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ABSTRACT
Background: Polycystic ovarian syndrome (PCOS) is a heterogeneous 
reproductive disorder and the most common endocrinopathy that 
leads to anovulatory infertility. PCOS is associated with wide spectrum 
of complications in various health aspects including anovulation, 
hyperandrogenism, hirsutism, infertility and menstrual disturbance. 
Metabolic dysfunctions like obesity, dyslipidemia, diabetes mellitus, 
cardiovascular risk and changes in psychological feature such as mood 
disorders and decreased quality of life are also associated with PCOS. 
Disruption in secretion rates and metabolism of androgens, estrogens 
and other reproductive hormones is the major characteristic of PCOS. 
Balancing the disrupted hormone levels is therefore an effective treatment 
strategy in managing PCOS. Materials and Methods : PCOS was induced 
in female Sprague Dawley rats with body weights between 180-200g by 
administrating oral doses of letrozole for 21 days. After PCOS induction, 
different combinations of mimosine, β-sitosterol and diosgenin along with 
clomiphene citrate were administered for 15 days. Body weight, food 
intake, water intake and cage side observations were recorded during 
the study. Serum testosterone, FSH, LH, estrogens and progesterone, 
oxidative enzymes and lipid profile were measured to determine the 
efficacy of treatments. Ovarian histopathological features were also 
examined by light microscopy. Results: Rats after letrozole induced PCOS 

showed significant aberrations in hormonal levels (p≤0.001, 0.01) compared 
with the normal control group indicating induction of PCOS. The treatment 
with combinations of phytochemicals was found to be effective in resolving 
and normalizing the disrupted levels of hormones and other biochemical 
parameters caused due to PCOS. Significant histological changes in 
ovarian histology after PCOS induction was found to have resolved 
among all treatment groups, indicating the ovarian recovery following 
therapy. Conclusion: Results indicate the effectiveness of treatment with 
a combination of bioactive phytochemicals for balancing reproductive 
hormone levels. The results suggest that abnormality in hormonal level 
and changes in ovarian histoarchitecture due to PCOS may be reversed 
with treatment regimen of administering bioactive phytochemicals as an 
adjunct with clomiphene citrate.
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Combination of Phytochemicals in the Management of  
Polycystic Ovarian Syndrome Induced in Rats

INTRODUCTION
Polycystic ovarian syndrome (PCOS) is a heterogeneous reproductive 
disorder of uncertain etiology. Approximately 10% of women of child 
bearing age are affected by this disorder.1 It is the most common 
endocrinopathy causing anovulatory infertility.2 PCOS is associated 
with wide spectrum of complications affecting different health aspects, 
including anovulation, hyperandrogenism, hirsutism, infertility, 
menstrual disturbance, obesity, dyslipidemia, diabetes mellitus, 
cardiovascular risk, mood disorders and decreased quality of life.3

Although the definite cause of PCOS has not been clearly understood, 
disruption in secretion rates of hormones and changes in metabolism 
of androgens and estrogens are major characteristics of PCOS. 
The serum concentrations of testosterone, androstenedione and 
dehydroepiandrosterone are generally high in PCOS women.4 The 
resulting increase in insulin levels causes gonadotrophin-releasing 
hormone (GnRH) levels to escalate, which results in increased 
luteinizing hormone (LH) secretion. Insulin resistance caused by 
increased insulin level and increased LH causes abnormal secretion of 
androgens and decreases the synthesis of oestradiol.4 Studies have shown 
that conversion of progesterone into testosterone by ovarian theca cells 
is increased in women with PCOS compared with healthy women.5 In 
response to increased LH levels, theca cells produce androgens; therefore, 
androgen levels also in blood increase in PCOS women. These increased 
levels of androgens (especially testosterone) disrupt synthesis of follicle 
stimulating hormone (FSH), causing dysfunction of ovulation and other 
reproductive organs.6,4 Many studies have suggested that oxidative stress 
also contributes to PCOS, along with hormonal imbalance.7 Indeed, 
treatment with antioxidant supplements improves insulin sensitivity.8

Clomiphene citrate, Metformin and Tamoxifen are currently used in 
the management of PCOS. However, treatment with these drugs results 
in many side effects including nausea, vomiting and loss of appetite. 
Clomiphene citrate along with Metformin is the most widely used 
treatment regimen used in the management of PCOS. Clomiphene 
citrate has a structure similar to estrogens; it binds to estrogen 
receptors and mimics a situation of low estrogens levels.9,10 Reduced 
level of estrogen stimulates increased secretion of FSH, which triggers 
ovulation.11 On the other hand, many scientific studies have proven 
that various phytoconstituents are effective against female reproductive 
disorders. Consumption of phytochemicals in sufficient amounts is also 
effective in management of several metabolic disorders.12 Thus, use of 
phytochemicals could potentially be an alternate strategy to manage 
PCOS.

MATERIALS AND METHODS
Bioactive Phytochemicals: Mimosine, β-sitosterol, 
Diosgenin
Mimosa pudica L. (‘Touch me not’ plant) is an annual, perennial 
herb commonly used in management of various female reproductive 
disorders. Mimosine is the major compound in Mimosa pudica and has 
strong estrogenic and tumor suppressing properties.13-15 In the current 
study mimosine (M) (C8H10N2O4), purchased from Sigma Aldrich 
with 99% purity was used in Sprague Dawley rats induced with PCOS.  
A 6mg/kg dose of mimosine was used for evaluating the efficacy.16,17
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β-sitosterol (B) is an important phytosterol found in many medicinal 
plants and useful in management of urinary problems. It has potent 
glucose lowering effect, lowers cholesterol level and improves insulin 
receptor sensitivity.18,19 β-sitosterol (C29H50O) was purchased from Sigma 
Aldrich (99% purity) and was used at a dose of 400mg/kg for evaluating 
the efficacy.
Diosgenin (D) is a steroid saponin which is used in lowering glycemic 
index and as an anti-inflammatory, antiproliferative and antioxidant 
agent.20 Diosgenin is also used in the treatment of type II diabetes mellitus 
due to its inhibitory activity against α-amylase and α-glucosidase.21,22 
Diosgenin (C27H42O3) was purchased from Sigma Aldrich (99% purity) 
and was used at a dose of 40mg/kg dose in the current study.
The correlation between PCOS and oxidative stress was evaluated in the 
current study by recording levels of the antioxidant enzymes like catalase, 
superoxide dismutase (SOD), glutathione peroxidase, lipid peroxidase 
(LPO) and glutathione-s-reductase. An attempt has been made to combine 
clomiphene citrate (CC) with bioactive phytochemicals to lower the side 
effects of clomiphene citrate treatment.23 In the current study, therefore, 
a combination of phytochemicals is used as an adjunct with clomiphene 
citrate in the management of PCOS.
In current study Super oxide dismutase (SOD) was assayed by the method 
of Kakkar et al. (1984); Glutathione peroxidase activity was measured by 
the method of Rotruck (1973), and Catalase activity was measured by the 
method of Patterson et al. (1984). Lipid peroxidation assay was carried 
out by estimating Thiobarbituric acid reactive substances (TBARS) by 
the method suggested by Okhawa et al. (1989).24-27

All hormonal assays were conducted using specific kits manufactured 
by ABNOVA, Taoyuan city, Taiwan. (FSH-Catalog Number KA2797; 
Estradiol - Catalog Number KA3641; LH- Catalog Number- KA2796; 
Progesterone - Catalog Number KA2803).

PCOS Model
Healthy adult (7–10 weeks old) nonparturient female albino Sprague 
Dawley rats, weighing between 180-200 gm were procured from Bharat 
Serum and Vaccines Pvt. Ltd., Thane, Mumbai, India. Animals were 
housed in the clean and dry polypropylene cages (B. I. K Industries, 
Mumbai, India) at the animal house facility (CPCSEA No.: 315/
PO/Re/S/2000/CPCSEA) of Ramnarain Ruia Autonomous College, 
Matunga, Mumbai, India. They were provided with sterilized, clean and 
dry corn cob bedding and acclimatized at 22 ± 3°C, relative humidity of 
50-55% with 12 hr light-dark cycle (artificial light, 6.00 a.m. to 6.00 p.m.) 
for seven days prior to the experiment. Before experimentation the stool 
samples were collected and sent for examination for parasitic infection 
to the department of veterinary parasitology, Bombay Veterinary 
College, Mumbai, India. The stool samples were found to be clinically 
normal and devoid of parasites. Letrozole being an aromatase enzyme 
inhibitor is known to induce PCOS in rats and the model has been 
used in earlier studies. A 1mg/kg dose of letrozole was administered for 
21 days to induce formation of cysts in the rat ovary.22 PCOS induced 
rats were randomly grouped in six animals per group and were given 
different treatment regimen for 15 days post PCOS induction (Table 1). 
The protocol used in the study was approved by the Institutional Animal 
Ethics Committee of Ramnarain Ruia Autonomous College, Matunga, 
Mumbai, India (Protocol No. RRC/IAEC/03/2018).
Various hormonal and biochemical parameters were evaluated to 
determine the therapeutic potential of the treatment regimen used. 
Each rat was examined every day for fur color, hair loss, eyes, general 
activity, genitals, tail and mouth. Individual body weights of animals 
were recorded, along with the water and food intake in each cage for the 
entire duration of the study. Animals in the letrozole control group were 

sacrificed by CO2 intoxication after 21 days of letrozole treatment. Normal 
control and treatment groups were sacrificed on 37th day of treatment. 
Blood was collected from retro-orbital plexus. All blood parameters 
were evaluated in the serum. Ovaries and uterus were excised and used 
for biochemical and histopathological evaluation after recording their 
weights. For histological evaluations, ovarian tissue was excised from all 
rats during autopsy at the end of the study period. Small pieces of ovarian 
tissue were fixed in neutral formalin for 24 hr. After fixation, the tissue 
was washed in water to remove the excess fixative. Washed tissues were 
then dehydrated through a graded series of ethyl alcohol, cleared with 
xylene and embedded in paraffin. Sections of 5 to 7 μm thicknesses were 
cut, mounted on glass slides, stained with hematoxylin and eosin and 
observed under a light microscope. A collage of multiple images was 
prepared using the automatic panorama stitching software; AutostitchTM 
(Copyright University of British Columbia, 2005).

Statistical Analysis
The raw data obtained was systematically categorized and statistically 
evaluated for significance. All values are expressed in tables as mean± 
SEM (standard error of the mean). One way ANOVA followed by Tukey 
test was used for multiple comparisons between various treatment 
groups. Statistical analysis was performed using Microsoft Excel®, and 
GraphPad Prism®. The significance of the difference was fixed at p < 0.05.

RESULTS
During the letrozole induction period, slimy stools were observed in 
50% of the treated rats, although other cage-side observations remained 
normal during the study period. The food intake of letrozole control rats 
was significantly increased compared to the normal control rats (Figure 1).  
No significant difference was found in water intake of all treated rats 
(Figure 2). Body weight changes of rats in all treatment groups showed no 
significant difference as compared with normal control. Weight of ovaries 
was significantly increased in letrozole control group as compared with 
the normal control group. Other treatment groups showed no significant 
difference in ovary and uterus weights when compared with those of 
normal control group (Figure 3).

Table 1: Treatment groups of the study.

Test groups Treatment 
Dose 

administered 

Normal control D/W 1mL/kg body 
wt

Letrozole control Letrozole 1mg/kg body 
wt in CMC

CC Clomiphene citrate 1mg/kg body 
wt in CMC

CC+M+B
Clomiphene citrate (1mg/kg) + 

Mimosine (6mg/kg) 
+ β-sitosterol (400mg/kg)

407mg/kg body 
wt in CMC

CC+M+B+D

Clomiphene citrate (1mg/kg) + 
Mimosine (6mg/kg) 

+ β-sitosterol (400mg/kg) + Diosgenin 
(40mg/kg)

447mg/kg body 
wt in CMC

M+B+D
Mimosine (6mg/kg) + β-sitosterol 

(400mg/kg)  
+ Diosgenin (40mg/kg)

446mg/kg body 
wt in CMC
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Effect of Treatment on Hormonal Levels, Blood 
Biochemistry and Antioxidants
Measurement of hormonal levels (testosterone, LH, estradiol, 
progesterone and FSH) is one of the effective diagnosing strategies in 
PCOS. The consistent feature in PCOS is the elevated levels of serum 
testosterone, LH, FSH, and decreased levels of serum estradiol and 
progesterone. The testosterone level in Letrozole control group was 
significantly elevated (p ≤ 0.001) as compared to all other treatment 
groups and normal control group (Table 2). The testosterone levels in all 
treatment groups were significantly decreased (p > 0.05). In the present 
study, 15 days of treatment with all combinations significantly decreased 
the testosterone level, which correlates with the trends reported in earlier 
studies.28 The level of LH was highest in the letrozole control group and 
showed significant differences as compared to the normal control group, 
as well as the other treatment groups. LH level in letrozole control group 
was 2.5 times more than normal control group (p < 0.001). The levels 
of LH in CC+M+B, CC+M+B+D, M+B+D and clomiphene citrate 
treated groups indicated almost complete recovery after treatment  
(Table 2). The levels of FSH were also significantly elevated in the 
letrozole-induced PCOS group as compared to clomiphene citrate, 
CC+M+B, and CC+M+B+D treated groups. Treatment given with pure 
phytochemicals M+B+D showed FSH levels closest to normal control 

group as compared to other treatment groups. The results correlate 
with the observations of Kafali et al. 2004, who reported decrease in 
estrogen concentrations corresponding with increased FSH in PCOS. In 
comparison to the Letrozole control group, all treatment groups showed 
significant recovery in FSH levels. The progesterone level in Letrozole 
control group was significantly low and was about 78% less than that 
in normal control group. Progesterone level in other treatment groups 
recovered after treatment and were comparable to those of the normal 
control group.
Hormonal imbalance in PCOS leads to the insulin resistance, which 
in turn increases blood sugar levels and further elevates the levels of 
cholesterol and triglycerides. In the current study, the levels of blood 
sugar was significantly elevated in letrozole control group (p ≤ 0.001) 
(Table 3). Rats of all treatment groups showed recovery in blood sugar 
level as compared with normal control group. The recovery was best in 
the groups treated with combinations, CC+M+B+D (Table 3). Similarly, 
the recovery in levels of cholesterol was significant in rats treated with 
clomiphene citrate, CC+M+B, CC+M+B+D (Table 3). Triglycerides 
levels in all treatment groups were found to be similar to the normal 
control group, although they were significantly decreased in the 
clomiphene citrate treated groups.
With respect to the antioxidants, all treatment groups showed catalase 
levels similar to those of normal control group. There were also no 
significant differences found in SOD levels in rats of all treatment groups 
when compared to normal control group. The rats of the treatment group, 
M+B+D, however, showed significant reduction in SOD activity as 
compared to the Clomiphene citrate group (Table 4). Lipid peroxidation 
activity was significantly elevated in the rats of Letrozole control group 
while there were no significant changes in lipid peroxidation activity in 
rats of all other treatment groups as compared to normal control group 
(Table 4). There was no significant change found in activity of glutathione 
peroxidase in all treatment groups as compared to normal control rats. 
The rats treated with CC+M+B and CC+M+B+D, however, exhibited 
significant increase in glutathione s-transferase levels as compared to 
clomiphene citrated treated group (Table 4). It is interesting to note that 
the rats treated with pure phytochemicals, M+B+D showed the levels of 
antioxidants similar to other treatment groups indicating the efficacy of 
pure phytochemicals in the management of oxidative stress associated 
with PCOS.

Histology of the Ovary
Ovaries of rats from the control group exhibited normal histological 
features (Figure 4a). In the rats of letrozole control group, the ovary 
exhibited many cystic follicles and damaged thecal layer (Figure 4b). In 
rats treated with CC after induction of PCOS, the ovary showed graafian 
follicles, secondary follicles, corpus luteum and cystic follicles (Figure 
4c). In rats treated with CC+M+B, graafian follicles were observed more 
in number as compared to other treatment groups (Figure 4d). Ovaries 
of rats treated with CC+M+B+D showed increase in corpus luteum, 
primordial and secondary follicles, as well as few well-developed graafian 
follicles. There were many secondary follicles in the corpus luteum (Figure 
4e). In rats treated with pure phytochemicals combination, M+B+D, 
the ovary showed normal cytoarchitecture with thecal and granulosa 
cells along with well-developed follicles. The follicular development 
is indicated with the presence of developing secondary and graafian 
follicles without any presence of cystic follicle which clearly indicates the 
efficacy of pure phytochemicals in the management of PCOS.

DISCUSSION
In rats with letrozole induced PCOS, the serum levels of testosterone, 
FSH, and LH were increased, while progesterone level decreased with 

Figure 1: Effect of treatments on food intake of rat.

Figure 2: Effect of treatments on water intake of rat.

Figure 3: Effect of different treatments on weight of ovary and uterus 
of rats (a* - compared with normal control group, p ≤ 0.05).
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Table 2: Effect of treatments on testosterone, LH, estradiol, progesterone and FSH levels.

Test Groups Testosterone ng /mL
Luteinizing Hormone (LH) 

mIU/mL
Estradiol pg/mL Progesterone ng /mL

Follicle stimulating Hormone
(FSH) mIU/mL

Normal control 19.14±1.56 0.12±0.02 24.29±8.81 8.39±3.61 0.86±0.39

Letrozole control 245.76±31.61 (a***) 0.31±0.08 (a***) 26.18±1.11 1.77±0.31(a*) 1.65±0.44

Clomiphene citrate 19.64±9.78 (b***) 0.15±0.06 (b**) 23.93±1.36 7.55±1.31 0.36±0.08 (b***)

CC+M+B 10.99±7.28 (b***) 0.15±0.08 (b**) 21.32±6.49 12.41±11.65 0.73±0.35 (b**)

CC+M+B+D 19.14±3.11 (b***) 0.17±0.05 (b**) 24.6±6.16 8.99±0.42 0.49±0.13 (b***)

M+B+D 6.06±0.71 (b***) 0.05±0.01 (b***) 23.29±4.49 6.38 ± 0.39 0.88±0.39 (b*)

All values listed as Mean± SE, (*) – p ≤ 0.05, (**) – p ≤ 0.01, (***) – p ≤ 0.001.
a – compared with normal control group, b – compared with the letrozole control group

Table 3: Effect of treatments on blood sugar, cholesterol and triglycerides levels.

Test Groups
Random Blood Sugar 

mg/dl
Cholesterol  

mg/dl
Triglycerides  

mg/dl

Normal control 82.88±8.16 41.48±2.12 163.87±26.77

Letrozole control 110.67±13.41 (a***) 39.33±3.61 157.33±3.44

Clomiphene citrate 94.48±6.92 33.69±5.03 111.04±40.17 (a*)

CC+M+B 86.01±11.8 (b**) 40.12±5.59 (b*) 135.33±43.82

CC+M+B+D 79.83±9.28 (b***) 42.17±8.35 142.67±40.58

M+B+D 87.83±10.44 (b**) 43.83±5.78 124.33±36.62

All values listed as Mean± SE, (*) – p ≤ 0.05, (**) – p ≤ 0.01, (***) – p ≤ 0.001.
a – compared with normal control group, b – compared with the letrozole control group

Table 4: Effect of treatments on catalase, SOD, LPO, glutathione peroxidase,  
glutathione-s-transferase levels.

Test Groups
Catalase (Units/

mg protein)
Super Oxide Dismutase (SOD) 

Units/mg protein
Lipid Peroxidation (LPO)  

Nmole / g Hb

Glutathione 
peroxidase (µg 

GSH utilized/mg 
protein/min)

Glutathone 
s-transferase 
(microgram/l)

Normal control 18.46±1.66 21.96±1.19 95.44±11.98 3.28±0.52 26.56±3.44

Letrozole control 15.47±0.28 18.37±0.31 115.47±0.38 (a*) 3.71±0.17 28.03±0.51

Clomiphene citrate 19.84±0.65 26.68±11.92 97.34±4.57 3.55±0.35 32.61±1.99

CC+M+B 17.21±2.89 18.97±3.45 109.14±10.24 3.32±0.33 23.21±3.88 (c**)

CC+M+B+D 18.39±3.05 19.06±2.27 111.04±12.79 3.68±0.48 24.65±1.7  (c*)

M+B+D 15.51±3.25 17.59±2.57 (c*) 96.43±14.16 3.59±0.71 28.43±2.75

All values listed as Mean± SE, (*) – p ≤ 0.05, (**) – p ≤ 0.01, (***) – p ≤ 0.001.
a – compared with normal control group, c – compared with the Clomiphene citrate group.

no significant difference observed in estradiol levels. These findings 
are concurrent with earlier reported studies.28 In the current study, 
rats treated with the combination of pure phytochemicals, Mimosine, 
Diosgenin and β-sitosterol shows recovery in imbalanced hormonal 
level after PCOS induction. This indicates the significant antiandrogenic 
effect of the treatment regimen with phytochemical combination. In the 
current study Mimosine, β-sitosterol and Diosgenin are administered 
in different combinations along with Clomiphene citrate (1mg/kg) as 
CC+M+B, CC+M+B+D and without clomiphene citrate as M+B+D 
(pure phytochemicals). The rats treated with the combination, M+B+D 
and those treated with combinations of phytochemicals with clomiphene 
citrate showed significant recovery, as compared with normal control 
group, in various altered physiological parameters associated with 
PCOS.

The treatment regimen of combination of pure phytochemicals, 
as evaluated in the study, is found to be effective in decreasing the 
elevated testosterone and LH levels and balancing the altered estradiol, 
progesterone and FSH levels in PCOS induced rats. Treatment with the 
combination of the pure phytochemicals resulted in significant recovery 
of other blood parameters like cholesterol, sugar and the levels of 
antioxidants like catalase, LPO, glutathione peroxidase and glutathione-
s-reductase. In the current experimental study, PCOS induced rats treated 
with various combinations of phytochemicals showed restoration of lipid 
profile and profile of oxidative enzymes close to those of normal control 
rats. In histopathological evaluation, ovaries from PCOS induced rats after 
treatment with combinations of phytochemicals, showed corpus luteum, 
primordial follicles and secondary follicles in increasing number which 
is a positive sign of recovery of ovarian activity after PCOS induction. 
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Corpus luteum is necessary for the secretion of progesterone, which 
regulates the menstrual cycle and supports the endometrial changes for 
implantation. The histological observations of the current study correlate 
well with the biochemical findings and corroborate the beneficial effects 
of treatment regimen with a combination of phytochemicals.14,16,17,20,22

The results of this study suggest that the treatment with a combination 
of Mimosine, β-sitosterol, Diosgenin is effective in the management 
of PCOS and helps in restoring the hormonal imbalance as well as 
other blood parameters that are altered in PCOS. The recovery of 
various parameters including hormonal levels after induction of PCOS 
in the rats of CC+M+B+D in noteworthy. The observations on this 
treatment group support the potential use of this treatment regimen 
with phytochemicals as an adjuvant with clomiphene citrate. This could 
not only reduce the dose of clomiphene citrate used but also avoid the 
undesirable effects of clomiphene citrate in PCOS patients. The current 
study, therefore, demonstrates the feasibility of considering a treatment 
regimen using a combination of phytochemicals as an alternate strategy 
in the management of PCOS.
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