesthesia was achieved
with an intraperitoneal injection of 0.2 mL/100 g body weight
of the combination of 1 mL ketamine (50mg/mL) and 1 mL
xylazine (20 mg/mL).

Following anesthesia,  electric hair clippers were
used to remove the hair from the abdominal wall of the
animals. The rats were then tied to the surgery board in
supine, with the limbs in abduction, and routine antisepsis
was performed.  The operation was initiated with a 3-cm
median incision 2 cm above the pubis.

The procedure for inducing the development of
an endometriotic lesion was carried out based on a published
study29. The bicornuate uterus was identified and the blood
vessels of the left uterine horn were ligated with 3-0 vicryl
(Figures 1 and 2). A 2-cm segment of the middle-third of
the left uterine horn was then resected. This segment was
immersed in saline 0.9% at 4º C for approximately two
minutes, and then incised longitudinally, originating a flap,
from which a 5 x 5 mm (0.25 cm2) section was removed.
This section was sutured to the abdominal wall on the right
flank of the rat using two simple 6-0 mononylon stitches,
next to a blood vessel, and in such a way that the
endometrial side was always facing the abdominal cavity
(Figure 3). After ensuring hemostasis in the left uterine horn
and the cleaning of the abdominal cavity, the abdominal
wall was closed in layers. The musculoaponeurotic layer
was sutured with continuous 3-0 vicryl suture and the skin
with continuous 3-0 mononylon.

After the operation, the animals were taken to
the PUC-PR breeding colony, where they stayed until
reoperation date.

Reoperation and histological analysisReoperation and histological analysisReoperation and histological analysisReoperation and histological analysisReoperation and histological analysis
Reoperation was performed one month (Group

1) and two months (Group 2) after the  first operation in

Figure 1Figure 1Figure 1Figure 1Figure 1 – Typical rat bicornuate uterus.

Figure 2Figure 2Figure 2Figure 2Figure 2 – Resection of a segment of the uterine horn.
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order to confirm  the growth of the lesion macroscopically
and to collect samples for histological analysis. After
opening the abdominal wall, the lesions were identified
and measurements were taken. Subsequently, those
implants were resected (Figure 4), fixed in 10% formalin
and processed for paraffin embedding  and histological
analysis at the Experimental Pathology Laboratory of
PUC-PR.

The slides were stained with HE (hematoxylin-
eosin) and analyzed under a light microscope (Olympus;
Melville, NY) to confirm the presence of endometrial tissue.
The manual tissue microarray  technique was performed
using the paraffin blocks. The prepared slides were analyzed
by light microscopy to locate regions with the presence of
endometrium, which were marked with a pen. Through
the mirror system, the marked slide was used to pinpoint
the region in the paraffin block, which was marked as well.
A 2-mm skin biopsy punch was used to extract the cores
from the paraffin block. In order to assist in locating the

material, a map was made. After the removal of the sections,
histological slides were prepared     from all blocks using the
markers HEMA, AE1 and AE2.

The persistence of epithelial cells in the implants
was evaluated according to the classification proposed
by Keenan30, as follows: well-preserved epithelial layer =
score 3, moderately preserved epithelium with leukocyte
infiltrate = score 2,  poorly-preserved epithelium
(occasional epithelial cells only) = score 1, no epithelium
= score zero.

The results obtained in the study were expressed
as means, medians, minimum and maximum values, and
standard deviation, or as frequencies and percentages.
Student’s t test  for independent samples or the non-
parametric Mann-Whitney test were used, as appropriate,
for the inter-group comparison regarding the quantitative
variables. The groups were compared through Fisher’s exact
test for the dichotomous nominal variables. Values of p<0.05
indicated statistical significance.

RESULTSRESULTSRESULTSRESULTSRESULTS

Out of the 30 rats operated on, 4  died  in the
period between the first and the second operation: three in
Group 1 and one in Group 2. Upon reoperation, the
implantation sites of endometrial tissue were evaluated
macroscopically. In four animals, it was not possible to
identify that tissue (two animals in each group). In addition,
an abscess was found at the implant site in two rats of
Group 2. These two animals were counted as not having
developed the lesion. The overall  success rate was 76.9%
(20/26) – 83.3% in group 1 (10/12) and 71.4% in Group 2
(10/14).

There was no statistically significant difference
between the  mean weights of the animals in groups 1 and
2 (271.6 g and 260 g, respectively; p = 0.147).

No statistically significant difference was found
between the groups regarding the variables length, width
and surface area of the surgically-induced endometriosis
lesions (Table 1).

All implants were submitted to histological
analysis; there was no difference between the two groups
(Figure 5).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

The experimental models of endometriosis
surgically produced in small animals are classified into two
types: homologous and heterologous. In the homologous
model, the endometrium is obtained from the animal’s
uterus and sutured or dispersed in the peritoneal cavity. In
the heterologous model, human endometrial  explants are
injected intraperitoneally or subcutaneously into
immunocompromised rats. In both cases, endometriosis-
like lesions, histologically identified, are induced in the
animals.

Figure 3Figure 3Figure 3Figure 3Figure 3 – Endometrium implant on the abdominal wall.

Figure 4Figure 4Figure 4Figure 4Figure 4 - Endometrium implant in group 2.
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Although using models in non-primates is
advantageous because they can develop endometriosis-like
lesions and for the low cost, these models have various
disadvantages. Comparisons are made difficult by the
large number of experimental techniques used and by
the wide phylogenetic gap between non-primates and
humans. More importantly, non-primates have no mens-
trual cycles and do not  develop spontaneous
endometriosis. The rat ovulates spontaneously, but the
luteal phase is shorter than in humans. The endometriotic
lesions produced in rats are different from those in
humans, as the former consist of cysts containing a clear
serous fluid with no evidence of neoangiogenesis31. In
spite of these differences, experimental models are very
important for the study of the disease and the testing of
new therapeutic modalities.

The choice for the experimental model with rats
was based on the low cost,  previous background from the
literature and the resistance of these animals to infections.
The technique described by Jones in 198429 in a murine model
is the most widely used in the world literature, since the
surgical procedure is simple and most implants develop
successfully, i.e., endometriosis induction is effective and

reproducible21,23. It is possible, therefore, to standardize
implant size, which is indispensable to evaluate the efficacy
of new therapeutic drugs.

In the present study, 4 out of the 30 rats submitted
to the procedure were excluded, since they died between
the first and the second operations, leaving 26 animals for
the final analysis. The success rate in the macroscopic
development of endometriosis lesions was 76.9% (20 out
of 26). Sometimes the lesions are not  clear enough to be
distinguished from the adjacent normal tissue. This makes
it difficult to determine the surface area and weight of the
lesions, essential  variables in the experiment32.

The main parameter analyzed in the present study
was the surface area of the implants. Contrary to most
studies, which show stability or growth of the lesions in the
interval between the second and third operations22,
regression of the implant area (0.37 cm2 to 0,25 cm2) was
found, yet with no statistically significant difference.

According to the anatomopathological
classification proposed by Keenan30, eight animals had a
score of zero. Conceptually, the lesions in those animals
could not be regarded as endometriosis, as the disease is
characterized by the presence of  glandular and/or stromal
tissue outside the uterine cavity. However, if the animals
with a score of zero were included, the mean of scores
would be 1.3 and 1.4 in Groups 1 and 2, respectively, which
is comparable to the mean of the control group scores in
Keenan’s study30.

Although the expression “experimental
endometriosis” is used in the literature, strictly speaking,
the present study  involved fragments of  normal
endometrium on the abdominal wall of healthy rats. The
actual correlation of these foci of endometrial tissue with
human endometriosis is unknown33. Nevertheless, the
widespread utilization of research protocols with experimen-
tal endometriosis  in animal models is justified in that a
thorough evaluation of the implants in humans is not feasible,
since the diagnostic methods are invasive (videolaparoscopy
or laparotomy).

The development of experimental endometriosis
in rats according to Jones’s model was satisfactory.

Figure 5 -Figure 5 -Figure 5 -Figure 5 -Figure 5 - Photomicrograph of a well-preserved epithelial cell
(animal from Group 2).

Table 1Table 1Table 1Table 1Table 1 - Comparison of measures of lenght, width and area of the groups.

Var iableVar iableVar iableVar iableVar iable GroupGroupGroupGroupGroup nnnnn MeanMeanMeanMeanMean MedianMed ianMed ianMed ianMed ian Min imumMin imumMin imumMin imumMin imum MaximumMaximumMaximumMaximumMaximum Standard deviationStandard deviationStandard deviationStandard deviationStandard deviation ppppp* value* value* value* value* value

Length 1 10 0,72 0,6 0,4 1,1 0,27
2 10 0,57 0,5 0,3 1 0,22 0,190

Width 1 10 0,51 0,5 0,3 0,8 0,15
2 10 0,41 0,3 0,2 1 0,25 0,165

Area 1 10 0,37 0,32 0,15 0,77 0,18
2 10 0,25 0,15 0,06 0,80 0,22 0,075
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R E S U M OR E S U M OR E S U M OR E S U M OR E S U M O

ObjetivoObjetivoObjetivoObjetivoObjetivo: Desenvolver um modelo de endometriose experimental em ratas. MétodoMétodoMétodoMétodoMétodo: Foram utilizadas 30 ratas adultas da
linhagem Wistar. A técnica cirúrgica consistiu em laparotomia mediana com identificação do útero bicorno e ressecção de um
segmento de 2 cm do corno uterino direito. Um retalho de 0,25 cm2 foi retirado dessa estrutura e suturado na parede abdominal com
a face endometrial voltada para a cavidade peritoneal. As ratas foram divididas aleatoriamente em dois grupos de acordo com o
tempo para a reoperação: Grupo 1 (n=15), reoperado em 30 dias, e Grupo 2 (n=15), em 60 dias. No momento da segunda
laparotomia os implantes foram avaliados macroscopicamente, ressecados e encaminhados para análise microscópica com colora-
ção hematoxilina-eosina e imunohistoquímica (HEMA, AE1 e AE2). ResultadosResultadosResultadosResultadosResultados: Os implantes se desenvolveram em 83,3 % do grupo
1 e 71,4% no Grupo 2. Não houve diferença estatisticamente significativa entre o peso dos animals dos dois grupos. Também não
houve diferença estatisticamente significativa no tamanho da área das lesões induzidas: no grupo 1 a média foi 0,37 cm2 e no grupo
2, de 0,25 cm2. Segundo a classificação histológica semi-quantitativa de Keenan (de acordo com a preservação da camada epitelial
de endométrio), o grupo 1 teve média de 1,9 e o grupo 2, de 2,4. ConclusãoConclusãoConclusãoConclusãoConclusão: A técnica utilizada para o desenvolvimento de
endometriose em ratas foi satisfatória.

DescritoresDescritoresDescritoresDescritoresDescritores - Endometriose. Ratos. Modelos animais. Endométrio.
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