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POLYCYSTIC ovarian syndrome (PCOS) is a heterogenous, endocrine, metabolic, and 
multidisciplinary disorder of reproductive-aged females. As such, the study purpose was 

to discover out the impact of Ashwagandha (Withania somnifera L.) roots powder on PCOS - 
caused by Letrozole (1 mg/kg. per orally) for 21 days in female rats. Phenolic and flavonoids 
compounds in ashwagandha roots using HPLC revealed the presence of gallic acid, Chlorogenic 
acid, Caffeic acid, Syringic acid, Coumaric acid, Vanillin, Ferulic acid, Naringenin, Daidzein, 
quercetin, Cinnamic acid, Kaempferol and Hesperetin. The IC 50 value of the Withania 
somnifera L. roots sample, which is the concentration of the sample necessary to block 50% 
of the DPPH free radical, was 36.57 ug/mL. Thirty-five female albino rats weighing (150 ± 5 
g) were separated to 5 groups (7 rats each). The first group was fed on a basal diet as control 
negative group, the four groups were given orally letrozole to cause PCOS, then one of them was 
kept as positive PCOS control. The remaining three groups were fed on basal diet supplemented 
with three tested levels of dried ashwagandha roots at (2.5%, 5%, 7.5%, respectively), for 28 
days. The obtained results indicated that Ashwagandha roots powder significantly (p<0.05) 
reduced body weight, ameliorating lipid profile, Malondialdehyde  (MDA), Luteinizing 
Hormone (LH) and Thyroid-stimulating hormone (TSH) , while causing an elevated level of 
high-density lipoproteins, hormones (Follicle Stimulating Hormone and progesterone) along 
with increased the activities of the antioxidant enzyme catalase. The highest improvement for 
the above parameters and histopathological examination of the ovary was recorded at the rats 
fed on 7.5% Ashwagandha roots powder. Finally, Ashwagandha roots can be considered as a 
supportive supplement in therapies of PCOS.

Keywords: Ashwagandha; Polycystic Ovary Syndrome; Sex Hormones; Lipid Profile; Rats. 

8

Ameliorating Effect of Dried Ashwagandha (Withania Somnifera L) 
Roots on Letrozole-Induced Polycystic Ovary Syndrome in Female 
Rats
Neveen S. Ismail1, Amal M. Kawila2 and Eman S. Ibrahem3

1Department of Nutrition and Food Science, Faculty of Home Economics, Helwan 
University, Cairo, Egypt
2Department of Home Economics Faculty of Specific Education, Tanta University, 
Tanta, Egypt
3Regional Center for Food and Feed, Agricultural Research Center, Giza, Egypt

Egyptian Journal of Food Science 
http://ejfs.journals.ekb.eg/

*Corresponding Author: E-mail: janatorky2012@gmail.com	
 Received : 8/7/2025; Accepted : 10/8/2025
DOI: 10.21608/EJFS.2025.401802.1217
©2025 National Information and Documentation Centre (NIDOC)

Introduction                                                                         

Polycystic ovary syndrome (PCOS) represents 
the most frequent endocrine disorder in females 
globally during their reproductive years, with 
prevalence estimates ranging from 6% to 20% 
(Escobar-Morreale, 2018). This condition 
is associated with several complications, 

as approximately 69% of affected women 
experience infertility, 51% develops amenorrhea, 
and 41% struggle with obesity (Penzias et al., 
2017). PCOS is characterized by hormonal 
imbalances that disrupt regular menstruation and 
is classified into four primary subtypes: insulin-
resistant PCOS, inflammatory PCOS, post-pill 
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PCOS, and the hidden cause of PCOS (Ding et al., 
2018; Zhang et al., 2018). In PCOS, the ovaries 
generate excessive androgens, which interfere 
with the normal development of ovarian follicles. 
Consequently, anovulation occurs due to the 
failure to form and release a mature egg, leading 
to potential difficulties in achieving pregnancy 
(Ndefo et al., 2013).  Being overweight or obese 
can exacerbate the signs of PCOS.  These signs 
may include the absence of menstrual periods, 
insulin resistance, and the presence of ovarian 
cysts, irregular menstrual cycles, and weight gain 
(Azziz et al., 2006; Kumar et al., 2018). 

The etiology of PCOS is complex and 
multifactorial, involving factors such as genetic 
predispositions that disrupt normal ovarian 
function, the use of contraceptive medications, 
excessive adrenal gland activity in childhood, 
elevated insulin levels, and hormonal imbalances, 
as well as stress (Azziz et al., 2006). PCOS is 
frequently linked to a range of related health 
conditions, including infertility metabolic 
syndrome, obesity, and impaired glucose 
tolerance; type 2 diabetes mellitus, cardiovascular 
complications, depression, obstructive sleep 
apnea, endometrial cancer, and nonalcoholic 
fatty liver disease or nonalcoholic steatohepatitis. 
Given this wide array of potential comorbidities, 
clinicians are advised to consider thorough 
evaluations even with subtle indications in 
patients presenting with PCOS (Norman and 
Teede, 2018). The therapeutic potential of 
medicinal plants often arises from the combined 
effects of their various active constituents (Epidi 
et al., 2016). Among these plants, Ashwagandha 
(Withania somnifera L.) is an annual member 
of the Solanaceae family, commonly referred to 
as winter cherry. Its utilization in Ayurvedic and 
Unani medical systems has a history spanning 
3000 to 4000 years. The roots of Ashwagandha are 
a primary plant part employed for their therapeutic 
properties (Rajeswara Rao et al., 2012). 

Studies on the phytochemical composition 
of Withania somnifera L. have identified a range 
of chemical constituents, including steroidal 
compounds, alkaloids, phenolic compounds, and 
saponins (Patil et al., 2013; Singh et al., 2023; Nile 
et al., 2021). The aerial parts, roots, and berries of 
Withania somnifera L. are reported to contain a 
diverse array of compounds, encompassing over 
12 alkaloids, approximately 40 withanolides, 
and several sitoindosides (Saleem et al., 2020). 
Additionally, the roots have been shown to 

include alkaloids, amino acids, steroids, a 
volatile oil, starch, reducing sugars, glycosides, 
hentriacontane, dulcitol, and withaniol (Saini et al., 
2022). It is suggested that withanolides, present in 
the plant, contribute to the stimulation of immune 
system cell activation through their antioxidant 
activity, (Teixeira et al., 2017), has antiviral 
activity (Latheef  et al., 2017), anti-inflammatory 
(Balkrishna et al., 2020), anti-cancer (Malik et 
al., 2021; Singh et al., 2021; Lee et al., 2022), 
anti-depressant, anti-anxiety, cardioprotective, 
thyroid modulating, neuroprotective, cognitive 
enhancing and hematopoietic agent (Bhattacharya 
& Muruganandam, 2003; Singh et al., 2010; 
Sharma et al., 2011). Furthermore, research 
studies endorse the application of Ashwagandha 
in addressing infertility and hormonal imbalances 
(Sengupta et al., 2018; Lopresti et al., 2019). 
Due to the biological and nutritional importance 
of ashwagandha roots and their bioactive 
phytochemicals, this study aimed to investigate the 
potential of Ashwagandha (Withania somnifera 
L.) roots powder in improving symptoms of 
PCOS in female rats. 

Materials and Methods                                                  

Materials
Dried roots of Ashwagandha (Withania 

somnifera L.) were obtained from herbalist 
shops in Cairo, Egypt. Letrozole was bought 
from The Egyptian Pharmaceutical Company 
Trade, Cairo, Egypt. Casein was acquired from 
Morgan Chemical Co. (Cairo, Egypt.), while the 
components of the diet, specifically cellulose, 
vitamins, and minerals, were obtained from the 
Company El-Gomhoriva Pharmaceutical (Cairo, 
Egypt.). Starch, soybean oil, and sucrose were 
purchased from local commercial sources. All 
chemicals and kits utilized for the biochemical 
analyses were acquired from the Gamma Trade 
Company for Pharmaceutical and Chemical 
(Dokki, Egypt).

Rats
Forty adult female Sprague Dawley albino 

rats, with an average weight of 150 ± 5 g, were 
obtained from the animal housing facility at the 
Food Technology Research Institute (Cairo, 
Egypt.).

Methods
Preparation of plant powder 
Dried roots of Ashwagandha were thoroughly 

rinsed with running water to eliminate foreign 
particles, muck, and dust, thereafter dried at a 
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low temperature (50 – 60 °C), and crushed into a 
powder under sanitary circumstances by using a 
coffee grinder into a fine powder.

Determination polyphenols and anti-oxidants 
activity in ashwagandha roots

 Polyphenols components were identified 
and quantified by HPLC as described by El-
Houfi, (2015). This assay was conducted in 
chromatography Lab., Central laboratories 
Network, National Research Center, Egypt.

Evaluation of antioxidant activity in 
ashwagandha roots using the DPPH radical 
scavenging method

The free radical scavenging activity of various 
leaf extracts was assessed using the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) assay. Specifically, 
a 0.1 mM solution of DPPH in ethanol was 
prepared. One milliliter of this solution was then 
added to 3 mL of different ethanolic extracts at 
varying concentrations (3.9, 7.8, 15.62, 31.25, 
62.5, 125, 250, 500, and 1000 µg/mL). Only 
extracts soluble in ethanol were used, and their 
respective concentrations were obtained through 
serial dilution. The resulting mixtures were 
vigorously shaken and allowed to incubate at 
room temperature for 30 minutes, after which 
absorbance was measured at 517 nm using a UV-
VIS spectrophotometer (UV-VIS milton roy). 
Ascorbic acid was employed as the reference 
standard, and all tests were performed in triplicate. 
The IC50 value, defined as the concentration of 
the extract required to inhibit 50% of the DPPH 
free radicals, was determined from the log dose-
inhibition curve. An inverse relationship between 
absorbance and free radical scavenging activity 
was observed, where lower absorbance indicated 
greater scavenging activity (González-Palma et 
al., 2016). The percentage of DPPH scavenging 
impact was calculated according to the following 
equation:

DPPH scavenging effect (%) = A0 - A 1 / A0 × 100.

where A0 was the Absorbance of control reaction 
and A1 was the Absorbance in presence of test or 
standard sample.

Induction of polycystic ovary syndrome 
PCOS was caused in female rats with the 

administered of letrozole at the concentration of 
1 mg/kg p.o. dissolved in 1% of carboxmethly 
cellulose once daily orally for 21 days (Kafali 
et al., 2004). After those 21 days, five rats were 
sacrificed to ensure the induction of PCOS, while 
the other 28 rats were used in the study.  

Experimental design
The standard diet (AIN-93M) was formulated 

based on the composition outlined by Reeves 
et al., (1993). The biological experiments were 
performed following the guidelines set forth by 
the Institute of Laboratory Animal Resources, 
Commission on Life Sciences, National Research 
Council (NRC, 1996). Thirty-five female rats 
were housed for approximately one week in well-
ventilated cages within the animal facility at the 
Agricultural Research Center, under conditions 
meeting standard health requirements, and were 
provided a basal diet for acclimatization. Access to 
food and water was provided without interruption 
throughout the experimental duration. Following 
this period, the rats were randomly assigned 
to one of five groups (n = 7): Group 1 received 
only the basal diet and served as the negative 
control. Group 2, the positive control, consisted 
of rats with induced PCOS and was fed the 
basal diet. The remaining three groups consisted 
of rats with induced PCOS and were fed on the 
basal diet supplemented with 2.5, 5, or 7.5% 
Ashwagandha root powder. During the 28-day 
experimental period, feed intake was calculated 
daily and body weight gain was recorded weekly. 
Body weight gain percentage (BWG %) and feed 
efficiency ratio (FER) was calculated according 
to Champman et al. (1959) using the following 
equation: 

BWG (%) = [(Final weight – Initial weight) / 
Initial weight] × 100

FER = (Total body weight gain in grams over 28 
days) / (Total feed intake in grams over 28 days)

Blood collection and serum separation
At the conclusion of the 28-day period of 

experimentation, blood samples were obtained 
from the rats following a 12-hour fasting peri-
od. The rats were anesthetized using ether, and 
blood was collected from the abdominal aorta. 
The samples were then placed into clean cen-
trifuge tubes and allowed to coagulate at room 
temperature (25°C). Subsequently, serum sepa-
ration was achieved by centrifuging the sam-
ples at 3,500 rpm for 10 minutes, as outlined 
by Stroev and Makarova (1989). The resulting 
serum was carefully transferred to sterile tubes 
and stored at -18°C until further analysis. Fol-
lowing blood collection, the ovaries were ex-
cised from each rat, rinsed with normal saline 
to remove any residual blood, and preserved in 
10% neutral formalin for subsequent histopath-
ological examination.  
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Biochemical analysis
Triglycerides (TGs), total cholesterol (TC), 

high density lipoproteins cholesterol (HDL-C) 
and low-density lipoproteins cholesterol (LDL-C) 
were determined in serum as described by Ahmadi 
et al. (2008), Fossati and Prenape (1982); Lopes-
Virella et al. (1977); Richmod (1973), respectively. 
Very low-density lipoprotein cholesterol 
(VLDL-C) was calculated using Friedewald’s 
formula. VLDL-c (mg/ dL) = TG/5. Calorimetric 
measurement of follicular stimulating hormone 
(FSH) and luteinizing hormone (LH) used to be 
carried out the usage of the Fahim et al. (1982) 
techniques. Serum level of  thyroid stimulating 
hormone (TSH) was analyzed by colorimetric 
competitive enzyme immunoassay using 
individual ELISA kit according to Bhowmich 
et al. (2007). Serum level of progesterone was 
assessed by Gama kits as described by Lavaee et 
al. (2021). Malondialdehyde (MDA) was assayed 
quantitatively in serum according to Ohkawa et 
al., (1979). Catalase (CAT) activity was evaluated 
using the procedure detailed by Wheeler et al. 
(1990).

Histopathological examination 
The ovaries from all the sacrificed rats were 

collected and placed in 10% formalin solution. The 
fixed tissue samples were then trimmed, washed, 
and dehydrated using a series of increasing alcohol 
concentrations. Following this, the samples were 
cleared in xylol, embedded in paraffin, sectioned 
at 4-6 μm thickness, and stained with hematoxylin 
and eosin for microscopic examination of the 
ovaries, as outlined by Bancroft and Stevens 
(1996). The histopathological analysis was 
performed at the Faculty of Veterinary Medicine, 
Cairo University. 

Statistical analysis 
The data resulting from the biological 

evaluation of each group were statistically 
analyzed (mean ± standard error) using the 
SPSS software package and compared across 
groups using the appropriate test (least significant 
differences at P < 0.05), as outlined by Sendecor 
and Cochran (1979).

Results and Dissction                                                

PCOS is a prevalent hormonal condition 
in women of reproductive age (Tamadon et 
al., 2018). The PCOS traits are elevated body 
weight, dyslipidemia, hyperandrogenism, an-
ovulation, high level of LH and low level of 
FSH and progesterone. PCOS is associated with 

various forms of dyslipidemia, characterized by 
reduced HDL-C levels, elevated triglycerides, 
total cholesterol, and LDL-C levels (Karateke et 
al., 2018). Ndeingang et al. (2019) reported that 
oxidative stress biomarkers such as MDA and CAT 
are abnormal in patients with PCOS. As well, the 
development of the small antral follicles and the 
establishment of multiple cystic ovaries were also 
observed in PCOS patients. PCOS is characterized 
by elevated androgen levels in women, a condition 
termed hyperandrogenism. This hormonal excess 
interferes with the regular menstrual cycle and 
reproductive capacity. Ovarian characteristics 
of this disorder can include the development of 
small, fluid-filled cysts and frequent ovulatory 
dysfunction (Kafali et al., 2004). The main risk 
factor for evolving PCOS is diet, where the fats 
and proteins diet can differentiate advanced 
glycation end products (AGEs) when susceptible 
to sugar in the bloodstream, which provide 
to elevated bodily stress and inflammation 
(Diamanti-Kandarakis et al., 2012). These results 
agree with the results obtained. The development 
of polycystic ovaries can be triggered by an excess 
of secondary endogenous androgens (Abbott 
et al., 2005). Letrozole, an aromatase inhibitor, 
can be used to achieve these goals by inhibiting 
the conversion of androgens into estrogen. The 
resulting reduction in aromatase activity may 
lead to increased androgen production within the 
ovaries, with a concurrent decrease in estrogen 
levels, ultimately contributing to the formation 
of polycystic ovaries. The oral administration of 
letrozole to adult rats for at least 21 consecutive 
days induces drawbacks such as moderate weight 
gain and abdominal adiposity acyclicity (Moradi 
et al., 2021). As seen from the histopathological 
investigation of this work. 

Table 1 indicated that the higher concentration 
of phenolic and flavonoids compounds in 
Withania somnifera, L. roots powder is gallic 
acid, chlorogenic acid and Querectin, while 
the moderate concentration of phenolic and 
flavonoids compounds in Withania somnifera 
L. roots powder is naringenin, syringic acid 
and caffeic acid and the low concentration of 
phenolic and flavonoids compounds in Withania 
somnifera L. roots powder is Vanillin, Hesperetin 
and Kaempfero. Data in Table 2 pointed out 
that the IC50 value of the Withania somnifera L. 
sample, which is the concentration of the sample 
necessary to block 50% of the DPPH free radical 
was 36.57 µg/mL.
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The results in Table 3 suggest that Withania 
somnifera L. may help mitigate the weight gain 
associated with PCOS in female rats. The body 
weights of the rats receiving the root powder 
are significantly lower than those of a positive 
control, indicating a potential benefit of this herbal 
supplement in managing weight issues related to 
PCOS. Rats fed on 7.5%. Withania somnifera L. 
roots powder recorded as the best treatment for 
BWG% and FER. Overall, incorporating Withania 
somnifera L. into the diet could be a promising 
approach to support weight management in 
conditions like PCOS. These outcomes align 
with those articulated by Abd Elmeged et al. 
(2024) who founded that diet supplemented 

TABLE 1. Identification of polyphenols compounds in Withania somnifera L. roots powder using HPLC.

Compounds  Concentration (µg/g)
Gallic acid 174.74
Chlorogenic acid 170.70
Caffeic acid 26.82
Syringic acid 30.15
Coumaric acid 9.72
Vanillin 6.16
Ferulic acid 15.17
Naringenin 43.76
Daidzein 35.81
Querectin 58.61
Cinnamic acid 7.50
Kaempferol 1.86
Hesperetin 4.15

TABLE 2. Evaluation of antioxidant activity of Withania somnifera L. roots by DPPH radical scavenging.

Sample concentration (µg/mL)
DPPH scavenging% IC50

µg/mL
1000 90.3

36.57

500 82.0
250 73.9
125 65.2
62.5 56.2
31.25 47.5
15.625 39.0
7.8125 30.4

3.9 21.6
1.95 16.9

0 0.0
IC 50: The concentration of sample required to inhibit 50% of the DPPH free radical 

with different levels of ashwagandha plant (2.5, 
5.0, 7.5%), for 28 days. reduce feed intake and 
increase body weight gain and feed efficiency 
ratio. Additionally, Bashir et al. (2023) observed 
that ashwagandha can diminish feed consumption. 
These findings concur with those presented by 
Vaidya et al. (2024) who stated that ashwagandha 
able to improve the utilization of glucose and 
keep the body weight in normal range.

Table 4 showed impact of Withania somnifera 
L. roots powder on lipid profiles. Results indicated 
that the mean value of TG, TC, LDL and VLDL in 
the control positive group was significantly higher 
than that of negative controls, while HDL had 
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opposite trend. The results indicated that treatment 
with Withania somnifera L.  roots powder at the 
three tested levels induced a significant (P<0.05) 
decrease in serum concentrations of TG, TC, 
LDL and VLDL levels and increase in serum 
level of HDL compared to positive controls.  
The results suggest that Withania somnifera L. 
root powder is effective in ameliorating lipid 
disturbances associated with PCOS in female 
rats, with a notable dose-response effect. Higher 
concentrations of the supplement are associated 
with greater reductions in lipid levels, which 
points to its potential as a dietary intervention to 
manage PCOS-related dyslipidemia. The study 
indicates that Withania somnifera L. could be a 
promising natural therapeutic agent for improving 
lipid profiles in females with PCOS, particularly 
at higher doses. 

These results with agreement with Anwer 
et al. (2017) and Ali (2021) who recorded 
that Withania somnifera L. was administered 
orally once a day for 5 weeks, resulted in a 
significant lowering in TC, TG, LDL-c, VLDL-c 
levels with significant rise of HDL-c levels. In 
addition, Abd Elmeged et al. (2024) reported 
that diet supplemented with different levels of 
ashwagandha plant (2.5%, 5%, 7.5%), for 28 
days reduced the serum levels of lipid profile 
and elevated HDL level. In this respect, Tandon 
and Yadav (2020) founded that the hypoglycemic 
effect of ashwagandha plant on some biochemical 
and immunological parameters of alloxan induced 
diabetic rats. The concentrations of glucose, total 
lipids cholesterol, triglycerides, VLDL and LDL 
were significantly reduced, while HDL elevated 
in plasma of alloxan diabetic mice than control 
group. These consistent results are with the data 

TABLE 3. Effect of diet supplemented with Withania somnifera L. roots powder on nutritional parameters in 
Female Rats with PCOS.

Parameter

Groups
FI (g/day)

Parameter as Mean ± SE
IBW (g) FBW (g) BWG (g) BWG% FER

Negative group 20.40±0.24b 153.01±1.26a 202.60±1.36e 49.61±1.86e 32.45±1.42e 0.054±0.01d

Positive group 24.80±0.58a 151.80±1.06a 255.74±1.47a 103.94±2.06a 68.51±1.73a 0.092±0.01a

Dried 
roots

2.5% 20.40±0.74b 153.06±1.02a 240.01±0.70b 86.40±0.50b 56.26±0.67b 0.098±0.01a

5% 21.00±0.54b 154.21±1.82a 230.41±0.74c 76.21±2.00c 49.50±1.84c 0.080±0.00b

7.5% 19.80±0.66b 153.60±1.02a 216.42±1.80d 62.82±1.06d 40.88±0.61d 0.068±0.00c

* Values within the same column that have various letters are significant at P≤0.05 level.
SE: Stander Error.

obtained in study carried by Gannon et al. (2019) 
who showed that Ashwagandha plant reduced 
total cholesterol, triglycerides antherogenic 
index, while elevated HDL level. Chengappa et 
al. (2018) reported that ashwagandha can lower 
total serum cholesterol, triglycerides and increase 
HDL level. So, Ashwagandha can reduce the 
risk of cardiovascular disorder, diabetes and 
weight loss programs. In addition, Zahran et 
al. (2020) recorded that Withania Somnifera L. 
did not produce adverse effects on lipid profile 
parameters. Instead, a beneficial outcome was 
observed, especially at the 5% concentration, 
with a notable elevation in HDL levels compared 
to other groups. This finding could be attributed to 
the hypolipidemic activity of Withania Somnifera 
L. potentially due to its high flavonoid content.

The results presented in Table 5 provide 
the impact of diet supplemented with Withania 
somnifera L. roots powder on serum levels of 
TSH, LH, FSH and progesterone in female rats 
with PCOS. The outcomes revealed that letrozole 
induced a significant (P < 0.05) increase in serum 
concentrations of TSH and LH and reduced in 
serum level of FSH and Progesterone. The elevated 
levels of TSH and LH were significantly reduced 
after the administration of Withania somnifera L. 
roots powder (2.5%, 5%.and 7.5%) in treated rats 
when compared with positive control group. Also, 
the reduced levels of FSH and progesterone were 
significantly increased after the administration 
of Withania somnifera L. roots powder (2.5, 
5.and 7.5%) in treated rats when compared 
with untreated PCOS rats. The results indicate a 
dose-dependent response to Withania somnifera 
L. where both lower and higher doses of root 
powder have a positive effect in decreasing TSH 
and LH while increasing FSH and Progesterone 



121

Egypt. J. Food Sci. 53, No.1 (2025)‎

AMELIORATING EFFECT OF DRIED ASHWAGANDHA (Withania somnifera L) ...

TABLE 4. Effect of diet supplemented with Withania somnifera L. roots powder on lipid profile in Female Rats 
with PCOS

Parameter

Groups

Parameter as Mean ± SE

TG TC HDL-c VLDL-c LDL-c

(mg/dl)
Negative group 96.86±0.51e 119.55±1.12e 64.71±0.76 a 19.37± 0.10 e 35.46±1.53 e

Positive group 194.54±1.97a 192.54±1.64a 27.72±0.53 e 38.90± 0.39 a 125.91±2.02 a

Dried roots

2.5% 147.99±2.23b 148.95±0.71 b 43.87±0.97 d 29.59± 0.44 b 75.48±1.09 b

5% 128.45±0.64 c 132.12±1.18 c 48.93±0.46 c 25.69± 0.12 c 57.49±1.39 c

7.5% d 105.01±0.92 125.06±1.44 d 58.66±0.65 b 21.01± 0.18 d 45.41±1.26 d

* Values within the same column that have various letters are significant at P≤0.05 level.
SE: Stander Error.  VLDL-C: Very Low-Density Lipoprotein Cholesterol.

levels. The results suggest that Withania 
somnifera L. root powder supplementation 
could be an effective dietary intervention for 
managing hormonal imbalances in female rats 
with PCOS by potentially normalizing TSH and 
LH levels. The thyroid gland and its hormones 
play a key role in metabolism and reproduction. 
Disruptions in the gonadal axis due to endocrine 
hormonal imbalances in women with PCOS can 
influence the pituitary-thyroid axis, as evidenced 
by elevated serum thyroid-stimulating hormone 
(TSH) levels in PCOS patients compared to the 
general female population (Glintborg et al., 2019; 
Lee et al., 2022). Furthermore, a study by Du and 
Li (2013) indicated a statistically significant, albeit 
slight, increase in mean TSH levels in women 
with PCOS (mean difference: 0.62; 95% CI: 
0.21−1.02) when compared to those without the 
syndrome. Moreover, an imbalance in LH, FSH, 
and other reproductive hormones causes influence 
ovarian function and may contribute to reactive 
oxygen species (ROS) production (Ramya et al., 
2023). Injury to cellular structures, as a result of 
PUFA-induced oxidative stress (OS), leads to the 
aggregation of lipid peroxidation products such 
as MDA and the hydroxyl radical (Lubrano et 
al., 2019). Our results agree with data obtained 
by Megahd and Gabal (2021) who examined 
the effectiveness of the singular or combination 
administration of matcha and ashwagandha teas in 
mitigating H₂O₂-induced utero-ovarian oxidative 
damage and cellular death in female rats. The 
results pointed out that supplementing with 
ashwagandha tea significantly (p<0.01) increased 
FSH and progesterone hormones. 

In this respect, Al-Nuaimi and Al-Baniwes 
(2022) assessed the potential protective impacts 
of Withania somnifera L. extract on sex hormone 
levels in female rats with morphine addiction. 
Their findings indicated a notable reduction in 
luteinizing hormone (LH) in the morphine-treated 
groups after a 21-day experiment when compared 
to both control and treatment groups. Furthermore, 
they observed no significant differences between 
the control group and the groups treated with 
6.25% Withania somnifera L. extract incorporated 
into new pellets over 21 days. Notably, the 
Withania somnifera L. group demonstrated 
improved hormonal balance. Ajgaonkar et al. 
(2022) reported comparable outcomes in a 
study involving women aged 18–64, where the 
consumption of 300 mg of ashwagandha root 
extract twice daily was associated with increased 
estrogen levels and decreased luteinizing hormone, 
along with a reduction in menopausal symptoms. 
Also, El-Kholie et al. (2024) concluded that using 
of ashwagandha root resulted in a significant 
elevation of (FSH) and a decrease in LH levels. 
With regard to the effect of ashwagandha on TSH 
hormone, our study aligns with those reported by 
Sharma et al. (2018), who conducted an 8-week 
trial involving 50 patients. In their research, half 
of the participants received ashwagandha root 
extract (300 mg twice daily), while the other 
half received a starch placebo. Throughout the 
trial, data was gathered to monitor TSH, serum 
T3, and T4 levels. Upon comparing baseline 
measurements with those taken during the study, 
the researchers noted a reduction in TSH levels 
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and an elevation in T3 and T4 levels within the 
ashwagandha group. Furthermore, a significant 
decrease in TSH levels was observed at both 4 
weeks (−12.5%) and 8 weeks (−17.4%) into the 
study. In addition, Abdel-Wahhab et al. (2019) 
examined the effects of ashwagandha methanolic 
extract in a rat model of induced hypothyroidism. In 
that study, rats were divided into groups receiving 
either ashwagandha methanolic extract (500 mg/
kg/day) or levothyroxine, a standard treatment for 
hypothyroidism. The results indicated comparable 
outcomes between the groups, not only in thyroid 
hormone levels (TSH) but also in subsequent 
histopathological assessments. Similarly, Ibrahim 
et al. (2023) conducted a study in which they 
induced hypothyroidism in rats. They found that 
the group treated solely with propylthiouracil 
(PTU) exhibited significantly lower T3 and T4 
levels and higher TSH levels compared to the group 
treated with PTU and Ashwagandha, supporting 
the idea that Withania somnifera L. compounds 
have a “protective” effect on the thyroid. Phenolic 
and flavonoids, classes of phytochemicals that 
presented in Ashwagandha (Withania somnifera 
L.) have demonstrated potential therapeutic effects 
on PCOS in vivo and in vitro experiments. These 
effects are mainly attributed to anti-inflammatory 
and antioxidant properties and improvements in 
hormone disorders (Mikulska et al., 2023). Based 
on this study of findings, currently, Ashwagandha 
contains quercetin, gallic acid coumaric acid, 
ferulic, syringic acid, naringenin, kaempferol, 
hesperetin, chlorogenic acid and caffeic acid. 

Research by Dinsdale et al. (2021) suggested 
that quercetin’s interaction with luteinizing 
hormone (LH) may lead to the inhibition of 
androgen production. Quercetin was observed 
to lower LH and testosterone levels, which 
are involved in the control of steroidogenesis. 
Similarly, gallic acid has been reported in prior 
investigations to modulate the LH surge and 
normalize follicle-stimulating hormone (FSH) 
irregularities in studies involving PCOS animal 
models (Mazloom et al., 2017). Furthermore, 
p-coumaric acid and ferulic acid, among other 
phytochemicals, appear to play a role in the 
management of this condition through their 
capacity to diminish oxidative stress and reduce 
inflammation (Zeng et al., 2022). In this context, 
the administration of syringic acid resulted in 
decreased levels of LH, anti-mullerian hormone 
(AMH), estradiol (E2), and FSH, as well as 
a reduction in ovarian follicles. Syringic acid 
also down regulated cytokines, inflammatory 

mediators, and caspase-3 parameters, leading 
to a notable decrease in ovarian damage by 
alleviating oxidative stress and inflammatory 
responses. Moreover, Rashid et al. (2023) found 
that naringenin treatment in animal models of 
PCOS enhanced ovulation potential and reduced 
both cystic follicles and androgen levels. As 
well as kaempferol has progestogenic activity 
in vivo and act uniquely (Bergsten et al., 2023). 
Moreover, Azimova et al. (2018) pointed out 
that hesperetin restored the morphology of ovary 
and ameliorated hormonal changes. Chlorogenic 
acid is bioactive component of ashwagandha. 
Chlorogenic acid (CGA) may have a protective 
effect against Polycystic Ovary Syndrome 
(PCOS) by ameliorating follicular development 
as well as hormonal and biochemical disorders. It 
is possible that chlorogenic acid may improve 
follicular development and hormonal and 
biochemical imbalances in rats with PCOS. CGA 
can significantly decrease the serum levels of 
luteinizing hormone, estrogen, and testosterone in 
PCOS rats (Abedpour et al., 2022). Chlorogenic 
acid may enhance some lipid profiles in women 
with PCOS by decreasing cholesterol and 
triglyceride serum levels (Meshkani et al., 2022).

Table 6 revealed that administration with 
letrozole induced a significant (P < 0.05) reduction 
in serum concentrations of CAT and increased in 
serum level of lipid peroxide MDA. The results 
indicated that diets supplemented with Withania 
somnifera L. roots powder at the three tested 
levels induced a significant (P < 0.05) rise in 
concentrations of CAT levels and decrease MDA 
comparable with positive controls. A substantial 
disparity existed among the three tested levels of 
Withania somnifera L. roots powder while there 
was non-significant difference in serum level 
of MDA between diets supplemented with 7.5. 
Withania somnifera L. roots powder and control 
negative group. A better improvement in serum 
levels of enzymes was discovered at feeding 
PCOS rats with 7.5%. Withania somnifera L. 
roots powder. Therefore, the supplementation 
with Withania somnifera L. has been shown to 
improve antioxidant levels in female rats with 
PCOS, reflecting its potential beneficial effects in 
reducing oxidative stress and related pathologies. 
These findings align with those of Sabiba et al. 
(2013) who indicated that Ashwagandha could 
restore antioxidant levels, including superoxide 
dismutase, catalase, reduced glutathione, and 
Glutathione-S-transferase, in rats treated with 
paracetamol. Furthermore, Singh and Sharma 

https://pubmed.ncbi.nlm.nih.gov/?term=%22Bergsten%20TM%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Meshkani+M&cauthor_id=36381474
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TABLE 5. Effect of diet supplemented with Withania somnifera L. roots powder on serum levels of TSH, LH, FSH 
and progesterone in Female Rats with PCOS

Parameter

Groups
TSH

(μIU/mL)

Parameter as Mean ± SE
LH

(lu/mL)
FSH

(lu/mL)
Progesterone

(ng/mL)

Negative group 2.28±0.18 d 3.84±0.11 e 12.88±0.17 a 34.74±0.62 a

Positive group 9.19±0.24 a 15.88±0.32 a 3.301±0.16 e 14.92±0.52 d

Dried roots
2.5% 6.67±0.20 b 10.81±0.20 b 4.95±0.22 d 15.65±0.43 d

5% 4.18±0.09 c 7.95±0.29 c 8.06±0.29 c 19.32±0.68 c

7.5% d 2.10±0.11 5.05±0.07 d 10.13±0.16 b 27.38±0.59 b

* Values within the same column that have various letters are significant at P≤0.05 level.
SE: Stander Error.
PCOS: Polycystic Ovary Syndrome; TSH: Thyroid-stimulating hormone LH: Luteinizing Hormone; FSH: Follicle 
Stimulating Hormone.

(2018) conclude that Ashwagandha elevated the 
levels of superoxide dismutase, catalase, and 
glutathione peroxidase, all of which are naturally 
occurring antioxidant enzymes. In addition, Tiwari 
et al. (2021) revealed that supplementation of 
Withania somnifera L. significant improvements 
MDA level. These results agree with studies 
of prior animal research, in vitro and in vivo 
evaluations, and clinical investigations including 
healthy athletic subjects by Pal et al. (2017). 
Similar results were obtained by Lopresti and 
Smith (2021) who pointed out useful effects 
of Withania somnifera L. in individuals with 
conditions linked to oxidative stress. Also, Vasavan 
et al. (2021), mentioned that demonstration 
of WS at dose 100, 200 and 400 mg/kg/bw 
completely counteracts ND-induced oxidative 
stress as indicated by decreased serum MDA 
level and enhancing antioxidant concentrations. 
The present study is completely in agreement 
with Bharani et al. (2024) who observed that 
ashwagandha root extract induced a significant 
increase in the level of catalase and reduce in the 
level of MDH. Elevated catalase activity implies 
that the Ashwagandha Root Extract (ARE) might 
play a role in mitigating oxidative damage by 
facilitating the decomposition of hydrogen 
peroxide. Conversely, malondialdehyde (MDA) 
serves as an indicator of lipid peroxidation and 
oxidative stress. The notable decline in MDA 
concentrations suggests that ARE could be 
effective in lessening oxidative damage to lipids. 
This observation aligns with findings from various 
investigations that have indicated ashwagandha›s 

capacity to diminish lipid peroxidation through 
the neutralization of free radicals and the 
enhancement of antioxidant mechanisms (Khalil 
et al., 2023). The observed positive changes 
in oxidative stress markers could be attributed 
to the recognized antioxidant properties of 
withaferin-A, a prominent withanolide present 
in ashwagandha extracts )Tekula et al., 2018; 
Tiruveedi et al., 2018). The preceding studies 
indicated high levels of Oxidative stress and 
decreases antioxidant capacity in women with 
PCOS (Sabuncu et al., 2001).  Sadoughi et al. 
(2017) revealed that the production of reactive 
oxygen species (ROS) is considered as one of 
the accounting mechanisms behind infertility 
disturbance which led to the situation called 
oxidative stress. Mitochondria is the energy-
producing organelles and the major source of ROS. 
In PCOS, mitochondrial dysfunction resulted in 
an elevated ROS production (Yang et al., 2019). 
Oxidative stress (OS) plays a significant role in 
the pathophysiology of various gynecological 
disorders, notably polycystic ovary syndrome 
(PCOS) (Pizzino et al., 2017). Gao et al. (2023) and 
Negm & Aboraya (2023) diminished antioxidant 
defenses in some women with PCOS can cause an 
imbalance between reactive oxygen species (ROS) 
production and antioxidant capacity, leading 
to increased oxidative stress (OS). Research 
has indicated the presence of safe, natural, and 
potent antioxidant compounds in Ashwagandha 
and other members of the Solanaceae family. 
Using high-performance liquid chromatography 
(HPLC), Withania somnifera L. has been shown 
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to contain high levels of phenolics, flavonoids, 
and exhibit strong antioxidant activity (Alam et 
al., 2011). It is thought that these constituents 
enable Withania somnifera L. to counteract the 
production of reactive oxygen species (ROS) 
and mitigate the effects of lipid peroxidation and 
cellular damage. Reactive oxygen species (ROS) 
can interact with cell membranes, leading to the 
formation of toxic lipid peroxidation products 
like malondialdehyde (MDA) (Harikrishnan et 
al., 2008). Furthermore, Ashwagandha glycol-
withanolides have demonstrated a tendency 
to normalize elevated superoxide dismutase 
(SOD) and lipid peroxide (LPO) activity, as 
well as enhance catalase (CAT) and glutathione 
peroxidase (GPX) activity (Sengupta et al., 2018). 
The results obtained are in harmony with those 
researchers.  Caffeic acid significantly reduces 
the production of intracellular reactive oxygen 
species (ROS), thereby protecting KGN cells 
from oxidative stress. In rats with DHEA-induced 
PCOS, it improved irregularities in estrous cycles, 
fasting blood glucose levels, liver function, and 
lipid profiles. Furthermore, caffeic acid lessened 
hyperandrogenism, increased the expression 
of steroidogenesis enzymes, and altered the 
expression of proteins involved in apoptosis. 
These findings suggest that caffeic acid shows 
potential for decreasing oxidative stress-related 
damage and alleviating PCOS complications by 
modulating ER stress  (Chiang et al., 2023).

Histopathological examination of ovaries
Microscopically, ovaries of rats from normal 

control  group appeared histologically normal and 
the ovarian cortex containing follicles in various 
stages of development (Photos 1, 2 and 3). In 
contrariwise, ovaries from the untreated PCOS 
rats (positive group) exhibited ovarian cyst with 

TABLE 6. Effect of diet supplemented with Withania somnifera L. roots powder on Serum Levels of CAT and 
MDA in Female Rats with PCOS.

Parameter
Groups

CAT (U/l)

Parameter as Mean ± SE
MDA (mmol/mL)

Negative group 83.31±0.37 a 20.31±0.62 d

Positive group 46.23±0.91 e 43.16±0.92 a

Dried roots
2.5% 61.82±0.94 d 35.69±0.59 b

5% 69.97±0.57 c 27.70±0.24 c

7.5% 78.04±0.56 b 20.88±0.52 d

* Values within the same column that have various letters are significant at P≤0.05 level.
SE: Stander Error.
PCOS: Polycystic Ovary Syndrome. MAD: Malondialdehyde; CAT: Catalase.

thin layer of granulosa cells (Photo. 4 & 5) and 
apoptosis of cells of corpus leutium (Photo. 6). 
However, ovaries of  PCOS rats fed on the diet 
supplemented with Withania somnifera L. roots 
powder 2.5% showed multiple corpora lutea 
(Photo. 7) and  ovarian cyst with thin layer of 
granulosa cells (Photo. 8). On the other hand, 
some examined sections of PCOS rats fed on the 
diet supplemented with Withania somnifera L. 
roots powder 5% revealed normal follicles with 
restoration of granulosa cell thickness and normal 
corpus leutium (Photo. 9) as well as multiple 
corpora lutea (Photo. 10), whereas other sections 
showed ovarian cyst with thin layer of granulosa 
cells (Photo. 11). Furthermore, ovaries of PCOS 
rats fed on the diet supplemented with Withania 
somnifera L. roots powder 7.5% exhibited 
restoration of granulosa cell thickness (Photo. 12 
and 13) and vacuolated corpus leutium (Photo. 
14).  

Conclusion                                                                       

Withania somnifera L. commonly known as 
Ashwagandha, is a herb of considerable medicinal 
significance. Based on this study of findings, 
it could be concluded that the root extract 
of Ashwagandha exhibits notable hormone-
regulating effects, hypolipidemic activities, and 
antioxidant properties. The observed beneficial 
effects are likely attributable to its diverse array 
of active phytochemicals. Furthermore, it is 
recommended that ashwagandha tea be considered 
as a complementary natural remedy to enhance 
physiological functions, particularly in females 
diagnosed with polycystic ovary syndrome. 
Future investigations are warranted to further 
elucidate its mechanisms of action and to validate 
its therapeutic applications in clinical practice.

https://pubmed.ncbi.nlm.nih.gov/?term=Chiang+YF&cauthor_id=37619480
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