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Abstract: Previous studies have demonstrated a connection between PCOS and insulin intolerance, oxidative
stress. The goal of the present study is to compare metformin (Met) to chitosan-propolis nanoparticles and
explain how they protect against a rat PCOS model caused by estradiol valerate (EV). In order to cause PCOS
in rodents, a single subcutaneous injection of estradiol valerate was used, followed by a 42-day oral
administration of 500 mg/kg of chitosan-propolis nanoparticles. Four sets of rats were created: the control,
PCOS, metformin (PCOS and 150 mg/kg metformin), and chitosan-propolis nanoparticle (PCOS and 500 mg/kg
chitosan-propolis nanoparticle) groups. The histopathological examination of the ovaries and measurement of
serum ferctors were performed on all of the animals. After chitosan-propolis nanoparticle intervention, the
body weight and ovarian morphology had improved, and the serum biochemical parameters, including
esretogen, progestron, vitamin D, calcium, and the insulin resistance index, had been corrected. Additionally,
certain relative mRNA transcripts, including those for the MCP, IL18, and CRP genes, were markedly
upregulated in propolis-treated animals. Together, the study's end findings, which are presented here, are
consistent with the hypothesis that chitosan-propolis nanoparticle/Met offered protective activity against the
harmful effects of EV.

Keywords: polycystic ovary syndrome; chitosan; propolis; nanoparticle; oxidative stress; immune
system malfunctions

1. Introduction

Polycystic ovary syndrome (PCOS), which has a prevalence of 5-21%, is the most prevalent
cause of sterility, irregular periods, or no periods at all [1] symptoms of this disease include irregular
periods or no periods at all, increased LH hormone, increased insulin resistance, formation of
multiple cysts in the ovaries, hyperandrogenism, and infertility [2—4]. In some instances, insulin
resistance can lead to type II diabetes [5]. Hyperglycemia occurs in PCOS patients because there is
insufficient pancreatic insulin production or an issue with the pancreatic beta cells [5]. According to
numerous studies, low levels of vitamin D and calcium can also lead to higher oxidative stress and
an increased risk of PCOS [6-8]. Numerous studies show that oxidative stress brought on by
hormonal and metabolic issues contributes significantly to the disease's development [9,10].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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According to ovarian histological research, some PCOS patients have ovarian tissue that is larger
than average, increasing the ovary's volume to more than 10 cm [11,12].

One of the major causes of PCOS is a dysfunction of the hypothalamus-pituitary-ovary axis. In
actuality, PCOS is linked to abnormal gonadotropin secretions and elevated steroid synthesis in the
ovary [13]. The production of androgens in the ovaries rises when LH content is higher than FSH
concentration [14,15]. Theca cells in PCOS patients are much more active than normal theca cells at
converting androgenic precursors to testosterone, according to research conducted in vitro and in
vivo [16]. In actuality, theca cells create androgens in reaction to luteinizing hormone, and patients'
blood levels of androgens rise as a result. Additionally, there is an increase in insulin and insulin-like
growth factors (IGFs), which boost androgen synthesis in theca cells and improve LH function [17].

Metabolic abnormalities are caused by a variety of environmental and genetic factors in
individuals with PCOS [18]. Free radicals, such as reactive nitrogen species (RNS) and reactive
oxygen species (ROS), are among the very potent environmental variables [19]. The antioxidant
defense system is one of the body's defenses against the impacts of ROS, and by lowering ROS levels,
it can lessen some of the harm and complications that ROS and oxidative stress cause [20].

PCOS may result from altered steroidogenesis in the ovaries brought on by oxidative stress [21].
Oxidative stress results from a mismatch between the body's free radicals, such as ROS and RNSs,
and the antioxidant system's effectiveness [22,23]. Inflammation may result from an increase in
reactive stress brought on by the buildup of free radicals or a decrease in the antioxidant defense
system, according to studies [24]. Despite the fact that ovulation and fertility are both regarded to be
inflammatory processes and that the ovary naturally expresses certain cytokines or inflammatory
factors [25], but the reduction of antioxidant factors or the increase of oxidative stress causes the
inflammation to increase and the expression level of the factors that promote inflammation such as
interleukin 6 (IL-6), interleukin 18 (IL-18), TNF-a, and activated protein C (CRP) in polycystic ovarian
tissue compared to healthy tissue [26].

The use of therapeutic supplements effective at reducing oxidative stress to treat its
complications in patients with PCOS is considered a therapy [27,28]. Propolis is a natural substance
that is made by honey bees. So far, many biological effects, including anti-inflammatory [29],
antibacterial [30], antifungal [31], antioxidant, anti-cancer [32] and immune effects [33], have been
reported. The main components of propolis that are responsible for its biological activities include
flavonoids, phenols, and aromatic compounds [34]. It was recently discovered that propolis could
boost the activity of antioxidant enzymes like catalase, superoxide dismutase, and glutathione
peroxidase in an animal model of diabetes mellitus [35,36]. Additionally, as a consequence, diabetic
model complications brought on by oxidative stress are diminished. According to a study, Iranian
propolis can halt oxidative stress and histopathological alterations in the ovaries of newborn stress-
exposed rats [37].

Bees make propolis from a variety of plant gums [38]. Propolis has been linked to a number of
biological and pharmacological effects, including immune, anti-inflammatory, antibacterial,
antifungal, and antioxidant benefits [39,40]. Therefore, the antioxidant and anti-inflammatory
properties of this natural substance are being extensively researched [41-43]. Propolis could boost
the activity of antioxidant enzymes, according to research done in 2018 by Rivera- Yarfiez et al. on an
animal model of diabetes mellitus [36]. Propolis has been discovered to significantly reduce the
oxidative stress that various xenobiotics cause in newborn rats' ovaries [37].

For cutting-edge drug delivery methods, including polymeric nanoparticles, green nanoparticle
synthesis using herbal medicine has recently been developed. Because of its ease of manipulation,
quick solubility effects, biocompatibility, and low toxicity without producing side effects, chitosan
has shown promise in the synthesis of nanoparticles. Chitosan nanoparticles are taken into account
when creating novel drug delivery methods because they improve biodistribution and lower drug
toxicity [44]. Chitosan actually facilitates drug transport by enhancing absorption. But alleviating
polycystic symptoms like ovulatory activity can be achieved by combining chitosan with other
compounds like sodium tripolyphoshate (in nanoparticle form) [44] and fennel seed extract [45] Due
to the fact that chitosan contributes to the therapy through improved drug delivery mechanisms.
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The objective of the present study was to assess the protective effects of the natural substance
propolis on PCOS in animals that had been induced by estradiol valerate. Through analyzing
oxidative stress biomarkers and anti-inflammatory functional indices, the possible protective
mechanisms of this natural substance were examined. Also, considering the importance of oxidative
stress in the development of PCOS and the necessity of using antioxidant compounds to reduce the
complications caused by oxidative stress in women with PCOS, as well as the importance of
metabolic disorders related to glucose metabolism and insulin hormone function, in this research the
impacts of the natural substances propolis and chitosan in nanoparticle form on the levels of
estretogen, progestron, vitamin D, calcium, and the insulin resistance index in mouse models of

PCOS induced by estradiol valerate are examined.
2. Material and methods

2.1. Chemicals

Directly from bee farms, Iranian propolis was bought (Chenaran, Khorasan-Razavi Province,
Juniperus polycarpus; 36.64908 N). (Ahota Company, North Khorasan). Metformin, available from
Pursina Company (Tehran, Iran); Chitosan, available from Sigma-Aldrich; and 17p-Oestradiol-17-
valerate. The Mercodia Company sold the insulin package, while the Diaplus Company provided the
kits for progesterone, estrogen, and vitamin D. The buffer solutions were made using only minerals
purchased from Merck (Merck KGaA, 64271, Darmstadt, Germany). The glucose level in the blood
was evaluated using Easy Gluco.

2.2. Preparation of propolis extracts

Waxless beehives produced the propolis that was harvested. Shake 50 grams of propolis in 500
milliliters of 80% alcohol for 48 hours at room temperature. The alcohol was evaporated by rotation
after filtering. A 10% solution in 80% alcohol was created after the purified extract was weighed, and
it was stored at 4° C. We prepared stock solutions at 1 mg/mL and used them in later experiments.

2.3. Preparation of chitosan-propolis nanoparticles

Chitosan-propolis nanoparticle preparation The ionic gelation technique was modified to create
chitosan nanoparticles that were enclosed in alcohol extract. In a nutshell, chitosan solutions at 0.2
w/v concentrations were made in glacial acetic acid at 0.1% v/v, and then filtered. In deionized water,
sodium tripolyphosphate solution (TPP) (0.2% w/v) was made. 0.4+1.6 mg/mL of alcohol extract was
added to a chitosan solution that contained 0.4% w/v Tween 80. The TPP solution was then gradually
added while stirring continuously after the mixture had been sonicated for five minutes. Throughout
the trial, the chitosan:TPP solution ratio was held constant at 2:1. The chitosan-propolis conjugated
nanoparticles were separated from the obtained supernatant by ultracentrifugation at 25000 rpm for
20 minutes. These particles were then submitted for further characterization [46].

2.4. Analysis of particle size of chitosan-propolis nanoparticles

After preparing the suspensions, the size distributions of the chitosan-propolis nanoparticles
were determined using a laser diffraction particle size analyzer (Shimadzu, Model SALD-2101, Japan)
at room temperature.

2.5. Animals

The Comparative and Experimental Medicine Center at Birjand University of Medical Sciences
in Birjand, Iran, provided mature female NMRI mice (weighing 18-22 g). The experimental mice were
fed a normal rodent chow diet and had unrestricted access to drinking water. They were housed in a
setting that was controlled for temperature (2325 oC), relative humidity (40%), and light (12:12 h).
The Birjand University of Medical Sciences Ethical Committee's authorized animal management
protocol was used to care for the mice. (Ethical number: IR BUMS.REC.1400.163).
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2.6. The PCOS model stimulated by estradiol valerate

This research used the hormonal induction method with estradiol valerate (Abu Reyhan
Pharmaceuticals, Tehran). The selected animals went through three consecutive cycles of estrus
following fifteen days of daily vaginal smear tests. (Each cycle consists of four stages: proestrus,
estrus, metestrus, and diaestrus.) Throughout the estrus period of the reproductive cycle, 40 mg/kg
of estradiol valerate was subcutaneously injected into each animal. To achieve complete syndrome
induction, the vaginal smear test was continued after the daily injection until the alteration in the
estrous cycle and its abnormality and achieving the phase of persistent vaginal certification,
persistent vaginal cornification as the most significant symptom of syndrome stimulation.

Groups:

Animals were randomly allotted into: (1) Control group (30uL DMSO); (2) PCOS group (40
mg/kg estradiol valerate, daily for 42 consecutive days); (3) PCOS (40 mg/kg estradiol valerate) +
chitosan-propolis nanoparticles (500 mg/kg; 2times per weeks for 42 consecutive days, gavages) (4)
PCOS (40 mg/kg estradiol valerate) + metformin (150 mg/kg; daily for 42 consecutive days, gavages).

2.7. Blood samples

48 hours after the final curative dose of chitosan-propolis nanoparticles and metformin, all
animals were put to sleep with chloroform. A cardiac incision was used to obtain blood samples.
Blood was drawn into non-heparinized containers, and they were centrifuged at 3500 rpm for 5
minutes to prepare the serum. For later examination, serum samples were kept at -70 degrees.

2.8. Histological procedure

At the conclusion of the course of therapy, the tissue of the ovaries was removed and fixed for
24 hours in a buffered formalin solution (0.64% NaH2PO4, 0.4% Na2HPO4, and 10% formaldehyde
in distilled water; pH = 7.4). Then, tissue samples were mounted on glass plates, sectioned at a
thickness of 5 um, stained with H&E or Trichrome Masson, and examined under a light microscope
(Olympus CX21®, Japan). [23]. According to Erickson's categorization, primary and secondary (or
antral follicle) follicles were counted in all samples. [24]. Only visible nuclei in follicles were counted,
and follicular cysts were also quantified.

2.9. Serum’s biomarkers

All rats were put to sleep 48 hours after the final therapeutic dosage of metformin and chitosan-
propolis nanoparticles. Serum samples were kept at -70°C for later analysis after blood samples (5
mL) from the right atrium were taken and centrifuged for 5 minutes at 3500 rpm. The research groups'
serum levels of estrogen, progesterone, vitamin D, calcium, and insulin were measured using an
ELISA reader in accordance with the manufacturer's recommendations.

2.10. Glucose Serum level and HOMA-IR index

After the intervention, blood was drawn from the rat's tail, and the Easygluco device was used
to test the blood sugar level in order to determine the animals' serum glucose levels.

To measure insulin resistance, the HOMA-IR (homeostasis model evaluation of insulin
resistance) index was calculated as [fasting serum glucose x fasting serum insulin/22.5].

2.11. Determination of superoxide dismutase (SOD)

According to the kit's instructions, the commercial rat ELISA kit (Eastbiopharm, China) was
used to find SOD activity in the blood of the control and experimental groups. The superoxide anion
was converted to oxygen and hydrogen peroxide at 420 nm, where the SOD activity was determined.
SOD activity (inhibition rate) was calculated using the formula below:

SOD activity (inhibition rate %) = (AB1-AB3) - (AS-AB2)/AB1-AB2
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A=Absorbance B=Blank S=Sample

2.12. Measurement of Malondialdehyde (MDA) Assay

Using a commercial rat ELISA kit, MDA levels were used to assess the amounts of free radicals
(lipid peroxidation) in serum samples. (Eastbiopharm, China). At 535 nm, the LPO content was
determined spectrophotometrically.

2.13. Quantitative real-time PCR analysis

The ovaries of every mammal were removed. An RNA extraction kit (Pars Toos, IRN) was used
to obtain total RNA from the samples. Using a Nano Drop spectrophotometer, the RNA extraction's
measurements and purity were confirmed. (Epoch Biotech). A cDNA synthesis reagent was used to
reverse-transcribe the RNAs. (Pars Toos, Iran). Using the Oligo 7 primer tool, particular primers for
the MCP, IL18, and CRP genes were created. (Table 2). For the quantitative RT-PCR study, the SYBR
Green PCR Master Mix (Amplicon, Denmark) was used. cDNA was amplified using the ABI Step
One Plus real-time PCR apparatus. (Applied Biosystems). To normalize the results on gene
expression, GAPDH was used. The 2-24Ct technique was used to determine the expression levels of
the target genes.

Table 2. Sequences of primers used for real-time PCR.

Name Forward Reverse
CRP GCAGTAGGTGGGCCTGAAAT CCCGTCAAGCCAAAGCTCTA
MCP1 TGCAGTTAATGCCCCACTCA  AGTTCTCCAGCCGACTCATTG
IL18 CAGCCAACGAATCCCAGACC AGATAGGGTC(? CAGCCAGTC

GAPDH CGAACCTCTCTGCTCCTCCTGTTCGCATGGTGTCTGAGCGATGTGG

2.14. Statistical Analysis

To find the significant difference, an ANOVA analysis was performed using GraphPad Prism 9
(GraphPad Software, Inc., La Jolla, CA), with a statistical significance threshold of p< 0.05. The
outcomes were presented as mean + standard deviations.

3. Result

3.1. Physico-chemical characterization of chitosan-propolis nanoparticles

The suspension's chitosan-propolis nanoparticles' size dispersion (in the PBS). The findings
showed that the chitosan-propolis nanoparticles have an average particle size of about 251.18+17.70
mm. (V).

3.2. Body weight

Every rat in every group finished the experiment. First, since the rise in body weight is one of
the most significant clinical characteristics of PCOS, the body weights of all animals were measured
on the first and last days of the experiment. According to our findings, estradiol valerate
administration increased the end body weight of the PCOS group in comparison to the control group
(P <0.01, Table 1). In comparison to the PCOS group, rats that got metformin or Chitosan-Propolis

nanoparticles (500 mg/kg) had lower body weights. They were not, however, statistically important.
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Table 1. the body weight in all animal groups were taken during the 42 days of the experimental
period (42 days after injection of estradiol valerate to induce PCOS and administration of Chitosan-
Propolis nanopartocle or metformin).

chitosan-propolis

Control PCOS Metformin R
nanoparticles
Before the
experimental 151+9.42 149+7.8 153+7.5 151+14.1
period
After the
experimental 180+5.5 207+6.6™* 199+5.17 200£13.8
period

Values are presented as Mean+SE (n=6/each group). ** Statistically different from the control rats (p<0.01).

3.3. Ovarian morphology

The ovarian sections taken from the control animals showed a natural structure with follicles at
different stages of growth and normal granulosa cell layers. On the contrary, Numerous follicular
cysts were present in PCOS ovaries with degrading granulosa cells in the thin layer of granulosa cells.
In comparison with control animals, the numbers of primary follicles and antral folliclessignificantly
decreased in PCOS group. In comparison with the ovaries of PCOS group, treatment with Chitosan-
Propolis nanoparticle (500 mg/kg) or metformin for 42 days, significantly decreased the number of
follicular cysts (Figures 1 and 2).

Figure 1. Histopathology of a section in ovarian tissues of adult control (A), PCOS (B), Metformin (C),
and Chitosan-Propolis nanopartocle (D) rats using hematoxylin and eosin staining.


https://doi.org/10.20944/preprints202304.0299.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2023 doi:10.20944/preprints202304.0299.v1

Figure 2. Histopathology of a section in ovarian tissues of adult control (A), PCOS (B), Metformin (C),
and Chitosan-Propolis nanoparticle (D) rats using Trichrome Masson staining.

3.4. Hormonal results

The study's findings demonstrated that the PCOs group's progesterone serum level was
considerably lower than the control group's (p<0.001) in comparison. Additionally, in comparison to
PCOs group, a notable rise in progesterone serum level was seen in the experimental groups treated
with metformin and chitosan-propolis nanoparticles (p<0.01). (Figure 3). However, when compared
to the control group, the PCOs group's serum estrogen level rose significantly (p<0.05). Contrarily, a
significant decline and an increase in the levels of estrogen were observed in the experimental groups
treated with metformin and chitosan-propolis nanoparticles, respectively, when compared to the
Control group and PCOs group (p<0.01). (Figure 3).
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Figure 3. Serum Progestron, Estradiol, Vitamin D, and Calcium concentration level in control, PCOS
and, metformin and chitosan-Propolis nanoparticle rats after 6 wk of experimental period. Values are
presented as Mean+SE. (n=6/each group). * Statistically different from the control rats (p<0.05). **
Statistically different from the control rats (p<0.01), *** Statistically different from the control rats
(p<0.001), # statistically different from the PCOS rats (p<0.05), ## statistically different from the PCOS
rats (p<0.01), ## statistically different from the PCOS rats (p<0.01). Chito-Pro nano: chitosan-Propolis
nanoparticle.

3.5. Vitamin D

Diaplus kit was used to assess the impacts of chitosan-propolis nanoparticle on 250H vitamin
D level. When compared to the control group, the administration of estradiol valerate substantially
reduced the serum level of vitamin D (p<0.01). The PCOs-induced reduction in vitamin D was
exacerbated by the delivery of metformin and Chitosan-Propolis nanoparticles (p<0.05 and p<0.01,
respectively). (Figure 3).

3.6. Calcium

According to Figure 3, the administration of estradiol valerate significantly reduced calcium
serum levels compared to the control group (p<0.01), and the treatment with metformin significantly
increased calcium levels after estradiol valerate administration (p<0.001). Additionally, compared to

the PCOs group, the Chitosan-Propolis nanoparticle group's calcium serum level was considerably
(P<0.01) higher.

3.7. Insulin, Fasting Blood Glucose, and HOMA-IR index

In individuals with PCOS, metabolic abnormalities are primarily characterized by insulin
resistance/hyperinsulinemia. As anticipated, the fasting insulin in PCOS rats was greater than it was
in control rats. When compared to control rats, insulin levels in PCOS rats were substantially higher
(P<0.01). There was no difference between the metformin and Chitosan-Propolis nanoparticle groups
compared to the control group, and metformin and Chitosan-Propolis nanoparticle levels decreased
in PCOS rats compared to PCOs rats (P<0.01 and P<0.05). (Figure 4). The administration of estradiol
valerate also considerably raised the FBG level in comparison to the control group, as shown in Figure
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4 (p<0.05). Additionally, compared to the control group, metformin and chitosan-propolis
nanoparticles significantly reversed the FBG level increase caused by estradiol valerate (p<0.001). In
addition, giving metformin and chitosan-propolis nanoparticles to PCOs rats reduced their FBG
levels in comparison to the PCOs group (P<0.001). After six weeks of testing, the HOMA-IR score in
control, PCOS, metformin, and chitosan-propolis nanoparticle rats was shown in Figure 4. When
compared to the reference group, the administration of estradiol valerate significantly raised the
HOMA-IR index (p<0.05), and the administration of chitosan-propolis nanoparticles significantly
decreased the HOMA-IR index (p<0.05). Additionally, the HOMA-IR index was substantially (P<0.01)
lower in the metformin (P<0.001) and chitosan-propolis nanoparticle (P<0.01) groups compared to

the PCOs group.
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Figure 4. Serum insulin concentration (mu/l), FBG (mg/dl), and HOMA-IR levels in control, PCOS
and, metformin and chitosan-Propolis nanoparticle rats after 6 wk of experimental period. Values are
presented as Mean+SE. (n=6/each group). ** Statistically different from the control rats (p<0.01), #
statistically different from the PCOS rats (p<0.05), ## statistically different from the PCOS rats (p<0.01).
Chito-Pro nano: chitosan-Propolis nanoparticle.

3.8. Inhibition ratio of SOD

Several enzymes are important components of the antioxidant defense system. One of these
enzymes, superoxide dismutase (SOD), catalyzes the dismutation of superoxide into hydrogen
peroxide, which is subsequently oxidized by catalase or glutathione. As seen in Figure 5, PCOS
significantly reduced SOD activity when compared to the control group (P<0.05), but PRO treatment
considerably increased SOD activity when compared to the PCOS group (P<0.01). (Figure 1). Between
the Met therapy groups and the control groups, there was no statistically significant difference (P >
0.05).
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3.9. MDA levels in serum

In comparison to the control groups, a significantly higher amount of MDA was found in the
serum of the PCOS groups, as shown in Figure 5 (p<0.001). When compared to the induced PCOS
groups, the levels of MDA were considerably lower in the PCOS + PRO and PCOS + Met groups
(p<0.01 and (p<0.001), respectively).
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Figure 5. Percentage inhibition of SOD and malondialdehyde levels in blood sample of difference
groups. *p<0.05, **p<0.01, ***p<0.001 for each group compared to the control group; *p<0.05, #p<0.01,
##p<0.001 for each group compared to the PCOS group.

3.10. Quantitative real-time PCR analysis

Data from qPCR showed that the CRP, MCP1, and IL18 genes were all expressed at different
levels. (Figure 6). The PCOS group significantly outperformed the control group in terms of CRP
levels (p<0.01), whereas the PRO and met-treated PCOS groups significantly outperformed the PCOS
group in terms of CRP levels (p<0.01 and (p<0.05, respectively). The PCOS group's MCP1 gene
expression was noticeably increased (p<0.05). MCP1 gene expression was significantly
downregulated in the PCOS+PRO group compared to the PCOS group (p<0.05), but not significantly
different from the control group in the PCOS+Met group (p > 0.05). When compared to the control
group, the PCOS group substantially (p<0.05) decreased the upregulation of the gene expression for
IL18. Additionally, the PCOS+Met group significantly reduced the expression of this gene in
comparison to the PCOS group (p<0.05), while the PCOS+PRO group's comparison to the control
group did not reach statistical significance (p>0.05).
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Figure 6. Comparison of the gene’s expression levels: CRP, MCP1, and IL18. *p<0.05, **p<0.01,
**p<0.001 for each group compared to the control group; #p<0.05, #p<0.01, ##p<0.001 for each group
compared to the PCOS group.
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4. Discussion

The findings of the current research demonstrated that the imbalanced antioxidant system
caused by estradiol valerate caused oxidative stress and inflammation in the PCOS animal model.
According to numerous studies, an unbalanced antioxidant system can harm the ovaries and result
in PCOS. because ROS are produced when antioxidant enzyme activity is reduced. We are aware that
when the regulation of inflammatory factors is disturbed under stressful and xenobiotic agent-
induced circumstances, ovarian function declines, oocyte maturation to fertilization occurs, embryo
development occurs, and infertility increases.

Estradiol valerate treatment changed the histology of the ovarian tissue for 42 days in a row, as
the number of primary follicles and antral follicles greatly declined and the number of large fluid-
filled cystic follicles increased in the estradiol valerate group. Additionally, in the estradiol valerate
group, progesterone blood levels fell and estradiol levels rose. Studies using the estradiol valerate
PCOS model have demonstrated that hyperandrogenism and sympathetic ovarian system
hyperactivity are linked.

A serious clinical complication that may result in polycystic ovary syndrome or increased
estrogen levels is estradiol valerate-induced PCOS [47]. Estradiol production is caused by the
dominant follicle growing, and high estrogen levels indicate that FSH production will stop through
anegative feedback system. However, a high and sustained estrogen level will cause a one-time surge
of LH, which results in ovulation [48]. Additionally, elevated androgen levels may cause follicle
disintegration by accelerating the destruction of oocytes and pyknotic granulosa cells. Similar
outcomes were observed in the present study's rats when PCOS was induced using estradiol valerate.
Infertility has been linked to PCOS' abnormal ovarian tissue shape, function, and steroidogenesis
regulation [49]. Patients with PCOS have a severe rise in estradiol, insulin resistance, and glucose
intolerance, which are all associated with ovarian tissue damage [50].

The morphology alterations of ovary tissue in PCOS is defined as a follicle number per ovary of
>12 and/or an ovarian volume of >10 cc in at least one ovary [51]. Typically, menstruation irregularity,
clinical hyperandrogenism, and/or hyperandrogenemia serve as diagnostic indicators for PCOS [52].
Our results also demonstrate numbers of cysts in the estradiol valerate group by HE stain methods.
Histopathology of ovarian tissue demonstrates that in people, numerous cysts are formed in the
central area of the ovary [47] Additionally, when metformin or chitosan-propolis nanoparticles were
given to PCOS rats, the number of cystic ovaries was lower than in the PCOS group.

By influencing the body's inflammatory index, testosterone, and metabolic rate, propolis
nutritional supplements can be used as a therapy for women with polycystic ovaries. We used
propolis from Chenaran in the Khorasan-Razavi Province, which is harvested in Iran. The major
ingredients of Propolis derived from different regions of the world [53,54] are largely similar include
aromatic acids and their esters (mainly benzoic acid, vanilliacid, ferulicacid, p-coumaricacid, and
caffeicacid), alkaloids (including 12-azabicyclo [9.2.2] pentadeca-1 (14),11(15)-dien-13-one and
oreophilin), terpenes (mainly 3-tetramethyl, germanicol), flavonoids (mainly included
pinostrobinchalcone, osthole, 2'4',6"-trihydroxy chalcone, and 3-methyl-but-2- enoicacid,2,2-
dimethyl-8-ox0-3), and fatty acids and their related esters (mainly oleic acid, palmitic acid, stearic
acid, margaric acid, and eicosanoic acid). Houshang Afrouzan et al. reported [55] that the 70% EtOH
extract of Chenaran propolis had palmitic acid (6.60%) and stearic acid (6.92%) in maximum amounts.
Also, different aromatic acids and their esters [p-coumaric acid (0.19%); isoferulic acid (0.27%)], as
well as terpene derivatives [(3a,4a)-4-methyl-stigmast-22-en-3-ol (1.09%); dimethyl-1,3,5,6-
tetramethyl- [1,3-(13C2)] bicycle [5.5.0] dodeca-1,3,5,6,8,10-hexaene-9, 10-dicarboxylate (2.51%)] were
identified. Also, galanin (0.99%, quality < 90) was identified flavonoid in the ethanolic extract of
Chenaran. However, in case of Chenaran propolis, stearic acid (14.59%) and palmitic acid (10.64%)
had the highest quantity. Also, flavanoides [pinocembrin (2.71%); tectochrysin (1.51%),
pinostrobinchalcone (1.68%)], terpene derivative [2-Naphthalenemethanol, 1,2,3,4,4a,5,6,7-
octahydro-a.,a.,4a,8-tetramethyl-,(2R-cis; 0.14%)], and dibutyl phthalate (2.00%) were identified [55].
As demonstrated by PinarTatli Seven and colleagues, propolis and nano-propolis (NP)
administration can reduce oxidative stress by increasing GSH, CAT, and GPx activities [56] and has
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a function in PCOS. Propolis has long been used by people as a remedy for illnesses [57]. Due to its
numerous therapeutic effects, it is now extensively used in the food and pharmaceutical industries
[57]. The propolis nanoparticle's shape may contribute to the intensity of these effects. Additionally,
chitosan alone has therapeutic benefits for a number of illnesses, and when combined with propolis,
it has the potential to reverse the negative impacts of estradiol valerate in PCOS.

Our findings showed that estradiol valerate treatment for 42 days substantially raised the serum
levels of estradiol in PCOS animals. Progesterone amounts were also decreased. Additionally,
administering metformin or chitosan-propolis nanoparticles substantially reversed the impairment
brought on by estradiol valerate. The evidence provided by the histopathological findings visible
under a light microscope firmly corroborated the data observations. The effects of Chitosan-Propolis
nanoparticle on hormones and insulin resistance index seem to be the fundamental mechanisms for
this nanoparticle effects in the current model that it is could due to the removal of oxidative stress by
propolis and the increase of bio-distribution by combining with chitosan nanoparticle.

According to research by Taghvaee Javanshir et al., rats can develop PCOS when given estradiol
valerate for 25 days. It can cause morphological changes, anovulation, metabolic problems, hormonal
changes, and follicular cysts in the ovaries [47]. Being overweight is frequently linked to PCOS and
is a risk factor for developing other PCOS disorders. It has been established that elevated estradiol
can contribute to obesity in PCOS patients with this condition. These findings supported earlier
findings made public by Stener-Victorin and colleagues [58] and Taghvaee Javanshir et al. [47].
According to these studies, estradiol valerate increases lipid metabolism, which results in body
weight reduction. Additionally, PCOS increases sympathetic system function, which may also affect
weight [47]. However, not all PCOS sufferers exhibit obesity-related symptoms [59]. Metformin
administration and the use of chitosan-Propolis nanoparticles both reduced body weight, but these
variations were not statistically significant.

The best-recognized treatment for PCOS today is metformin [60]. As a first-line medication for
type 2 diabetes, metformin helps patients better regulate their blood sugar levels [61]; It is an insulin-
sensitizing medication that lowers body weight and increases conception and ovulation [62]. The
findings of this research supported those of earlier studies. According to the study's findings,
metformin helps with metabolic issues and hormonal shifts brought on by estradiol valerate. Among
other things, it decreases the rise in insulin and fasting blood sugar levels brought on by estradiol
valerate, and concurrently, metformin and the Chitosan-Propolis nanoparticle have both
demonstrated their benefits.

The lack of regulation of calcium [63] and vitamin D [64] serum levels can also play a role in
PCOS, and the study has shown that the reduction of calcium and vitamin D serum levels plays a
role in the antioxidant imbalance [63]. Our data also show that in the estradiol valerate group, a
significant decrease in the level of these two markers was observed, and the treatment with
metformin and chitosan-propolis nanoparticles has helped to balance their serum levels, which is
probably due to the antioxidant role and the activation of antioxidant enzyme pathways, including
glutathione and superoxide dismutase.

Stress can alter the levels of hormones and corticosterone, which play a significant role in
accelerating the occurrence of follicular atresia [37]. Estradiol valerate increased the oxidative stress
factor of the ovary, with the combined impact being greater than the individual exposure. MDA levels
rose in the ovarian tissue of PCOS animal models, according to Tahmasebi et al., but there was no
discernible difference between the normal and PCOS groups in terms of the ovarian tissue's overall
antioxidant capacity [65]. In experimental animals exposed to estradiol valerate, Kokabiyan et al. [66]
found that the levels of MDA, AST, ALT, and ALP significantly rose while the levels of SOD in liver
tissue and serum decreased.

Inflammatory markers such as CRP, MCP1, and IL-18 control ovary function, and their
upregulation or downregulation can result in PCOS. IL-18 is a key cytokine in cell proliferation and
plays an essential role in IFN-y secretion and splenocyte proliferation. In addition, serum IL-18 levels
appear to be closely linked to total testosterone levels and have emerged as a significant predictor of
insulin resistance. CRP is a low-grade chronic inflammatory factor generated by the liver in response
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to interleukin-6 stimulation. On the other hand, CRP was not only elevated when compared to age
and BMI [67,68], but it was also similar between PCOS groups and control groups [69,70]. According
to Yuwen et al., women with PCOS had substantially higher CRP levels [71]. MCP1, a chemokine that
attracts monocytes to inflammatory sites, is another inflammatory factor that is closely linked to
PCOS. According to some research, elevated MCP-1 mRNA expression has been seen in THP-1
human mononuclear macrophages, which suggests that inflammatory factors are present in PCOS
patients' serum [72]. As a result, other investigations have found According to a meta-analysis study,
PCOS patients have substantially higher levels of MCP-1, which are unrelated to people's BMI [73].
In this research, CRP, MCP1, and IL-18 gene expression were found to be significantly higher in the
estradiol valerate group compared to the control group, indicating inflammation in mice with PCOS.

Propolis is a candidate treatment for PCOS because of their pharmacological effect. We used
Iranian propolis that harvest from Chenaran in Khorasan-Razavi Province. The major ingredients of
Propolis derived from different regions of the world [53,54] are largely similar include aromatic acids
and their esters (mainly benzoic acid, vanilliacid, ferulicacid, p-coumaricacid, and caffeicacid),
alkaloids (including 12-azabicyclo [9.2.2] pentadeca-1 (14),11(15)-dien-13-one and oreophilin),
terpenes (mainly 3-tetramethyl, germanicol), flavonoids (mainly included pinostrobinchalcone,
osthole, 2',4",6'-trihydroxy chalcone, and 3-methyl-but-2- enoicacid,2,2- dimethyl-8-ox0-3), and fatty
acids and their related esters (mainly oleic acid, palmitic acid, stearic acid, margaric acid, and
eicosanoic acid). Houshang Afrouzan et al. reported [55] that the 70% EtOH extract of Chenaran
propolis had palmitic acid (6.60%) and stearic acid (6.92%) in maximum amounts. Also, different
aromatic acids and their esters [p-coumaric acid (0.19%); isoferulic acid (0.27%)], as well as terpene
derivatives [(3a,4a)-4-methyl-stigmast-22-en-3-ol (1.09%); dimethyl-1,3,5,6-tetramethyl- [1,3-(13C2)]
bicycle [5.5.0] dodeca-1,3,5,6,8,10-hexaene-9, 10-dicarboxylate (2.51%)] were identified. Also, galanin
(0.99%, quality < 90) was identified flavonoid in the ethanolic extract of Chenaran. However, in case
of Chenaran propolis, stearic acid (14.59%) and palmitic acid (10.64%) had the highest quantity. Also,
flavanoides [pinocembrin (2.71%); tectochrysin (1.51%), pinostrobinchalcone (1.68%)], terpene
derivative [2-Naphthalenemethanol, 1,2,3,4,4a,5,6,7-octahydro-a.,a.,4a,8-tetramethyl-,(2R-cis;
0.14%)], and dibutyl phthalate (2.00%) were identified [55]. In recent years, it is reported a strong
anti-inflammatory agent of propolis due to flavonoids and Caffeic acid phenethyl ester (CAPE)
[74,75], a major constituent of Propolis as it inhibits gene expression of LOX and COX enzymes,
leukotriene and prostaglandin production, activation of COX-1, COX-2 and gene responsible for
COX-2 expression [76].

In this research, propolis-treated animals simultaneously showed decreased MDA levels, CRP,
MCP1, and IL-18 gene expression, as well as increased SOD activity. Pahlavani et al. and Atefeh
Arabameri et al. [37] have demonstrated that Iranian propolis can reduce the abnormal ovaries in
newborn rats and can reduce the psychological stress caused by the separation of the mother and her
offspring.

As stated, increased biodistribution of chitosan-propolis nanoparticles is likely involved. In the
current research, we measured the MDA level and SOD activity using estradiol valerate alone and/or
its co-administration with metformin or chitosan-propolis nanoparticles. It has controlled effects on
SOD activity and inflammatory factors, according to the findings. The idea that these chitosan
nanoparticles reduce toxicity is supported by other researchers, who are cited in the paper [44]. The
use of nanoparticles in conjunction with natural products for the "green chemistry” of nanoparticle
creation is appreciated today in nanotechnology, nanomedicine, and nano-based drug delivery
systems. Consequently, utilizing green nanoparticles for drug transport can lessen adverse drug
effects. The bioactivity of these nanomaterials can also be improved by modifying the size, form,
hydrophobicity, and surface of the nanostructures. Because of its ease of manipulation, quick
solubility effects, biocompatibility, and low toxicity without producing side effects, chitosan has
shown promise in the synthesis of nanoparticles. Chitosan nanoparticles are taken into account when
creating novel drug delivery methods because they improve biodistribution and lower drug toxicity
[44]. Chitosan actually aids in the transport of drugs by enhancing absorption. On the other hand,
chitosan, in conjunction with other compounds, including sodium tripolyphoshate (in nanoparticle
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form) [44] and fennel seed extract [45] plays a significant role in improving polycystic symptoms,
including ovulatory activity. Because chitosan contributes to the treatment by improving drug
delivery mechanisms PinarTatli Seven and coworkers demonstrated that administering propolis and
nano-propolis (NP) can reduce oxidative stress through increased GSH, CAT, and GPx activities [56]
and also play a role in PCOS. Propolis has been used by people to treat illnesses for a very long time
[57]. Due to its numerous therapeutic effects, it is now extensively used in the food and
pharmaceutical industries [57]. The propolis nanoparticle's shape may contribute to the intensity of
these effects. Additionally, chitosan alone has therapeutic benefits for a number of illnesses, and
when combined with propolis, it has the potential to reverse the negative impacts of estradiol valerate
in PCOS.

Conclusions

The data from the present study support the possibility that chitosan-propolis nanoparticles
have antidiabetic effects in PCOS animals. The defensive abilities of this nanoparticle appear to be
significantly influenced by the control of insulin and the reduction of hormonal levels in the ovarian
tissue. We may be able to better comprehend the anti-PCOS and anti-diabetic effects of this
nanoparticle if we assess its impact on key targets like vitamin D, calcium serum, oxidative stress,
and inflammation factors. As a result, PCOS patients may benefit from using chitosan-propolis
nanoparticles as a preventative measure as well as an additional therapy.
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