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Background: Polycystic ovary syndrome (PCOS) is a syndrome characterized by ovulation disorders accompanied by hyperandro-
gens. Women with PCOS are prone to develop insulin resistance which has metabolic characteristics similar to type 2 diabetes and
leads to disturbance of follicular formation. PCOS is also known to increase the concentration of proinflammatory cytokines, namely
TNF-0. Moringa oleifera leaves have been shown to have compounds that can reduce insulin levels and glucose levels in diabetes
mellitus and should be able to reduce TNF-a and follicle count.

Purpose: This study aims to prove the effectiveness of Moringa oleifera leaf in reducing insulin, glucose levels, TNF-a and follicle
count in PCOS.

Methods: The three-month-old white rats Wistar (Rattus norvegicus) 150-170 grams were divided into four groups (n = 10), namely
normal rats, PCOS model rats, PCOS model rats given metformin, and PCOS rats given 500mg of Moringa oleifera. The method of
this study is taking PCOS model rats by injecting the 100mg/kg BW hormone testosterone propionate for 21 days. After 21 days of
therapy, we analyzed insulin, glucose levels, TNF-a and follicle count.

Results: The PCOS control group showed an increase in insulin level, glucose levels, TNF-a expression, and a decrease in the follicle
count compared to the normal control group. The insulin level, glucose level, TNF-a and follicle count in the Moringa oleifera
500 mg/kg BW treatment group were significantly lower than in the PCOS control group.

Conclusion: Moringa oleifera leaves have the potential in reducing insulin levels, blood glucose levels, TNF-a and follicle count in
PCOS patients.
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Introduction

Polycystic ovary syndrome (PCOS) is a syndrome characterized by ovulation disorders accompanied by hyperandrogen
conditions. Women with PCOS are prone to develop insulin resistance which has metabolic characteristics similar to type
2 diabetes and leads to disturbance of follicular formation.'

In women with PCOS with insulin resistance, a state of hyperinsulinemia is found which will result in a decreased
effect of ovulation induction.® This happens because, in women with insulin resistance, LH/FSH ratio are found to be
fairly high and will affect oocyte quality.* Ovulation induction agents cannot suppress insulin levels, high levels of
luteinizing hormone (LH), and androgens in the blood. Therefore, the treatment of hyperinsulinemia in patients with
PCOS will lead to an improvement in folliculogenesis, resulting in ovulation and high pregnancy rates.’

Insulin resistance plays an important role in the pathogenesis of PCOS.® Endometrial cell differentiation depends
on adequate glucose metabolism. Glucose transport (insulin-mediated) is carried out by Glucose Transporter 4

(GLUTH4) as a carrier. With a decrease in GLUT4, insulin resistance occurs and leads to an increase in glucose and
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insulin levels which can cause damage to endometrial cell metabolism in patients with PCOS.” This process may
affect downstream insulin signal transduction and insulin receptors, and may therefore be associated with insulin
resistance and PCOS.*

Insulin resistance causes the frequency of GnRH and secretion of LH pulses to increase, causing compensatory
hyperinsulinemia and increased production of androgens in the ovaries.” Ovarian theca androgen production increases
and the production of SHGB by the liver will decrease due to hyperinsulinemia.” Insulin resistance also causes oxidative
stress due to hyperglycemia and increased levels of free fatty acids will produce reactive oxygen species (ROS). ROS
will induce oxidative stress (OS). Oxidative stress is increased due to an imbalance between ROS and antioxidant
defences.

Increased ROS will also increase NFkB which will then form TNF-a, AP-1 activation, HIF-1 as an inflammatory
mediator. An increase in TNF-qa, IL-6, IL-1B will then activate NF-kB. This increase will cause activation of the serine
phosphorylation pathway in the IRS and will inhibit the formation of PI3K which will compensate for the occurrence of
hyperandrogens. '’

Several studies have reported that PCOS-IR mouse models can be made by subcutaneous injection of testosterone
propionate in combination with a high-fat diet.'"'* These mice have features similar to the pathology of PCOS and
endocrine disorders but externally added androgens can affect the endocrine level of PCOS.'*> Metformin has been used
as an insulin sensitizer for the treatment of polycystic ovary syndrome. Studies have shown that metformin can not only
improve endocrine disorders in patients with PCOS but also regulate ovarian function and reduce body weight in
overweight women with PCOS.'* Metformin acts by inhibiting hepatic glucose uptake, increasing peripheral glucose
uptake, reducing peripheral insulin levels, and increasing GLUT-4. However, clinically, the results of long-term
metformin treatment result in digestive disorders, such as diarrhea and other effects.'” The search for herbal plants
that have the potential for prevention and treatment is certainly very much needed.

Research conducted by Arti Verma et al in 2009 aimed to determine the antioxidant effect of Moringa oleifera lies in
its content which consists of various nutritional sources such as phytochemicals, viz, carotenoids, vitamins, minerals,
amino acids, sterols, glycosides alkaloids, flavonoids, and phenolics.'® Moringa oleifera extract can work as an
antioxidant that binds to ROS and inhibits the oxidative stress process that occurs in PCOS patients. The ethanol extract
of Moringa oleifera will inhibit the formation of ROS so that the production of SOD will increase. And the anti-
inflammatory effect of the ethanolic extract of Moringa oleifera will reduce inflammatory factors so that the activation of
the JNK and NF-B pathways decreases.

Research by Lakshmipriya et al in 2016 found that extracts from this plant have potential as antioxidants, anti-
diabetics, and antimicrobials.'” As an anti-diabetic, especially in diabetic cases with insulin resistance, research in mice
found that Moringa oleifera can reduce fasting sugar levels. Moringa oleifera extract also plays a role in the treatment of
insulin resistance, this is following the research of Chinedu et al, who showed that administration of the extract could
increase insulin receptor sensitivity (p<0.0001).'®

Based on the above background, we held a research to study the effect of Moringa oleifera on reducing insulin,
glucose levels, TNF-a and follicle count in rats PCOS model through insulin resistance and inflammation mechanisms.

Materials and Methods

Materials

Moringa oleifera is a tree belonging to the Moringaceae family originating from South Asia. The leaves of this tree are
rich in minerals, vitamins, and other important phytochemicals.'® Moringa oleifera extract process (Kelorina, Moringa
Indonesia, Blora, Indonesia) was carried out using the ultrasonic method with 96% ethanol as solvent, the extraction
results were then evaporated using a rotary evaporator and oven to form a dry extract. The extraction steps were: 1)
Moringa oleifera simplicia was weighed as much as 50 grams, 2) The simplicia was put into a beaker glass (50 grams
each) and 500 mL of 96% ethanol was added to the beaker, 3) The time for the extraction process is set using the UAE,
which is 3x2 minutes while stirring at each time interval, 4) The extraction results are filtered, 5) The collected filtrate is
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put into a rotary evaporator flask, 6) The temperature of the tool is set at 40°C with a rotational speed of 70 rpm, 7) The
extract from the rotary evaporator was re-evaporated (dried) in an oven at 40°C to obtain a solvent-free dry extract.

Rattus norvegicus female rats with Wistar strain were 3 months old and weighed 150-170 grams. Rattus norvegicus
was chosen because they have stable genetics, shorter reproductive life, short estrogen cycle and easy to be handled.
Previous research in 2020 also use Rattus norvegicus as a PCOS model with insulin resistance.?’

Before the study began, an adaptation period was given for 1 week, with a health condition, normal behavior, and
normal vaginal swab results. Exclusion criteria for rats are anatomic abnormalities (ie, ears are injured or not intact, tail is
short or stump, one or all four legs are deformed, cannot stand, have sores on body parts, eyes are not clear) and
pregnancy during the adaptation period. All of these procedures have been approved by the ethics committee of the
Faculty of Veterinary Medicine, Airlangga University, Indonesia.

All experiments were performed following Airlangga University ethic principal (5F: Freedom from hunger and thirst;
Freedom from discomfort; Freedom for pain, injury or disease; Freedom to express normal behaviour; freedom from fear
and distress), Indonesian National Law: UU no.23 1992 article 69 par 1; UU no.36 2009 article 44 par 4; and UU no.18
2009 article 66 par 2 point C), and these following guidelines: Guide for Care and Use of Laboratory Animals, 8™
edition; Report of the AVMA Panel on Euthanasia: 2013 edition (updated on 2020); ARRIVE 2010 (Animal Research:
Reporting of In Vivo Experiments) point 8 (updated on 2020).

This research was conducted in a laboratory experimental type with a post-test-only control group design. The rat
experiment was conducted with the PCOS model. Rats were divided into 4 major groups, namely the normal control
group (K-), PCOS control rats’ model (K-), PCOS rats’ model given metformin (P1), and PCOS rats model given
Moringa oleifera (P2). This research was conducted in the laboratory of the Faculty of Veterinary Medicine, Airlangga.

Therapeutic Protocols and Blood Collection Time Points

Forty Rattus norvegicus strain Wistar female rats were randomly divided into equal 4 large groups, consisting of a control
group (K-) that was only given aquades for 42 days; a PCOS control group (K+) that was given the hormone testosterone
propionate 100mg/kg body weight (BW) for 21 days and aquades for the next 21 days; the first treatment group (P1) that
was given testosterone propionate for 21 days and Metformin 2mg/100gram BW for the next 21 days; and the second
treatment group (P2) that was given testosterone propionate for 21 days and Moringa oleifera 500mg/kg BW for the next
21 days. Testosterone propionate injections were performed intraperitoneally at the proestrus stage on K+, P1 and P2
groups. On day 22, a vaginal swab was examined to determine the status of the rat’s lust cycle. PCOS rats will show the
stage of diestrus on vaginal examination which shows ovulation disturbance. After administering testosterone propionate
for 21 days, PCOS model rats will become IR (insulin resistance), characterized by an increase in HOMA IR
(P<0.005)."> And in this study, it was seen from the increase in the ratio of glucose and insulin which increased in
PCOS model rats compared to normal rats. Metformin was administered to the rats by sonde. Moringa oleifera leaf
ethanol extract was administered to the rats by sonde. Testosterone propionate was used to simulate PCOS conditions in
Rattus norvegicus because another research in 2009 has proved that prolonged exposure to androgens (testosterone
propionate) affects insulin resistance index and free fatty acid levels in PCOS model rat serum.?' A significant increase in
insulin resistance index in the group that got testosterone propionate for 14, 21, and 28 days was higher than the controls.
Before and after treatment, a vaginal swab was performed to see changes in the cycle due to treatment. On the 43rd day,
the rats were sacrificed by ester anesthesia and neck dislocation, then the ovaries and blood samples were taken.

Estimation of Serum Insulin, Glucose Parameters, Expression of TNF-a and Follicle
Count

Before the experimental animals were sacrificed, they fasted for 12 hours for blood collection. Glucose levels were
measured from the blood taken through rats’ blood vessels which are examined using glucometers. Blood glucose was
collected at the end of the study. The units obtained are mg/dL. The data scale is a ratio.

Insulin levels in the serum of PCOS model rats were measured from the blood taken through rats’ blood vessels
which were examined using Enzyme-linked immunosorbent assay (ELISA). ELISA is a labelled immunoassay that is
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considered the gold standard of immunoassays. This immunological test is very sensitive and is used to detect and
quantify substances, including antibodies, antigens, proteins, glycoproteins, and hormones.?? Blood insulin was taken at
the end of the study. The units obtained are mmol/L. The data scale is a ratio.

TNEF- expression is a picture of an increased cell signaling protein (cytokine) and plays an important role in the
inflammatory process.”> TNF-a count in the ovarium of PCOS model rats, taken directly from the ovarium organ. The
units obtained are Metabolite Insulin Receptor Substrate —1 or IRS-1 which is the insulin signal at the receptor which is
measured using a microscope (Cx41 microscope (Olympus, Japan)) with a magnification of 400 times in 10 fields of
view measurements using immunohistochemical method, the measurement results are in IRS and is a ratio/interval scale.

Follicle count is the number of follicles in the ovarium tissue of PCOS model rats, taken directly from the ovarium
organ which is examined microscopically (histopathology) to observe the follicular phase (primordial, primary, second-
ary, tertiary, DeGraff, and corpus luteum). Folliculogenesis is measuring the number of follicles that grow in the ovaries,
through wedge cutting and microscopic observation. Anatomical pathology laboratory of the Faculty of Veterinary
Medicine, Airlangga University conducts the examination. The result is an overview of folliculogenesis for each phase.

In 5 visual fields with 400x magnification by counting the number of developments. The data scale was a ratio.

Statistical Analysis

This research data will be recorded in a data collection form that is specifically designed for this study, to observe insulin,
glucose levels, TNF-a and follicle count in the PCOS rats’ model. First, the normality test (Shapiro-Wilk test) is carried out.
When the distribution is normal, the ANOVA test or analysis of variance was used. However, if the distribution is not normal,
the Kruskal Wallis non-parametric test or Mann—Whitney test will be carried out. Duncan’s test will be carried out when there
was a significant difference in variable between groups. Statistical calculations will use SPSS version 22 software tools.

Results
Effect of Therapy on Parameters of TNF-a Expression

This histopathological examination aims to determine the expression of TNF-a in the ovaries. The data for each sample
was assessed semi-quantitatively according to the modified Remmele method, where the Remmele scale index (Immuno
Reactive Score/IRS) is the result of multiplying the percentage score of immunoreactive cells with the color intensity
score on immunoreactive cells.”* The data for each sample is the average IRS value observed in ten different fields of
view at 100x and 400x magnification.

The results of the examination carried out a normality test before data analysis was carried out. The results of the
Shapiro—Wilk test showed that the TNF-a data in the K+ group was not normally distributed (p < 0.05), so it was
analyzed using the Kruskal Wallis test. The results of the Kruskal Wallis test showed that there was a significant
difference in TNF-a between groups (p < 0.05). The results of the Mann—Whitney test showed that the K- group was
significantly different from K+ and P2 and the K+ group was significantly different from P1 and P2 (see the
Supplemental File for raw data).

Effect of Therapy on Parameters of Serum Insulin

The results of the blood insulin examination were carried out for normality tests first. The results of the Shapiro—Wilk test
showed that the insulin data of all groups were normally distributed (p > 0.05) so the differences in insulin between
groups were analyzed using the analysis of variance test.

The results of the analysis of variance showed that there was a significant difference in insulin between groups (p <
0.05), so further tests were needed to determine which groups were different. Duncan’s test results showed that the
insulin in the negative control group was significantly different from the positive control group and all treatment groups,
the positive control group was significantly different from the negative control group and all treatment groups, but there
was no significant difference between the treatment groups.
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Table | Results of Differences in Insulin
Levels Between Groups (p < 0.05)

Groups n Mean £ SD | p-value
K- 10 19.68 + 1.080 | < 0.001
K+ 10 25.60 + 1.556
Pl 10 22.15 + 0.969
P2 10 2223 £ 0.831

Notes: Description: different superscripts show significant
differences. K-: Normal control group. K+: PCOS control
group. Pl: Treatment Group | (PCOS given 2mg/100gram
BW of metformin). P2: Treatment Group 2 (PCOS treated
with Moringa oleifera 500mg/kg BW).

Table 2 Results of Differences in Blood
Glucose Levels Between Groups (p < 0.05)

Groups n Mean * SD | p-value
K- 10 95 +2.98 < 0.001
K+ 10 126.2 + 9.76
Pl 10 105.8 + 7.20
P2 10 112.7 + 7.68

Notes: Description: different superscripts show significant
differences. K-: Normal control group. K+: PCOS control
group. Pl: Treatment Group | (PCOS given 2mg/100gram
BW of metformin). P2: Treatment Group 2 (PCOS treated
with Moringa oleifera 500mg/kg BW).

Effect of Therapy on Parameters of Serum Glucose

The results of the blood glucose examination were carried out for normality tests first. The results of the Shapiro—Wilk

test showed that the glucose data of the P1 group was not normally distributed (p < 0.05) so the differences in glucose

between groups were analyzed using the Kruskal Wallis test.
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The results of the Kruskal Wallis test showed that there was a significant difference in glucose between groups (p < 0.05),
S0 it was necessary to carry out further tests with the Mann—Whitney test to find out which groups were different. The results of
the Mann—Whitney test showed that the negative control group was significantly different from the positive control group and
all treatment groups, as well as the positive control group which was significantly different from the negative control group and
all treatment groups. However, there was no difference between the treatment groups.

Effect of Therapy on Parameters of Follicle Counts

The number of follicles observed was primordial follicles, primary follicles, secondary follicles, tertiary follicles, and de
Graff follicles and the corpus luteum. The results of the examination of the number of follicles and the corpus luteum
were tested for normality first.

Average Glucose Levels between Groups

140
120 126.2
1927
— 100 105.8
T
% 95
£
K7
>
5
Y 60
o
o
=
O 40
[
Qo
i
[
Z 20
0
K K+ P1 P2
Groups
Figure 2 Graph of average glucose levels between groups.
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Figure 3 Graph of TNF-a expression mean between groups.
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The results of the Shapiro—Wilk test showed that the data on the number of primordial follicles in all groups were
normally distributed (p > 0.05) so the differences between groups were tested using analysis of variance.

The results of the Shapiro—Wilk test showed that data on the number of primary follicles in all groups were normally
distributed (p > 0.05) so the differences between groups were tested using analysis of variance. The results of the analysis
of variance with Brown-Forsythe showed that there was a significant difference between the primary follicles between
groups (p < 0.05), so further tests were needed to determine which groups were different. The results of the further test
using the Games Howell test showed that the K- group was significantly different from the K+ and P2 groups.

The results of the Shapiro—Wilk test showed that data on the number of secondary follicles were not normally distributed in all
groups (p > 0.05), so the differences between groups were tested using the Kruskal Wallis test. The results of the Kruskal Wallis
test showed that there were significant differences in secondary follicles between groups (p < 0.05). The results of the Mann—
Whitney test showed that the K- group was significantly different from the other three groups. The K- group was significantly
different from the K+ group and the treatment group, but the K+ group was not significantly different from all treatment groups.

The results of the Shapiro—Wilk test showed that the data on the number of tertiary follicles were not normally
distributed in all groups (p > 0.05), so the differences between groups were tested using Kruskal Wallis analysis. The
results of the Kruskal Wallis test showed that there was a significant difference in tertiary follicles between groups (p <
0.05). The results of the Mann—Whitney test showed that the K- group was significantly different from the K+ group and
the P2 group, but not significantly different from the P1 group. The K+ group was significantly different from all groups,
both the K- group and the treatment group. There were significant differences between treatment groups.

The results of the Shapiro—Wilk test showed that the data on the number of de Graff follicles were not normally
distributed in all groups (p > 0.05), so the differences between groups were tested using Kruskal Wallis analysis. The
results of the Kruskal Wallis test showed that there were significant differences in DeGraff follicles between groups (p <
0.05). The results of the Mann—Whitney test showed that the K- group was significantly different from all groups, both
K+ and the treatment group. The K+ group was significantly different from the K- group, but not significantly different
from all treatment groups. There were significant differences between the treatment groups.

The results of the Shapiro—Wilk test showed that the data on the number of corpus luteum in the K- and K+ groups were not
normally distributed (p > 0.05), so the differences between groups were tested using Kruskal Wallis analysis. The results of the

Figure 4 Comparison of TNF-a expression in the ovary groups (K-, K+, P1, P2). The red arrow indicates the expression of TNF-a in the granulosa cells of the follicle which
is indicated by the presence of a chromogen brown color. IHC 400x.
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Table 3 Kruskal Wallis Test Results TNF-a
Expression Between Groups (p < 0.05)

Groups n Median (Min-Max) | p-value

K- 10 46 (3.6-5.7) < 0.001
K+ 10 5.7 (4.8-8.4)
PI 10 3.9 (2.6-5.8)
P2 10 3.45 (2.4-45)

Notes: Description: different superscripts show significant differ-
ences. K-: Normal control group. K+: PCOS control group. Pl:
Treatment Group | (PCOS given 2mg/100gram BW of metfor-
min). P2: Treatment Group 2 (PCOS treated with Moringa oleifera
500mg/kg BW).

Kruskal Wallis test showed that there was a significant difference in the Corpus Luteum between groups (p < 0.05). The results
of the Mann—Whitney test showed that the K- group was significantly different from K+ and P1.

The K- group was significantly different from all groups, both K+ and the treatment group. The K+ group was
significantly different from the K- group, but not significantly different from all treatment groups. There were significant
differences between the treatment groups.

Discussion

Comparison between the normal control group and the PCOS control group with insulin resistance showed significant
differences, both in insulin levels (Table 1) and glucose levels (Table 2). The PCOS group with insulin resistance showed
a corresponding increase in insulin levels as evidenced by a significant value of p < 0.05 in the PCOS control group with
insulin resistance compared to the normal group.

The injected testosterone propionate hormone is an androgen that causes insulin resistance by decreasing the amount
and effectiveness of glucose transport protein, especially GLUT-4 which plays a role in glucose transport in muscle and
fat. Androgens directly inhibit insulin action in the periphery, and the liver, and indirectly affect insulin sensitivity by
changing body composition through fat metabolism.*’

Primordial Follicle Mean between Groups
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Figure 5 Graph of primordial follicle mean between groups.
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Table 4 The Results Showed That There Was
No Significant Difference Between Primordial
Follicles Between Groups (p > 0.05)

Groups n Mean = SD | p-value
K- 10 4430 = 8.111 0.375
K+ 10 35.60 + 11.796

Pl 10 38.30 + 11.006

P2 10 36.80 + 15.245

Notes: Description: different superscripts show significant
differences. K-: Normal control group. K+: PCOS control
group. Pl: Treatment Group | (PCOS given 2mg/100gram
BW of metformin). P2: Treatment Group 2 (PCOS treated
with Moringa oleifera 500mg/kg BW).

Testosterone facilitates lipolysis and fat breakdown leading to an increase in free fatty acids. The increase in
androgens and free fatty acids inhibits insulin excretion in the liver and glucose transport in muscle, which ultimately
leads to hyperinsulinemia and insulin resistance.

Glucose transporter type 4 (GLUT-4) is a transport protein for glucose that aims to carry glucose into cells. The
process of translocation of GLUT-4 to the target cell surface begins with the binding of insulin and the insulin receptor
subunit where this binding causes the subunit of the insulin receptor and other subunits of IRS-1 to be autopho-
sphorylated. IRS-1 further activates PI3K which mediates the translocation of GLUT-4 to the target cell surface.”” The
increase in GLUT-4 translocation causes an increase in glucose uptake from extra cells into cells. Increased glucose
absorption increases the condition of insulin resistance.

We determined the condition of insulin resistance in a PCOS model. Then, the comparison of insulin resistance between
normal and PCOS control groups showed a significant difference. PCOS model insulin resistance in female rats injected with
testosterone propionate increased insulin and glucose levels as evidenced by a significant increase in insulin levels (Figure 1)
and glucose levels (Figure 2) in the PCOS control group with insulin resistance compared to the normal group.

Metformin is the first therapy for PCOS by inhibiting hepatic glucose absorption, increasing peripheral glucose
uptake, decreasing peripheral insulin levels, and increasing GLUT-4."> Metformin also has a role in the endothelium and
free adipose tissue in its role in insulin and glucose levels.*®
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Figure 6 Graph of primary follicle mean between groups.
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Figure 7 Graph of secondary follicle mean between groups.

Furthermore, Moringa leaf extract can reduce insulin and glucose levels in PCOS models with insulin resistance.
Moringa leaf therapy treatment group and metformin treatment group for 21 days in female rats with PCOS insulin
resistance model did not show significant differences. This shows that Moringa oleifera and metformin are equally good
at lowering insulin levels and glucose levels. The Moringa leaf extract group and the metformin group showed
significantly lower insulin (Figure 1) and glucose levels (Figure 2) than the insulin-resistant PCOS control group. This

Table 5 Results of Primary Follicle Differences
Between Groups (p < 0.05)

Groups n Mean £ SD | p-value
K- 10 32.0 + 8615 0.001
K+ 10 17.1 £3.510

Pl 10 19.8 + 11.679

P2 10 16.2 + 10.497

Notes: Description: different superscripts show significant
differences. K-: Normal control group. K+: PCOS control
group. Pl: Treatment Group | (PCOS given 2mg/100gram
BW of metformin). P2: Treatment Group 2 (PCOS treated
with Moringa oleifera 500mg/kg BW).

Table 6 Results of Secondary Follicle Differences
Between Groups (p < 0.05)

Groups n Median (Min-Max) | p-value
K- 10 12 (6-22) < 0.001
K+ 10 3.5 (2-10)

Pl 10 4 (2-7)

P2 10 2.5 (I-11)

Notes: Description: different superscripts show significant differ-
ences. K-: Normal control group. K+: PCOS control group. Pl:
Treatment Group | (PCOS given 2mg/100gram BW of metfor-
min). P2: Treatment Group 2 (PCOS treated with Moringa oleifera
500mg/kg BW).
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shows that the administration of Moringa leaf extract and metformin reduces insulin levels and glucose levels in female
rats with PCOS insulin resistance.

Moringa leaves contain high concentrations of flavonol quercetin.'” Quercetin is a flavonoid that has strong bioactive
elements with free radical, anti-inflammatory, anticancer, antihyperlipidemic, and antiplatelet effects.?’

Decreased insulin levels in peripheral tissues will cause a decrease in androgens in the ovaries. Decreased insulin and
IGF-1 levels can also indirectly reduce androgen levels by increasing the production of SHGB in the liver and increasing
IGFBP-1 synthesis directly, quickly, and completely in both the liver and ovaries, resulting in decreased levels of IGF-I,
IGF-L 11, and free testosterone.’

Moringa oleifera is a versatile plant that is consumed both as food and known in medicine. This plant is rich in
nutrients with a high content of polyphenols in the form of phenolic acids, flavonoids, and glucosinolates. Moringa leaves
have also been shown to have hypoglycemic activity, both aqueous extracts and organic solvents from leaves and seeds.
This hypoglycemic effect is both acute and long-term administration, preventing other metabolic changes.

Moringa oleifera extract has strong antioxidant activity, so it can prevent and protect pancreatic cells from oxidative
stress associated with hyperglycemic conditions.® This plant also has isothiocyanate compounds that are important in
glycemic control related to its ability to reduce resistance to insulin action and hepatic gluconeogenesis.>'

Moringa oleifera leaves which have a hypoglycemic effect are attributed to their fiber content and the presence of flavonoids
and phenolic acids. Several components of Moringa leaves such as kaempferol, quercetin, chlorogenic acid, gallic acid, and
ellagic acid, among others, have been studied as protective agents against ROS and free radical oxidation of DNA, proteins, and
lipids.** This plant is referred to as an antidiabetic agent because it has been shown to induce strong changes in glycemic levels.*®

A study in 2018 stated that Moringa oleifera leaf extract could decrease the expression of IGF-1 and expression of
androgen receptors so that it could also decrease the thickness of endometrium in PCOS-Insulin Resistance model.>*
Another study suggested Moringa oleifera could also be of benefit for the treatment of various metabolic and
neurological conditions, including diabetes.?>~°

TNF-a is one of the aspirant molecules responsible for causing insulin resistance.>” TNF-a expression is important in
stimulating, proliferating, and steroidogenesis in ovarian follicular theca cells. In the PCOS model rat group, TNF-a
expression increased compared to the normal group. This proves that the administration of the hormone testosterone

propionate for 21 days causes insulin resistance.
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Figure 8 Graph of tertiary follicle mean between groups.
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Metformin therapy and Moringa oleifera ethanol extract showed a decrease in TNF-a expression (Figure 3), this
proves that metformin therapy can effectively attenuate the production of pro-inflammatory cytokines, especially TNF-a
in macrophages.’® TNF-a which is an important cytokine not only affects inflammation, but also metabolic diseases.>”
Increased TNF-a causes insulin resistance by inhibiting insulin signaling pathways, interfering with glucose transporter 4
expression and altering adipokine levels, downregulating adiponectin while increasing leptin.* TNF-a also interferes
with lipid metabolism by increasing triglyceride and free fatty acid concentrations in the blood and altering the
composition of lipoproteins such as LDL and VLDL.*

Therapeutic administration of Moringa oleifera showed a significant reduction in pro-inflammatory mediators
(TNF-a) which is indicated by the presence of a chromogen brown color (Figure 4 and Table 3).*' This may play
a role in increasing insulin sensitivity and reducing inflammation associated with metabolic syndrome.** Moringa
oleifera therapy could lower cholesterol, triglycerides, VLDL, LDL, and increase HDL in hypercholesterolemic rabbits,
rats fed a high-fat diet and also STZ-induced diabetic rats.*?

The growth and development of follicles are controlled by the complex system of the hypothalamic-pituitary axis of
the ovary. Gonadotropin hormone plays an important role in controlling this system, the gonadotropin hormones involved
in folliculogenesis are FSH and LH.** The FSH hormone plays a role in initiating follicular growth, while LH functions
in stimulating the growth and rupture of the follicle.

Primordial follicles are small follicles, and usually found close to the outer edge of the cortex, which surrounded by
a single layer of flattened ovarian follicular epithelial cells. Primordial follicles are small, and usually found close to the
outer edge of the cortex. When the primordial follicle is stimulated, it becomes a primary follicle. The oocyte enlarges,
and the follicular cells divide. A follicle that has two layers of follicular cells is called a primary follicle. The primary
follicle develops into a secondary follicle. The secondary follicles look very similar to primary follicles, except that they

Table 7 Results of Tertiary Follicle Differences
Between Groups (p < 0.05)

Groups n Median (Min-Max) | p-value
K- 10 6 (4-8) 0.003
K+ 10 11.5 (3-26)

Pl 10 6 (3-11)

P2 10 4 (3-7)

Notes: Description: different superscripts show significant differ-
ences. K-: Normal control group. K+: PCOS control group. Pl:
Treatment Group | (PCOS given 2mg/100gram BW of metfor-
min). P2: Treatment Group 2 (PCOS treated with Moringa oleifera
500mg/kg BW).

Table 8 Results of Follicle de Graff Differences
Between Groups (p < 0.05)

Groups n Median (Min-Max) | p-value
K- 10 I (0-1) 0.001
K+ 10 2 (0-2)

Pl 10 2 (1-3)

P2 10 | (04)

Notes: Description: different superscripts show significant differ-
ences. K-: Normal control group. K+: PCOS control group. Pl:
Treatment Group | (PCOS given 2mg/100gram BW of metfor-
min). P2: Treatment Group 2 (PCOS treated with Moringa oleifera
500mg/kg BW).
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Figure 9 Graph of follicle DeGraff mean between groups.

are larger, there are more follicular cells, and there are small accumulations of fluid in the intracellular spaces called
follicular fluid. The secondary follicle develops into a de Graff follicle and starts its second meiotic division. After
ovulation, the ruptured follicle collapses and fills with a blood clot (corpus haemorrhagicum) which then forms the
corpus luteum.*’

Based on the results of the number of primordial follicles (Figure 5), all groups did not show a significant difference
(Table 4). However, there was a decrease in the number of primary (Figure 6) and secondary follicles (Figure 7) in the
PCOS model rat group when compared to the normal group. While the treatment group, neither metformin therapy nor
Moringa oleifera ethanol extract showed significant differences from the PCOS model rat group (Tables 5 and 6). The
results of the number of tertiary follicles in the PCOS model rat group were higher than the normal group and the
treatment group (Figure 8). The group given metformin showed no significant difference from the normal group but was
significantly different from the group given Moringa oleifera ethanol extract therapy (Table 7.). This also happened to
DeGraff follicles, the number of DeGraff follicles in the normal group was significantly different when compared to other
groups, and the group treated with metformin was different from the group treated with Moringa oleifera ethanol extract
(Table 8 and Figure 9). Metformin therapy and ethanol extract of Moringa oleifera did not show a significant increase in
the number of follicles compared to the PCOS model rat group.

Table 9 Results of Differences in Corpus Luteum
Between Groups (p < 0.05)

Groups n Median (Min-Max) | p-value

K- 10 3 (1-3) 0.005
K+ 10 45 (2-5)
PI 10 5.5 (2-8)
P2 10 45 (0-6)

Notes: Description: different superscripts show significant differ-
ences. K-: Normal control group. K+: PCOS control group. Pl:
Treatment Group | (PCOS given 2mg/100gram BW of metfor-
min). P2: Treatment Group 2 (PCOS treated with Moringa oleifera
500mg/kg BW).
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Corpus Luteum groups showed a significant difference between groups (Table 9). The normal control group was
significantly different from PCOS model rat group and metformin treated group. The Normal control group was
significantly different from all groups, both PCOS model rat group and the treatment group. The PCOS model rat
group was significantly different from the K- group, but not significantly different from all treatment groups. There were
differences between the treatment groups (Figure 10).

Ethanol extract of Moringa oleifera proved effective in reducing TNF- expression, glucose level, insulin level, and
the number of follicles in PCOS model rats. Based on the results of the study, the researchers suggest further research to
isolate the active compounds contained in the Moringa oleifera extract and its effectiveness against other benefits of this
extract.
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