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ABSTRACT:

Background: Ferulic (hydroxycinnamic) acid is an antioxidant of phenolic
phytochemical group used for the skin care product. Polycystic Ovarian Syndrome (PCOS) is a state
of hormonal disorder causing an enlarged ovary with small cysts at the outer edges. Aim: The study
was designed to investigate the protective effect of ferulic acid (3-methoxy-4-hydroxycinnamic acid)
in letrozole induced polycystic ovarian syndrome in rats (PCOS). Methods: All the experimental
animals except control group were orally administered with Letrozole (1mg/kg) dissolved in 0.5 %
w/v Carboxymethyl cellulose (CMC) solution per oral route for 21 days to induce PCOS. Followed by
a dose of ferulic acid (10, 20, and 40 mg/kg p.o.) for 15 days using water as vehicle. Results: The
PCOS was confirmed in the letrozole induced rats with increased concentration of androgen,
abnormal lipid levels, glucose, glycosylated haemoglobin and also depletion of antioxidants. The
administrated of letrozole cause to abnormalities in serum hormone profile, lipid profile, blood
________
glucose levels and increases body weight and ovary weight. Ferulic acid successfully exerted its
protective effect by restoring all the parameters to normalize and improving or disappearance of
ovarian cysts. Histopathological observations showed a remarkable recovery of the ovarian tissue
and the presence of normalized structure of antral follicle. Conclusion: Ferulic acid showed
protective effects in letrozole induced PCOS in rats. Biological effects of ferulic acid make it a
promising drug for treating clinical and pathological abnormalities against PCOS conditions.
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INTRODUCTION:
Polycystic ovary syndrome (PCOS) is a common and
complex female endocrine disorder in women of
reproductive age [1,2] with an estimated prevalence of 6
to 10 % [3]. Clinical manifestation of PCOS amenorrhea,
abdominal obesity, hirsutism, and androgen excess
(Hyperandrogenism), infertility, and expanded ovaries
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bleeding, hypertension, cardiovascular disease as well
as endometrial carcinoma [4]. It is also related with
psychological impairments like depression and related
mood disorders.
Lipid imbalance, insulin resistance, oxidative stress, and
genetics are some of the contributing factors of
PCOS [5]. Currently, many therapies are available to
induce ovulation and manage PCOS, but it is associated
with mild to severe side effects, like; arthritis, hot
flushes, muscle or joint pain and psychological side
effects like, mood swings, depression, irritability, and
bloating. Therefore now-a-days focus is being laid on
natural source herbal medicinal plants that have been
utilized for the treatment of the various disorders related
to the reproductive system due to the lesser or no side
effects [3].
Ferulic acid(2E)-3-(4-hydroxy-3-methoxyphenyl)prop2-enoic acid) is water soluble, phenolic compound
found in active chemical constituent in Chinese
medicine herbs such as female ginseng ,and many
staple foods, like; fruits, cereals, vegetables and
coffee [6,7]. Ferulic acid has been reported to possess a
wide variety of biological effects like Antioxidant, antiinflammatory, hypoglycaemic, and Hyperlipidemic
activities [8]. In this study we evaluated that Ferulic acid
(3-methoxy-4-hydroxycinnamic acid) may be beneficial
in management of PCOS induced by Letrozole due to
the reported activity.
MATERIALS:
Drugs and reagents:
Letrozole and Clomiphene citrate were purchased from
retail Shop Satara, India. Ferulic acid was obtained from
Dolphin Pharmacy Instruments, Pvt., Ltd. Mumbai.
METHODS:
In this study the experimental models used is Letrozole
induced PCOS models. The model was widely used
accepted for assessing PCOS activity. All animals were
selected and divided into six groups and housed eight
female rats per cage. All animals in five groups except
control group were orally administered with Letrozole
for 21 days.
Two animals from each group were scarified by using
CO2 chamber. Ovaries was removed and observed for
presence of cysts. On 22nd day, Test group I, II, and III
was administered with Ferulic acid for 15 days, whereas
standard group was dosed with Clomiphene citrate for
15 days per oral route [9-11].
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Animals:
This prospective comparative study was conducted at
Department of Pharmacology, YSPM’s Yashoda
Technical Campus, Wadhe, Satara, and Maharashtra,
India. Healthy, Virgin, cyclic and adult female wistar
rats (150 to 200 g) were used in the present study. These
animals were procured from registered breeder and
acquainted in the quarantine area for one week.
Housing of animals:
The animals were housed in polypropylene cages with
paddy husk as bedding. The animals were maintained
under standard laboratory conditions of 22 ± 2°C
temperatures, 50 ± 15 % of relative humidity, 12 h dark/
12 h light cycle with free access to pellet diet and water
provided ad libitum. The study protocol was approved
form institutional animal ethic committee. The
experiments were performed as per as guidelines of the
Committee for the purpose of Control and Supervision
of Experiments on Animals (CPCSEA), Governments
of India. The Institutional Animal Ethics Committee
approved the study protocol YSPM/YTC/PHARMAIAEC/48/2020.
PCOS induction:
All the experimental animals except control group were
orally administered with letrozole (1 mg/kg) dissolved
in 0.5 % w/v CMC solution per oral route for 21 days to
induce PCOS. Vaginal smear checked or examined
daily and the animals in regular estrous phase were
selected for study. Vaginal smears were collected and
evaluated microscopically using Crystal violet stain to
confirm the induction of PCOS. Two animals from each
group were scarified by using CO2 chamber. Ovaries
were removed and observed for presence of cysts [11,12].
In female rats, the estrous cycle characterized by
proestrus, estrus, metestrus (or diestrus I) and diestrus
(or diestrusII) in normal animals. During estrus cyclic
differences in vaginal cytology occurs in response to the
morphological changes and continuous changes in cell
types (leukocytes, nucleated epithelial and cornified
epithelial) occurs in PCOS induced animals [8,9].
Treatment groups:
Animals were randomly assigned into six group (Table
1) and adequate supply food and drinking water.
Study design:
The study consisted of 48 female Albino Wistar rats
equally divided into 6 groups as group 1 (control
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group), group 2 (PCOS induced group), group 3
(Standard group), group 4, 5, and 6 as treatment groups.
Following Letrozole administration, standard group was
administered with Clomiphene citrate at a dose of
1mg/kg in 0.5 % CMC per oral and treatment group 4, 5,
and 6 were administered Ferulic acid with the dose of
10, 20, and 40 mg/kg of body weight respectively in
water per oral for 15 days. After 21 days, PCOS control
group and after 36 days, animals from other groups were
fasted overnight and blood was collected by retro orbital
puncture then serum was separated and was used for
estimation of hormones, lipid parameters and glucose.
Body weight was measured at the end of study (On day
36th) animals were then sacrificed and ovaries were
excised, cleaned of fat and weighed [11].
Table 1. Treatment Groups.
Group 1:
Healthy rats were administered
Control
vehicle (10 ml/kg)
Group 2:
Animals were administered with
Negative
Letrozole (1 mg/kg)
control
Group 3:
Animals were administered with
Positive control Letrozole (1 mg/kg) + Clomiphene
citrate (1 mg/kg)
Group 4: Test
Animals were administered with
group with low Letrozole (1 mg/kg) + Ferulic acid
dose
(10 mg/kg)
Group 5: Test
Animals were administered with
group with
Letrozole (1 mg/kg) + Ferulic acid
intermediate
(20 mg/kg)
dose
Group 6: Test
Animals were administered with
group with high Letrozole (1 mg/kg) + Ferulic acid
dose
(40 mg/kg)
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Lipid profile (LDL, HDL, Total cholesterol,
Triglycerides) were quantified by using enzymatic kits
procured from Aspen Laboratories pvt, Ltd
Histopathology:
The excised ovaries were fixed in 10 % v/v formalin
solution. According to histological procedure, they were
subjected to tissue processing by washing with water
which was followed by dehydration through ascending
grades of alcohol then cleared through xylene. Then
paraffin embedding method was used. The blocks were
sectioned by using microtome and were placed on slides.
These sections were stained with hematoxylene-eosin
(HE), dehydrate, cleared and mounted on DPX mount
under glass cover slips. The light microscope was used
for observation which was connected to a camera to
capture image.
Statistical analysis:
The statistical analysis was done by using Graph pad
software version 5.0 and results were compared by oneway ANOVA followed by Tukey’s Multiple
Comparison Test. The results were analysed by Twoway analysis of variance followed by Bonferroni
posttests.
A p value <0.05 was considered as
statistically significant.
RESULTS:
Examination of oestrus cycle:
Fig 1. showed oestrus cycle phase of animals.
Displaying oestrous cycle stage only animals with a
regular cycle were used for research, Fig 2 demonstrated
not observed cornified squamous epithelial cells (Crystal
violet staining) in PCOS induced groups.

Biochemical estimation:
Measurement of fasting blood glucose:
Blood glucose level was measured by using Accu-cheak
active glucometer (Roche Diabetes care GmbH
Sandhofer Strasse11668305 Mannheim, Germany).
Hormonal assay:
Blood samples were collected by retro-orbital puncture;
serum was used for hormonal estimation (FSH, LH and
Testosterone). Serum follicle stimulating hormone
(FSH), luteinizing hormone (LH), Testosterone was
measured via Enzyme Linked Immunosorbent Assay
(ELISA) with the help of commercial kits (ELISA kit).
Lipid profile:
The lipid profile (LDL, HDL, Total cholesterol,
Triglycerides) was estimated at the end of the study.
Karishma, et al.

Fig 1. Smear with cornified squamous epithelial cells
(Normal animals).
Showed oestrus cycle phase of animals. Displaying
oestrous cycle stage only animals with a regular cycle were
used for research.
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Body weight:
The effect of Ferulic acid on body weight was
represented in Fig 5. Letrozole treatment to a
significantly increase in body weight (p<0.001) as
compared to control group. Oral treatment with Ferulic
acid at dose of 10, 20, 40 mg/kg, for 2 weeks (P<0.001,
P<0.001 and P<0.001; respectively) significantly
reduced the body weight in experimental animals while
treatment with Clomiphene citrate (1 mg/kg)
significantly decreased (P<0.001) body weight when
compared to Negative control rats.

Fig 2. Examination of oestrus cycle (PCOS induced
animals).
Not observed cornified squamous epithelial cells (Crystal
violet staining) in PCOS induced groups.

Morphology of ovary:
Fig 3 shows Normal ovary structure, where as Fig 4
shows Fluid filled cysts in PCOS induced group.

Fig 5. The effect of Ferulic acid on body weight.
All values represent mean ±SEM; n=6; Analysis was
performed using one way ANOVA followed by Tukey's
multiple comparison test; p value less than 0.05 was
considered as statistically significant. ###p<0.001; when
compared with normal control. ***p<0.001; when
compared with negative control.

Fig 3. Morphology of ovary (Normal ovary).

Fig 4. Morphology of ovary (Fluid filled cysts in
PCOS induced group).
Karishma, et al.

Organ weight:
Letrozole treatment to a significantly increase in ovarian
weight (p<0.001) as compared to control group. Oral
treatment with Ferulic acid at dose of 10, 20, 40 mg/kg,
for 2 weeks (P<0.01, P<0.001 and P<0.001;
respectively) significantly reduced the ovary weight in
experimental animals while treatment with Clomiphene
citrate (1 mg/kg) significantly decrease (P<0.001) ovary
weight when compared to Negative control rats as given
in Fig 6.
Serum hormonal profile:
The serum levels of Testosterone and luteinizing
hormone (LH) were increased in PCOS induced group
(p<0.001, p<0.001; respectively) while follicle
stimulating hormone significantly decreased (p<0.001)
in comparison to the control group. A significant fall
(p<0.001) in testosterone levels was observed in
standard, low dose, intermediate dose and high dose
groups. Treatment with at dose of Ferulic acid 10, 20, 40
mg/kg and standard (P<0.01, p<0.01, p<0.001, and
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Table 2. The effect of Ferulic acid on serum hormonal level.
Groups
Testosterone (ng/ml)

LH (ng/ml)

FSH (ng/ml)

Control

0.092 ± 0.003

12.17 ± 0.70

25.67 ± 2.72

Negative

0.140 ± 0.003###

19.33 ± 1.25###

10.50 ± 0.99###

Standard

0.112 ± 0.001***

11.17 ± 0.60***

21.67 ± 0.80***

F. A. (10 mg/kg)

0.119 ± 0.002***

15.0 ± 0.68**

15.33 ± 1.11

F. A. (20 mg/kg)

0.092 ± 0.002***

14.50 ± 0.76**

17.50 ± 0.99*

F. A. (40 mg/kg)

0.083 ± 0.002***

11.17± 0.60***

20.17 ± 0.60***

Note: All values represent mean ±SEM; n=6; Analysis was performed using one way ANOVA followed by Tukey's
multiple comparison test; p value less than 0.05 was considered as statistically significant. ###p<0.001; when compared with
normal control. *p<0.05, **p<0.01, ***p<0.001; when compared with negative control. LH and FSH are luteinizing and
follicular stimulating hormone.

Table 3. The effect of Ferulic acid on lipid profile.
Groups
Cholesterol
HDL (mg/dL)
(mg/dL)
Control
61 ± 1.65
26 ± 1.18

LDL (mg/dL)

Triglyceride (mg/dL)

22.17 ± 1.30

82.50 ± 1.97

Negative

102 ± 2.58###

14.67 ± 0.66###

51.17 ± 2.10###

132.80 ± 2.82###

Standard

76.67 ± 1.74***

22.67 ± 0.88***

38.67 ± 0.88***

90.83 ± 2.57***

F. A. (10mg/kg)

90.67 ± 1.97**

19.17 ± 1.07*

41.50 ± 0.76**

109.70 ± 2.48***

F. A. (20mg/kg)

71.17 ± 1.35***

21.50 ± 0.76***

37.17 ± 1.32***

90.67 ± 1.97***

F. A. (40mg/kg)

62.50 ± 1.89***

27.67 ± 0.88***

26.67 ± 2.33***

75.67 ± 2.96***

Note: All values represent mean ±SEM; n=6; Analysis was performed using one way ANOVA followed by Tukey's
multiple comparison test; p value less than 0.05 was considered as statistically significant. ###p<0.001; when compared
with normal control. *p<0.05, **p<0.01, ***p<0.001; when compared with negative control.

Negative group. Animals treated with at dose of Ferulic
acid 20, 40 mg/kg and standard produced a significant
increase (p<0.05, p<0.05, and P<0.001; respectively) in
FSH levels when compared with Negative group (Table
2).

Fig 6. The effect of Ferulic acid on ovarian weight.
All values represent mean ±SEM; n=6; Analysis was
performed using one way ANOVA followed by Tukey's
multiple comparison test; p value less than 0.05 was
considered as statistically significant. ###p<0.001; when
compared with normal control. **p<0.01, ***p<0.001;
when compared with negative control.

p<0.001; respectively) produced a significant decreased
in Luteinizing hormone levels when compared with
Karishma, et al.

Ferulic acid reduces blood glucose level:
The effect of Ferulic acid on blood glucose levels was
represented in Fig 7. Letrozole treatment to a
significantly increase in blood glucose levels (p<0.001)
as compared to control group. Oral treatment with at
dose of Ferulic acid 10, 20, 40 mg/kg, for 2 weeks
(P<0.001, P<0.001 and P<0.001; respectively)
significantly decreased the blood glucose levels in
experimental animals while treatment with Clomiphene
citrate (1mg/kg) significantly decrease (P<0.001) blood
glucose levels when compared to Negative control rats.
Lipid profile:
The effect of Ferulic acid on serum lipid profile was
represented in Table 3. Letrozole treatment showed
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multiple numbers of ovarian follicular cysts compared
to normal control group. Oral administration of
Clomiphene citrate (1 mg/kg), low dose of Ferulic acid
(10 mg/kg), Intermediate dose of Ferulic acid (20
mg/kg), and high dose of Ferulic acid (40 mg/kg)
significantly improved or disappearance the number of
ovarian follicular cysts compared to negative group.

Fig 7. Ferulic acid reduces blood glucose level.
Note: All values represent mean ±SEM; n=6; Analysis was
performed using one way ANOVA followed by Tukey's
multiple comparison test; p value less than 0.05 was
considered as statistically significant. ###p<0.001; when
compared with normal control. ***p<0.001; when
compared with negative control.

Lipid profile:
The effect of Ferulic acid on serum lipid profile was
represented in Table 3. Letrozole treatment showed
significant changes in serum lipid as compared to
control. Cholesterol, LDL and triglyceride were greatly
increased as p<0.001, p<0.001 and p<0.001 respectively
while HDL levels were decreased (p<0.001) in PCOS
induced group (Negative group). Clomiphene treatment
significantly decreased Cholesterol (p<0.001), LDL
(p<0.001) and triglyceride (p<0.001) levels when
compared to PCOS induced group. While HDL levels
significantly increased (p<0.001) when compared to
PCOS induced group. Low dose of Ferulic acid (10
mg/kg) decreased the levels of Cholesterol (p<0.01),
LDL (p<0.01) and triglyceride (p<0.001). It also
increased HDL level significantly (p<0.05) in
comparison to negative group. Intermediate dose of
Ferulic acid (20 mg/kg) decreased the levels of
Cholesterol (p<0.001), LDL (p<0.001) and triglyceride
(p<0.001). It also increased HDL level significantly
(p<0.001) in comparison to negative group. High dose
of Ferulic acid (40 mg/kg) decreased the levels of
Cholesterol (p<0.001), LDL (p<0.001) and triglyceride
(p<0.001). It also increased HDL level significantly
(p<0.001) in comparison to negative group.
Histomorphological changes
Histopathological examination of stained sections of
ovary showed ovarian changes and ovarian follicular
cysts (Fig 8). Yellow coloured arrow showing numbers
of ovarian follicular cysts. Negative group showing
Karishma, et al.

Fig 8. Effect of Ferulic acid in HE-stained ovary
tissue (40X).
A. Normal control: showing normal histology of ovary. B.
PCOS control: showing large numbers of ovarian
follicular cysts. Yellow arrow indicates cysts. C. Letrozole
+ Clomiphene citrate showing less numbers of cysts.
Yellow arrow indicates cysts. D. Letrozole + Ferulic acid
(10 mg/kg) showing fewer moderate numbers of cysts.
Yellow arrow indicates cysts. E. Letrozole + Ferulic acid
(20 mg/kg) showing less numbers of cysts. Yellow arrow
indicates cysts. F. Letrozole + Ferulic acid (40 mg/kg)
showing less numbers of cysts. Yellow arrow indicates
cysts.

DISCUSSION:
Polycystic ovarian syndrome (PCOS) is major female
health problem. It is a chronic metabolic disorder
characterized by hyperglycaemia, obesity, excess
androgen level, hyperlipidaemia, and decrease FSH
level. The World Health Organization estimates that it
affects 116 million women worldwide as of 2012 [13].
Various experimental models for PCOS have been
developed in rats like administration of testosterone
propionate (TP), dehydroepiandrosterone (DHEA), and
5a-dihydrotestoterone (DHT) and Estradiol valerate
(EV). It is models fully convincing and identify with the
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condition of human PCOS completely [14]. Letrozole is a
non-steroidal aromatase inhibitor that reduces
conversion of androgens to estrogens in the ovary,
resulting increased testosterone and decreased E2
production and stimulate PCOS like condition by
causing circulating hyperandrogenism, hormonal
imbalance, and intra ovarian androgen excess leading to
appearance of polycystic ovary. Letrozole induced
PCOS was causehyperglycaemic condition which may
contribute to insulin resistance, hyperlipidaemia leading
to metabolic syndrome [10-15]. Letrozole induce animal
model causes polycystic ovarian syndrome in our
research study. It is PCOS rat model characterized by an
increase in androgen biosynthesis. P450 aromatase
enzyme is responsible converting testosterone and
androstenedione to estradiol and estrone. This enzyme
inhibits activity led to enhance ovarian androgen
production or concentration and resulted in PCOS
disorder. Due to inhibit of aromatase enzyme activity
increases ovarian androgen secretion and resulted into
increase level or concentration of testosterone, LH, and
FSH, Letrozole treatment showed some metabolic
feature, like increased body fat, triglycerides, cholesterol
and body weight [10,14]. Ferulic acid showed marked
significantly decreased body weight and ovary weight in
PCOS rats that may be responsible for reduced the fatty
formation, decreasing follicular cysts (follicular fluid).
The body weight was considerably reduced by treatment
with Ferulic acid (20 and 40 mg/kg). The weight of
ovaries in the negative control group was greater than
that of normal control group rats. Ferulic acid (20 and 40
mg/kg) treatment significantly decreased ovaries weights
which matched to those in control group animals. Type2 diabetic mellitus and insulin resistant hyperglycaemia
are inter-linked with PCOS. Altered insulin levels which
can directly stimulate ovarian androgen production in
PCOS Insulin stimulate adrenal steroidogenesis by
enhancing sensitivity to adrenocorticotrophic hormone
(ACTH) and increase pituitary LH release. Increase
androgen level cause ovarian cyst. FA improves altered
insulin levels, impaired glucose homeostasis and insulin
sensitivity [15]. PCOS induced rats showed marked rise in
blood glucose level relative to control group. Oral
administration of Ferulic acid significantly reduced the
increased blood sugar levels, and indicating the
beneficial impact of Ferulic acid on insulin resistance
and diabetic condition. Women with PCOS are
hyperandrogenemic which is associated with alteration
in circulating lipoprotein and lipid level resulting in
Karishma, et al.
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dyslipidemia. Regulation of carbohydrate metabolism,
insulin plays important role in the metabolism of lipids.
Insulin is inhibitor of lipolysis, since it inhibits the
activity of the hormone-sensitive lipases in adipose
tissue and increased FFA concentration into the
circulation. Increased FFA concentration also raises βoxidation of fatty acids, producing more acetyl-CoA and
cholesterol. FA decreased the levels of FFA, TG,
Cholesterol and phospholipids in plasma [16-19].
Characteristically PCOS patient have increased
cholesterol level. The women with PCOS tend to be
obese probably due to high cholesterol and lipid content.
The same effect was seen in current research work after
PCOS induction. In comparison with the normal control
group, the negative control group reported significantly
enhanced LDL, Cholesterol, triglycerides concentration
and lowered HDL concentration. Ferulic acid (10, 20,
and 40 mg/kg) decreased significantly LDL, cholesterol,
triglycerides levels and enhanced HDL level. Ferulic
acid
displayed
beneficial
outcome
against
hyperlipidaemia. In this research, non-steroidal
aromatase inhibitor Letrozole blocks the conversion of
testosterone to estradiol. This lead in testosterone and
LH level increased while FSH level decreased. This
imbalanced hormonal level leads to inconsistent oestrus
cycle [20,21]. The similar condition has been noted in our
research. Letrozole induced rats showed considerably
increased levels of testosterone, LH and decreased FSH
levels compared to control. Standard drug Clomiphene
citrate (1 mg/kg), and Ferulic acid (20 and 40 mg/kg)
treated rats showed significantly decreased testosterone,
LH level and FSH level increased. The
Histopathological report of Letrozole induced rats
indicated the existence of polycysts in the ovary.
Negative group showed large numbers of ovarian
follicular cysts. After treatment with Ferulic acid (20 and
40 mg/kg), decreased or improved numbers of ovarian
follicular
cysts.
All
the
biochemical
and
Histopathological parameters in our results advocate the
Ferulic acid is most constructive treatment against
PCOS.
CONCLUSION:
Treating the various parameters in PCOS induced rats,
the impact of Ferulic acid treatment with intermediate
(20 mg/kg) and high (40 mg/kg) dose was observed to
be similar with standard treatment (Clomiphene citrate).
In Letrozole induced PCOS animals, Ferulic acid
restored the lipid profile, hormone and glycemic status
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as well as ovarian morphology. Ferulic acid might be
beneficial in managing PCOS condition due to multiple
pharmacological actions like hypoglycemic effects,
antihyperlipidemic, anti-inflammatory, protective action
against obesity, phytoestrogenic and antioxidant activity.
Biological effects of Ferulic acid make it a promising
drug for treating clinical and pathological abnormalities
against PCOS condition.
ACKNOWLEDGEMENTS:
The authors are thanking full to Management of
YSPM’s Yashoda Technical Campus, Satara, also
Dr.V.K. Redasani for for her encouragement and
guidance.
REFERENCES:
1. Teede H, Deeks A, Moran L. Polycystic ovary
syndrome: A complexcondition with psychological,
reproductive and metabolic manifestationsthat
impacts on health across the lifespan. BMC Med,
2010; 8(41): 1-10.
2. Omkar A. Devade, Rohan D. Londhe, Nisarga V.
Sokate, Utkarsha R. Randave, Pallavi A. Ranpise. A
Review on: Polycystic Ovarian Disorder. Asian J
Res Pharm Sci, 2022; 12(3): 219-226.
3. Bharathi RV, Swetha S, Neerajaa J, Madhavica JV,
Moorthy D, Rekha SN, et al. An epidemiological
survey : Effect of predisposing factors for PCOS in
Indian urban and rural population. Middle East Fertil
Soc J, 2017; 7-10.
4. Barbosa G, de Sá LBPC, Rocha DRTW, Arbex AK.
Polycystic Ovary Syndrome (PCOS) and Fertility.
Open J Endocr Metab Dis, 2016; 6(1): 58-65
5. Begum GS, Shariff A, Ayman G, Mohammad B,
Housam R, Khaled N. Assessment of Risk Factors
for development of Polycystic Ovarian Syndrome.
Int J Contemp Med Res. 2017; 4(1): 2454-7379.
6. Gohil KJ, Kshirsagar SB, Sahane RS. Ferulic acid –
A comprehensive pharmacology of an important
bioflavonoid. Int J Pharm Sci Res, 2012; 3(1): 700710.
7. Srinivasan MA. Comparative Study on Staining
Techniques for Vaginal Exfoliative Cytology of Rat.
J Pharmacol Clin Res. 2017;3(3):1–5.
8. Xu J, Dun J, Yang J, Zhang J, Lin Q, Huang M.
Letrozole Rat Model Mimics Human Polycystic
Ovarian Syndrome and Changes in Insulin Signal
Pathways. Med Sci Monit, 2020; 26: e923073.
9. Byers SL, Wiles MV, Dunn SL, Taft RA. Mouse
estrous cycle identification tool and images. PLoS
Karishma, et al.

e – ISSN: 2581-6160 (Online)

One, 2012; 7(4): 1-5.
10. Kafali H, Iriadam M, Ozardali I, Demir N.
Letrozole-induced polycystic ovaries in the rat: A
new model for cystic ovarian disease. Arch Med
Res, 2004; 35:103-104.
11. Reddy PS, Begum N, Mutha S, Bakshi V. Beneficial
effect of Curcumin in Letrozole induced polycystic
ovary syndrome. Asian Pacific J Reprod. 2016; 5(2):
116-122.
12. Bries AE, Webb JL, Vogel B, Carrillo C, Keating
AF, Pritchard SK, Roslan G, Miller JW, Schalinske
KL. Letrozole-Induced Polycystic Ovary Syndrome
Attenuates Cystathionine-β Synthase mRNA and
Protein Abundance in the Ovaries of Female
Sprague Dawley Rats. J Nutr. 2021 Jun
1;151(6):1407-1415.
13. Walters KA, Allan CM, Handelsman DJ. Rodent
models for human polycystic ovary syndrome. Biol
Reprod, 2012; 86(5): 1-12.
14. Treatment N, Kabel AM. Polycystic Ovarian
Syndrome : Insights into Pathogenesis, Diagnosis. J
Pharmacol Rep, 2016; 1(1): 1-5.
15. Shi D, Vine DF. Animal models of polycystic ovary
syndrome: A focused review of rodent models in
relationship
to
clinical
phenotypes
and
cardiometabolic risk. Fertil Steril, 2012; 98(1): 185193.
16. Naowaboot J, Piyabhan P, Tingpej P, Munkong N,
Parklak W, Pannangpetch P. Anti-insulin resistant
effect of ferulic acid on high fat diet-induced obese
mice. Asian Pac Trop Biomed, 2018; 8(12): 604-608
17. Gunning MN, Fauser JM. Are women with
polycystic
ovary
syndrome
at
increased
cardiovascular disease risk later in life. Climacteric,
2017; 30(3): 222-227.
18. Robert LR, David AE. The pathogenesis of
polycystic ovary syndrome (PCOS): The hypothesis
of PCOS as functional ovarian hyperandrogenism
revisited. Endocr Rev 2016; 37(5): 467-520.
19. Jahan S, Munir F, Razak S, Mehboob A, Ain QU,
Ullah H, et al. Ameliorative effects of rutin against
metabolic, biochemical andhormonal disturbances in
polycystic ovary syndrome in rats. J Ovarian Res,
2016; 9: 86-95.
20. Kandarakis ED, Unaif AD. Insulin resistance and the
polycystic ovarysyndrome revisited: An update on
mechanisms and implications. Endocr Rev, 2012;
33(6): 981-1030.

©Journal of Pharmaceutical Advanced Research 2018.

1678

J Pharm Adv Res, 2022; 5(9): 1671-1679.

21. Zdunsk K, Dana A, Kolodziejczak A, Rotsztejn H.
Antioxidant Properties of Ferulic Acid and Its
Possible Application. Skin Pharmacol Physiol, 2018;
31(6): 332-336.

Karishma, et al.

e – ISSN: 2581-6160 (Online)

Conflict of Interest: None
Source of Funding: Nil
Paper Citation: Yadav KM*, Ghadage PK, Bhoite
RV, Phadtare PB, Devade OA. Evaluation of
protective role of a Ferulic acid on Letrozole
induced polycystic ovarian syndrome in female rats.
J Pharm Adv Res, 2022; 5(9): 1671-1679.

©Journal of Pharmaceutical Advanced Research 2018.

1679

