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Abstract. – OBJECTIVE: Polycystic ova-
ry syndrome (PCOS) is a prevalent endocrine 
health problem during the childbearing period 
that seriously affects fertility in females. Feno-
fibrate, a peroxisome proliferator-activated re-
ceptor-alpha (PPARα) agonist, showed benefi-
cial effects in models of endocrine disturbanc-
es. Thus, we evaluated the potential therapeu-
tic effect of fenofibrate in experimental PCOS.

MATERIALS AND METHODS: Rats received 
oral fenofibrate (300 mg/kg/day) for three weeks 
following a three-week PCOS induction regi-
men using oral letrozole (1 mg/kg/day). We de-
termined the changes in body weight, levels of 
serum testosterone, insulin, anti-Müllerian hor-
mone (AMH), ovarian malondialdehyde (MDA), 
superoxide dismutase (SOD), and tissue tumor 
necrosis factor-alpha (TNFα) and CD95 protein 
expressions. The tissue expression of interleu-
kin-10 (IL10) and PPARα genes was determined.

RESULTS: Letrozole-treated rats showed suc-
cessful induction of PCOS, confirmed by his-
topathology and significantly increased body 
weight, testosterone, insulin, AMH, and MDA, 
and decreased SOD. Ovaries of untreated PCOS 
rats showed increased TNFα and CD95 and de-
creased PPARα and IL10 expression. Administra-
tion of fenofibrate ameliorated the letrozole-in-
duced PCOS changes.

CONCLUSIONS: Fenofibrate-mediated ame-
lioration of PCOS in rats is attributed partly to its 
antioxidant, anti-inflammatory, and anti-apop-
totic properties and activation of PPARα.
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Introduction

Polycystic ovary syndrome (PCOS) is a com-
mon gynecological health problem that affects 
about 6-22% of females in the childbearing period. 
Patients usually present with hyperandrogenism, 
anovulatory cycles, and insulin resistance. Accu-
mulating evidence implicates insulin resistance 
in the pathogenesis of PCOS by increasing ovari-
an androgen production in response to metabolic 
disturbances1,2. Other mechanisms include in-
creased oxidative stress, which contributes to the 
initiation and progression of PCOS. Reactive ox-
ygen or nitrogen species, when at normal levels, 
regulate several physiologic functions in female 
reproduction, such as oocyte maturation, follic-
ulogenesis, steroidogenesis, corpus luteal func-
tion, and luteolysis. However, increased oxidative 
stress may contribute to follicular atresia and 
diminish the quantity and quality of oocytes3,4. 
Induction of oxidative stress stimulates the exces-
sive release of inflammatory mediators, initiating 
tissue inflammation and disturbing the apoptotic 
pathway. Tumor necrosis factor-alpha (TNFα) is 
a multifunctional cytokine that influences the 
ovarian reproductive axis, inducing changes that 
closely resemble those found in PCOS3,5.

Alterations in the female ovarian microen-
vironment could alter the normal physiological 
processes of programmed cell death and prolifer-
ation inside the ovaries. Regulation of apoptosis 
in follicular cells depends on the interplay be-
tween different autocrine and paracrine factors, 
which can be achieved via regulation of the CD95 
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(also known as Fas) system and the Bcl-2 fam-
ily6,7. A delicate balance between the apoptotic 
and survival factors determines whether follicles 
continue developing or undergo atresia.

Peroxisome proliferator-activated receptors 
(PPARs) are a group of widely distributed nu-
clear receptors, including PPARα, PPARβ/δ, and 
PPARγ. These receptors regulate multiple cellu-
lar processes, such as lipoprotein metabolism, 
glucose homeostasis, immune response, cellular 
proliferation, and differentiation8. Furthermore, 
PPARα increases the gene expression of differ-
ent antioxidant enzymes, improving the redox 
state and repressing inflammation and apoptosis9. 
Disordered fatty acid metabolism and insulin 
resistance are characteristics of defective PPARα 
signaling.

Several studies10-16 showed the regulatory role 
of PPARs outside and inside the ovaries; they 
are crucial for maintaining normal metabolic 
functions and physiological processes and are 
promising targets in many pathological disorders. 
In contrast, PCOS increases the formation of 
free radicals and inflammatory mediators and 
stimulates the apoptotic cascade4,5. Fenofibrate, 
a specific ligand of PPARα, is commonly used 
to treat hyperlipidemia10. Moreover, fenofibrate 
shows pleiotropic effects, which are beneficial in 
many diseases11-13. Therefore, the current study 
aimed to evaluate the role of the PPARα agonist 
fenofibrate on letrozole-induced PCOS in female 
rats and to explore the different mechanisms in-
volved in such effect, including the TNFα/CD95 
pathway.

Materials and Methods

Drugs and Chemicals
Fenofibrate was from Minapharm Pharmaceu-

ticals (Cairo, Egypt). Testosterone, insulin, and 
anti-Müllerian hormone (AMH) ELISA kits were 
from US Biological (Salem, MA, USA). Polyclon-
al TNFα and CD95 antibodies were from Thermo 
Fisher Scientific (Waltham, MA, USA).

Animals and Experimental Protocol
Six-week-old female Wistar albino rats from 

the National Research Center (Giza, Egypt), 
weighing 250-300 g, were kept in standard hous-
ing conditions and left to acclimatize for one 
week with free access to ordinary chow and wa-
ter. This work was conducted in the Department 
of Pharmacology, Faculty of Medicine, Minia 

University, Egypt. The Faculty of Medicine board 
approved the experimental protocol (Approval 
No. 717:12/2020) following the EU directive 
2010/63/EU.

The study comprised four randomly divided 
experimental groups (n = 7): Group I received 
oral 0.5% carboxymethylcellulose in water; 
Group II received oral fenofibrate (300 mg/kg/
day)12,17; Group III received letrozole (1 mg/kg/
day, orally)18-20 for induction of PCOS, while in 
Group IV animals received combined oral treat-
ment of letrozole (1 mg/kg/day) and fenofibrate 
(300 mg/kg/day). All treatment protocols contin-
ued for three weeks.

Sample Preparation
At the end of the three-week study protocol, 

animals were weighed and euthanized, then the 
ovaries of each rat were excised through an ab-
dominal incision. Next, the ovaries were washed, 
weighed, and homogenized in ice-cold phosphate 
buffer (0.1 M, pH 7.4). The homogenate was cen-
trifuged at 4000 rpm for 15 min at 4°C, and the 
supernatant was kept at -80°C till used.

Determination of Serum Testosterone, 
Insulin, and AMH

BioAssay colorimetric ELISA kits were used 
to determine serum testosterone, insulin, and 
AMH, following the instructions by the manu-
facturers.

Determination of Malondialdehyde 
(MDA)

The oxidative stress marker MDA, the main 
decomposition product of lipid peroxidation, re-
acts with thiobarbituric acid forming a pink chro-
mogen, which is measured spectrophotometrical-
ly at 535 nm and expressed as nmol/g tissue21.

Determination of Superoxide Dismutase 
(SOD)

The activity of ovarian SOD was determined 
based on its ability to inhibit the oxidation of py-
rogallol. The SOD unit is the amount of enzyme 
that inhibits 50% of pyrogallol oxidation. The 
absorbance of the sample was measured at 420 
nm over 3 min, and SOD activity was expressed 
as unit/g tissue22.

Histopathological Evaluation
Immediately after euthanization, the ovaries 

were dissected, weighed, fixed in 10% formalin 
for 24 h, embedded in paraffin wax, and sectioned 
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at 5 µm. Sections were stained with hematoxylin 
and eosin and blindly examined under a light mi-
croscope (Olympus CX23LEDRFS1, Olympus, 
Tokyo, Japan). The number of cystic follicles and 
corpora lutea of rat ovaries of various groups was 
determined for semiquantitative analysis.

Immunohistochemical Examination
Sections were placed on positively charged 

slides, deparaffinized in xylene, and rehydrated 
through descending graded alcohols. Endogenous 
peroxidase activity was blocked with 3% hydro-
gen peroxide for 30 min. Antigens were retrieved 
using sodium citrate buffer (pH 6.0) and boiled in 
a microwave. Primary antibodies against TNFα 
or CD95 (dilution 1:100 and 1:50, respectively) 
were applied and incubated overnight in a hu-
midity chamber. Tissue sections were washed, 
treated with the secondary antibody for 30 min, 
and then 3,3′-diaminobenzidine was added to 
develop a brown color reaction. Finally, sections 
were counterstained with hematoxylin, dehydrat-
ed, and mounted.

Examination of sections was done under light 
microscope magnification ×200. The cytoplasmic 
TNFα reactivity was evaluated by considering 
the percentage of positive cells as follows: 0, no 
stained cells; 1, ≤25% stained cells; 2, >25% and 
≤50% stained cells; 3, >50% and ≤75% stained 
cells; and 4, >75% stained cells23. The expression 
of CD95 was graded as follow: 0, no positive 
cells; 1, = ≤10% positive cells; 2, >10 to 40% 
positive cells; 3, >40 to 70% positive cells; 4, >70 
positive cells24.

Real-Time Polymerase Chain Reaction (PCR)
We used the RiboZol RNA extraction reagent 

(AMRESCO, Solon, OH, USA) to extract the 
total RNA from the homogenized ovarian spec-
imens following the manufacturer’s instructions. 
The Revert Aid™ First Strand cDNA Synthe-
sis kit (Thermo Fisher Scientific) was used to 
synthesize cDNAs. The ovarian expression of 
interleukin-10 (IL10) and PPARα was determined 
by real-time PCR (Real-Time PCR Detection 
System, Kapa Biosystems, Wilmington, MA, 
USA) using Maxima SYBR Green qPCR Mas-
ter Mix (Thermo Fisher Scientific). For IL10, 
forward primer: 5′-AAAGCAAGGCAGTGGAG-
CAG-3′, and the reverse primer: 5′-TCAAACT-
CATTCATGGCCTTGT-3′25; for PPARα, the 
forward primer: 5′-ACGATGCTGTCCTCCTT-
GATG-3′, and the reverse primer: 5′-GCGTCT-
GACTCGGTCTTCTTG-3′26; and for glyceral-

dehyde-3-phosphate dehydrogenase (GAPDH), 
the forward primer: 5′-GTCGGTGTGAACG-
GATTTG-3′ and reverse primer: 5′-CTTGCCGT-
GGGTAGAGTCAT-3′27 were added to the reac-
tion mixture. The relative expression of IL10 or 
PPARα was calculated using the comparative 
cycle threshold method28. The results for all ex-
perimental samples were graphed as the relative 
expression compared with the control gene (GAP-
DH).

Statistical Analysis
The results were expressed as mean ± SEM 

and analyzed using one-way ANOVA followed 
by Dunnett multiple comparison test. GraphPad 
Prism software (version 5; La Jolla, CA, USA) 
was used for statistical analysis. The results were 
significant when the calculated p-value was less 
than 0.05.

Results

Effect of Fenofibrate on Rat Bodyweight 
Changes and Serum Testosterone, 
Insulin, and AMH

The PCOS group showed significant increases 
in rat body weight and the serum PCOS biomark-
ers: testosterone, insulin, and AMH compared 
with the vehicle-treated negative control group. 
Administration of fenofibrate significantly de-
creased all the measured parameters compared 
with the untreated PCOS group (Table I).

Histopathological Findings
Neither the control nor the fenofibrate group 

showed any histopathological changes in the ova-
ries. The ovaries of these groups showed normal 
follicular growth distribution with incidental cys-
tic follicles, and visible corpora lutea, indicating 
ovulation. The newly formed corpora lutea were 
superficially located in the ovary and composed 
of large, polygonal, and finely vacuolated luteal 
cells.

In the untreated letrozole-induced PCOS group, 
all ovaries were acyclic, showing multiple large 
cystic follicles lined by one to multiple layers (1-
4 cell layers) of cuboidal or flattened granulosa 
cells resting on a thin wall and encircled by theca 
cells. At the same time, no newly formed corpora 
lutea were observed in the ovaries, indicating 
ovulation arrest. While in the fenofibrate-treated 
PCOS group, unremarkable numbers of cystic 
follicles were observed, but there were corpora 
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lutea, indicating the occurrence of ovulation. 
Besides, a significant increase in the number of 
corpora lutea and a significant reduction in the 
number of cystic follicles were observed in this 
group compared with the untreated PCOS group 
(Figure 1 and Table II).

Effect of Fenofibrate on Ovarian MDA 
and SOD

In the PCOS group, the oxidative stress marker 
MDA level significantly increased while the an-
tioxidant enzyme SOD activity significantly de-
creased compared with the control group. On the 

Table I. Effect of fenofibrate (FN) on bodyweight changes and serum testosterone, insulin, and anti-Müllerian hormone (AMH) 
levels in letrozole-induced polycystic ovary syndrome (PCOS).

		  Body weight	 Testosterone	 Insulin	 AMH
	 Group	 changes (g)	 (ng/ml)	 (ng/ml)	 (ng/ml)

Control	 54 ± 2.6	 0.16 ± 0.01	 0.3 ± 0.02	 1.8 ± 0.04
FN	 50 ± 2.4	 0.17 ± 0.01	 0.3 ± 0.03	 1.9 ± 0.03
PCOS	 92 ± 4.0a	 2.30 ± 0.09a	 1.8 ± 0.05a	 6.2 ± 0.4a

PCOS+FN	 78 ± 4.5a,b	 0.39 ± 0.05a,b	 1.2 ± 0.07a,b	 3.0 ± 0.3b

Values are representations of 7 observations in each group as mean ± SEM. Results are considered significantly different when 
p < 0.05. aSignificant difference compared to the control group and bsignificant difference compared to the untreated PCOS 
group.

Figure 1. Histopathological evaluation of rat ovaries (hematoxylin and eosin, ×200). A-B, Control and fenofibrate group 
featuring normal ovarian architecture. There was normal follicular growth distribution. Corpora lutea were seen, indicating 
ovulation. Newly formed corpora lutea are superficially located in the ovary and composed of large polygonal finely vacuolated 
luteal cells (red arrow). C, The polycystic ovary syndrome (PCOS) group with dilated cystic follicles lined by a few layers of 
cells (black arrow). D, The PCOS+fenofibrate group with corpora lutea indicated ovulation (red arrow).
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other hand, the PCOS+fenofibrate group showed 
a significant decrease in MDA level and a signif-
icant increase in SOD activity compared with the 
PCOS group (Table III).

Immunohistochemical Evaluation of 
TNFα Expression

In the control and fenofibrate groups, almost 
negative TNFα expression was observed in gran-
ulosa cells of ovarian follicles and corpora lutea. 
However, the expression of this cytokine was 
strong in the cells of cystic follicles and ovarian 
follicles of the PCOS group. Instead, slightly 
positive TNFα expression was detected within 
the granulosa cells of ovarian follicles and cor-
pora lutea in the PCOS+fenofibrate group (Figure 
2). Semiquantitative analysis of ovarian TNFα 
expression showed a significant increase in the 
PCOS group compared with the control group, 
while the PCOS+fenofibrate group showed a sig-
nificant decrease in its expression (Figure 2).

Immunohistochemical Evaluation of 
CD95 Expression

Ovaries of the control and fenofibrate groups 
were almost negative for CD95 expression. The 
untreated PCOS ovaries showed positive expres-
sion of CD95 within the granulosa cells lining 
the cystic follicles and trivial positivity within 
the surrounding follicles, which was significant-
ly attenuated in the fenofibrate-treated PCOS 
group (Figure 3). Furthermore, semiquantitative 
analysis of ovarian CD95 expression showed a 
significant increase in CD95 in the PCOS group 
compared with the control and the PCOS+fenofi-
brate groups (Figure 3).

Real-Time PCR of IL10 and PPARα Gene 
Expression

The fold changes of IL10 and PPARα gene ex-
pression in different groups were calculated rela-
tive to GAPDH as a reference gene to standardize 
mRNA expression (Figure 4). The results of this 
experiment revealed significant upregulation of 
IL10 and PPARα genes in the PCOS+fenofibrate 
group compared with the PCOS group, which 
showed significantly downregulated IL10 gene 
expression compared with the control group. The 
expression of PPARα was undetectable in the 
PCOS group.

Discussion

PCOS, a common reproductive hormonal dis-
turbance with systemic-metabolic disorders, af-
fects about 6-22% of reproductive-age women 
and markedly impairs their fertility. Women 
with PCOS usually present with several meta-
bolic abnormalities, including obesity, insulin 
resistance, hyperinsulinemia, diabetes, dyslip-
idemia, hypertension, and impairment of the 
normal metabolic processes1,2. The mechanisms 
involved in the pathogenesis of PCOS are far 
from being well-understood. Besides, finding 
new therapies for early curative intervention in 
PCOS patients is necessary. The current study 
evaluated the role of PPARα agonist fenofibrate 
in controlling letrozole-induced PCOS and ex-
plored the different mechanisms involved in 
mediating its curative effect. The results showed 
significant increases in body weight, serum tes-
tosterone, insulin and AMH, and ovarian MDA, 
TNFα, and CD95 and significant decreases in 
SOD, PPARα, and IL10 in rats with PCOS, 
with typical histopathological ovarian features 

Values are representations of 7 observations in each group as 
mean ± SEM. Results are considered significantly different 
when p < 0.05. aSignificant difference compared to the control 
group and bsignificant difference compared to the polycystic 
ovary syndrome (PCOS) group. FN: fenofibrate.

Table II. The number of cystic follicles and corpora lutea 
of rat ovaries.

	 Group	 Cystic follicles	 Corpora lutea

Control	 0.3 ± 0.2	 6 ± 0.4
FN 	 0.4 ± 0.2	 6 ± 0.4
PCOS	 8.1 ± 0.5a	 1 ± 0.2a

PCOS+FN	 2 ± 0.2a,b	 5 ± 0.4b

Values are representations of 7 observations in each group as 
mean ± SEM. Results are considered significantly different 
when p < 0.05. aSignificant difference compared to the control 
group and bsignificant difference compared to the polycystic 
ovary syndrome (PCOS) group. FN: fenofibrate.

Table III. Effect of fenofibrate (FN) on malondialdehyde 
(MDA) and superoxide dismutase (SOD) in letrozole-induced 
polycystic ovary syndrome (PCOS).

		  MDA	 SOD
	 Group	 (nmol/g tissue)	 (unit/g tissue)

Control	 27 ± 1.6	 9213 ± 204
FN	 25 ± 1.5	 8557 ± 380
PCOS	 72 ± 5.8a	 3999 ± 368a

PCOS+FN	 44 ± 2.7a,b	 7229 ± 370a,b
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of PCOS. Importantly, our results showed for 
the first time that fenofibrate can prevent the 
pathological changes leading to the development 
of experimental PCOS.

Insulin resistance is one of the most important 
contributing factors in the pathogenesis of PCOS. 
Insulin resistance in PCOS is characterized by 
obesity, hyperandrogenism, and increased insulin 

secretion in response to metabolic abnormalities. 
Hyperinsulinemia, in turn, stimulates fat storage 
and disturbs cholesterol and lipoprotein metab-
olism. Furthermore, insulin directly stimulates 
the steroidogenic enzyme cytochrome P450c17 
and promotes the conversion of cholesterol to 
progesterone and subsequently into androgen. In 
addition, insulin directly promotes the pituitary 

Figure 2. Effect of fenofibrate (FN) on ovarian tumor necrosis factor-alpha (TNFα) immunohistochemical staining in 
letrozole-induced polycystic ovary syndrome (PCOS) in rats (×200). TNFα expression of rat ovary of (A) control, (B) FN-
treated, (C) PCOS, and (D) PCOS+FN-treated groups, and (E) semiquantitative analysis of TNFα expression. Results are 
mean ± SEM (n = 7) of the percentage of TNFα positive cells/field. a,bSignificantly different (p < 0.05) from control and PCOS 
groups, respectively. 
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secretion of luteinizing hormone, which activates 
its receptors on theca cells to increase andro-
gen production. On the other hand, abdominal 
obesity associated with elevated androgen leads 
to metabolic disorders, promoting more insulin 
production1,29,30. Alternatively, serum AMH, an 
important marker in PCOS31, is increased due 
to the androgen-induced excess of small antral 

follicles18. The present study showed significant 
increases in the body weight, serum testosterone, 
insulin, and AMH levels of the letrozole-induced 
PCOS rats, which is in keeping with the previous 
findings by others19,20,32,33. In agreement with the 
current results, fenofibrate treatment decreased 
the body weight and insulin levels in previous 
studies34-36. The ability of fenofibrate to decrease 

Figure 3. Effect of fenofibrate (FN) on ovarian CD95 immunohistochemical staining in letrozole-induced polycystic ovary 
syndrome (PCOS) in rats (×200). CD95 expression of rat ovary of (A) control, (B) FN-treated, (C) PCOS, and (D) PCOS+FN-
treated groups, and (E) semiquantitative analysis of CD95 expression. Results are mean ± SEM (n = 7) of the percentage of 
CD95 positive cells/field. a,bSignificantly different (p < 0.05) from control and PCOS groups, respectively.
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testosterone and AMH seems to be secondary to 
its ameliorative effect against PCOS.

The increased formation of free radicals, and 
subsequent disturbance of the oxidant/antioxi-
dant balance, are highly involved in the patho-
genesis of PCOS. The limited capacity of the 
ovaries to resist oxidative stress and the delete-
rious effects of reactive oxygen species-activated 
signaling3-5 are responsible for PCOS-associated 
follicular atresia, diminished number and qual-
ity of oocytes, insulin resistance, obesity,  and 
hyperandrogenism37-40. Previous studies of letro-
zole-induced PCOS41 showed increased MDA and 
decreased SOD activities, supporting the current 
findings. Moreover, in harmony with our results, 
fenofibrate can modulate these parameters in pre-
mature ovarian failure17.

Induction of inflammation with improper re-
lease of several pro-inflammatory cytokines and 
diminished anti-inflammatory mechanisms is an-
other critical factor in the pathogenesis of PCOS. 
IL10, an anti-inflammatory and immune-regulat-
ing cytokine, can inhibit the synthesis of pro-in-
flammatory cytokines, including TNFα, and de-
crease insulin resistance42. Moreover, a decrease 
or polymorphism in IL10 is associated with PCOS; 
meanwhile, IL10 can reduce PCOS-induced in-
flammation43,44. On the contrary, elevated levels of 
TNFα were evident in PCOS patients45,46. Besides, 
TNFα stimulates apoptosis in cultured ovarian 
follicles47 and promotes insulin resistance and hy-
perandrogenemia48, which can contribute to PCOS 
pathogenesis. The previous reports of increased 
TNFα in letrozole-induced PCOS49, and its modu-

lation by fenofibrate in premature ovarian failure17 
support the results of the current study.

The interaction between pro-apoptotic and 
pro-survival signals in the ovarian tissue dictates 
cell life or death. Several molecular pathways, 
including the CD95 system, which involves the 
interaction of CD95, an apoptosis-inducing re-
ceptor, and its ligand CD95L, contribute to this 
cell death-promoting side of this balance. In 
healthy women, only one follicle develops into 
a mature one, followed by ovulation in each 
menstrual cycle; the remnant follicle undergoes 
atresia in varying developmental stages. How-
ever, in women with PCOS, there are numerous 
small antral follicles in bilateral ovaries with an 
inability to produce mature follicles; thus, follic-
ular development arrests, and no appearance of a 
dominant follicle, with persistent anovulation50,51. 
Estrogen is considered a survival factor for the 
maintenance of granulosa cells; consequently, 
inhibition of aromatase increases apoptosis of 
granulosa cells by reducing the conversion of 
androgen to estrogen52. Similarly, AMH causes 
follicular atresia in the PCOS, probably by in-
directly inhibiting estrogen production53. In the 
current study, decreasing the number of second-
ary follicles in the fenofibrate-treated PCOS rats 
may be attributed to lowering AMH levels, which 
leads to activation of aromatase expression and 
eventually support folliculogenesis51,54.

The PPARs are nuclear hormone receptors 
involved in different cellular functions, including 
ovarian physiology, as they can bind to estrogen 
response elements, regulate the expression of 

Figure 4. Effect of fenofibrate (FN) on relative gene expression of ovarian (A) interleukin-10 (IL10) and (B) peroxisome 
proliferator-activated receptor-alpha (PPARα) in letrozole-induced polycystic ovary syndrome (PCOS) in rats using real-time 
polymerase chain reaction. Results are mean ± SEM (n = 7). a,bSignificantly different (p < 0.05) from control and PCOS groups, 
respectively. ND: non-detected.
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aromatase, and inhibit progesterone production. 
In addition, these receptors can modulate the 
expression and activity of proteolytic enzymes 
that affect tissue remodeling and angiogenesis 
during follicular development, maturation, ovu-
lation, and luteal formation. PPARs are regulated 
by different factors such as fibrates, insulin, 
arachidonic acid, eicosanoid metabolites, thiazo-
lidinediones, and some non-steroidal anti-inflam-
matory drugs55,56. Fenofibrate is a PPARα agonist 
with antidyslipidemic, anti-inflammatory, anti-
oxidant, and anti-apoptotic effects9,12,17,57. These 
established properties of fenofibrate explain the 
curative effect of fenofibrate against letrozole-in-
duced PCOS observed in the current study.

Diagnosis of PCOS requires two out of the 
three Rotterdam criteria: oligo/anovulation, clin-
ical and/or biochemical hyperandrogenism, and 
polycystic ovaries on ultrasound58. On the other 
hand, fenofibrate could ameliorate the PCOS-as-
sociated conditions, such as weight gain35, dys-
lipidemiam59, insulin resistance60, endometrial 
hyperplasia61, high blood pressure62, depression63, 
heart problems64, stroke65, sleep apnea66, and 
non-alcoholic fatty liver disease67.

Conclusions

Concomitant treatment of female rats with 
fenofibrate protected the ovary against letro-
zole-induced PCOS. The current study showed 
that fenofibrate confers ovarian antioxidant (via 
decreasing MDA and increasing SOD), anti-in-
flammatory (via decreasing TNFα and increasing 
IL10), and anti-apoptotic effects (via decreasing 
CD95) and an increase in PPARα. Thus, the 
current results warrant further investigation of 
the possible curative effects of fenofibrate and its 
target receptor PPARα in PCOS.
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