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The effectiveness of Rutin

for prevention of surgical induced
endometriosis development in a rat
model

Hatef Talebi*, Mohammad Reza Farahpour®?*“ & Hamed Hamishehkar?

Apoptosis and antioxidant mechanisms are pathways for the treatment of endometriosis (Endo).
Rutin (Rtn) is an antioxidant flavonol that induces apoptosis. This study, for first time, was conducted
to evaluate the effects of rutin on Endo through apoptosis and antioxidant mechanisms. The
experimental Endo was induced in 24 rats and then the animals were subdivided into Endo-sole, 3000
and 6000 pg/kg rutin (Rtn-3000 and Rtn-6000) and vitamin C groups. After 4 weeks, the expression

of Bcl2, Bax, anti Pro Caspase-9, cleaved Caspase-9, pro PARP, pro Cleaved PARP, Pro PARP, pro
mTOR and mTOR were assessed by western blotting technique. The protein concentrations of
malondialdehyde (MDA), total antioxidant capacity, and super oxide dismutase and gutathione
peroxidase were also evaluated. TUNEL staining was also used for the detection of apoptosis.
Caspase-9 and concentration of antioxidants were higher in the treated groups compared to Endo-
sole group (P <0.05). The results also showed that rutin decreased the expression of Bcl2 and MDA
concentration (P <0.05). The results for TUNEL staining showed that the animals treated with Rtn-
6000 and vitamin C showed higher apoptosis. Rutin induces apoptosis by the expression of Bcl-2, Bax
and caspase and also antioxidant activity by increasing antioxidants concentrations.

Abbreviations

Bcl-2 B-cell lymphoma protein 2
BAX BCL2 associated X

DSB Double strand breaks

GSH Glutathione

Endo Endometriosis

MDA Malondialdehyde

mTOR Mammalian target of rapamycin
PARP-1 Poly ADP-ribose polymerase-1
ROS Reactive oxygen species

Rtn Rutin

TAC Total antioxidant capacity

TUNEL  Terminal deoxynucleotidyl transferase enzyme mediated dUTP nick end labeling
vitamin ¢ Vit C: vitamin C

SOD Super oxide dismutase

GPx: Gutathione peroxidase

Endometriosis (Endo) is one of the most usual causes for chronic pelvic pain that is known with endometrial tis-
sue outside the uterine cavity'. It is commonly known with signs such as chronic pelvic pain, infertility, menstrual
irregularity, dyspareunia and loss quality of life?. The pathophysiology and etiology of the Endo is still unknown.
It needs estrogen-dependent condition, but its symptoms are cyclic®. Similar to eutopic endometrium, ectopic
endometrium induces responses versus hormonal changes through inducing pain and inflammation in the target
sites*. Apoptosis has an important role in keeping tissue homeostasis by eliminating excess and dysfunctional
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Figure 1. (a) Determination of Bcl-2, Bax, Pro caspase9, Cleaved caspase9 and B-actin by Western blot in cell
lysates. Western blotting of Bcl-2, Bax, Pro caspase9, and Cleaved caspase9 were performed on lysates of the
various cell lines by specific antibodies.  actin was used as an internal control. (b), (c), (d) and (e), Quantitative
analyses of Bcl-2, Bax, Pro caspase9, and Cleaved caspase9 were performed in the various cell lines by Western
blot analysis. The mean optical density ratio for Bcl-2, Bax, Pro caspase9, and Cleaved caspase9 was calculated
in per endometriotic cell type and compared to control endometrial cells. Superscripts (a, b, c) show significant
differences between groups at P<0.05.

cells. Apoptosis mechanism has received much attentions in patients with eutopic and ectopic endometrium.
Mitochondrial apoptosis plays important role in cell apoptosis. Among proteins involved in cell apoptosis, Bcl-2
family proteins especially B-cell lymphoma protein 2 (Bcl-2)-associated X (Bax) protein play important role in
apoptosis, because these participate in mitochondrial apoptosis by preventing and promoting apoptosis®. The
Bax protein induces the cascade of reactions through releasing cytochrome c from mitochondria and causes cell
death. Bcl-2 inhibits Bax activity and blocks activation of apoptotic machinery®. The PI3K/mTOR pathway is also
activated in ovarian Endo’. Poly ADP-ribose polymerase-1 (PARP-1) is an important protein that repairs DNA
single strand break (SSB)®. Faulted SSB repair accumulates of double strand breaks (DSB) and are then repaired by
DSB repair mechanisms’. Mammalian Target of Rapamycin (mTOR) activation and its up-regulation are related
to proliferation and biological aggressiveness in some tumors®. Caspases are a family of endoproteases that play
important role in regulating programmed cell death. Caspase-9 activation is a response for apoptotic stimuli and
is started with the mitochondrial release of cytochrome c'°. On the other hand, reactive oxygen species (ROS)
play important role in reproductive system such as Endo and infertility, so that oxidative stress increases Endo!!.

Different agents are used for the prevention, the management and the treatment of Endo. Natural agents such
as medicinal plants and their derivations have commonly been used. Rutin (quercetin-3-rhamnosyl-glucoside)
is a flavonol that is significantly found in some fruits and vegetables'> '*. It has some pharmacological activi-
ties, such as antibacterial', immunomodulatory, antioxidant, and neuroprotective activities'. Rutin protects
reproductive system against oxidative stress in diabetes mellitus'®. It shows anticancer activity by preventing cell
proliferation, reducing glutathione (GSH) and inducing apoptosis in cancer cells'”'®. Rutin induces apoptosis
and has antioxidant activity that can be profitable in the treatment of the Endo and it is used as a novel agent. This
study was conducted to evaluate the effects of rutin in a rat model with surgically induced Endo, by evaluating
the role of Bcl2, Cleaved caspase, Cleaved PARP and mTOR expression.

Results

The effect of Rtn on protein expressions. The results for western blotting of Bcl-2, Bax, Pro caspase9
and Cleaved caspase9 are shown in Fig. 1. The results showed that the animals in Endo-sole group showed higher
expressions for Bcl-2 and Pro caspase9 compared to other groups (P<0.05). However, the administration of
Rtn in levels of 3000 and 6000 decreased the expressions of Bcl-2 and Pro caspase9 compared to control group
(P<0.05). With regards to golden standard (Vit C), the animals in Rtn-6000 group did not show significant
difference for expression of Bcl-2 and Pro caspase9 (P>0.05). However, the animals in Rtn-3000 group showed
lower expression for Pro caspase9 compared to Rtn-6000 and Vit C (P<0.05). The results for the expression of
Bax and Cleaved caspase9 showed that the rats administrated with rutin showed higher expression compared
to Endo-sole group (P <0.05). The results did not show significant difference between the levels of rutin for the
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Figure 2. (a) Determination of p-mTor, mTOR, Pro PARP, Cleaved PARP and B-actin by Western blot in cell
lysates. Western blotting of p-mTOR, mTOR, Pro PARP and Cleaved PARP were performed on lysates of the
various cell lines by specific antibodies.  actin was used as an internal control. (b), (¢) and (d), Quantitative
analyses of p-mTOR, mTOR, Pro PARP and Cleaved PARP were performed in the various cell lines by Western
blot analysis. The mean optical density ratio for p-mTor, mMTOR, Pro PARP and Cleaved PARP was calculated
in per endometriotic cell type and compared to control endometrial cells. Superscripts (a, b, c) show significant
differences between groups at P<0.05.

expression of Bax (P> 0.05), but the animals treated with rutin in lower dose (Rtn-3000) showed higher expres-
sion for Cleaved caspase9 compared to higher dose (Rtn-6000) (P <0.05). Considering Vit C, the administration
of rutin increased expression of Bax and Cleaved caspase9 (P<0.05).

Our findings for p-mTOR, mTOR, Pro PARP and Cleaved PARP by western blotting are shown in Fig. 2. The
results showed that rats in Endo-sole group showed higher expression for p-mTOR and Pro- PARP compared to
other groups (P<0.05). The results showed that expressions of p-mTOR and Pro-PARP were significantly lower in
animals in Rtn-3000 group compared to other group (P <0.05). It was no observed significant differences between
Vit C and Rtn-6000 (P> 0.05) for expressions of p-mTOR and Pro-PARP (P> 0.05). The results for Cleaved PARP
did not show significant difference between Endo-sole group, Rtn-6000 and Vit C groups (P <0.05). The results
showed significant difference between Rtn-3000 group with Endo-sole and Vit C groups (P <0.05).

Rtn enhanced apoptosis ratio. The results for TUNEL staining in Fig. 3 showed higher apoptosis in
animals treated with Rtn-6000 and Vit C. It means that Rtn-6000 and Vit C significantly induce apoptosis. The
results showed that staining intensity was significantly higher in Rtn-6000 and Vit C groups.

Biochemical estimations. The results for MDA, SOD and GPx and TAC concentrations are shown in
Fig. 4. The results showed that the concentration of MDA was significantly lower in Endo-sole group compared
to other groups, respectively (P<0.05). There was not significant difference between the animals in Vit C group
and other treated animals for MDA and TAC (P<0.05). However, the rats treated with higher level of rutin
(6000) showed higher levels for GPx and SOD.
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Figure 3. TUNEL staining of ectopic endometrial tissue. Note increased apoptotic cells in vitamin C-treated
and Rtn-6000-treated groups compared to control and other experimental groups. The software analyses of
the pixel-based intensity of brown reaction (representing TUNEL reaction) in 25,200 % 25,200 pm of tissue

in different groups are presented. As shown, the section from the control group represents the lowest and the
section from Rtn-6000 and Vit C are representing the highest TUNEL reactions, respectively.
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Figure 4. Determination levels of MDA, SOD and GPx and TAC in the different cells. Superscripts (a, b) show
significant differences between groups at P<0.05.

Discussion
The pathophysiology of the Endo is not yet known and the treatment of Endo is controversial. Different agents
are used for the treatment of Endo. Some studies have shown that antioxidants might be beneficial for the treat-
ment of Endo' . In this study, for the first time, rutin, as an antioxidant agent and also inducer apoptosis, was
used in a rat model of Endo.
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Bcl-2 family proteins regulate mitochondria-dependent pathway for apoptosis. It was reported that Bcl-2
up-regulation can inhibit programmed cell death and hasten the progression of Endo and finally result disease
pathogenesis via cytokine production®'. Studies have suggested that up-regulation of Bax and down-regulation
of Bcl-2 increase apoptosis®* 2. In the present study, increased the expression of Bax and decreased the expres-
sion of Bcl-2 were observed in animals treated with rutin compared to animals in Endo-sole group. It means that
rutin induces apoptosis and TUNEL staining confirm our findings for induction of apoptosis in rutin groups.
It means that groups, especially Rtn-6000 and Vit C induce apoptosis. Parallel to our findings, previous studies
have reported that rutin induces apoptosis in cancer cells'”'%. Other study showed that rutin decreases cisplatin-
induced reproductive damage by inducing apoptosis in male rats?*. The results also showed that rutin increased
the expression of Cleaved caspase, but no pro caspase, compared to animals in Endo-sole group. Caspases are a
family of endoproteases that play important role in regulating programmed cell death. It was reported that ESR2
destroys apoptosome production via interacting and preventing the activation of caspase 9 in endometriotic
lesions®. The results show that rutin induces apoptosis via regulation of Bcl-2, Bax and caspase 9.

The results also showed decreased the expression of pro mTOR in the treated animals compared to Endo-sole
group. It was no observed significant difference between groups for the expression of mTOR. This gene has an
essential role in angiogenesis and growth of endometriotic implants that hastens Endo?. It was reported that
the administration of temsirolimus blockers reduces Endo implants growth?. The results showed that rutin
down-regulates the expression of mTOR. It means that rutin cannot prevent growth the Endo via the expression
of mTOR. The expression of Cleaved PARP was significantly higher in Rtn-3000 compared to Endo-sole group.
A study reported that inhibition of PARP causes lack of correction of SSBs in S phase and the errors cause to
stalling and collapse of the replication forks that result in the persistence of DNA DSBs’. Seemingly, it does act
in Endo through influencing on PARP.

The results also showed that the concentration of MDA was significantly lower, but SOD, GPx and TAC
were higher in the treated animals compared to Endo-control group. Increased the levels of rutin did not have
significant effects on concentration of MDA and TAC, but concentration of SOD and GPx were higher in dose
of 6000 pg/kg. The increase in production of free radicals and decreased antioxidant potential induce oxidative
stress. Increased oxidative stress was associated to Endo. Redox levels might be involved in the severity and the
dynamics of Endo and its progression'!. Parallel to our findings, Gupta et al.,”® showed that MDA and TAC is
respectively higher and lower in animal model of Endo. Imbalance between ROS and antioxidant mechanisms
cause follicular fluid, and ovary surrounding that causes the infertility status related to Endo'!. Rutin protects
reproduction system from oxidative stress in diabetes mellitus'®. Thus, rutin decreases MDA levels by increasing
antioxidants. Seemingly, rutin increases levels of antioxidants and reduces MDA and decreases Endo.

This study was conducted to evaluate the effects of Rtn on expression of Bcl2, Bax, Cleaved caspase, Cleaved
PARP and mTOR expression in a rat model with surgically induced Endo. The results showed that rutin induces
early apoptosis by the expression of Bcl-2, Bax and caspase and TUNEL staining confirmed the results. It also
showed antioxidant properties that decreases Endo. It can be stated that rutin (especially 6000 ug/kg) improves
Endo by apoptosis and antioxidant mechanisms.

Materials and methods

Materials. Rutin (Cat No: $0292 SIGMA) was prepared from Sigma Chemical Co. (St. Louis, MO, USA).
Antibodies included anti Bcl2 (sc-492), Bax (sc-7480), PARP-1 (sc-8007), mTOR (sc-517464), p-mTOR Anti-
body (sc-293133) and B-Actin (C4): sc-47778) prepared from Santa Cruz Biotechnology’s. Moreover, Caspase-9
(Mouse mAb) Antibody prepared from Cell Signaling Technology.

Animal model. 1In the current study, 24 female Wistar albino rats non-pregnant and null gravid were
purchased from Pasture Institute (Amol-Iran). The animals were 10-12 weeks of age and had initial weight
of 180+20 g. The animals were kept under controlled condition in a room temperature of 21+2 °C, 60+ 5%
humidity and 12 h light/dark cycles. All the used protocols were in agreement with ARRIVE guidelines such as
study design, sample size, randomization, outcome measures, data analysis, experimental procedures, reporting
the results, etc., in this study were approved by the Committee on the Ethics of Animal Experiments of Veteri-
nary Faculty and the Islamic Azad University Council on Animal Care, Urmia, Iran (JAUIAC permit number:
FW2019-10,370,501,972,043), in compliance with the Guide for the Care and Use of Laboratory Animals pub-
lished by the US National Institutes of Health (NIH publication no.85-23, revised 1996). We declare that all
methods were performed in accordance with the relevant guidelines and regulations.

Induction of Endo.  Endo was induced by transplanting the bowel mesentery as reported by Bilotas®. Sum-
mary, anesthetization was induced by intraperitoneal administration of ketamine (100 mg/kg) and 2% xylazine
(40 mg/kg). After conducting laparotomy, we induced a mid-ventral incision for exposing expose the uterus and
intestine. Standard hysterectomy was used for removing the right uterine horns of the animals and it was cut into
4mm? square pieces. We used single 6-0 nylon and 3-0 silk sutures for suturing the serosa layer and abdomen,
respectively.

Grouping and the treatments. In the next step, the animals were assigned into 4 groups including Endo-
sole (Endo), Endo-induced rats treated with 3000 and 6000 pg/kg rutin (Rtn-3000 and 6000) and Endo-induced
rats treated with vitamin C (0.2 mg/kg) (Vit C) groups. The rats in Endo-sole group received 0.5 mL of saline-
normal. Vitamin C was considered as gold standard and administrated as reported by previous studies®. Rtn and
Vit C were orally administrated for 28 days. This period was selected on the basis of essential time for assessing
ameliorative effect of different chemicals against endometriotic-like legions establishment in previous studies®..
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Protein extraction and Western Blot. Following test termination (28 days), the rats were euthanized by
CO2 gas using a special device. We isolated total protein from endometriotic cells and immunoblotting/western
blotting performed as described previously™. The cells were harvested using 1% Trypsin-EDTA and pelleted.
The cell lysates were sonicated in sonication buffer that contained 20 mM Tris-Hcl, 0.5 mM EDTA, 100 mM
DEDTC, 1% Tween, 1 mM phenylmethylsulfonyl fluoride, and protease inhibitor cocktail tablets: complete
EDTA-free (1 tablet/50 ml) and PhosStop (1 tablet /10 ml). Protein concentration was assessed by Bradford
method™®. Western blot analyses were conducted as reported by previous studies®. The analyses were conducted
in an amount of protein (50 pg) and samples were loaded and resolved using 12% SDS-PAGE. To prevent non-
specific binding, the membranes were blocked in 5% BSA containing buffer for 2 h at room temperature. These
were incubated overnight with the desired primary antibody at its respective dilution at 4 °C. In next step, the
membranes were washed by wash buffer TBST (50 mM/L Tris-HCI, pH 7.6, 150 mM/L NaCl, 0.1%Tween 20)
and incubated at room temperature for 2 h with appropriate HRP-conjugated secondary antibody (1:15,000
dilution). Results are expressed in relative fold change compared to control (vehicle 1 h). The uncut gel images
are presented in Supplementary Data.

Assessment of apoptosis using TUNEL staining. TUNEL (terminal deoxynucleotidyl transferase
enzyme mediated dUTP nick end labeling) Staining assay kit (Roche, Germany) was used for evaluating of the
apoptosis ratio as reported by Labat-Moleur et al.,”>. Summary, xylene (3 changes, each change 5 min) was used
for deparaffinization of the Sects. (5 pum) and then rehydrated in graded alcohol (each 2 min). In the next step,
the sections were incubated with 1 uL proteinase K for 20 min and washed triplicate by PBS. The sections were
then incubated by 5 uL TUNEL solution for 40 min, and washed 3 times with PBS and finally incubated by 10 uL
POD-convertor for 0.5 h. The slides were washed triplicate in PBS, incubated with 10 uL DAB substrate for 1 h.
The slides were then washed with distilled water. Hematoxylin was used for counting sections and then dehy-
drated by ascending alcohol. Cells were considered as apoptotic, if cells were observed as clear and dark brown.

Determination of lipid peroxidation and total antioxidant capacity (TAC). End product of lipid
peroxidation or malondialdehyde (MDA) was investigated for measurement of lipid peroxidation by the absorb-
ance at 535 nm. TAC, SOD and GPx were assessed spectrophotometrically on the basis of procedure described
by Rashid et al.*.

Statistical analysis. The results were reported as mean data (+SD). Statistical analysis was performed by
the means of one-way analysis of variance (ANOVA), and Tukey test was undertaken for comparing the group
means. A P-value less than 0.05 was considered as significant. The data were analyzed for 6 rats/group.
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