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Abstract: 

Introduction: PCOS the most common endocrinopathy of reproductive-aged 

females is hallmarked by characteristics of polycystic ovary syndrome and 

biological hyperandrogenism and hyperinsulinism. Fenugreek seeds have proven 

to be beneficial in the treatment of PCOS because of their antiandrogenic and 

anti-hyperglycaemic effects. The present study was aimed to evaluate the effect of 

aqueous extract of fenugreek seed in PCOS rats. Materials and method: 

Twenty-four female Wistar rats were divided into two groups: Group 1 served as 

a (control group, n=10) received saline (0.9%NaCl) while Group 2 (PCOS control 

group, n=30) received letrozole (1mg/kg) to induce PCOS. After 21 days, PCOS-

induced rats were divided into two groups. One group was treated with the 

aqueous extract of fenugreek seeds and another group was treated with metformin 

(300mg/Kg) for 21 consecutive days while the control group continued to receive 

saline. At the end of the experiment ovaries were removed for histological 

examination and blood collected for the estimation of Insulin, Testosterone, and 

Lipid profile. Result: Compared with the control group, Letrozole administration 

in rats exhibited significant alterations in serum testosterone, insulin activity, 

glucose and Lipid profile (P<0.001). Acyclicity of the estrus cycle with cysts 

were also detected. In Fenugreek and metformin groups restoration of normal 

ovarian stroma, normalization of estrous cycle with reduced levels of testosterone 

(P<0.001), insulin (P<0.001), glucose (P<0.001), and cholesterol (P<0.0001) were 

observed. Discussion: These findings suggest that aqueous extract of fenugreek 

showed better amelioration in the regulation of impaired insulin resistance, 

hyperandrogenaemia, and ovarian dysfunction in PCOS. 
 

 
Keywords: PCOS, Fenugreek, Letrozole, Hirsutism, Hyperandrogenism 

 

*Correspondence: Bushra Manzoor Lodhi, Department of Physiology, University of Karachi, Karachi, Pakistan, Tel: 

03152487959, Email: lodhibushra4@gmail.com 

 

Introduction 

Polycystic ovary (Stein Leventhal Syndrome) is one of the major endocrine and metabolic 

disorders of women affecting approximately 4-10% women of reproductive women [1, 2].  It is 

characterized by hyperandrogenism, multiple small ovarian cysts, irregular menstrual cycles, and 

anovulation. The elevated level of testosterone leads to inhibition of aromatization of androgens 

which ultimately increased the androgen levels.  Hirsutism, acne, weight gain, miscarriage, 

infertility, high anxiety levels, depression are also associated with PCOS [3]. The exact etiology of 

this syndrome is still unidentified and it remains the most perplexing and multifactorial disorder of 

the female reproductive system.  

Many therapies have been used to manage the signs and symptoms of PCOS. Metformin has been 

used as the primary choice for the derangements caused by PCOS [4]. Metformin is an insulin-

sensitizing agent act by inhibiting hepatic gluconeogenesis[5]. It regulates the level of insulin and 

reduces the free testosterone in the blood. Metformin also controls ovarian hyperandrogenism in 

PCOS. However, long-term administration of metformin produces gastrointestinal side effects [5, 6]. 
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Insulin resistance and the associated compensatory hyperinsulinemia are the common manifestations 

in PCOS women and may act as a core pathogenetic factor in the development of this syndrome. 

Insulin resistance and hyperandrogenism are interrelated with each other and play a central role in 

the occurrence and development of PCOS [7]. 

Due to the high cost of fertility treatments, the use of Complementary and Herbal Medicines 

(CAMs), an alternate treatment with herbs is increasing globally for the treatment of chronic diseases.  

Fenugreek (Trigonella foenum-graecum) is a homegrown herb and it has been used as an anti-diabetic 

and anti hypercholesterolemic agent in both human and animal studies [8]. The active components of 

the fenugreek extract such as flavonoids, saponins, alkaloids, steroids, and fibers are responsible for 

the hypoglycemic effects of the fenugreek herb.  

This study was designed to evaluate the impact of Fenugreek seeds on the reproductive, 

androgens, insulin resistance, and lipid parameters in letrozole-induced PCOS. To create a PCOS 

model in rats, we used letrozole, the third-generation non-steroidal aromatase inhibitor. The aromatase 

is the key enzyme that converts testosterone and androsterone into estrogen. The aromatase enzyme is 

inhibited by the letrozole, by its competitive binding and increases ovarian androgens, which results in 

hyperandrogenism, leading to disturbed estrous cycle, polycystic ovaries, and hirsutism [9]. 

 

Materials and Methods 

Preparation of Aqueous Extract of Fenugreek Seeds  

Fenugreek Seeds were purchased from the local market. After collection, cleaned fenugreek 

seeds were dried and powdered finely with an herbal grinder. 20 grams of powdered fenugreek seeds 

were boiled in 500ml of distilled water for 1 hour. The boiled extract was left for a whole night and 

then filtered making up to 500ml again with distilled water [10]. The fenugreek aqueous extract can be 

stored in the refrigerator for further use. 

 

Selection of Animals  
24 female Albino Wistar Rats (nine weeks old, 110-120 gram weight) were purchased from the 

animal house of Panjwani Medical Centre (PCMD). The rats were placed in an animal house of the 

Department of Physiology, University of Karachi. The experimental protocols were approved by the 

Institutional Animal Care and Use Committee and strictly                                     

                                                                                             

                                                                                                

                -hour light-dark cycle with free access to water, and a balanced pellet diet. After 1 

week of the acclimatization period, the estrous cycle was observed daily with the help of vaginal 

smearing till the end of the experiment.  

 

Grouping of Animals 

In the first phase, 24 rats were divided into two groups. 1
st
 Group (Control group, n=6) received saline 

(0.9%NaCl) while the 2
nd

 group (PCOS control group, n=18) received letrozole 1mg/kg body weight 

to induce PCOS. The weight of each rat was taken after every 2 days. After 21 days of treatment, few 

rats were sacrificed to confirm the presence of PCOS.  

In the second phase, the control group continued to receive saline (0.9% NaCl) whereas PCOS-

induced rats were divided into two equal groups. One group (Group III) was treated with the aqueous 

extract of fenugreek seeds (1mg/Kg body weight) while the other group (Group IV) was treated with 

metformin (300mg/Kg body weight) for 21 days. Before sacrificed, all rats were weighed and fasted 

overnight. After the infusion of anesthesia (C                                                    

                                                                                    -               

were collected and fixed in 10% formalin for the histological examination.  

 

Preparation of Vaginal Smear 
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Vaginal smears were collected by using used cotton bud method to identify the stage of 

cyclicity from 42 days of age till the end of the experiment. In this method, the cotton bud is dip in 

normal saline (0.9 NaCl) and injected approximately 10 mm into the depth of the vagina by rotating at 

an angle of about 45º. After gently removing the swab, the vaginal secretions were smeared on the 

clean labeled glass slides. The smeared slides were heat-dried and stained with a 0.1% crystal violet 

stain for at least 1 mint followed by quick washing of the slide in distilled water to remove the excess 

stain on slides [11]. The slide of prepared vaginal smear observed under a light microscope using 10x 

magnification to analyze the cytological changes in the estrous cycle. 

 

Statistical Analysis 
Statistical evaluations were performed with SPSS software (version 22.0). Data were expressed 

as mean ± SD. One-way ANOVA with Tukey test was applied to examine the statistical difference 

among the groups and P<0.05 was considered to be significant. 

 

Results: 

Mean length of the Estrous Cycle 

The Control group (Group I) showed regular estrus cycles of 4-5 days (Figure 2) which 

comprised of proestrus, estrus, metestrus, and diestrus (Figure 1A, 1B, 1C, and 1D). Light microscopic 

analysis showed no structural abnormalities in the control group (Group I) whereas the PCOS induced 

group (Group II) showed the presence of numerous leukocytes, persistent diestrus phase (figure 1E), 

and the non-identified phase known as pseudo-diestrus phase (Figure 2). In Group III (fenugreek 

treated group) and Group IV (metformin-treated group), no changes were observed in the pseudo-

diestrus phase during the first fifteen days which gradually restored to normal estrous cycle with an 

increase in metestrus phase. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Phases of the estrous cycle of rats: (A) showing normal proestrus phase; (B) represents normal 

estrus phase; (C) showing normal metestrus phase; (D) representing normal diestrus phase; (E) showing the 

abnormal phase of the estrous cycle which normally appear in PCOS, also called as the Pseudodiestrus phase. 

 

Changes in Body Weight   

PCOS-induced rats exhibited a significant increase in their body weight concerning the 

normal control group (P<0.01). However, treatment with fenugreek and metformin advanced to a 

significant decrease in their body weight as compared to PCOS induced group (P<0.05).  
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Figure 2. Mean length of estrous cycle phases: Group I showed normal cycle; Group II showed irregular 

cycles with the increased no of pseudo-diestrus phase; Group III showed marked recovery in estrous cycle 

phases with the complete disappearance of pseudo-diestrus phase and Group IV as well showed 

improvement in the estrus phases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Comparison of body weight in all groups: control group I show significant increase in their 

weight; PCOS-induced control group II demonstrate increased in their weight; Fenugreek group III show 

significant decline in the weight and Metformin group IV illustrate decline in their body weight. 
 

 

Comparison of Endocrine Variables among the Groups 

Table 1 showed that Group II exhibited a highly significant increase in glucose, insulin, and 

testosterone levels as compared to the control group(P<0.001). On the other hand, a significant 

decrease in glucose,  insulin, and testosterone levels was observed in the fenugreek and metformin-

treated group with respect to PCOS induced group (P<0.001).  

 

Table 1: Comparison of Endocrine variables of rats among the groups 

GROUPS Glucose(mg/d

l) 
Insulin  

µU/ml) HOMA- IR 

Testosterone  

ng/dl) 

Normal  Control 

Group (Group I) 

80.8±3.488 
5.45±0.580 

1.05±0.127 
31.85±0.62 

PCOS induced 

Group (Group II 

107.5±3.507 

## 

9.32±0.394 

## 

2.398±0.116 

## 

60.22±0.932 

## 
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Fenugreek Group 

(Group III) 

91.5±6.8920 

# 

^ 

6.60±0.454 

# 

^ 

1.398±0.114 

# 

^ 

23.47±0.550 

# 

^ 

Metformin Group 

(Group IV) 

81.83±3.488 

#* 

5.00±.1633 

# * 

1.206±0.049 

# *
 

18.75±0.506 

# * 

Values are presented as mean ± S.D, applied one-way ANOVA followed by Tukey test 

 (n=6), ns= not significant 

P < 0.001# significantly different from control group. 

P >0.05 ##significantly different from control group. 

P < 0.001^ significantly different from PCOS treated with Fenugreek. 

P < 0.001* significantly different from PCOS treated with Metformin. 

 

 Effect of Different Treatments on Biochemical Changes among the Groups 

Table 2 showed the comparison of different trea                 ’                            /         

the PCOS induced group significant increase in plasma total cholesterol (TC), triglycerides (TG) 

(P<0.0001) while a highly significant decline in High-density lipoproteins (HDL) (P<0.0001) were 

observed as compared to the control group (group I). Non-significant changes were observed in the 

levels of LDL (P>0.05).  

Administration of aqueous extract of fenugreek seed (group III) showed a significant increase in 

plasma levels of HDL (P<0.0001) with a significant decrease in TC, TG (P<0.0001), and LDL showed 

a non-significant decrease in their values (p>0.05). Metformin group showed no significant effect on 

plasma LDL (P>0.05) while a significant effect was observed on TC, TG, HDL levels (P<0.0001). 

 

Table 2: Effect of different treatments on biochemical changes among the groups                      

GROUP Parameters  

 CHOL (mg/dl) TGs (mg/dl) HDL (mg/dl) LDL (mg/dl) 

Normal  Control Group (Group 

I) 
115.4±5.97* 86.24±9.52* 32.14±1.79* 48.22±6.03** 

PCOS induced Group (Group 

II 
145.12±2.12* 92.50±0.577* 17.70±0.945* 33.47±0.550** 

Fenugreek Group (Group III) 74.47±0.550* 54.25±0.500* 62.95±1.10* 6.20±0.469** 

Metformin Group (Group IV) 104.3±0.478* 65.30±0.476* 61.97±1.41* 44.90±62.73** 

Values are presented as mean ± S.D, applied one-way ANOVA followed by Tukey test 

 (n=6). 

 *P<0.0001 vs. control vs. letrozole vs. fenugreek seed vs. metformin (one-way ANOVA followed by 

TUKEY test)  

**p>0.005 vs. control vs. letrozole vs. fenugreek seed vs. metformin (one-way ANOVA followed by 

TUKEY test) 

 

Comparison of Histological Examination of Ovarian Sections 

Figure 4 illustrates the histological examination of all groups of rats. Ovarian tissue sections showed 

that the normal Control group (Figure A) appears to have healthy follicles in various developmental 

stages with predominant corpus luteum while in the PCOS induced group (Figure B) many cystic 

follicles were observed. Some follicles were filled with secretion while no evidence of granuloma was 

found. Rats treated with metformin (Figure C) showed corpus luteum and follicle with multiple layers 

of granular cells. The fenugreek group (Figure D) showed improvement and decrease in the number of 

cysts and healthy corpus luteum as well. Figure E showed para tubular cyst of a fallopian tube in the 

PCOS induced group whereas F showed fallopian tubes of a normal control group.  

 



  Bushra Manzoor Lodhi et al 
Biosight 2021; 02(02): 13-21 

18 
 

 
Figure 4:  Photomicrograph of Transverse Histological Section of Ovary of different groups. (A)Showed  

Control Group With Corpus Luteum And Healthy follicle; (B)Showed PCOS induced Group With Cysts; (C) 

Metformin Group With Multi-Layer Granular Cells Follicle; (D) Fenugreek Group Showed Prominent Corpus 

Luteum And Small Occasional Cystic Follicle; (E) Showed Para tubal Cyst  Of Fallopian Tube in PCOS 

induced group; (F) Fallopian Tube of normal control group. 

 

Discussion: 

Several animal models of PCOS have been developed over many decades. In the present study, 

letrozole (an aromatase inhibitor) was used to develop a rodent model and to investigate the 

therapeutic intervention of PCOS with the help of fenugreek seeds [12]. The results of our study 

showed that prepubertal exposure of Letrozole in female Wistar rats causes the development of 

ovarian cysts, hyperandrogenism, and hormonal disturbances which represents the clinical 

manifestation of human PCOS in many ways [13]. In the current years, clinical studies have reported 

the effectiveness of fenugreek seed on PCOS treatment [14]. This study was aimed to evaluate the 

hypoglycemic, anti-androgenic, and hypocholesterimc effect in PCOS-induced rats. 

The induction of PCOS was confirmed by an irregular estrus cycle with persistent vaginal 

cornification and elevated levels of testosterone. The control group showed the normal estrous cycle 

throughout the whole experiment. PCOS-induced rats exhibited irregular estrous cycles along with a 

prolonged diestrus phase followed by an unknown phase, this phase is also called as pseudo-diestrus 

phase, in which few leukocytes were present but no other cells were seen [15, 16]. Treatment of 

PCOS-induced rats with metformin and fenugreek seeds restored the normal estrous cycle in rats [17].  

The changes in ovarian morphology include the appearance of polycystic ovaries with few 

corpora lutea in the PCOS-induced group as compared to the normal control group [17]. In Fenugreek 

treated group reduced no of cysts with different numbers of corporal lutea were observed which is an 

indicator of a normal estrus cycle [18]. PCOS-induced rats that were treated with metformin showed 

normal ovarian cortex and corpus luteum with a thick layer of granulosa cells [19].  

Moreover, PCOS induced group showed an increase in their body weight compared to the control 

group. In treatment groups, the weight of PCOS-induced rats was restored to their normal levels [20, 

21].  
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PCOS is associated with multiple hormonal and metabolic derangements manifested in the 

form of hyperglycemia, insulin resistance, and resultant hyperinsulinemia. Many studies have reported 

the induction of hyperglycemia in Letrozole-induced PCOS animal models [22]. Our study also found 

elevated glucose levels in PCOS-induced rats as compared to the control group. The treated groups 

(Fenugreek and Metformin) have been shown to cause hypoglycemia which is incongruity with the 

previous findings. In the present study, insulin resistance with concomitant hyperinsulinemia was 

observed in the PCOS-induced group with respect to the normal control group. PCOS-induced rats 

treated with metformin and fenugreek group showed a significant decrease in insulin levels as 

compared to the PCOS-induced group [19] (Table 1). 

Furthermore, PCOS-induced rats had elevated testosterone levels as compared to the control 

group because letrozole blocks the conversion of androgen substrate into estrogen [23]. Both 

fenugreek seed extract and metformin assisted in the reduction of testosterone levels in PCOS rats 

which is in agreement with earlier findings [19, 24].  

Several studies have reported the dyslipidemic effect of Letrozole which might be a 

consequence of hyperandrogenism (Table 2) [23]. The results of our study showed elevated plasma 

lipids (TC, TGs,) and low levels of HDL and LDL than the control group. Fenugreek extract 

administration resulted in decreased TC, TGs levels whereas it did not have a profound effect on 

plasma HDL and LDL levels. Literature reveals that some active components of fenugreek like 

saponin and galactomannan are involved in reducing lipids except HDL (25).  Metformin treated 

group showed a significant change in TC, TG, and HDL like the control group except for LDL which 

shows the non-significant difference (P >0.05) [17, 23].  

 

Conclusion: 

We concluded from the current study that letrozole served as the convenient model of PCOS. 

The aqueous extract of fenugreek seeds possesses hypoglycemic, hypoandrogenic, and 

hypocholesterologenic effects. Fenugreek could serve as an anti-infertility therapeutic agent by 

preventing hormonal disturbances, ovarian cell dysfunction and restoring the normal ovarian 

architecture. Thus, due to the broad-spectrum effects of fenugreek seeds, it might be used in the cure 

of endocrine and ovarian derangements in PCOS.  
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