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Introduction

In women of reproductive age, polycystic ovary
syndrome (PCOS) is a prevalent endocrine
condition, which is recognized by anovulation/
oligo-ovulation, hyperandrogenism, and the
appearance of polycystic ovaries (pearl grooves) (1).
Previous studies showed obesity and overweight in
more than 50% of patients with PCOS. An increased
serum testosterone level (hyperandrogenism) has
also been observed in almost 70% of these patients
(2, 3). In addition, this syndrome is associated
with symptoms such as amenorrhea, hirsutism,
inflammation, dyslipidemia, and insulin resistance,
which increase the risk of cardiovascular diseases
and diabetes in patients (4). Although the primary
etiology of PCOS is not known, secondary
hyperandrogenism and insulin resistance have
been mentioned as possible causes (4). The primary
treatment approach for controlling PCOS has
been identified as lifestyle adjustment, including
weight loss and increased physical exercise. Yet,
some studies have defended antiandrogen and
insulin sensitizer compounds (5). Considering the
adverse effects of synthetic drugs, they have been
recommended to be substituted by available dietary
sources (4, 6).

Omega-3 fatty acids have anti-obesity, anti-
inflammatory, and anti-insulin resistance effects.
However, some studies showed conflicting results
regarding their impact on serum testosterone levels
and the plasma androgen profile in patients with
PCOS (7, 8). Omega-3 fatty acids are susceptible to
oxidation, because of binary bonds in their chemical
structures. On the other hand, insulin resistance-
dependent oxidative stress exists in PCOS patients
as the leading cause of secondary complications.
Therefore, using antioxidants with omega-3
supplements may have preventative effects (9, 10).
The combined effects of omega-3 and antioxidants
have recently been highlighted, as some studies have
demonstrated that these two substances’ combined
impact was more robust than their individual effects.
This has been studied in patients with depression
and liver disorders, and the results have revealed
the beneficial effects of fortified omega-3 with
antioxidants (11, 12).

Bananas are rich in antioxidants. Interestingly,
the highest concentration of antioxidant compounds
is found in the often-discarded banana peel. Notable
antioxidants in banana peel include catechin,
epicatechin, gallocatechin, epigallocatechin,
and catecholamines (polyphenols), along with
carotenoids. Additionally, banana peels provide
essential nutrients such as potassium, protein, fiber,
and vital amino acids (10). Some studies have shown

the hypoandrogenic effects of polyphenols. Therefore,
as an antiandrogen agent, it may be effective in
managing patients with PCOS (13, 14). As far as we
know, no research has examined the effectiveness
of banana peel antioxidants in combination with
omega-3 in PCOS patients. Thus, the present study
investigated the impact of banana peel extract, as
food waste, alongside eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) on glycemic
indices, lipid profile, testosterone level, and oxidative
stress indicators in rats with PCOS’s ovarian tissue.
The study also aimed to evaluate the histopathology
of ovaries after the intervention.

Materials and Methods

The Laboratory Animal Breeding Center, Shiraz
University of Medical Sciences, Shiraz, Iran,
provided female Sprague-Dawley rats (n=56, 10-12
weeks old). The rats were housed in an environment
with a 12-hour light/dark cycle, relative humidity
of 55+£5%, and a temperature of 22+1°C. During
all experiments, rats had unrestricted access to
standard rat chow meal (Behparvar®, Tehran, Iran)
and tap water. All operations involving laboratory
animals complied with the Shiraz University of
Medical Sciences Ethics Committee’s standards
for the care and use of laboratory animals. The
Ethics Committee of Shiraz University of Medical
Sciences, Shiraz, Iran, approved the guidelines
for the care and use of laboratory animals, and all
operations involving those animals were carried out
in compliance with those rules (96-01-84-16011).
Additionally, all techniques are documented in
compliance with the ARRIVE standards for the
reporting of animal research. The techniques used
with the plant sample (banana) were also carried
out in compliance with the applicable guidelines
and regulations.

Determining the estrus cycle was accomplished
by monitoring cells in the vaginal smear cells to
ensure appropriate timing for PCOS induction using
tetrazole (15). PCOS was then induced in all the
experimental rats, except the control group, for 21
consecutive days using letrozole (Aburaihan Pharma
Co., Tehran, Iran) dissolved in normal saline.
Vaginal smears from letrozole-treated rats indicate
a significantly high accumulation of leukocytes and
few keratinocytes (Giemsa staining) (16). From the
first day of the study, the rats received 1.1 mg/kg
of letrozole orally per day. In the control group, 2
mL of normal saline was administered orally per
day from the first day of the study for 21 days (17).
Subsequently, the collected vaginal smears were
evaluated by a microscope to confirm the PCOS
induction in the rats.
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The banana peel (Musa nana Lour.) extract by
use of water, ethyl acetate, ethanol, and methanol
to target a broad range of bioactive compounds was
purchased from Ebne Masouyeh Pharmaceutical
Company (Tehran, Iran). The omega-3 supplement
was acquired from the Zahravi Company (Tabriz,
Iran), which offers a standardized formulation with
180 mg of EPA and 120 mg of DHA per gram.
Before the PCOS induction, the random allocation
of the 56 rats into seven trial groups was achieved
through a process of random selection. Rats were
in a uniform shape and body weight and underwent
a one-week adaptation period. Subsequently, the
allocation process involved assigning each animal
a numerical identifier and placing these identifiers
on tag papers. These papers were then mixed and
randomly selected from a basket to determine the
assignment of each rat to a specific trial group. This
method ensured that the allocation process was both
accidental and random, thereby minimizing bias and
ensuring an unbiased distribution of animals across
the different experimental groups. The optimal
dosage and intervention time exhibited variability
across studies. In our case, we have determined our
dosage and timing based on insights gleaned from
previous researches (18-20).

The treatments were as follows: Group 1 as
control rats without PCOS received 1 mL/day of
normal saline (sodium chloride 0.9% w:v) by gavage
for eight weeks. Group 2 as PCOS control group
(letrozole) received 1 mL/day of normal saline orally
for eight weeks. Group 3 was rats with PCOS that
received 240 mg/kg/day of omega-3 (43.2 mg EPA
and 28.8 mg DHA) by gavage for eight weeks. Group
4 was rats with PCOS that received 6 mL/kg/day
of banana peel extract by gavage for eight weeks.
Group 5 was rats with PCOS that received 12 mL/kg/
day of banana peel extract by gavage for eight weeks.
Group 6 was rats with PCOS that received 240 mg/
kg of omega-3 and 12 mL/kg of banana peel extract/
day by gavage for eight weeks. Group 7 was rats with
PCOS that received 200 mg/kg/day of metformin
(Aburaihan Pharma Co., Tehran, Iran) by gavage
for eight weeks.

From the beginning through the completion of
the trial, the rats’ body weight was checked weekly.
Before taking blood and ovarian samples, the rats
received an intraperitoneal dosage of thiopental (80
mg/kg, i.p.) at the end of the trial (24 hours after the
final gavage). Blood samples were collected from
the abdominal vena cava and used to prepare the
serum by centrifugation (3000 g/min for 10 minutes).
All serum samples were stored at -80°C until
biochemical analysis. The sera were used to evaluate
glucose, insulin, testosterone, and lipid profile levels.

The glucose serum level was determined utilizing an
enzymatic colorimetric approach via a biochemical
autoanalyzer device (BT-1500, Italy) utilizing a
Pars Azmoon Co. diagnostic kit (ParsAzmoon™,
Tehran, Iran) following the guidelines provided
by the manufacturer (21). The serum insulin
concentration was measured using an ELISA kit
(Bioassay technology laboratory, Cat No. E1163Mo).
Insulin resistance was measured using HOMA-IR, or
Homeostatic Model Assessment: HOM A—IR=fasting
insulin (uU/mL)xfasting glucose (mg/dL)/405 (14).

The serum testosterone level was also measured
using ELISA kits (Bioassay technology laboratory,
Cat No. E0260Mo). A biochemical auto-analyzer
device (BT-1500, Italy) using Pars Azmoon
Co. enzyme kits was used to assay the serum
concentrations of lipid profiles, including total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol
(LDL-C), and triglycerides (TG), using an enzymatic
colorimetric method. The ovarian tissue was stored
in 10% neutral buffered formalin. Hematoxylin
and eosin (H&E) were used to stain the formalin-
fixed tissue, which was subsequently embedded in
paraffin and cut into 5-micrometer slices. Finally,
tissue slides were used for histological analysis under
light microscopy.

A total of 200 mg of ovary samples were
homogenized in 2 mL of ice-cooled, Tris-HCI buffer
(40 mM, pH=7.4, 4°C, 1:10 w/v). Following that, 100
uL of the tissue homogenate was combined with one
milliliter of the Tris-HCI buffer (40 mM, pH=7.4)
and 10 pL of 2', 7' dichlorofluorescein diacetate
(final concentration=10 uM) (22). After that, the
mixture was incubated for 15 minutes in the dark at
37°C. Finally, a multipurpose microplate reader of
FLUOstar Omega® (BMG Labtech, Germany) was
used to measure the samples’ fluorescence intensity (A
excitation=485 nm and A emission=525 nm) (23, 24).

Thiobarbituric acid reactive substances (TBARSs)
were analyzed in the ovarian tissue as a marker of lipid
peroxidation (25). Briefly, 1 mL of the ovarian tissue
homogenate (10 percent w/v in ice-cooled KCI, 1.15%
w: v, 4°C) was added to a reaction mixture consisting
of TBA (0.375 percent w:v in double-distilled water),
TCA (15 percent w:v in double-distilled water), and
hydrochloric acid (2 N) (pH=2). The samples were
heated for 45 minutes in a water bath at 100 degrees
Celsius after being vortexed for 5 minutes (26). Then,
2 mL of n-butanol was added, and the mixture was
vortexed for 5 minutes. The samples were centrifuged
(10,000 g, 10 min), and a plate reader (Epoch, Bio-
Tek® Instruments, Highland Park, USA) was used
to measure the absorbance of the produced color in
the n-butanol phase at a wavelength of 532 nm (27).
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The Ferric Reducing Antioxidant Power (FR AP)
assay for the ovary evaluated the generation of a
blue-colored Fe*'-tripyridyltriazine complex from
the colorless oxidized Fe** form with the assistance
of electron-donating antioxidants (28, 29). The
FRAP working solution utilized in the present
study was prepared by combining 1 part ferric
chloride (FeCl,, 20 mmol/L in deionized water),
1 part Fe3+-2,4,6-tripyridyl-s-triazine (TPTZ) (10
mmol/L in 40 mmol/L hydrochloric acid), and 10
parts acetate buffer (300 mmol/L, pH=3.6). Then,
1.5 mL of the FRAP working solution, 50 puL of
the tissue homogenate (10 percent w:v in ice-cooled
KCl, 1.15% w:v, 4°C), and 150 uL of deionized water
were combined. The reaction mixture was then
incubated for 5 minutes at 37°Cin the dark. After
that, the samples were centrifuged, and an EPOCH
plate reader (Bio-Tek® Instruments, Highland Park,
USA) was used to measure the absorbance of the
color produced (30).

The following items were bought from Sigma
(Sigma-Aldrich, St. Louis, MO): TPTZ, ferric
chloride hexahydrate (FeCl,.6H,0), thiobarbituric
acid (TBA), sucrose, and trichloroacetic acid (TCA).
All salts used to make buffer solutions, including
3-diol-hydrochloride (Tris-HCI), were of analytical
quality and purchased from Merck (Darmstadt,
Germany). SPSS software (version 22.0, Chicago,
IL, USA) was used for all statistical analyses.

The Kolmogorov-Smirnov test was conducted to
determine if the data were normally distributed. The
data were presented as mean and standard deviation
(SD). One-way Analysis of Variance (ANOVA)
with the Tukey test as the post-hoc test was used to
compare the research groups. Statistics were judged
significant at p<0.05.

Table 1 demonstrate a substantial difference in
blood glucose, insulin, and HOMA-IR between the
seven research groups (p<0.001). Also, the blood
concentrations of glucose, insulin, and HOMA-IR
in the PCOS control group were noticeably more
significant than those in the control group (p<0.001).
However, the results demonstrated a considerable
decrease in insulin concentrations, blood sugar, and
HOMA-IR in the groups treated with metformin,
omega-3, banana peel extract, and the combination
group. Based on the results in Table 1, regarding
TG serum level, the PCOS control and control
group had a noticeable difference (p=0.041). The
combination of banana peel extract and omega-3
was the best treatment, like metformin, that
significantly reduced the serum level of TG when
compared to the PCOS control group (p=0.001 and
p=0.005, respectively). However, other serum lipids
like LDL-C, HDL-C, and TC did not notably differ
between the PCOS and control groups (Table 1).

Table 1: Weight, glycemic indices, and lipid profile of the rats under different treatments

Groups Control PCOS PCOS + PCOS+ PCOS+BP PCOS+BP PCOS+BP P value
Variables (n=8) control metformin omega-3 extract(6 extract (12  extract (12
(n=8) (n=8) (n=8) m) mg) mg) + omega-3
0=8) 0=8) 0=8)

Insulin 2.08+ 3+ 2.16+ 1.98+ 2.35+ 2.51+ 2.65+ <0.001
(mIU/L) 0.46 0.26* 0.19° 0.24° 0.24° 0.18% 0.19%¢
Glucose 95.12+ 164.75+ 122.87+ 12837+  140.12+ 125.5+ 116.87+ <0.001
(mg/dl) 3.83 2.37* 2.03° 6.47% 2230 3.58" 3.350¢
HOMA-IR 0.49+ 1.22+ 0.65+ 0.63+ 0.81+ 0.77« 0.76= <0.001

0.11 0.1® 0.05° 0.08° 0.09b¢ 0.06% 0.04%¢
TG 5425+  78.75+ 3775+ 4487+ 70.75+ 72.12+ 39.12+ 0.002
(mg/dl) 17.45 41.02¢ 8.22° 19.26° 19.81° 30.35¢ 7.98°
LDL-C 13.37+ 13.87+ 14.25+ 18.25+ 16.37+ 12.25+ 13.87+ 0.007
(mg/dl) 2.26 3.18 4.06 2.91¢ 3.15 2.43 3.39
HDL-C 2787+  20.75% 36.25+ 29.37+ 19.42+ 22.12+ 28.25+ 0.001
(mg/dl) 9.12 9.96 7.81:® 7.00° 5.66° 5.46¢ 6.75¢
T-Chol 45.00+  50.12+ 58.87« 55.87+ 48.87+ 45.25+ 52.00+ 0.069
(mg/dl) 13.74 9.23 10.68 11.28 7.77 8.97 7.46
Testosterone 37.43+  48.77+ 40.02+ 37.82+ 36.62+ 40.12+ 37.86+ <0.001
(nmol/L) 1.85 2.99 2.19° 2.88% 2.10% 1.59° 1.26%
Weight 193.59+ 248.06+  219.85+ 220.32+  227.65+ 227.96+ 222.09+ <0.001
(gr) 4.91 10.74° 23.75° 19.41° 10.62° 12.95° 15.42°

Data have been presented as mean+SD (n=56); P<0.05 was considered significant. *Indicates a significant difference
compared to the control group; ® indicates a significant difference compared to the PCOS control group; © indicates a
significant difference compared to the metformin group. TG, triglyceride; T-Chol, total Cholesterol; LDL, low-density
lipoprotein; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment insulin resistance.
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Figure 1: Weight changes among the rats in different treatment groups during the study.

Table 2: Oxidative stress parameters in the ovarian tissues of the rats under different treatments

Groups Control  PCOS PCOS + PCOS+ PCOS PCOS PCOS + P-value
Variables (n=8) control metformin omega-3 + BP + BP BP extract
(n=8) (n=8) (n=8) extract (6 extract (12 mg)+

mg) (12 mg) omega-3

(n=8) (n=8) (0=8)
ROS level (DCF 27156.25+ 186602.1+ 6520.5+ 83255.13+ 114528+ 114528+ 44399+ <0.001
fluorescent intensity) 1512.56 2212.16* 1217.21° 999.38%  3143.62% 3143.62° 2522.15%
TAC (FRAP assay, 120.58+  60.46* 148.08+ 110.78+  75.46+ 99.56+  149.98+ <0.001
% control) 1.19 1.23% 2.37° 0.78% 1.38% 1.66% 7.64°
LPO (nmol of 0.22+ 0.42+ 0.23+ 0.21+ 0.28+ 0.24+ 0.22+ <0.001
TBARS/mg protein) 0.01 0.01%* 0.01° 0.01% 0.007° 0.01° 0.01°

Data have been presented as mean+SD (n=56); P<0.05 was considered significant. *Indicates significant difference
compared to the control group; ® indicates a significant difference compared to the PCOS control group; © indicates
significant difference compared to the metformin group. ROS, reactive oxygen species; TAC, total antioxidant capacity;

LPO, lipid peroxidation

In terms of the blood level of testosterone, the
results revealed a substantial difference between the
control group and the PCOS control group (Table 1)
(p<0.001). Moreover, omega-3, banana peel extract,
and omega-3 combination therapy significantly
lowered the testosterone serum level compared
to the PCOS control group (p<0.001). The results
demonstrated that treatment with omega-3, banana
peel extract, and combination therapy significantly
reduced testosterone levels compared to metformin
treatment. As Figure 1 depicts, letrozole induction
significantly increased the rats’ weight (p<0.001).
Table 1 displays the weights of the rats at the end
of the study. Regarding animal weight, the findings
showed a substantial difference between the seven
groups (p<0.001). The results of the LSD post-
hoc analysis revealed that the rats in the PCOS

control group weighed more than the control group
(p<0.001). However, treatment with omega-3, banana
peel extract, and combination therapy significantly
decelerated the weight increment against the PCOS

control group (»<0.001).
The findings showed that the PCOS control
group’s ovarian tissues’ reactive oxygen

species (ROS) levels were noticeably higher
than in the control group, and their antioxidant
capacity (FRAP) was lower (p<0.001) (Table 2).
Additionally, the outcomes showed a noteworthy
difference in ROS and the degree of FRAP in
ovarian tissues between all treatment groups and
the PCOS control group (Table 2). The combination
of banana peel extract and omega-3 was highly
effective in reducing ROS in the ovarian tissue,
even more effective than metformin (p<0.001).
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Figure 2: Histopathologic changes in the ovarian tissues of the rats in different treatment groups. A: Control rats without
PCOS received 1 mL/day of normal saline, B: PCOS control group (letrozole) receiving 1 mL/day of normal saline, C:
Rats with PCOS received 240 mg/kg/day of omega-3, D: Rats with PCOS received 6 mL/kg/day of banana peel extract,
E: Rats with PCOS received 12 mL/kg/day of banana peel extract, F: Rats with PCOS received 240 mg/kg omega-3 and
12 mL/kg banana peel extract/day, G: Rats with PCOS received 200 mg/kg/day of metformin, Yellow: preantral follicle;
Blue: antral follicle; Green: cystic follicle; Orange: corpus luteum.
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Similar to metformin, the combination treatment was
also influential in the FRAP of the ovarian tissue
(»<0.001) in comparison to the PCOS control group
(Table 2).

The levels of lipid peroxidation (LPO) in the
ovarian tissues have been presented in Table 2.
Accordingly, the LPO level increased in the PCOS
control rats compared to the control group (p<0.05).
It decreased in all treatment groups compared to the
PCOS control group (p<0.05).

Main histopathological alterations in PCOS rats
included a decrease in corpus luteum, antral, and
preantral follicles along with a significant increase
in cystic follicles (Figure 3). Figure 2 and Figure 3
show that the weight and volume of the ovaries and
cyst volumes significantly increased. In contrast,
the volume and number of corpora lutea decreased
considerably in the PCOS control group compared
to the control group (p=0.001, p<0.001, and p=0.023,
respectively). The results also indicated a significant
reduction in ovarian tissue injury in all treatment
groups compared to the PCOS control group. In this
regard, the highest dose of banana peel extract and
omega-3 therapy was found to be the most effective
when administered together (p<0.001).

Discussion

The current study was designed to evaluate the
effects of banana peel extract, as an antioxidant,
combined with omega-3 in comparison to
metformin on biochemical and pathological indices
in rats with letrozole-induced PCOS. Previous
studies demonstrated that PCOS induction via
letrozole in animals produced biochemical and
pathological symptoms similar to human PCOS
(17). The current study showed that administering
banana peel extract and omega-3 supplements orally
for eight weeks could improve serum biochemical
parameters such as fasting blood glucose, TG,
insulin resistance, and testosterone levels. It
also significantly enhanced the ovarian tissues’
oxidative stress levels and pathological factors
compared to the PCOS control group. Furthermore,
the combination of banana peel extract, omega-3,
and metformin significantly reduced fasting blood
glucose level compared to the PCOS control group.
In addition, the level of insulin resistance noticeably
decreased in all intervention groups when compared
to the PCOS control group, with omega-3 showing
the most considerable effect. These data indicated
that banana peel extract could be used as a source of
active ingredients to manage PCOS complications
with minimum adverse effects.

According to a previous study, banana peel extract
has polyphenolic compounds such as catechin,

epicatechin, gallocatechin, epigallocatechin,
catecholamines, and other antioxidants such as
carotenoids. Antioxidants may have positive
effects on improving glycemic indices. In addition,
antioxidants can potentially inhibit the activity and
production of free radicals in various ways, like
binding to metals, preventing them from oxidation,
and scavenging free radicals (10) ). Polyphenolic and
antioxidant compounds can also increase glucose
uptake, insulin secretion, insulin sensitivity, and
Glucagon Like Peptide-1 (GLP-1) that reduces
hyperglycemia (10). On the other hand, omega-3
fatty acids in mammals can be precursors to the
synthesis of anti-inflammatory compounds such
as Leukotrienes (LBTS5), Prostaglandins (PG3),
and Thromboxane (TXA3), thereby reducing
inflammation, oxidative stress, and cellular damage.
These can eventually improve insulin resistance and
blood glucose levels (7, 8).

In line with other studies, compared with
the control group, the study findings revealed a
considerable rise in ROS levels and LPO activity
and a marked reduction in the FRAP of the ovarian
tissues in the PCOS control rats (31). All these factors
have been reported to play a crucial part in oxidative
stress and its complications related to PCOS (31). In
the present study, banana peel extract and omega-3
had a synergistic effect on decreasing ROS level and
increasing FRAP level in the ovarian tissues that is
significantly different from the individual effect of
banana peel extract and omega-3. It was even found
to be more effective than metformin alone. The
LPO level of the ovarian tissue also significantly
declined by using combination therapy with banana
peel extract and omega-3 when compared to the
PCOS control group. As mentioned earlier, as an
antioxidant, banana peel extract reduces cellular
oxidative stress (10). Other mechanisms of action
for antioxidants include increasing the activity of
enzymes such as Glutathione Peroxidase (GPX),
Super Oxide Dismutase (SOD), Thioredoxin
Reductase (TR), and Catalase (CAT) which all have
a significant impact on improving oxidative stress
and, consequently, glycemic indices (9). Moreover,
omega-3 fatty acids can affect the morphology,
dynamics, and function of mitochondria, which
improve cellular respiratory function, increase ATP
production, improve cell metabolism, and reduce fat
accumulation, ultimately decreasing oxidative stress
and insulin resistance (13).

Hyperlipidemia and overweight may be other
symptoms and complications associated with PCOS.
In a study by Skarra et al., rats with letrozole-induced
PCOS and the control group showed a substantial
difference in elevated TG, LDL, TC, and HDL
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level and body weight (32). In the current study,
however, only TG level and body weight significantly
increased against the control group. This could be
caused by the shorter duration of PCOS induction
in this study than in the one performed by Skarra
et al. In the present research, when compared to the
PCOS control group, ingestion of omega-3 both on
its own and in combination with banana peel extract
significantly reduced TG level, whereas the groups
treated with banana peel extract alone (low and high
doses) showed no noticeable difference from the
PCOS control group. Therefore, omega-3 fatty acids
were the main reason for reducing TG serum levels.

The current study results indicated a notable
decrease in the body weight of the rats with PCOS
in the combination group and the group treated
with omega-3 alone compared with the PCOS
control group at the end of the study (after eight
weeks). One of the possible mechanisms that can be
considered for the effect of omega-3 fatty acids on
the reduction of TG level and body weight can be
the increase in fatty acid oxidation activity resulting
from improved mitochondrial function and increased
mitochondrial CPT-1 activity (23). The result is a
marked improvement in the lipolysis process.
Omega-3 fatty acids can also increase Peroxisome
proliferator-activated receptor alpha (PPAR-q)
activity, and ultimately increase fatty acid oxidation
by producing anti-inflammatory eicosanoids (33).
Additionally, previous investigations have shown
that omega-3 fatty acids might lessen the SREBP-1
gene’s expression, eventually leading to less TG
production (34). Moreover, omega-3 fatty acids and
antioxidants such as polyphenolic and carotenoid
compounds can increase adiponectin levels and
decrease leptin, resistin, and inflammatory markers
such as IL-6, Monocyte Chemoattractant Protein-1
(MCP-1), and Tumor necrosis factor (TNF). The
decline of inflammation and macrophages in the
adipose tissue and increment of lipolysis and fatty
acid oxidation simultaneously with a decrement of
lipogenesis may result in bodyweight reduction (35).

Elevated level of testosterone is one of the
essential symptoms of PCOS. In agreement with
another study, our findings showed a markable
increase in the blood level of testosterone in the
animals with letrozole-induced PCOS compared
to the control group (36). However, consumption
of banana peel extract, omega-3, and combination
therapy significantly decreased testosterone level
compared to the PCOS control group. These
findings can be justified by the positive effect of
banana peel extract and omega-3 fatty acids on
improving glycemic indices and insulin resistance.
Additionally, earlier investigations have revealed that

insulin resistance may be a significant contributor
to changes in levels of hormones such as androgens
among patients with PCOS (37, 38).

The findings of the earlier research, as well
as the present one, indicated that damage to the
ovarian tissue and multiple cysts in this tissue
led to a decrease in ovulation and the chance of
fertility in rats with PCOS (39, 40). The findings
also revealed a significant decline in ovarian tissue
injury, including a decrease in the number of cystic
follicles, a drop in the number of atresia follicles,
and an increase in the number of corpora lutea
by using the combination of banana peel extract
and omega-3. Omega-3 showed similar effects to
metformin compared to the PCOS control group.
Other study findings, including the positive effect
of these compounds on the improvement of insulin
resistance, androgens, and oxidative stress can justify
these findings. It should be mentioned that current
pharmacotherapeutic strategies against PCOS aim to
reduce the prevalence of cystic follicles in the ovary.
However, our finding indicates that using agents
such as banana peel extract not only significantly
decreased the number of cystic follicles, but also
enhanced serum biochemical parameters (e.g., TG
and glucose levels), and blunted complications such
as oxidative stress in the ovary tissue. Overall, the
current study results demonstrated that omega-3 and
banana peel extract could be used to treat PCOS.
Therefore, human studies have to be conducted
on the issue. In addition, further studies are
recommended to measure the androgenic profile.
One of this study’s drawbacks was the inability to
identify the components of the banana peel extract.

Conclusion

The findings of this investigation showed that
the oral administration of higher doses of banana
peel extract combined with omega-3 fatty acids
was more effective compared to their single
administrations and might have positive effects on
the improvement of the clinical and biochemical
complications associated with PCOS including
increased glycemic indices, hypertriglyceridemia,
hyperandrogenemia, oxidative stress, and body
weight changes. Combining these two compounds
also improved the histopathological parameters
of the ovarian tissue. Therefore, it seems that
omega-3 and banana peel extract may have a role in
alleviating PCOS complications as supplementary
agents. Further studies are needed to determine the
precise cellular and molecular mechanism(s) of this
effect and the clinical application of these agents.
It should also be mentioned that in the current
study, no side effect of the investigated extract was
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detected as evidenced by no significant changes in
blood biochemistry of extract-treated rats. Clearly,
more investigation (e.g., with a higher dose of this
product or in a longer time) could enhance our
understanding of the mechanism of action of this
preparation and finally identification of its active
ingredients for further preclinical/clinical research.
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