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OZET

Deneysel olarak indiiklenmis sican endometriyozis
modelinde implantasyon kusurunun histolojik
degerlendirilmesi

Giris: Deneysel hayvan modelleri insan endometriyozi-
sinin anlasilabilmesi igin dnemlidir.

Amagc: Deneysel endometriyoziste implantasyon kusu-
runa etkili faktorlerin tanimlanmasi amaciyla yapiimistir.
Materyal ve Metot: Cerrahi olarak tetiklenmis endo-
metriyozis (n=20), sham operasyon (n=10) ve opere
olmamis kontrol grubu (n=10) olmak Ulzere 3 gruba
ayrilan deneklerde desidua olusumu tespit edilerek, rutin
1Istk mikroskopik, elektron mikroskopik ve immunohisto-
kimyasal tekniklerin yani sira histolojik, morfometrik ve
biyokimyasal teknikler ile dederlendirildi.

Bulgular: Cerrahi olarak tetiklenmis endometriyozis
grubunda desidualizasyon ve pinopod ekspresyonu goére-
celi olarak azalmis ve yeterli endometriyal morfolojik
bulgularin izlendigi hallerde her zaman normal endo-
metriyal reseptivitenin olusamayabilecegini géstermek-
tedir. Her ne kadar mitotik figlrler tanimlanmis olsa da,
deney gruplari arasinda istatistiksel olarak anlamli,
morfometrik kalinlik farklarinin bulundugu gésterilmistir.
Sonuglar: Alternatif yollar ile endometriyal reseptivite
dlizenlenirken, uterin reseptivite problemleri varligini
strdlrebilmektedir. Buna ek olarak, immunohistokim-
yasal olarak gruplar arasinda anlamli fark géstermeyen
belirteclerin varligi, bu belirteglerin sadece uterin resep-
tivitenin tanimlanmasi igin uygun olmadiklarini gésterebilir.
Yine de morfometri ile elde edilmis olan anlamli bulgu-
larin gelecekteki ultrasonografik galismalara kaynakhk
edebilecedi g6z ardi edilmemelidir.

Anahtar Kelimeler: Cerrahi olarak tetiklenmis deneysel
endometriyozis; embriyo implantasyonunun baskilanmasi;
pinopod; uterin reseptivite; morfometri; sigan

ABSTRACT

Background: Experimental animal models are impor-
tant in understanding human endometriotic disease.
Aims: This study aims to describe factors influencing the
implantation deficit in experimental endometriosis.
Material and Method: Decidua reaction were detected
in surgical endometriosis induction group (n=20), sham
operated (n=10) and non-operated control (n=10)
groups and studied with routine light microscopic,
electron microscopic and immunohistochemical techniques
as well as histologic, morphometric and biochemical
analysis.

Results: Decidualisation and pinopode expression of
eutopic endometrium in surgically induced endometriosis
relatively decreased and adequate endometrial morpho-
logy may not always display normal endometrial
receptivity. Although mitotic figures were described, study
groups revealed statistically significant thickness
differences in morphometry.

Conclusions: Uterine receptivity defects are regulated
differently while other alternative mechanisms effecting
endometrial receptivity sustained. In addition, unsignifi-
cant differences of immunohistochemical expressions are
non-descriptive due to the antibodies used for uterine
receptivity in experimental endometriosis. Yet, morpho-
metry may pioneer novel ultrasonographic modules in
future.

Key Words: Surgically induced experimental endometriosis;
implantation defects; pinopodes; uterine receptivity;
morphometry; rat

INTRODUCTION

Endometriosis is a disorder in which abnormal
growths of tissue, histologically resembling the
endometrium, are present in locations other than
the uterine lining'. It is present in 3-10% of
women in the reproductive age and 25-35% of
infertile women?3,

Experimental animal models play an important
role in understanding the nature of the disease.
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Invasive properties, decreased apoptosis, altera-
tions in expression of specific gene and proteins,
and increased production of steroid and cytokines
were described in eutopic and ectopic endomet-
rium*13,

Furthermore, significant biochemical differences
exist even between ectopic and autologous
eutopic endometrium. Yet differences in pregnant
eutopic endometrium and regular endometrium
has not been demonstrated before'*. Pregnancy
results in a change in number and function of
immune cells which potentially affects fetal
survival and status of postpartum uteri. These



changes are driven both by the conceptus and the
maternal-placental system?°.

Women with idiopathic recurrent pregnancy
loss have been categorized on the basis of their
endometrial response in the peri-implantation
period!®. A possible association between endomet-
riosis and spontaneous abortion has been
suggested in mostly uncontrolled and/or retros-
pective studies, most of which lack evidence in
this field'”*°. Therefore, other studies to
determine pregnancy loss in endometriosis via
immune response mechanisms or optimal
immune functions?%2! are needed.

A rat model of surgically-induced endometriosis
was developed about 20 years ago, where uterine
fragments are auto-transplanted on the mesenteric
arteries supplying the bowels or the abdominal
viscero-peritoneum??23, This study was originally
designed to assess histological and biochemical
alterations in experimental endometriosis on non-
implanted areas of eutopic endometrium for
fertility. Histological evaluation has been
accomplished via histochemical determination of
stromal elements as well as ultrastructural
analysis and immunohistochemistry of cellular
intermediate flament elements like Desmin;
stromal connective tissue marker like Fibronectin;
oxidative stres determinants like iINOS and eNOS;
and immunoreactivity of anti-apoptotic elements
like Anti-Bcl-2. Accordingly, this is the first
‘morphometric histological study’ of experimental
endometriosis model in rats as far as we know.
The aim of this study is to investigate the role of
an autograft of the uterine horn; assumed as
endometriotic model, has an impact on eutopic
endometrium considering the decidualisation and
implantation processes.

MATERIALS AND METHODS

Animals and experimental design

All the animals were kept in the same
laboratory conditions of temperature (25%2°C)
and light (14:10 h light:dark cycle), and were fed
ad libitum with chow and water. The experimental
protocol was approved by the Local Animal Care
Committee (2006/46). Experimental study groups
consists of surgical endometriosis induction group
(n:20), sham operated (n:10) and non-operated
control (n:10) groups of 4-6 months old female
albino (Wistar) rats (180-200g), housed as four
rats per cage.

Induction of experimental endometriosis

Endometriosis was surgically induced by trans-
planting autologous endometrium as previously
proposed by Vernon and Wilson??.

Briefly, each rat was anesthetized with
intraperitoneal injection of a mixture of Ketamine
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(0.15 mg/100 g body weight, Alfamine®, Ege Vet,
Izmir, Turkey) and Xylazine (0.02 ml/100 g body
weight, Alfazyne®, Ege Vet, Izmir, Turkey). A
5cm vertical midline incision was made and both
uterine horns were exposed. A distal segment
(~1cm) was resected and placed in phosphate-
buffered saline (PBS). Longitudinally, a 5 mm
piece was sectioned and transplanted onto the
inner surface of the right abdominal wall with the
serosal surface apposed and secured with single
Polyglactin 4/0 suture (Vicryl®, Ethicon Inc, USA).

The abdomen was closed with 4/0 Polyglactin
suture for peritoneum-fascia and skin. All
surgeries were performed by the second author.
The rats were individually caged afterwards for 6
weeks to recover’”?*, No antibiotherapy was
required.

Daily vaginal smears were performed to ensure
the permanence of the estrous cycle. The female
rats without normal periods were excluded®. All
groups were induced for ovulation?®. Six weeks
after the first surgery, couples were mated. The
day of mating was termed day 0.5. In result, non-
pregnant females were accepted as foster-
surrogate mothers. On day 11.5, the animals
underwent on exploratory laparotomy, during
which implants were evaluated for acceptance/
rejection. Ectopic uterine tissue were photograp-
hed and eutopic uteri were excised, then all
subjects were sacrificed.

No surgery was applied in controls while in
sham, abdomen was opened and then sutured
accordingly in laparatomy. Sham and controls
were also mated and induced for ovulation
likewise?®,

Histology
Tissue processing and histocytochemical technique

Uterine samples were fixed in cold Cacodylate-
buffered Paraformaldehyde+Gluteraldehyde solution.
After fixation, frozen tissue were stained with
Gomori’s Trichrome stainings for stromal evaluatio.
All histological procedures applied in this study are
conventional and well-established methods?’.
Tissue processing and Application of
immunohis-tochemistry

Paraffin wax blocks were cut in 3um thickness
and immunoreactivity of Desmin (Desmin Ab-1
Neomarkers, Fremont, CA; prediluted); Fibronectin
(polyclonal rabbit anti-human Fibronektin, Dako,
USA; 1:100); iNOS (Zymed, South San Francisco,
CA;1:100); eNOS (Zymed, South San Francisco,
CA;1:1000); and Anti-Bcl-2 (Neomarkers, Fremont,
CA; 1:100) were analyzed under light microscope
(Olympus BX-51) particularly for description of the
eutopic endometrial status whilst implantation and
inflammation.
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For this, slides were pretreated with 2%
Trypsin and endogenous peroxidase activity were
inhibited in 3% H,0,. The sections were exposed
to the primary antibodies overnight and then the
secondary antibody (Zymed Laboratories, USA)
were added. Then sections were incubated with
the enzyme complex (Zymed Laboratories, USA)
and DAB-substrate with HRP-conjugated antibodies
(Zymed Laboratories, USA) were applied. Next,
sections were counterstained and mounted.

Table 1. Distribution of Bcl-2, iNOS,
Desmin and Fibronectin Immunoreactivity

S Eg:;::lf;l’
bel2 End fum + End trium +

eNOS,

T i Endometrium ++
Decidua + Decidua + Decidua +—+
= End Tinm ++ End im -+ End frinm ++
ks Decidua + Decidua ++ Decidua ++
End inm + End fum ++ End ium ++
EHERS Decidua +/- Decidua + Decidua —+
Sesiit End rium + Endometrivm ++ Endometrium ++
Decidua ++ Decidua + Deciduoa ++
b s E Tim ++ Endometrium + Endometrinm ++
Decidua + Decidua + Decidua +—+
The intensity of i ing is grouped in

=
-nostaining; +weakstaining; ++ moderate staining;  +++ strong stining

Histologic and morphometric analysis

In histological assessments, specimens were
analysed for cellular integrity and mitosis as well
as pinopode development via light and electron
microscopy. For morphometry, random areas were
captured via light microscope integrated colour
digital camera (Olympus C-5050). Images were
then saved onto Image-Pro Express (Media-
Cybernetics, 2002, USA) image analysis software
loaded computer. Two investigators, blinded to
the groups, performed 3-5 measurements from 10
non-consecutive sections under 40x objectives.
Mucosal depth was measured as the thickness of
endometrial lining. The endometrial surface and
glandular epithelium depths were measured from
the luminal side to the basal lamina. Numeric
variables were analysed statistically for normal
distribution in each group with Shapiro-Wilk test.

Normally distributed endometrial surface
depths were compared with One-way ANOVA
while Dunnett T3 was used as a Post Hoc test for
non- homologous variants. Abnormally distributed
glandular epithelium depths and myometrial
thickness were compared in control, sham and
experimental groups with Kruskal Wallis and dual
comparisons were analysed with Mann-Whitney U
test. All hypothesis were analysed using SPSS
(Statistical Package for the Social Sciences) for
Windows version 17.0 and significance was
defined as a P value of <0.05.
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Immunohistochemical evaluation and analysis

Two sections per each animal and ten random
fields per slide were analysed in all study groups
in order to identify the areas bearing the densest
immunoreactivity. Only the cytoplasmic
immunostaining was considered as positive for
Desmin, bcl2, iINOS and eNOS (endothelial cells)
while membranous immunostaing was considered
as positive for bcl-2 and immunostaing of
extracellular matrix and connective tissue was
considered as positive for iINOS and Fibronectin.
Transmission electron microscopic (TEM)
procedures

Ultrastructurally, tissues were fixed, washed in
Cacodylate buffer (0.1M) and then postfixed in
Osmium Tetraoxyde+Cacodylate-buffer solution
(1:1). Afterwards, routine protocols were used
for epon embedding and then semithine
sections were stained in toluidine blue and
ultra-thin sections were taken onto 3,05 mm;
G2300C Square mesh Copper grids (Agar)?’.

Image analysis and photography were
made with a Zeiss LIBRA 120 TEM and attached
digital camera.
Biochemical analysis

Development of oxidative injury was estimated
by TBARS, SOD and CAT levels in uterine homoge-
nates. The statistical significance was determined
by Kruskal Wallis test and significance was defined
as a P value of <0.05.
Preparation of tissue homogenates and
analytical methods

Samples were homogenized in cold phosphate-
buffer (1/10; 0.5M, pH=7.0). The homogenates
were centrifuged at 700xg.
Quantification of TBARS

A colorimetric assay according to the protocol
by incubation with TBARS solution (0.12M TBA in
15%TCA and 1%HCI) previously used by Sozmen
et al.?® were applied and results were calculated
as nmol/mg protein using standard curve.
Measurement of SOD activity

SOD activities were measured based on the
inhibition of epinephrine autoxidation by SOD at
480 nm with a LKB Ultraspec-2-spectrophotometer
(LKB Biochrom Ltd, Cambridge, England)?®. The
assay was calibrated using purified SOD, and one
unit of enzyme was defined as the amount
required for inhibiting 50% of the autoxidation.
Measurement of CAT activity

CAT activities were determined as described
previously?®. The degradation of H,0, is recorded
at 240 nm. One unit of CAT was defined as the
amount of enzyme which decomposed 1 pmol
H,0,/min under specific conditions.



RESULTS

In the exploration laparotomy, viable endomet-
rotic implants were recognised as hemorrhagic
liquid filled, cystic structures. Histologic assesment
of endometriotic implants were not considered
necessary (Suppl Figure 1).

Suppl Figure 1. Peritoneal endometrial implants exposed
at laparotomy after first induction surgery

Light microscopic evaluation

Relatively decreased decidual reaction which
revealed itself like regressed stromal proliferation
by means of increased fiber synthesis and
transmission of large epitheloid cells in endomet-
rial stroma were detected in eutopic endometrium
with light and electron microscopy compared to
other groups. Due to changes in synthesis of
fibers and stromal cells, Trichrome staining
revealed cellular decrease in tissue thickness and
stromal angiogenetic groups were demonstrated
with both light and electron microscopy. In
especially experimental endometriosis group
(Figure 1), mitotic figures and significant thickness
differences (for endometrium surface epitelium
(Figure 2); endometrial surface stromal gland
depths (Figure 3) and myometrium thickness
(Figure 4) in morphometry were demonstrated.

Figure 1. Trichrome Gomori stainings. (125um, 10x)

Morphometric evaluation
Quantitative assesments revealed significant
differences between groups (Figure 2, Figure 3
and Figure 4).
Electron microscopic evaluation
Ultrastructurally, heterochromatic nuclei,
disorder of nuclear configuration and pycnosis and
short microvilli of endometrial epithelium were
demonstrated in experimental group. Eutopic
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endometrial epithelium also revealed regressive
pinopods. Stromal ultrastructural analysis showed
increase in fibroblastic activity and angiogenetic
pre-endothelial clumping of cells as well as other
migrating cells in experimental endometriosis
group. Tissue skeleton was also increased for
collagen fibers in this group (Figure 5).
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Values Mean Std. deviation
Groups
Endometriosis 17,873648 3,8284693
Sham 10,005477 2,0101435
Control 10,362725 2,9489482

Figure 2. Mean endometrium surface epitelium
thickness were compared by ANOVA test (p=.023). Dual
analysis of ‘endometriosis and sham’ and ‘endometriosis
and control’ groups with Dunnett T3 revealed statistically
significant difference (p=.00 and p=.00 respectively),
while control and sham were not different (p>0.05).
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Groups
Endometriosis 7,821575 2,0367 17,4164 3,4901
Sham 6,342761 2,1174 14,2046 4,8182
Control 5,070732 3,0080 10,0387 2,2793

Figure 3. Depths for glandula uterina compared by
Anova Test (p=.011)
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Immunohistochemical evaluation

Increased expressions were determined for the
experimental group for eNOS expression of
vascular smooth muscles, stromal iNOS activity
and bcl-2 expression of eutopic endometrium.
Fibronectin and desmin were applied for
demonstration of decidual reaction.

Immunohistochemical stainings did not reveal
any difference between groups for fibronectin
staining; but due to the pseudo-decidual reaction,
decreased expression of both desmin and
fibronectin were determined in presupposed
embryonal regions (Figure 6).

250,01
200,04 *
= [ 1
‘g::ﬂo—
3 200.0]
E
:
E 150,01
100.0-]
20,0-4
[ — anam Comrat
Groups
Values Madian Minimum Maximum Interquartile
range
Groups
Endometriosis 172,26055 28,0580 247,1317 62,2021
Sham 224,24903 184,7042 268,0432 53,6595
Control 206,7368 99,3393 305,9691 146,9092

Figure 4. Mean myometrium thickness were compared
by Kruskal Wallis test (p=0.054). Significant difference
were determined between endometriosis and sham
groups by Mann Whitney test (p=.010), while no
significant difference were determined between sham
and controls (p>0.05)

Control Sham

Experimental
Endometriosis

Endometrium

Stroma

Figure 5. Ultrastructure of eutopic endometrium and
stroma
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Figure 6. Immunohistochemical expressions (125um; 10x)

Biochemical evaluation

There were not any statistically significant
difference between TBARS levels; although there
were apparently different values between groups.
SOD and CAT enzyme levels were not any
statistically different.

DISCUSSION

Endometriosis is thought to occur as a
consequence of retrograde menstruation22°,

However, the fact that the retrograde
menstruation is a common physiological pheno-
menon in reproductive women, other factors like
genetic, hormonal, immune and environmental
factors seem to be also involved in the
pathogenesis®°,

The diagnosis is made visually at laparoscopy
Our model has been likewise confirmed with
macroscopy. Animal models provide an invaluable
tool to study endometriosis®!. High costs of animal
handling limit the use of monkeys as an
experimental model. For this reason, the
establishment of small laboratory animals'?,
especially rodents, as models for endometriosis by
the transplantation of pieces of endometrial tissue

to ectopic sites has greatly extended in recent
years10,13,15,22-24,32

3,31



Throughout the reproductive vyears, the
endometrium undergoes dramatic cycles of
growth, differentiation, and breakdown under the
influence of steroids. In response to changes in
steroid exposure, the endometrium produces an
array of bioactive growth factors and other
cytokines that are  critical for paracrine
interactions??33. The endometrium does not only
communicate within itself but also with the
embryo even before implantation and this
interaction is also reflected on the morphology.
Pinopods are characteristic for mid to Ilate
secretory phase endometrium, which exhibit
cycle-dependent changes and are most prominent
during the putative implantation interval33-38,

Assesments regarding the implantation defects
in this study, revealed regressive pinopod like
structures ultrastructurally in the experimental
endometriosis group while none was observed for
sham and controls, which proves the cyclic delay
in experimental endometriosis. Our findings and
previous studies both pointed out that
demonstration of pinopode  structures in
endometrial specimens is profitable in infertility

studies. Yet due to other unknown reasons,
endometrial receptivity may not be always
pursued even with enough morphology3®4!,

Implantation involves a complex sequence of
signalling events, consisting in the acquisition of
adhesion ligands together with the loss of
inhibitory components, which are crucial to the
establishment of pregnancy*?. Lately, the develop-
ment of microarray technology has allowed this
process to be studied from a global molecular
perspective. Previously published works have
revealed a long list of genes, either upregulated or
downregulated at the time of implantation
including integrins, IL11 and LIF, etc*.

Experimental endometriosis  group also
revealed significant endometrial depth differences
probably due to mitotic proliferation. Uterine
stromal and endometrial elements might be
regulated with different mechanisms for uterin
receptivity deficits. Zorn et al.** demonstrated
mouse endometrial tissue to exhibit "thick"
collagen fibrils between decidual cells from the 6%
day of pregnancy onwards. Our evaluation also
demonstrated tissue skeleton to increase on
behalf of mostly collagen fibrils which is
concordant with the literature.

Animal models of endometriosis are extremely
valueable and indispensable for the evaluation of
pathophysiology underlying the development of
this prevalent disease. Story L and Kennedy S°!
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described that potential limitations of
experimental studies have to be weighted up with
regard to their species-specific characteristics of
metabolism or reproductive physiology. Our
findings are relevant with the literature about
symptomatology of endometriosis and
implantation deficit. Yet, both ultrastructure and
immunohistochemistry  differ from  humans.
Endometrial receptivity, in terms of pinopode
expression, disagree the authors in human model.
For this reason, it can be assumed that findings in
rat pregnancy is not always adaptable to human
pregnancy especially when complicated with such
diseases. Abortus is an anticipatory result here.
Studies have associated recurrent miscarriage
with the abnormal expression of various
endometrial molecules?”. Our morphometric
perception scopes an adaptable vision of the
subject. However new insights and more detailed
analyses with novel approaches might be
profitable.

Biochemical and immunohistochemical findings
were not directly related for the oxidative status.
Endometrium was morphologically normal in
appearance and biochemically boundary results
were recorded. These complied with the
regressing endometrium due to the induction of
the model artificially to an in vivo system with
other unexpected interactions*->°,

Finally; relatively decreased decidualisation in
eutopic endometrium defines once again that
adequate endometrial morphology would not
always display normal endometrial receptivity.
However, these results are correlated to the
reduction of embryo implantation in endometriotic
human disease. Furthermore the weak evidence of
differences in decidualisation, as demonstrated, is
certainly associated with the lack of implantation
but the relationship between implantation and
decidualisation is not as evident as that between
decidualisation and endometriosis or implantation
and endometriosis.

Finally, this model is elegant but the intimate
mechanism governing the embryo implantation in
rat are different from that of the humans. So it is
reported here that uterin receptivity defects are
regulated differently.  Additionally, primary
antibodies used in this study were found to be
non-descriptive  for uterine receptivity in
experimental endometriosis.

Morphometric evaluation of the subjects is the
salient feature of this study, which can be related
to future ultrasonographic devices with novel
modules for related measurements.
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