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ABSTRACT
We investigated the efficacy of activated cannabinoid 2 receptors for alleviating ovarian 
ischemia-reperfusion injury in rats. Female Wistar albino rats were divided randomly into six 
groups: ischemia-reperfusion (IRG); ischemia-reperfusion + 0.2 mg/kg JWH-133 (JIRG1), 
ischemia-reperfusion + 1 mg/kg JWH-133 (JIRG2); ischemia-reperfusion + 5 mg/kg JWH-133 
(JIRG3); solvent control, and sham control. Ovarian ischemia was established for 3 h followed by 
reperfusion for 3 h. Ovarian tissue was investigated using histology, immunohistochemistry and 
biochemistry. Administration of JWH-133 synthetic cannabinoid reduced nuclear factor kappa-B 
immunoreactivity as well as TUNEL positivity scores and malondialdehyde levels. These 
reductions were significant in all cases except for the malondialdehyde levels in the 1 mg/kg 
JWH-133 group. Activation of cannabinoid 2 receptors by JWH-133 reduced ovarian ischemia- 
reperfusion injury due to its antioxidant and anti-inflammatory effects.
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Ovarian torsion is caused by complete or partial rotation of 
the ovary and fallopian tube together with the vascular 
structures that supply them. Ovarian torsion is an urgent 
gynecological condition in women of any age (Houry and 
Abbott 2001). Ischemia and necrosis can occur following 
ovarian torsion (Sasaki and Miller 2014). Without early 
diagnosis, organ death may result. Following surgical de- 
torsion, blood flow resumes and tissue reperfusion begins. 
Reperfusion injury can occur due to production of reactive 
oxygen species (ROS), which elicit release of inflammatory 
agents (Sayyah-Melli et al. 2012); the overall process is 
termed ischemia-reperfusion (IR) injury. Inflammation is 
initiated following IR; the nuclear factor kappa-B (NF-κB) 
pathway plays a key role in this process. As a regulator of 
proinflammatory cytokine production, such as interleukin 
1 and tumor necrosis factor-α, the NF-κB pathway is an 
important contributor to the inflammatory response 
(Lawrence 2009).

Cannabinoids can be derived from plants (e.g., Cannabis 
sativa) or synthesized either endogenously or exogenously. 
The two best known members of the endocannabinoid 
system (ECS) are anandamide and 2-arachidonoyl- 
glycerol. Regardless of the source, cannabinoids bind to 
similar receptors in humans and produce similar effects 
on energy metabolism, and on the central nervous, 

reproductive and gastro-intestinal systems. The ECS 
includes two types of G-protein coupled receptors, also 
called cannabinoid type 1 (CB1) and cannabinoid type 2 
(CB2). CB1 is found mostly in the brain, while CB2 is found 
in the peripheral cells of the immune system (Picone and 
Kendall 2015). CB2 also is present in follicular fluid in the 
ovarian cortex and medulla (El-Talatini et al. 2009).

The ECS may be a therapeutic target for 
pharmacological agents for treating inflammatory 
diseases and tissue injuries (Steffens and Pacher 2012). 
The ECS can initiate apoptosis and autophagy, induce cell 
cycle arrest, affect inflammatory responses to malignant 
cells, and block angiogenesis and metastasis (Ayakannu 
et al. 2013; Pyszniak et al. 2016). Activation of CB2 

receptors has been shown to reduce IR injury in the 
heart, liver and kidneys (Bátkai et al. 2007; Pacher and 
Haskó 2008; Çakır et al. 2019a). It has been suggested that 
activation of CB2 receptors affects ischemic regeneration 
(Pacher and Haskó 2008). Although both antioxidant and 
anti-inflammatory substances have been investigated in 
various animal models for preventing or reducing the 
effects of IR (Feizi et al. 2008; Nayki et al. 2018; Turkler 
et al. 2018; Çakır et al. 2019a), a substance has yet to be 
developed that can be developed into drug form that can 
be used safely in humans.
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JWH-133 is a selective CB2 agonist. Anti–inflammatory, 
antioxidant and anti-apoptotic effects of JWH-133 have 
been reported for myocardial IR, neurodegeneration, 
kidney IR and liver toxicity models (Li et al. 2013; 
Tutun and Baydan 2018; Çakır et al. 2019a, b). Activation 
of CB2 receptors by JWH-133 reduces apoptosis, 
inflammation and oxidative stress (Feizi et al. 2008; Li 
et al. 2013). We have found no reports concerning the 
effects of JWH-133 on ovarian IR; therefore, we 
investigated the histological, immunohistochemical and 
biochemical effects of activating CB2 receptors by JWH- 
133 for ovarian IR.

Material and methods

Animals

Our investigation was performed in accordance with 
international guidelines for the ethical use of animals; 
ethical permission was obtained from the Kobay 
Experiment Animals Laboratory Industry and Trade Co. 
(no. 13/09/2018-308). We used 48 180–220 g Wistar albino 
female rats obtained from Kobay Experiment Animals 
Laboratory Industry and Trade Co. Animals were 
maintained at 20–22 °C and 55–65% humidity with a 12 h 
light:12 h dark cycle prior to the study.

Experimental groups

Rats were divided randomly into six groups of eight: IR 
group (IRG), IR + 0.2 mg/kg JWH-133 group (JIRG1), 
IR + 1 mg/kg JWH-133 group (JIRG2), IR + 5 mg/kg 
JWH-133 group (JIRG3), solvent only control group 
(control), and a sham surgery group (sham).

Experimental procedure

The rats were anesthetized by intraperitoneal (i.p.) injection 
of 50 mg/kg of ketamine hydrochloride (Eczacıbaşı, 
Istanbul, Turkey) plus 7 mg/kg xylazine hydrochloride 
(Bayer, Leverkusen, Germany). The ventral abdominal 
area was shaved, disinfected with povidone-iodine and 
a 2–3 cm longitudinal abdominal incision was made. The 
uterus and right ovary were exposed and a unilateral right 
complete ovarian ischemia model was established by 
occluding the right ovarian vessels using an atraumatic 
suture (no: 0, polyglactin). Ischemia was maintained for 
3 h. One half hour before reperfusion, JWH-133 (Cayman 
Chemical, Ann Arbor, MI) was administered i.p. at doses 
appropriate for the experimental groups. The reperfusion 
period was initiated by removing the suture. Reperfusion 
was maintained for 3 h. Animals then were euthanized 
by decapitation under anesthesia. The right ovary was 

removed, then cut in half. One half was placed in 10% 
formalin for histologic and immunohistochemical 
examination; the other half was placed in an Eppendorf 
tube and stored at −80 °C for biochemical assay.

Histology

The ovarian tissues taken at the end of the experiment were 
fixed with 10% formalin for 1 week. Tissues then were 
dehydrated through 50, 70, 80, 96 and 100% ethanol, 
cleared with xylene and embedded in paraffin wax. 
Sections were cut at 5 μm and affixed to slides, then 
deparaffinized, rehydrated and stained with hematoxylin 
and eosin (H & E) (Doğanyiğit et al. 2020). The stained 
sections were dehydrated through ascending ethanols, 
cleared with xylene and mounted with Entellan (Merck, 
Darmstadt, Germany). The preparations were examined 
using a BX53 light microscope (Olympus, Tokyo, Japan).

Immunohistochemistry

Expression of p-NF-κB protein in the ovarian tissue was 
assessed using the avidin-biotin peroxidase method (Çakır 
et al. 2019a). Briefly, sections were dewaxed and hydrated, 
then subjected to antigen retrieval using citrate buffer, pH 6, 
in a 600 W microwave oven for 5 min. Sections then were 
treated with 3% methanolic hydrogen peroxide to block 
endogenous peroxidase activity and Ultra V block solution 
(TA-125-HDX; Thermo Fisher Scientific, Waltham, MA) 
was applied to prevent nonspecific staining. Sections 
then were incubated overnight at 4 °C with primary 
antibodies (BT-MCA1291; Bioassay Technology 
Laboratory, Shangai Korain Biotech Co., Shangai, China) 
diluted 1:50. Biotinylated secondary streptavidin- 
horseradish peroxidase (TA-125-HDX; Thermo Fisher 
Scientific) and diaminobenzidine chromogen (TA-060- 
HDX; Thermo Fisher Scientific) were applied. Sections 
were counterstained with Gill’s hematoxylin. Sections 
were dehydrated through an alcohol series, cleared with 
xylene and mounted with Entellan (Doğanyiğit et al. 2020). 
The sections were examined using a BX53 light microscope 
(Olympus, Tokyo, Japan). Immunoreactivity levels were 
assessed using the Image J program. Ten different areas 
were evaluated for each slide.

Biochemical analysis

A commercial rat malondialdehyde (MDA) assay kit 
(201–11-0157; Sunred Biological Technology Co., Ltd., 
Shanghai, China) was used according to the 
manufacturer’s instructions to assay MDA in the ovarian 
tissue. Results were recorded as nmol/ml MDA.
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TUNEL for identifying apoptosis

The number of apoptotic cells was counted in sections 
using an In situ cell detection apoptosis fluorescein kit (In 
Situ Cell Death Detection Kit; Roche Diagnostics GmbH, 
Mannheim, Germany) according to the manufacturer’s 
instructions. Briefly, sections were deparaffinized with 
xylene, rehydrated through an alcohol series to water, 
then washed twice with phosphate-buffered saline (PBS) 
for 5 min. Antigen retrieval was performed using 0.01 M 
5% sodium citrate buffer, pH 6.0, at 37 °C in a 600 W 
microwave oven for 5 min. Sections were cooled at room 
temperature for 10 min, washed twice with PBS for 5 min 
each, then incubated with the TUNEL reaction mixture 
from the kit in a humid chamber at 37 °C for 60 min. The 
sections then were counterstained with DAPI, mounted in 
glycerol sealing solution and observed using a BX53 
fluorescent microscope (Olympus). We counted apoptotic 
cells in 50 areas using fluorescence microscopy at 200 x. The 
total number of TUNEL positive apoptotic cells in 50 
different areas was counted by using the Image J program. 
(Doğanyiğit et al. 2020).

Statistical analysis

The SPSS 22 statistical software package (SPSS Inc., 
Chicago, IL) was used for statistical analysis. Data are 
means ± SD. Group comparisons were performed using 
a one way ANOVA test. The post hoc Tukey test was 
used for binary comparisons. Values for p ≤ 0.05 were 
considered significant.

Results

Histology

Sections of ovary of the control and sham groups contained 
follicles with normal histology at various stages of 
development (Figure 1). In the IR group, the number of 
corpora lutea was increased and atretic follicles were 
observed in some areas. Follicles exhibiting atresia were 
observed in sections of ovarian tissue of the JIRG1 group; 
more normal follicles were observed in the sections of the 
JIRG2 and JIRG3 groups.

Immunohistochemistry

Immunohistochemical staining is illustrated in Figures 2 
and 3. p-NF-κB expression was increased significantly in 
the IRG animals compared to all other experimental groups 
(p < 0.05 for all comparisons). p-NF-κB expression levels 
were decreased significantly in the JIRG2, JIRG1 and JIRG3 

groups compared to the IRG group (p < 0.0001 for all 
comparisons) (Figure 3).

Biochemistry

We found significantly increased MDA in the IR group 
compared to the control group. Although MDA levels 
were decreased in all drug treated groups compared to 
the IR group, we found a statistically significant decrease 
only in the JIRG1 and JIRG3 animals. (Table 1, Figure 4).

TUNEL staining

The number of apoptotic cells was increased significantly in 
the IRG animals compared to the control group. We found 
a statistically significant decrease in apoptotic cells in all 
groups treated with JWH-133 compared to the IR group 
(Table 1, Figure 5).

Discussion

The ECS commonly is associated with both normal sexual 
and oocyte maturation, and pathological inflammation and 
neurodegenerative diseases (Gammon et al. 2005; Di Marzo 
and Petrocellis 2006; Sun et al. 2013; Çakır et al. 2019b). 
ECS exerts its effects through cannabinoid receptors, CB1 

and CB2. We have found no reports concerning the effects 
of JWH-133 on ovarian IR.

Although ovarian torsion is not common, it is 
a gynecological emergency that can affect a woman’s 
reproductive health. Surgical detorsion and reperfusion of 
the ovaries is the predominant treatment (Oelsner et al. 
2003). Ovarian reperfusion injury follows resumption of 
ovarian blood flow; however, reperfusion increases free 
radicals in the ovarian tissue. Montecucco et al. (2009) 

Figure 1. Ovarian tissues stained with H & E. A) Control. B) 
Sham. C) IRG. D) 0.2 mg/kg JWH-133. E) 1 mg/kg JWH-133. F) 5  
mg/kg JWH-133. Yellow arrow, atretic follicle; pink arrows, 
degenerating follicle destined for atresia. x 200.
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reported that activation of cannabinoid receptors reduces 
free radicals.

MDA is a byproduct of lipid oxidation (Del Rio et al. 
2005) and MDA levels often are used as a marker for 
oxidative stress. MDA levels are increased in both 

ovaries and other tissues following IR (Nayki et al. 
2018; Turkler et al. 2018, 2020; Tutun and Baydan 
2018). We found that the MDA levels were higher in 
the IRG than in the other groups. Our finding is 
consistent with earlier reports (Montecucco et al. 
2009; Tutun and Baydan 2018). We found that 0.2, 1 
or 5 mg/kg doses of JWH-133 decreased MDA levels; 
the decrease, however, was not statistically significant 
for the JIRG2 animals.

Inflammation caused by IR can damage tissue 
affected by IR. Activation of NF-κB initiates release of 
proinflammatory cytokines, chemokines and adhesion 
molecules (Lawrence 2009). NF-κB participates in 
many inflammatory diseases (Tak and Firestein 2001), 
so it is a potential pharmacological target (Karin et al. 
2004). NF-κB also participates in tissue damage caused 
by oxidative stress (Guo et al. 2020). Activation of CB 
receptors improves clinical outcome in inflammatory 
diseases (Alhouayek et al. 2011). Activation of CB 
receptors reduces plaque size and immune cell 
infiltration in atherosclerotic mice, which improves 
the prognosis for vascular disease (Zhao et al. 2010). 
CB2RA also exhibits regulatory effects on bone marrow 
functions. In mice with CB2 receptor deficiency, the 
number of neutrophils is increased in the bone 
marrow (Kapellos et al. 2017). In kidney IR, JWH-133 
decreased the expression of NF-κB (Çakır et al. 2019a). 
Our findings are consistent with the earlier studies. 

Figure 2. Ovarian tissues stained immunohistochemically for p-NF-κB. A) Control. B) Sham. C) IRG. D) 0.2 mg/kg JWH-133. E) 1 mg/kg 
JWH-133. F) 5 mg/kg JWH-133.

Figure 3. p-NF-kB immunoreactivity data are means ± SD. αp < 
0.05 vs. control group, βp < 0.05 vs. sham group, γp < 0.05 vs. 
IRG, ϕp < 0.05 vs. 0.2 mg/kg JWH133, δp < 0.05 vs. 1 mg/kg 
JWH133.

Table 1. MDA analysis and TUNEL stained cells in ovarian tissue.
Experimental groups

Assay Control Sham IR 0.2 mg/kg JWH-133 1 mg/kg JWH-133 5 mg/kg JWH-133 p
MDA nmol/ml 2.84 ± 0.34a 2.72 ± 0.21a 3.63 ± 0.27b 2.83 ± 0.24a 3.08 ± 0.42a,b 2.81 ± 0.56a < 0.001
TUNEL stained cells 0.12 ± 0.34a 0.16 ± 0.37a 1.45 ± 1.23b 0.29 ± 0.46a 0.35 ± 0.70a 0.35 ± 0.48a < 0.001

Data are means ± SD. Groups indicated by the same superscript are not significantly different. 
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Lower NF-κB immunoreactivity was observed in the 
JWH-133 groups compared to the IRG animals. The 

JIRG3 group treated with 5 mg/kg JWH-133 exhibited 
the least NF-κB immunoreactivity.

Earlier investigations of the histopathology of IR 
injury emphasized neutrophil invasion, dilated 
vessels and follicular degeneration (Nayki et al. 
2018; Turkler et al. 2018). It has been reported that 
apoptosis plays a role in injury resulting from IR and 
that JWH-133 reduced both infarct area and 
apoptosis in myocardial IR (Li et al. 2013). Prech 
et al. (2010) used the TUNEL assay and found that 
apoptosis was increased after IR. We used the 
TUNEL method to evaluate apoptosis following IR 
injury to the ovary. The reduced apoptosis that we 
observed at all three doses of JWH-133 is consistent 
with previous studies.

Application of JWH-133 reduced oxidative stress, 
apoptosis and inflammation following ovarian IR 
damage. We suggest that JWH-133 be investigated 
further as a potential therapeutic agent for ovarian IR.

Figure 4. Assay of MDA in the ovarian tissue of the various 
experimental groups. Data are means ± SD. Groups indicated 
by the same letter are not significantly different.

Figure 5. TUNEL stained cells in the ovaries. A) Control group. B) Sham group. C) IR group. D) 0.2 mg/kg JWH-133 group. E) 1 mg/kg 
JWH-133 group. F) 5 mg/kg JWH-133 group. Yellow arrows, apoptotic cells. G) Number of TUNEL stained cells in the experimental 
groups. Data are means ± SD. Groups indicated by the same letter are not significantly different. Y axis in TUNEL chart shows the 
number of TUNNEL positive cells. x 400.
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