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Purpose: Females with polycystic ovary syndrome (PCOS) are found to have hormonal and metabolic alterations. This study investigated 
the efficacy of the flavonolignan silibinin in restoring the metabolic alterations associated with letrozole-induced PCOS in rats.
Methods: The study allocated 42 albino rats into two groups. The first group was a normal control group (n=12) in which only the 
vehicle was given. The second group, the PCOS group (n=30), received letrozole (1 mg/kg/day) orally for 21 days. On day 21, six 
animals from the first group and six animals from the second group were sacrificed to confirm the development of PCOS, and the rest 
of the animals (n=24) in the second group were distributed equally into four groups: the PCOS group received vehicle, the metformin 
(MET) group received 300 mg/kg metformin orally, and the low-dose silibinin (LD-100) and high-dose silibinin (HD-200) groups 
received 100 and 200 mg/kg silibinin intraperitoneally, respectively. Blockade of the estrus cycle in the diestrus phase, hyperglycemia, 
and body weight elevation were related to a positive PCOS induction. An oral glucose tolerance test (OGTT) was also carried out for 
all animals on day 21 and on the last day of the experiment (day 40) to investigate the effect of silibinin on insulin resistance. The rats’ 
lipid profile, insulin level, estrus cycle patterns, body weight, and weights of the ovaries and uterus were also measured on day 40.
Results: A 19-day silibinin treatment led to the restoration of regular estrus cyclicity, reduced the glucose spike in OGTT analysis, and 
alleviated insulin resistance in PCOS rats. There was a statistically non-significant decrement in insulin level and lipid profile in the 
treatment groups.
Conclusion: Silibinin flavonolignan ameliorated some metabolic and reproductive alterations associated with PCOS. This could be 
related to the decreased insulin resistance, and antiandrogenic and phytoestrogenic activity of silibinin. Further study with longer term 
therapy is recommended to clarify more potential effects of silibinin and its mechanism of action in PCOS.
Keywords: metabolic alteration, impaired glucose tolerance, lipid profile, silibinin

Introduction
Polycystic ovary syndrome (PCOS) is described as an abnormal state of the female reproductive system with a multifaceted 
etiology. It manifests as menstrual irregularity, oligo-ovulation, and/or anovulation. Women with this disorder exhibit several 
metabolic changes and chronic diseases, including dyslipidemia, weight gain, hypertension, and metabolic syndrome.1 

Although the pathogenesis of PCOS is not well defined, several theories have been suggested, such as impairment of 
androgen, lipid, glucose, and insulin metabolism. There are also metabolic alterations, such as insulin resistance, impaired 
glucose tolerance, and hyperlipidemia, which are considered as risk factors for type 2 diabetes mellitus (T2DM), cardiovas-
cular disease, weight gain, infertility, and endometrial carcinogenesis.2 PCOS exhibits hyperglycemic spikes after an oral 
glucose tolerance test (OGTT), which contribute to insulin resistance, consequently resulting in hyperglycemia and metabolic 
syndrome.3 Insulin resistance, with reflex hyperinsulinemia, plays a part in metabolic changes associated with PCOS, and 
therefore PCOS and insulin resistance are often interrelated.4,5 In addition, androgen elevation and higher luteinizing hormone 
(LH) level are the principal biochemical abnormalities in women with PCOS.6 An increase in body weight is associated with 
increased androgen levels in women with PCOS.7 Thus, a complex interrelationship exists between obesity, abdominal 
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obesity, insulin resistance, androgen, and LH level in the etiology and pathogenesis of PCOS. The resulting hormonal 
imbalance, circulating hyperandrogenism and intraovarian androgen excess, lead to the appearance of a polycystic ovary, 
hyperglycemic condition, and metabolic disturbances. PCOS is frequently associated with various patterns of dyslipidemia, 
including a reduction of high-density lipoprotein cholesterol (HDL-C), and high levels of triglycerides (TG), total cholesterol 
(TC), and low-density lipoprotein cholesterol (LDL-C).8 Although the data from large series suggest that the mean values for 
circulating lipids in women with PCOS are within normal limits, up to 70% of patients have at least one abnormal lipid level 
according to the most widely used criteria of metabolic syndrome.9 Moreover, the conversion from normal to impaired glucose 
tolerance and from impaired glucose tolerance to T2DM is increased two- to five-fold in the PCOS population.10 Because of 
these increased metabolic risks, many organizations recommend screening for T2DM in PCOS women. Moreover, screening 
these women with an OGTT instead of fasting glucose is recommended because relying on fasting plasma glucose (FPG) 
alone is not adequate for the screening of disorders of glucose tolerance in women with PCOS; such diagnosis should rely on 
the results of an OGTT.11

Clomiphene citrate, exogenous gonadotropins, and insulin sensitizers, such as metformin, are used to reduce insulin 
resistance, which results in a reduction of ovarian androgen production and a consequent improvement in menstrual cyclicity. 
Because of the adverse effects that accompany conventional therapy, the use of alternative herbal medicines has been encouraged 
as a potential therapy for the treatment of PCOS. Silibinin phytoestrogen is a flavonolignan and it is a major active constituent of 
silymarin extract, derived from Silybum marianum. It has been documented to possess a wide variety of pharmacological activity, 
including anti-inflammatory, analgesic, antioxidant, antihyperglycemic, antihyperlipidemic, and antiobesity properties, and is 
also used in gynecological disorders.12,13 Silibinin possesses antihyperglycemic12,13 and antihyperlipidemic14 properties in 
diabetic and hypercholesterolemic rats, and also induces apoptosis in human prostate cancer cells through targeting Akt, NF- 
KB and androgen receptor signaling.15  In an in vivo diet-induced obesity study, silibinin restored glucose abnormalities in treated 
animals, and reversed hyperglycemia, hyperinsulinemia, and hypertriglyceridemia, through reduced adipose tissue inflammation, 
reversed obesity progression, and improved glucose homeostasis.12,14 In spite of these effects of silibinin, its action in PCOS 
disorder is unknown. On the basis of these actions of silibinin, we hypothesized that it may be beneficial in the management of 
PCOS induced by letrozole. Therefore, the aim of this study was to investigate the efficacy of silibinin on restoring the metabolic 
alterations associated with letrozole-induced PCOS in albino rats.

Materials and Methods
Experimental Animals
Forty-two female Wister albino rats aged 10–12 weeks (weighing 150–180 g) were used for the study. They were 
obtained from the animal house of the College of Pharmacy, University of Sulaimani. The rats were housed in plastic 
cages and acclimatized to the standardized environment with a 12-hour light–dark cycle, a temperature of 22±1°C, and 
a relative humidity of 50±5%, for 1 week. The experimental protocol was approved by the Ethical Committee of the 
College of Pharmacy, University of Sulaimani (registration number PH24-21, August 31, 2021). All the experimental 
procedures were conducted according to the European Communities Council Directives on Animal Care. All the animals 
were checked for three consecutive regular estrous cycles by vaginal smear examination. Rats with a normal estrus cycle 
were included in the study.

Animal Grouping and PCOS Induction
The study protocol is illustrated in Figure 1. Rats showing a normal estrus cycle were selected and randomly divided 
into two groups. The control group (n=12) received distilled water. The PCOS group (n=30) received letrozole (Denk 
Pharma, Germany; 1 mg/kg/day dissolved in distilled water) orally by gavage tube for 21 days to induce PCOS, as 
previously described.16 On day 21, six rats from the first group and six rats from the second group were randomly 
selected and sacrificed for PCOS confirmation, and the rest (n=24) were distributed into four groups. The PCOS group 
received vehicle; the metformin (MET) group received 300 mg/kg body weight metformin (Merck Sante, Germany) 
orally; the low-dose silibinin (LD-100) and high-dose silibinin (HD-200) groups received 100 mg/kg and 200 mg/kg 
silibinin 98% (Glentham Life Sciences, UK) intraperitoneally, respectively. Animals with an irregular estrus cycle 
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were excluded from the study. PCOS was confirmed by increasing weight and irregularity of the estrus cycle. 
Therefore, blockade of the estrus cycle in the diestrus phase, hyperglycemia, and body weight elevation were related 
to positive PCOS induction.17,18 The body weight of the animals was recorded on day 1 ie before administration of 
letrozole, on day 21 of administration of letrozole, and at the end of the experiment on day 40. At the end of the 
research period, the rats were euthanized and blood samples were collected from the heart of all the animals for 
measurement of the lipid profile and insulin level. The sexual organs (ovaries and uterus) and the abdominal fat 
around the ovaries (periovarian fat) and the uterine horns within the broad ligaments were dissected out and weighed 
separately for each uterine side.

Vaginal Smears
For determination of the estrus stage, vaginal smears were collected daily and evaluated microscopically using Giemsa stain 
to confirm the induction of PCOS. This examination was carried out daily starting from day 15 until day 21, as previously 
described.19 The estrus stage was determined by microscopic analysis of the predominant cell type in the vaginal smear. 
Proestrus and estrus stages consisted of a predominance of nucleated epithelial cells and anucleated cornified cells, 
respectively. The metestrus stage consisted of the same proportion among leukocytes, cornified and nucleated epithelial 
cells, while the diestrus stage primarily consisted of a predominance of leukocytes (Figure 2). Changes in vaginal cytology 
were used to interpret the changes in hormonal levels and modifications in the estrous cycle.20

Oral Glucose Tolerance Test (OGTT)
The OGTT was conducted on day 21, and after treatments with metformin and the two doses of silibinin. Rats were 
fasted for 16 hours and the glucose level was determined using tail blood samples by a glucometer (Accucheck-active, 
Roche Diagnostics) before a single oral administration of glucose (2.5 g/kg), which was considered as zero time, and at 
30, 60, 90, and 120 min after administration, as previously described.18 The total area under the curve of the glucose 
response (AUC) was calculated using GraphPad Prism 9.3.1 (GraphPad Software, California, USA).

Figure 1 Flowchart of the study design. 
Abbreviations: PCOS, polycystic ovary syndrome-induced group; MET, metformin; LD-100, low-dose silibinin; HD-200, high-dose silibinin.
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Biochemical Parameters
Serum insulin, lipid profile, TC, TG, HDL-C, and LDL-C, for all groups were measured on day 40 using an enzyme- 
linked immunosorbent assay (ELISA); the kits were purchased from BT-LAB Bioassay Technology Laboratory Jiaxing 
Korain Biotech Co. (Zhejiang, China).

Statistical Analysis
The results are expressed as mean ± SEM. The statistical significance of the data was determined by a one-way ANOVA 
followed by Tukey’s post-hoc tests, which were used to evaluate the lipid profile, insulin, and relative weight differences 
among the groups. A two-way ANOVA with repeated measures for time, followed by Tukey’s post-hoc test, was also 
used to test significant differences in OGTT and body weight between different time-points and different groups 
on days 21 and 40. The statistical analysis of the data was performed using GraphPad Prism 9.3.1 software (GraphPad 
Software). Statistical significance was set at p<0.05.

Results
Body Weight Changes
The body weight of the animals prior to PCOS induction was similar in all groups. The body weights of the animals after 
induction of PCOS by letrozole on day 21 were significantly higher than in the control group (p<0.05). There was 
a statistically non-significant change in the mean body weight of all the groups between day 21 and day 40, except in the 
LD-100 group, where a significant reduction of body weight was observed on day 40 (Table 1).

Figure 2 Vaginal cytology of rats showing phases of the estrus cycle with the cell type characterized as: (A) proestrus: consists of a predominance of nucleated epithelial 
cells; (B) estrus: cornified squamous epithelial cells; (C) metestrus: consists of mixed cells of leukocytes, nucleated cells (few), and cornified squamous epithelial cells; (D) 
diestrus: leukocytes are predominant. 
Note: Magnification: ×10.

Table 1 Body Weight Changes of the Rats Throughout the Treatment Period

Groups Day 1: Before LZ 
Administration (g) (n=6)

Day 21: After a 21-Day 
Administration of LZ (g) (n=6)

Day 40: After a 19-Day Administration of 
the Treatments (g) (n=6)

Control 154±4.85 188±9.03 191±7.31

PCOS 151±7.81 220±11.73* 221±11.45

MET 159±4.00 236±2.92*** 235±2.74*

LD-100 148.6±5.56 231.6±5.88** 222.6±6.02#

HD-200 148±3.39 229±5.10** 227.6±6.76

Notes: Values are presented as mean±SEM, n=6 rats per each group. Two-way repeated measure ANOVA was used. *p<0.05, **p<0.01, ***p<0.001: significantly different 
versus control. #Significantly different between different time-points (days 21 and 40). 
Abbreviations: PCOS, polycystic ovary syndrome-induced group; MET, metformin; LD-100, low-dose silibinin; HD-200, high-dose silibinin; LZ, letrozole.
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Relative Ovarian and Uterine Weights, and Abdominal Fat Weight at the End of the 
Experiment
The changes in the relative weight of the ovaries and uteri at the end of the experiment were not significant in any of the 
treated groups compared to the control, the PCOS group, or within treatment groups. The weight of abdominal fat 
decreased in the silibinin groups, and the reduction was statistically significant in the HD-200 group (p<0.05) (Table 2).

Oral Glucose Tolerance
An OGTT was performed on day 21 and day 40 for all rats in the experiments.

On day 21, OGTT analysis showed that the glucose level at 60 min after glucose loading was significantly increased 
in the PCOS groups (PCOS, MET, LD-100, HD-200) compared to the control group (Figure 3A). In general, in normal 
conditions after glucose loading, the serum glucose level increases to the peak level, and within 120 min it comes down 
into the normal range again, but this was not observed in the PCOS groups (PCOS, MET, LD-100, HD-200) on day 21. 
This indicates the induction of PCOS and development of insulin resistance status.

On day 40, OGTT analysis in animals treated with low and high doses of silibinin, as well as MET, showed no 
significant spike in glucose level after 60 min compared to the control group, suggesting an amelioration in the impaired 
glucose tolerance status that developed as a result of letrozole. However, at 120 min, all groups exhibited a decrement in 
glucose level in a significant manner, nearly comparable to the control group (Figure 3B). Furthermore, no differences in 
the 0 to 120-min AUC value for glucose existed among the groups (Table 3).

Insulin Level
The serum level of insulin on day 21 was elevated, which indicated hyperinsulinemia in letrozole-treated rats. On day 40, 
the serum insulin level remained high in the PCOS group. There was a statistically non-significant decrement in insulin 
level in the treatment groups of metformin, LD-100, and HD-200 (Figure 4).

Lipid Profile
Administration of letrozole to the animals in all the groups for 21 days resulted in considerable elevations in TC, TG, and 
LDL-C, and a reduction in HDL-C level. At the end of the experiment, the study data showed that the treatment 
interventions with metformin and LD-100 did not have any effect on the return to normal values of the elevated level of 
these parameters owing to letrozole treatment, while HD-200 noticeably reverted the elevation of TG and LDL-C 
levels nearly to the control values, in a non-significant manner (p>0.05). None of the treatments used in the experiment 
reverted the reduction in HDL-C to the normal value (Figure 5A–D).

Table 2 Relative Ovarian and Uterine Weights, and Abdominal Fat Weight, on Day 40

Groups Relative Weight of Ovary at the End 
of the Experiment (g)

Relative Weight of Uterus at the End 
of the Experiment (g)

Abdominal Fat at the End of 
the Experiment (g)

Control 0.038±0.002 0.212±0.021 3.478±0.322

PCOS 0.044±0.002 0.170±0.024 3.782±0.270

MET 0.042±0.004 0.182±0.018 3.528±0.526

LD-100 0.048±0.002 0.222±0.030 2.354±0.366

HD-200 0.042±0.004 0.144±0.017 1.750±0.138*a

Notes: Values are presented as mean±SEM, n=6 rats per each group. One-way ANOVA was used. *p<0.05: significantly different versus control. Superscript letter (a) 
indicates significant difference from the PCOS group. 
Abbreviations: PCOS, polycystic ovary syndrome-induced group; MET, metformin; LD-100, low-dose silibinin; HD-200, high-dose silibinin.
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Discussion
It is well known that PCOS is accompanied by reproductive complications (hyperandrogenism, menstrual irregularity, 
anovulation, and infertility) and metabolic dysfunction (dyslipidemia, glucose intolerance state, T2DM, and cardiovas-
cular complications).21 Insulin resistance with compensatory hyperinsulinemia is proposed as a key pathophysiological 
feature of PCOS, contributing to both reproductive and metabolic disturbances.22 Not all women with PCOS are insulin 
resistant or develop compensatory hyperinsulinemia, implying that these features are not essential for the development of 
PCOS. However, androgen excess and higher LH level, with metabolic dysfunction, are the principal biochemical 
abnormalities in women with PCOS. To validate the effect of the silibinin on metabolic alterations associated with PCOS, 
the present study investigated the glucose intolerance state, lipid profile, and some weight parameters in a PCOS model 
developed by oral administration of letrozole in albino rats.

In this study, the PCOS-induction model was achieved by a 3-week administration of letrozole,16 a non-steroidal 
aromatase inhibitor, which suppresses aromatization, paracrine signaling, folliculogenesis, and ovarian function.23 It has 
been used to produce endogenous hyperandrogenism.24 In female rats, letrozole disrupts estrus cyclicity and increases the 
weight of the ovaries, with multiple cysts, thin granulosa cell layers, thickening of the theca cell layers, and atretic 
follicles. It can also increase gonadotropin and testosterone levels and decrease estrogen levels.16,25 In the present study, 
administration of letrozole for 21 days successfully enabled the induction of PCOS in all allocated animals. This was 
evidenced by irregularity in the estrus cycle, particularly blockade of the estrus cycle in the diestrous phase for a longer 

Figure 3 Effect of silibinin on oral glucose tolerance test on (A) day 21 and (B) day 40. 
Notes: Values are expressed as mean±SEM, n=6 rats per each group. Two-way repeated measure ANOVA was used, followed by Tukey’s multiple comparison test. Non- 
identical letters (a,b,c,d) indicate significant differences between different time-points and different groups. 
Abbreviations: PCOS, polycystic ovary syndrome-induced group; MET, metformin; LD-100, low-dose silibinin; HD-200, high-dose silibinin.

Table 3 Area Under the Curve for Oral Glucose Tolerance Test on Days 21 and 40

Groups AUC (mg.min/dL) – Day 21 AUC (mg.min/dL) – Day 40

Control 13,116±371 13,047±422.2

PCOS 15,813±883.3 14,583±441.1

MET 17,151±633.5 14,274±516.8

LD-100 16,167±292.1 14,607±383.5

HD-200 15,360±489.3 14,499±477.6

Notes: Values expressed as mean±SEM. One-way ANOVA followed by Tukey’s multiple comparison test was used. 
Abbreviations: AUC, area under the curve of blood glucose; PCOS, polycystic ovary syndrome-induced group; 
MET, metformin; LD-100, low-dose silibinin; HD-200, high-dose silibinin.
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Figure 4 Effects of silibinin on serum insulin level on day 40. 
Notes: Values are presented as mean±SEM, n=6 rats per each group. One-way ANOVA was used, followed by Tukey’s test. 
Abbreviations: PCOS, polycystic ovary syndrome-induced group; MET, metformin; LD-100, low-dose silibinin; HD-200, high-dose silibinin.

Figure 5 Effect of silibinin on lipid profile on day 40, including serum (A) cholesterol, (B) triglyceride, (C) low-density lipoprotein, (D) high-density lipoprotein. 
Notes: Values are expressed as mean±SEM, n=6 rats per each group. Ordinary one-way ANOVA was used, followed by Tukey’s multiple comparison test. 
Abbreviations: PCOS, polycystic ovary syndrome-induced group; MET, metformin; LD-100, low-dose silibinin; HD-200, high-dose silibinin.
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time (data not shown), and increased body weight, hyperglycemia, and disruption of lipid profile parameters, as 
previously reported.17,26 Vaginal smear histology analysis is a key indicator of ovarian physiology, and in the present 
study it was used as a diagnostic tool to assess the normality of the estrus cycle. Obesity and abdominal obesity worsen 
the clinical features of menstrual irregularity and infertility,27 and are related to the metabolic dysfunction accompanying 
PCOS development.28

Most polyphenolic compounds with pleiotropic activities exert their anti-PCOS action through a reduction of body 
weight and the restoration of hormonal and estrus cycle irregularities.29 Herbal medicines with phytoestrogenic activity 
have a potential binding affinity for estrogen receptors;30,31 this feature provides the possibility for silibinin agent to be used 
as a therapeutic approach in the treatment of PCOS. Although the 19-day treatment with metformin 300 mg/kg and the two 
doses of silibinin had a tremendous effect on restoring the estrus cycle (data not shown), the effects of the treatments on 
body weight were not significant at the end of the experiment. This may be related to the duration of the treatments, which 
was too short to prevent fat accumulation or act on adipocyte parameters. Comparable results were reported with respect to 
metformin in an in vivo study conducted by Ndeingang et al, in which a high dose of metformin (500 mg/kg/day) was 
unable to reduce body weight; however, the use of clomiphene as a first line treatment for PCOS was superior in the 
amelioration of body weight.32 In another in vivo study on PCOS, in which metformin was used as a standard control in 
assessing the effect of rutin on metabolic and biochemical aspects of PCOS, the results showed no significant changes in 
weight gain, abdominal circumference, or thoracic circumference among rats in different groups.26

In an in vivo study of diet-induced obesity, silibinin reversed the progression of obesity, improved glucose home-
ostasis, and ameliorated inflammation of adipose tissue.33 Attenuation of inflammation by silibinin treatment has also 
been described in several disease models, and the effects were attributed mainly to silibinin’s ability to suppress the 
nuclear factor kappa B (NF-κB) pathway, and its downstream expression of pro-inflammatory cytokines, particularly 
tumor necrosis factor-ɑ and interleukin-1β.34 In addition, silibinin can activate transcriptional factors involved in cellular 
defense against inflammatory and oxidative challenges, such as nuclear factor-erythroid-2 (NF-E2)-related factor 2 
(Nrf2).35 These effects are coupled with the potent antioxidant effects of silibinin, by which further attenuation of 
inflammatory events is achieved. In agreement with these theories, the well-established inhibitory effects of silibinin on 
NF-κB could explain the antiobesity effects of silibinin.

In the PCOS condition, the ovarian and uterine weights of the animals did not increase significantly; these non- 
significant findings may be contributed to the rapid metabolic response of the animals, or a longer duration of exposure of 
letrozole may have been required to obtain significant changes in ovarian pathology.26

A previous investigation on obese women with PCOS reported that the women had significantly increased glucose levels 
during an OGTT.5 In the present study, letrozole treatment led to dysglycemia, including impairment on the OGTT. The 
effect on the overall glucose intolerance status was not superior following silibinin treatment, at the end of the experiment. 
This could be explained by the short duration of the treatment, which was sufficient for restoration of the estrous cyclicity to 
the normal phases, but was not long enough to revert and improve the glucose intolerance status and insulin resistance.

Dyslipidemia is another characteristic feature associated with PCOS.36 Although many women with PCOS have 
normal levels of lipids, up to 70% of patients have at least one abnormal lipid level.37 In our study, elevation of several 
lipid profile contents, ie cholesterol, TG, and LDL-C, and a noticeable reduction in HDL-C, were observed in the 
letrozole-treated group. There were no ameliorative effects of metformin and silibinin on these metabolic changes 
associated with PCOS, except that HD-200 slightly reduced TG and LDL-C. This finding is inconsistent with the effects 
of Silybum marianum in decreasing LDL-C, TC, and plasma glucose levels, reported by Tóth et al in a meta-analysis.38

The restoration of the estrus cycle and amelioration of some metabolic parameters in the silibinin-treated groups could be 
associated with the antiandrogenic and phytoestrogenic activity of silibinin. The antiandrogenic effect of silibinin has been 
documented in in vitro studies of prostate cancer cells, which investigated anticancer effects in human prostate cancer cells 
through androgen receptor degradation,39 or inhibition of lipid metabolism in prostate cancer cells. It is well established that 
letrozole-induced PCOS alters the normal physiology and endocrine secretion owing to the increased androgen levels. Moreover, 
an abnormal increase in androgens leads to the induction of insulin resistance, thus reducing glucose tolerance.40 Many 
preclinical and clinical studies have revealed the antihyperglycemic action of silibinin, which reduces the fasting blood glucose 
level and glycosylated hemoglobin level, as well as reducing the glycemic level in patients with T2DM.12,41 Based on the 

https://doi.org/10.2147/DMSO.S377404                                                                                                                                                                                                                               

DovePress                                                                                             

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 2778

Marouf                                                                                                                                                                 Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


findings of Chen et al, silibinin protects β-cells from glucotoxicity through the regulation and improvement of the insulin-induced 
gene 1/sterol regulatory element binding protein-1c (Insig-1/SREBP-1c) pathway,42 and it takes part in potentiating the insulin 
secretion by the β-cells, restores glucose homeostasis, and reverses hyperglycemia, hyperinsulinemia, and 
hypertriglyceridemia.33 Furthermore, it has been suggested that silibinin may be a potential agent for glycemic control and 
metabolic disorders through farnesyl X receptor (FXR) activation and NF-κB inhibition.43

The findings of this study revealed that silibinin has a role in the treatment of PCOS induced by the aromatase 
inhibitor letrozole. It can be seen that this pleiotropic agent exerts many pharmacological effects, which improve the 
glucose intolerance status and lipid profile. However, the current study found less significant beneficial effects on PCOS 
compared to other studies.

Conclusion
Silibinin flavonolignan ameliorated some of the abnormal metabolic and reproductive alterations associated with PCOS. 
This could be related to the decreased insulin resistance, and antiandrogenic and phytoestrogenic activity of silibinin. 
Further study with longer term therapy is recommended to clarify more potential effects of silibinin and its mechanism of 
action in PCOS.
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