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Objective: The effect of Ulipristal Acetate on endometriosis foci created in rats was investigated.

Methods: The study was conducted with 12-week-old rats weighing approximately 280 grams. After
creating an autologous endometriosis model, the group that did not receive ulipristal acetate negative was
administered with oral saline daily, and the group given ulipristal acetate positive was administered with
Keywords: 0.5 mg/kg (0.125 mg/rat/day) orally for 4 weeks. Ectopic endometrial tissues were removed for
Rat model histopathological and immunohistochemical evaluations. Staining was performed with Hematoxylin Eosin,
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Results: The Hematoxylin-Eosin Staining score of the ectopic endometrium surface epithelium was found
to be 2.5 points in the ulipristal acetate negative group, and 0.5 points in the ulipristal acetate positive
group. In the immunohistochemical evaluation, Ki-67 positivity of the ectopic endometrial surface
epithelium was found to be 71.2% in the ulipristal acetate negative group vs. 31.7% in the ulipristal acetate
positive group. Cyclooxygenase-2 positivity was detected as 67% in the ulipristal acetate negative group
vs. 27% in the ulipristal acetate positive group.

Conclusions: Hematoxylin-Eosin staining revealed that ulipristal acetate negative group was 2.5 (well-
moderately preserved epithelium), and the ulipristal acetate positive group was 0.5 (epithelium was rarely
present or absent). It was found that the percentage of Ki-67 and Cyclooxygenase-2 immunohistochemical
positivity was decreased in the ulipristal acetate positive group compared to the ulipristal acetate negative
group at a statistically significant level. More literature data are needed on this subject.

OZET

Amag: Ulipristal Asetat'in ratlarda olusturulan endometriozis odaklar1 Uzerindeki etkisinin arastirilmasi
hedeflendi.

Gere¢ ve Yontem: Caligma, yaklasik 280 gram agirhiginda 12 haftalik ratlarla yiritildii. Otolog
endometriozis modeli olusturulduktan sonra, ulipristal asetat almayan gruba giinliik oral salin, ulipristal
asetat verilen gruba ise 4 hafta stireyle 0.5 mg/kg (0.125 mg/rat/giin) oral yolla verildi. Histopatolojik ve
immiinohistokimyasal degerlendirmeler i¢in ektopik endometriyal dokular gikarildi. Boyama Hematoksilen-
Eozin, Ki-67 ve Siklooksijenaz-2 ile yapildi.

Bulgular: Ektopik endometrium yiizey epitelinin Hematoksilen-Eozin Boyama skoru ulipristal asetat negatif
grubunda 2,5 puan, ulipristal asetat pozitif grubunda 0,5 puan olarak bulundu. Immiinhistokimyasal
degerlendirmede ektopik endometriyal yiizey epitelinin Ki-67 pozitifligi ulipristal asetat negatif grubunda
%71.2, ulipristal asetat pozitif grubunda ise %31,7 olarak bulundu. Siklooksijenaz-2 pozitifligi ulipristal
asetat negatif grubunda %67, ulipristal asetat pozitif grubunda ise %27 olarak tespit edildi.

Sonuglar: Hematoksilen-Eozin boyamas, ulipristal asetat negatif grubunun 2.5 (iyi-orta derecede korunmus
epitel) ve ulipristal asetat pozitif grubunun 0.5 (epitel nadiren var veya yok) oldugunu ortaya koydu.
Ulipristal asetat pozitif grubunda Ki-67 ve Siklooksijenaz-2 imminohistokimyasal pozitiflik ylizdesinin
ulipristal asetat negatif grubuna gore istatistiksel olarak anlamli diizeyde azaldig1 bulundu. Bu konuda daha
fazla literatiir verisine ihtiyag vardir.
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1. Introduction

Endometriosis is a benign, chronic, and common gynecological
disease defined as the presence of an endometrial gland and stroma
outside the endometrium or myometrium (1,2). Endometriosis is an
estrogen-dependent  chronic inflammatory syndrome mostly
affecting the pelvic tissues (2). It is frequently seen in reproductive
women. Endometriosis implants are most commonly located on the
peritoneum, and may also exist in the ovaries, rectovaginal septum,
ureter, and less frequently in the bladder, pericardium, and pleura
with an incidence of 6-10% in the reproductive period (1). The true
prevalence of endometriosis is not yet known. It is considered to be
between 2% and 10% in the population, reaching 50% in infertile
women (3). Endometriosis ranks third among the gynecological
diseases causing hospitalization in the United States (4). They were
discovered by famous pathologist Karl Freiherr Von Rokitansky as
the observation of ectopic endometrial tissue (adenomyoma) within
the myometrium in 1860 (5). New theories have been proposed Since
then about the mechanism of formation of endometriosis; however,
no single theory has been comprehensive enough to explain all its
clinical presentations. Among these theories, there are theories such
as retrograde menstruation, stem cell theory, immune system,
endocrine, genetic, and environmental factors. With the widespread
use of molecular methods in recent years, more detailed information
on its etiopathogenesis was obtained and new approaches were
proposed for its diagnosis and treatment. Today, it is accepted that
multiple factors, which include ectopic endometrial tissue, altered
immune system response, unbalanced cell proliferation and
apoptosis, abnormal endocrine signaling, and genetic factors, play
roles in the pathogenesis of endometriosis, which is a progressive,
estrogen-dependent, and inflammatory disease. Nonsteroidal Anti-
Inflammatory Drugs (NSAIDs) are used widely in the treatment of
endometriosis and are effective in primary dysmenorrhea. Combined
Oral Contraceptives (COCs) and progestin are first-line hormonal
options. Second-line treatment is Gonadotropin-Releasing Hormone
(GnRH) agonists (6). The treatment option must be patient-based
and must be edited to the stage of endometriosis, area of
involvement, depth, fertility demand, and age of the patient.
Ulipristal Acetate (UPA) suppresses endometrial prostaglandin
production by providing selective inhibition of endometrial
proliferation (7). It binds to the progesterone receptor and acts as an
antagonist in the presence of progesterone, bhinding to the
progesterone receptor and acting as a progesterone agonist in the
absence of progesterone (7,8). Ki-67 protein is associated with cell
proliferation. It is a nuclear protein that is essential for the formation

of the perichromosomal layer, which is a ribonucleoprotein sheath

covering the condensed chromosomes during mitosis. It is an antigen
expressed highly in all active stages of the cell cycle (G1, S, G2, and
mitosis) but is down-regulated strongly in the resting phase (G0)
cells (9). Cyclooxygenase-2 (COX-2) plays roles in the pathogenesis
of endometriosis by increasing angiogenesis. COX-2 is synthesized
during inflammation, cell proliferation, and differentiation. It is
expressed by Interleukin-1 (IL-1) stimulation in macrophages,
fibroblasts, vascular endothelial cells, neurons, and chondrocytes
(10). COX-2 plays roles in the pathogenesis of endometriosis by
increasing angiogenesis. The increased COX-2 in ectopic tissue was
proven to be associated with the progression of endometriosis (10).
Prostaglandin E2 (PGEZ2) is the most potent aromatase enzyme
activity stimulator and acts via the prostaglandin estradiol (E2)
receptor subtype in the stromal cells of the endometrium (11).
Estradiol that is produced in response to increased aromatase activity
increases the production of PGE2 by stimulating the COX-2 enzyme
in the uterine endothelial cell. The positive feedback contributes to
the progression of endometriosis with its estrogenic effect (12).
Here, we investigated the effects of UPA on ectopic endometrial
tissue formed in rats and compared the percentages of COX-2 and
Ki-67 Immunohistochemical (IHC) staining to evaluate cell

proliferation of ectopic endometrial tissue in both groups.

2. Methods

The experimental procedures were approved by Canakkale Onsekiz
Mart University (COMU) Animal Experiments Local Ethics
2020-E.200008635). Al

applications were performed in line with the experimental animals’

Committee  (Approval  number:
care and use guidelines and the Declaration of Helsinki (13,14). The
study was conducted with 24 adult female Wistar albino rats, 12-
week old weighing approximately 280 grams. The rats were fed in
steel cages in a temperature-controlled (22+2 2°C) setting in 12/12-
hour light-dark periods with sufficient amounts of feed and water.
The study was done in three stages. First stage: All rats were
administered with intraperitoneal anesthesia with a mixture of 40
mg/kg ketamine hydrochloride and 2 mg/kg xylazine hydrochloride.
After the incision area was shaved, it was stained with 10%
povidone-iodine, and a 4 cm vertical abdominal incision was applied
to the rats. The left uterine horn was ligated from the uterotubal
junction and the lower uterine segment and approximately 1 cm
segment was removed. This horn segment was placed in sterile
saline solution and the endometrial tissue was completely exposed
by making an incision in the antimesenteric axis. Approximately

5x5x1 mm endometrial tissue sections were prepared. Explants were
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sutured to the left anterolateral peritoneal surface with 6-0 prolene.
Abdominal layers were closed with sterile 4-0 vicryl suitable for
anatomy. The incision line on the skin was closed with silver nitrate
spray, and the rats were housed in separate cages followed daily for
three weeks without any medication for possible complications after
surgery. Second stage: To observe the formation of ectopic
endometrial tissue, all rats were administered with intraperitoneal
anesthesia with a mixture of 40 mg/kg ketamine hydrochloride and
2 mg/kg xsyazine hydrochloride. We waited until there was no
response to the painful stimulus. The abdominal cavities were then
opened and endometriotic foci were observed. The presence of
endometriotic implants was observed in all rats. The abdomen of the
rats was covered with a double layer. The incision line was closed
with silver nitrate spray. UPA-11 rats were randomized as UPA+ 13
and were placed in separate cages. The UPA- group was
administered with 1 ml/kg/day normal saline orally for 28 days, and
the UPA+ group was administered with 0.5 mg/kg/day (0.125
mg/rat/day). Oral administration was performed by using a steel
gastric gavage cannula. Third stage: All rats were administered with
intraperitoneal anesthesia with a mixture of 40 mg/kg ketamine
hydrochloride and 2 mg/kg xylazine hydrochloride. We waited until
there was no response to painful stimuli. The abdominal cavities
were opened with laparotomy, the endometriotic implants were
removed completely (Figure 1) and the subjects were then sacrificed.

Figure 1. Endometriosis Focus Observed at 3" Laparotomy. A:

UPA- Group, B: UPA+ Group

Hematoxylin-Eosin (H&E) evaluation was examined with a light
microscope (Zeiss Scope al) and images were taken. Endometrial
gland formation and the presence of stroma were searched in
microscopic examination. By using the scoring system developed by
Keeanan et al (15). scores were given between 0-3 according to the
histopathological features of the endometrial epithelial cells in the
implants (3 well-preserved epithelia, 2 moderately preserved
epithelia, and leukocyte infiltration, 1 epithelium rarely present, 0 no
epithelium). For IHC examination, 4-micron () sections were taken
from each of the formalin-fixed-paraffin-embedded blocks on
polylysine slides. Ki-67 Rabbit monoclonal antibody and COX-2

were used as the primary antibodies. When the percentage of staining
was calculated based on the previous studies (8,16). 4 different areas
with the most intense staining were selected, and the mean staining
percentage was calculated by counting the stained cells in the area
that corresponded to 100 cells in the basal layer.

The analysis was done by using the SPSS version 22.0 software
(IBM-SPSS, Chicago, IL). For continuous variables, the descriptive
statistics were expressed as mean, standard deviation, minimum, and
maximum values, and categorical variables were expressed as
numbers and percentages. One-Way Analysis of Variance was
performed to compare the group means in terms of continuous
variables. The Mann-Whitney Multiple Comparison Test was used
to identify different groups following analysis of variance. The
Pearson Correlation Coefficients were calculated separately for the
groups to determine the relations between variables. In addition, the
t-test was used to compare the values of UPA- and UPA+
preparations separately in the groups. In all analyses, P values below

0.05 were considered statistically significant.

3. Results

As a result of the H&E staining, it was observed that the endometrial
epithelial tissue was preserved in most of the samples in the UPA-
group (Figure 1). According to the scoring system, the median values
were 2.5 + 0.22 in the UPA- group, 0.5 + 0.22 in the UPA+ group,
and p:0.001, respectively. It was found that the UPA+ group had a
significantly lower score (Table 1). In the tissues evaluated as a
result of Ki-67 staining, it was found that the endometrial epithelial
tissue was preserved in most of the samples in the UPA- group, and
the samples in the UPA+ group were reduced or completely
disappeared (Figure 2).

Figure 2. IHC Evaluation Result. A: Ki-67 UPA- Group, B: Ki-67
UPA+ Group, C: COX-2 UPA- Group, D: COX-2 UPA+ Group

Although the percentage of Ki-67 IHC positivity was 71.2% + 19%
in the UPA- group, it was 31.7% + 31 and p: 0.01 in the UPA+ group
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(Table 1). In the tissues that were evaluated as a result of COX-2
staining, it was found that the endometrial epithelial tissue was
preserved in most of the foci in the UPA- group and decreased in the
UPA+ group (Figure 2). Although the percentage of COX-2 IHC
positivity was 62 + 7% in the UPA- group, it was 27 * 6% and
p:0.003 in the UPA+ group (Table 1).

Table 1. H&E Staining Score, Percentage of Ki-67, and COX-2
Positivity

H&E score Ki-67 (%) COX-2 (%)
UPA- 2.5+ 0.22 71.2% +19 62% +7
UPA+ 0.5+ 0.22 31.7% +31 27% +6
P value* 0.001 0.01 0.003

*Mann-Whitney U test

4. Discussion

Endometriosis is a benign, chronic, and common gynecological
disease that is defined as the extrauterine presence of the endometrial
gland and stroma. The treatment modalities used for symptomatic
patients include medical treatment and surgical excision. Medical
treatments that are used today are analgesics, COCs, progestin (oral,
depot, or intrauterine), GnRH agonists, and antagonists (17). It is
difficult to completely excise endometriotic foci in many patients for
the treatment of endometriosis (18). UPA reduces menstrual
bleeding and fibroid volume at significant levels (19). Studies on
endometriosis are ongoing in the treatment of pelvic pain associated
with pelvic pain, and phase 1V clinical studies are underway (17).
There are studies that use off-label in the treatment of
endometriosis.19 When UPA (5 mg daily dose) is administered for
three months before the surgery in the treatment of fibroids, it
reduced vaginal bleeding and fibroid size, facilitated the operation,
and helped patients (20,21). In the present study, it was shown that
daily doses of 5mg and 10mg used for 3 months seem safe and
effective in bleeding control (22). There are also publications
arguing that UPA does not contribute to the treatment of
adenomyosis patients increasing the symptoms of the disease.
Conway et al. (23). investigated the effects of UPA on adenomyosis
retrospectively. They investigated the changes in pain symptoms in
patients with adenomyosis who were erroneously diagnosed as
myoma uteri and were given 5 mg/day UPA treatment and detected
ultrasound images that suggested progression in adenomyosis
lesions and worsening of pain symptoms. Drug-induced liver
toxicity was rarely detected in patients who used UPA. Today, liver
function tests are checked before and after using UPA, even if there

is no liver disease (24).

5. Conclusion and Recommendations

Similar to our study, Bax/Bcl-2, cytochrome C, Ki-67, and COX-2
expression were evaluated in the surgically created endometriosis
model of UPA in rats compared to the control group.9 Statistically
significant differences were detected in all three H&E, Ki-67 IHC
positivity percentages, and COX-2 IHC positivity variables in the
foci in the surgically created endometriosis model. Although its
mechanism of action is not completely clear, it has the potential to
be used as a drug for treating endometriosis in the future. Larger
group and multicenter studies are needed to demonstrate the effects

of UPA on ectopic endometriosis clearly.
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