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One of the most prevalent metabolic conditions affecting women in their reproductive years causing 

infertility or subfertility is Polycystic Ovary Syndrome (PCOS). This pilot study aimed to assess whether 
Glycyrrhiza glabra L. aqueous extract (GAE) could prevent or treat PCOS in the rats which received 

Estradiol®. Following acclimation, the adult female Wistar albino rats weighing 160-200 grams were 

randomly assigned to four groups. Normal rats were used in the first group as the controls. In the second 
group, normal rats were administered 100 mg/kg of Glycyrrhiza glabra L orally for six weeks. In the third 

group, PCOS animal models that were not treated were served as the positive control. Finally, Glycyrrhiza 

glabra L was administered for six weeks to a group of PCOS animal models. The obtained results 
demonstrated that the PCOS caused by Estradiol® was significantly restored by Glycyrrhiza glabra L 

extracts. The results pointed to a considerable reduction in serum levels of FSH, LH, PRL, testosterone, 

E2, TNF-α, IL-1β, IL-4, IL-6, and IL-10, along with a slight increase in insulin and progesterone levels, 
indicating that Glycyrrhiza glabra L extract significantly controlled PCOS deteriorations. In a similar 

vein, a noteworthy improvement was detected in the oxidative status; ovarian SOD, GPx, CAT, and GSH 

levels were significantly raised, accompanied by a notable decrease in MDA and NO levels. In addition, 
urea, creatinine, cholesterol, triglycerides, ALAT, and ASAT activities were significantly reduced. 

Moreover, GAE exhibited nephro-hepatoprotective and anti-atherogenic capabilities. These results were 
in accordance with the comparable values of the healthy group. Histological analysis corroborated these 

results. In summary, phytochemicals, antioxidant, and anti-inflammatory qualities of GAE, along with its 

capacity to cause folliculogenesis, allowed it to effectively alleviate the effects of Estradiol®-induced 
polycystic ovary.  
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Introduction
After 12 months or more of consistent, unprotected 

sexual activity, the inability to achieve a clinical 

pregnancy is considered a disorder of the reproductive 

system known as infertility [1, 2]. This disorder affects 

10%-15% of couples in their reproductive years across the 

globe [3]. Due to the strong correlation between sexuality, 

self-esteem, and the capacity to procreate, this 

reproductive illness exerts a marked impact on several 

aspects of a couple's lives [4, 5].  Even though almost 50% 

of all cases of childlessness worldwide are caused by male 

infertility, infertility is still primarily regarded as a social 

problem for women [6]. Diseases, psychological 

problems, or inherited or acquired situations that affect the 

normal function of reproductive organs can hinder a 

woman's ability to reproduce [4]. Polycystic ovarian 

syndrome (PCOS) is a prevalent condition that impairs the 

function of the female reproductive organs. 

About 5%-20% of women who are of reproductive 

age suffer from PCOS, an endocrine and metabolic 

condition [7]. It is believed to be the most frequent 

cause of female infertility and chronic hyperandrogenic 

anovulation [8]. Obesity, insulin resistance, 

dyslipidemia, and type 2 diabetes mellitus are 

metabolic diseases linked to PCOS [7, 9]. Women with 

PCOS experience hormonal abnormalities, such as 

hyperandrogenism, elevated luteinizing hormone (LH), 

and hyperinsulinemia [9–11]. Hyperandrogenism is a 

significant factor in the diagnosis of PCOS essential to 

the onset and progression of this condition [7]. The 

development and progression of PCOS are 

significantly affected by hyperandrogenism, which is a 

significant requirement for PCOS diagnosis [12]. 

Furthermore, hyperandrogenism causes the release of 

insulin from pancreatic β-cells [11]. The ensuing 
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hyperinsulinemia raises androgen and insulin-like growth 

factor (IGF)-1 bioavailability [13, 14]. To increase the 

production of androgens, LH has a more dramatic effect 

on theca cells in ovarian follicles when IGF-1 and insulin 

are present [15, 16]. In addition, high insulin and IGF-1 

levels intensify the effects of LH on granulosa cells, 

leading to anovulation, cyst development, early 

differentiation, and follicle growth halt [17, 18]. 

The term "oxidative stress" refers to a breakdown in the 

equilibrium between antioxidants and oxidants, leading to 

an excessive production of free radicals and reactive 

oxygen species (ROS) at the cellular level. This can cause 

damage to DNA, ovarian tissue impairment, disruption of 

ovarian follicle development, and cell apoptosis [19, 20]. 

Elevated levels of inflammatory markers and serum lipid 

peroxidation [21-23], as well as macrophage infiltration 

in peripheral tissues, which results in tissue damage and 

compromised function, are frequently observed in PCOS 

patients. These factors are thought to be possible causes 

of PCOS and other reproductive disorders [24, 25]. It is 

essential to comprehend how inflammation and oxidative 

capability are interrelated in PCOS in order to recognize 

and treat this ovarian condition.  

Numerous studies have examined the possible 

advantages of polyphenols in the treatment of reproductive 

diseases in recent years [26, 27]. Licorice, or Glycyrrhiza 

glabra, is a member of the Fabaceae family. Although this 

species is indigenous to the Mediterranean region, it is also 

found in China, India, and Iran [28]. Traditionally, licorice 

has been used in folk medicine and traditional medicines to 

treat inflammation, arthritis, dyspepsia, and gastrointestinal 

issues. The World Health Organization certifies the low 

toxicity of the aforementioned natural product by asserting 

that licorice is used as a demulcent in the treatment of sore 

throat and bronchial catarrh [29]. Proteins, amino acids, 

polysaccharides, simple sugars, mineral salts, tannins, 

phytoestrogens, phytosterols (sitosterol and stigmasterol), 

coumarins, and vitamins (B1, B2, B3, B5, E, and C) are all 

abundant in licorice [30], a few of which include 

antibacterial, antiviral, anti-inflammatory, and antioxidant. 

Licorice has also been demonstrated to possess 

hepatoprotective, antiproliferative, and anticancer qualities 

in addition to anti-ulcer effects in gastric mucosal injury, 

ulcerative colitis, and wounded tissue. There is also proof 

of other biological effects, such as skin lightening, skin 

depigmentation, antiaging, and cognitive improvement [31, 

32]. In light of the aforementioned issues, the present study 

aimed to demonstrate how Glycyrrhiza glabra aqueous 

extract modulates hormones, inflammation, and 

antioxidants in response to Estradiol®induced in rats. 

Materials and Methods 

Chemicals 

The supplier of Estradiol® was United Company for 

Drugs, Assuit, Egypt.  

Plant materials 

The Agricultural Research Center in Giza, Egypt 

provided the herbal licorice (Glycyrrhiza glabra L). 

 

Preparation of Licorice (Glycyrrhiza glabra L) extract 

Licorice (Glycyrrhiza glabra L) was prepared in 

accordance with the technique of Heshem et al. 

[33]. The procedure of aqueous extraction was 

completed. To put it briefly, 400 ml of distilled 

water was poured into a 100 ml round-bottom 

quick-fit flask containing 8 g of the powdered 

plant material. The mixture was filtered with 

qualitative Whatman filter paper No. 1 (Whatman 

International Ltd., Maidstone, England) after 

being left for 24 hours. The filtrates were put 

through a lypholyzation process using a freeze 

dryer (Snijders Scientific, Tilburg, Holland) in the 

Aroma and Flavoring Department of the National 

Research Center. The procedure was carried out at 

temperatures between -35°C and -41°C and 

pressures between 0.1 and 0.5 mbar. The dry 

extract was kept as quickly as possible at -20°C 

till additional research could be conducted.  

 

Determination of total extract yield  

After the mixed extracts were moved to a quick-fit 

round-bottom flask with a known weight (W1), they 

were freeze-dried and weighed once again (W2), and the 

yield was eventually computed using the formula below: 

Extract yield (g/ g crude herb) = (W2 −W1)/W3 

Where,   

W1 is the weight of clear and dry quick-fit flask in 

grams, 

W2 is the weight of the flask after lyophilization in 

grams 

W3 is the weight of the crude powdered herb in grams 

 

Determination of total phenolic content (TPC) 

The estimated total phenolic component 

concentration of the extracts was determined according 

to Jayaprakasha et al. [34].  

DPPH radical scavenging activity 

The ability of Glycyrrhiza glabra L. aqueous 

extract's antioxidants to scavenge DPPH radicals was 

ascertained and previously reported by Nogala-

Kalucka et al. [35] 

HPLC analysis of phenolic constituents 

For the HPLC analysis, an Agilent 1260 series was 

used. Using a Kromasil C18 column (4.6 mm x 250 mm 

id, 5 μm), the separation was performed. One milliliter per 

minute of water (A) and 0.05% trifluoroacetic acid in 

acetonitrile (B) made up the mobile phase. The following 

was the sequential linear gradient programming for the 

mobile phase: 0 minutes (82% A), 0-5 minutes (80% A), 

5-8 minutes (60% A), 8-12 minutes (60% A), 12-15 
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minutes (85% A), and 15-16 minutes (82% A). At 280 nm, 

the multi-wavelength detector was observed. For every 

sample solution, there was one injection volume of 10 

microliters. The temperature of the column was kept constant 

at 35°C. 
 

Animals 

For the purpose of the study, 150-200 g adult female 

Wistar albino rats were acquired from the National 

Research Center's Animal Colony in Giza, Egypt. For 

acclimatization, the animals were kept in appropriate 

plastic cages for one week prior to the commencement of 

the experiment. EStandard rodent pellets and excess tap 

water were always available. Under the instructions of the 

Ethics Committee of Al-Azhar University Faculty of 

Science, all animals received care in accordance with the 

standard institutional norms for the care and use of 

experimental animals (Approved number AZHAR 

18/2023).  
 

Induction of Polycystic Ovary Syndrome (PCOS) 

Separately made in sterile distilled water, the Estradiol® 

solution was administered once a day at a dose of 0.2 mg/kg 

of animal body weight, according to Shang et al [36]. 

 

Experimental design  

Following PCOS induction, animals in both the healthy 

and PCOS-modeled groups were randomly assigned to 

four groups, each with 10 animals, as illustrated in the 

following Table 1. 

Table 1. Experimental animals design. 

Animals’ group Treatment 

Group 1  
For six weeks, saline was given daily to healthy 

animals as a control group 

Group 2 

For a comparable amount of time, healthy 

animals were given an oral dose of 100 
mg/kg/day [37] of GAE 

Group 3 Animals with untreated PCOS models [36] 

Group 4 
Animals with PCOS models that received GAE 

treatment (100 mg/kg/day) for a comparable 

amount of time. 

  

Blood and tissue sampling 

Following an overnight fast and weight measurement at 

the conclusion of the trial, blood samples (3 milliliters from 

each animal) were drawn under anesthesia, allowed to clot, 

and then cool-centrifuged. After the sera were separated, they 

were divided into aliquots and kept at -80°C until hormonal 

and biochemical testing. Following the collection of blood, 

the animals were quickly sacrificed by being abruptly 

beheaded. A portion of each animal's ovary was removed, 

cleaned in saline, dried, rolled in aluminum foil, and kept at 

-80°C for biochemical analyses. For microscopic inspection 

and histological processing, a different portion of the ovary 

was immersed in a formalin-saline (10%) buffer.   

 

Hormonal profile 

Rats' reagent ELISA kits (bought from Sunlong Biotech Co, 

Hang Zhou, China) were used to evaluate the hormonal profile 

(FSH, LH, PRL, testosterone, E2, and insulin). 

 

Oxidative stress and antioxidant assay 

Rat reagent ELISA kits from Sunlong Biotech Co., 

Hang Zhou, China, were used to quantify the serum 

levels of GSH, GPx, NO, MDA, CAT, and SOD. 

 

Immunoinflammatory markers 

Rat reagent ELISA kits (Sunlong Biotech Co., Hang 

Zhou, China) were used to assess the serum levels of 

TNF-α, IL-1β, IL-4, IL-6, and IL-10. 

 

Biochemical determinations  

Reagent kits from Biodiagnostic Co., Dokki, Giza, 

Egypt, were used to assess serum ASAT and ALAT 

activity, as well as urea, creatinine, total cholesterol, 

triglycerides, LDL-cholesterol, HDL-cholesterol, and 

glucose using spectrophotometry.  

 

Histopathology 

The histology preparations were performed in 

accordance with Ashry et al. [38]. Ovarian tissues were, 

in short, cut to a thickness of 3-4 mm, dehydrated in 

varying ethanol concentrations, cleaned in xylene, and 

stained with hematoxylin and eosin stain before the 

slices were inspected under a microscope. 

 

Statistical analysis  

Using statistical analysis system (SAS) program 

software, the acquired data were subjected to one-way 

ANOVA and then Duncan multiple post hoc tests at 

P≤0.05 [39]. Copyright (c) 1998 by SAS Institute Inc., 

Cary, NC, USA. 

 

Results  
Figures (1) illustrate the yield, total phenolic content, 

and radical scavenging activity (RSA) of the Glycyrrhiza 

glabra L aqueous extract (GAE).  Using HPLC analysis, 

16 phenolic compounds were demonstrated to be mostly 

present in GAE. High concentrations of Gallic acid, 

Catechin, Rutin, Querectin, and Naringenin were among 

the substances detected (Figure 2 and Table 2). 

 

 
Figure 1. The yield (%), total phenolic content and radical scavenging 
activity (%) of three replicates of aqueous extract of Glycyrrhiza 

glabra L dry powdered  
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Table 2. Phenolic constituents of the aqueous extract of Glycyrrhiza glabra L using HPLC analysis 
 Area Conc. (µg/ml = µg/ 6.8mg) Conc. (µg/g) 

Gallic acid 211.77 17.34 1171.65 

Chlorogenic acid 73.13 9.83 664.16 

Catechin 591.58 129.51 8750.54 

Methyl gallate 84.86 5.38 363.70 

Coffeic acid 49.78 3.49 235.83 
Syringic acid 94.75 7.51 507.52 

Pyro catechol 0.00 0.00 0.00 

Rutin 526.26 151.17 10214.49 
Ellagic acid 0.00 0.00 0.00 

Coumaric acid 365.48 9.44 637.75 

Vanillin 8.02 0.26 17.40 
Ferulic acid 17.34 1.03 69.83 

Naringenin 197.27 14.44 975.80 

Daidzein 151.89 9.41 635.68 
Querectin 485.61 53.84 3637.94 

Cinnamic acid 4.68 0.12 7.87 

 

Figure 2. HPLC analysis of phenolic constituents Glycyrrhiza glabra L aqueous extract 

 
Effect of GAE on hormonal assay

The in vivo data demonstrated a considerable decrease 

in progesterone and insulin levels and a large rise in FSH, 

LH, PRL, E2, and testosterone when comparing the PCOS 

group caused by Estradiol® to the control group. In 

comparison with PCOS rats, GAE therapy was observed 

to significantly increase progesterone and insulin and 

decrease levels of FSH, LH, PRL, E2, and testosterone, 

thereby increasing hormonal assay levels towards 

normal values (Table 3). 

 

 

Table 3. Mean values of hormonal assay of control, Estradiol®-intoxicated and GAE-treated female albino rats. 

PCOS~GAE PCOS GAE Control  

0.20±0.04# 0.77±0.09* 0.14±0.01 0.14±0.01 FSH (mIU/ml) 

0.31±0.10# 0.94±0.2* 0.24±0.12 0.25±0.08 LH (mIU/ml) 

0.69±0.04# 1.65±0.06* 0.56±0.051 0.57±0.03 PRL (ng/ml) 

0.13±0.04# 1.23±0.051* 0.043±0.01 0.041±0.003 Testesteron (pg/ml) 

88.5±7.4# 370.8±15.2* 18.5±3.8 18.6±2.5 Estradiol (mIU/ml) 

5.56±1.2# 0.6±0.07* 7.16±1.2 7.15±0.88 Progesteron (mIU/ml) 

0.77±0.02# 0.4±0.06* 0.93±0.13 0.89±0.07 Insulin (ng/ml) 

Data are presented as mean ±SEM. Data were subjected to one way ANOVA followed by post hoc (Tukey) test at p≤ 0.05. * is significantly different from 
control group, while # is significantly different from PCOS (Polycystic Ovary Syndrome); GAE (Glycyrrhiza glabra L aqueous extract). 
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Effect of GAE on pro-inflammatory cytokines

Comparing the PCOS group to the control group, the 

data displayed a substantial increase in the levels of TNF-

α, IL1β, IL-4, IL-6, and IL-10. When Estradiol® rats were 

given GAE, all inflammatory cytokines were shown to 

improve within normal levels. In particular, there was 

a significant decrease in TNF-α, IL1β, IL-4, IL-6, and 

IL-10 when compared to PCOS animals (Figure 3a-e). 

 

 

  

  

 
Figure (3a – e). Serum TNF-α, IL1β, IL-4, IL-6, and IL-10 levels of control, Estradiol®-intoxicated and GAE-treated 

female albino rats. Data are presented as mean ±SEM. Data were subjected to one way ANOVA followed by post hoc 

(Tukey) test at p≤ 0.05. * is significantly different from control group, while # is significantly different from PCOS 
(Polycystic Ovary Syndrome); GAE (Glycyrrhiza glabra L aqueous extract). 

Effect of GAE on oxidant-antioxidant markers

As illustrated in Table 4, there is a considerable increase 

in blood MDA and NO levels together with a dramatic 

drop in GSH, CAT, SOD, and GPx activity during 

Estradiol® poisoning, indicating a severe worsening of the 

ovary oxidative stress status. When compared to the 

Estradiol®-intoxicated group, the GAE treatment of 

Estradiol®-intoxicated rats produced a positive shift in 

ovarian MDA and NO levels, as well as a noticeable 

increase in GSH, CAT, SOD, and GPx activities. 

 

Table 4. Effect of Estradiol®and GAE on ovary MDA, NO, SOD, GPx, GSH and CAT  

PCOS~GAE PCOS GAE Control  

886±48.7# 1230±65.3* 701.7±29.4 702±40.6 MDA (pg/mL) 

10.2±0.28# 21.7±2.3* 8.0±0.40 8.22±0.40 NO (µmol/L) 
92.5±4.56# 37.9±5.08* 102.1±7.13 101.3±6.13 GSH (ng/mL) 

6.07±0.86# 2.60±0.41* 7.15±0.19 6.85±0.11 SOD (U/L) 

812.4±34.08# 333.6±38.4* 953.1±39.0 941.8±49.1 GPx (U/L) 

32.6±1.9# 19.7±1.3* 38.1±3.9 36.4±3.2 CAT (U/L) 

Data are presented as mean ±SEM. Data were subjected to one way ANOVA followed by post hoc (Tukey) test at p≤ 0.05. * is significantly different from 

control group, while # is significantly different from PCOS (Polycystic Ovary Syndrome); GAE (Glycyrrhiza glabra L aqueous extract). 

 

a b 

c d 
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Effect of GAE on liver, kidney, and lipid profile

When rats were given GAE alone, the results in Table 

5 demonstrate that serum levels of ASAT, ALAT, urea, 

creatinine, cholesterol, triglycerides, HDL-c, and LDL-c 

were not affected. Nevertheless, when rats received an 

injection of estradiol®, there was a significant increase 

in serum levels of ASAT, ALAT, urea, creatinine, 

cholesterol, triglycerides, and LDL-c, along with a 

significant decrease in HDL-c, when both groups 

were compared to the corresponding values of the 

control group. Positively, co-ingesting GAE in 

accordance with Estradiol® injection greatly reduced 

the declines in the aforementioned parameters brought 

on by Estradiol® 

Table 5. Effect of Estradiol®and GAE on liver enzymes, kidney function and lipid profile   

PCOS~GAE PCOS GAE Control  

78.9±3.7# 146.3±16.6* 53.7±8.4 54.4±4.2 ALAT (U/L) 
139.1±10.5# 212±15.1* 132.6±5.2 136.2±4.1 ASAT (U/L) 

37.7±2.46# 51.75±1.13* 33.2±2.43 33.5±2.07 Urea (mg/dl) 

0.69±0.09# 1.37±0.05* 0.51±0.05 0.52±0.06 Creatinine (mg/dl) 
167.3±6.5# 235.2±10* 154.6±17.6 157.2±13.5 Cholesterol (mg/dl) 

82.5±4.2# 210±7.7* 64.3±4.9 65.8±4.4 Triglycerides (mg/dl) 

43.2±1.58# 34.2±0.91* 46.5±1.2 46.2±1.3 HDL-C (mg/dl) 
107.6±5.1# 159.4±7.4* 95.2±4.1 97.8±3.6 LDL-C (mg/dl) 

Data are presented as mean ±SEM. Data were subjected to one way ANOVA followed by post hoc (Tukey) test at p≤ 0.05. * is significantly different from 

control group, while # is significantly different from PCOS (Polycystic Ovary Syndrome); GAE (Glycyrrhiza glabra L aqueous extract). 
 

Histopathological examination

Under a light microscope, ovarian sections from the 

control group stained with hematoxylin and eosin 

revealed the ovary's typical histological structure 

complete with main and secondary follicles, as well as 

normal cortical and medullary regions (Figure 4). The 

results of the GAE groups were nearly identical to those 

of the standard control group (Figure 5). Large cystic 

ovarian follicles, ovarian follicles with a thin granulosa 

layer and cell debris within the follicular cavity, and 

atretic deteriorated follicles were all observed in the 

group of women with PCOS treated with Estradiol® 

(Figure 6). The histological structure of the ovaries, 

where different phases of ovarian follicles were noted, 

revealed a noteworthy improvement in both PCOS 

treated with GAE and estradiol-induced PCOS, with 

the GAE group showing an advantage that was almost 

equivalent to the control group (Figure 7).

 

  
Figure 4. Photomicrograph of an ovarian section of adult female albino 

rat of the control group showing normal histological structure of the 

ovary, consisting of outer cortex and inner medulla, primary follicles 

(arrow head), secondary follicles at different stages of growth including 

Graafian follicle (arrow), and atretic follicle (*). 

Figure 5. Photomicrograph of an ovarian section of adult female albino rat of the 

GAE showing regular histological architecture of the ovary, including growing 

secondary follicle (arrow), and corpus luteum. 
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Figure 6. Photomicrograph of an ovarian section of adult female albino 

rat of the Estradiol® induced PCOS group showing atypical 

histological structure of the ovary, including atretic degenerating 

follicles (arrow), and cystic follicles (*). 

Figure 7. Photomicrograph of an ovarian section of adult female albino rat of the 

Estradiol® induced PCOS~GAE treated group showing remarkable improvement of 

the histological structure of the ovary, including reduced atretic degenerating follicles, 

and improved growing follicles (arrow), and corpus luteum (*). 

Discussion  
The prevalence of ovarian dysfunction and the ensuing 

infertility among PCOS women have been on the rise 

recently in both industrialized and developing countries 

[40]. Even among young couples, this has resulted in 

divorce, emotional stress, and socioeconomic pressure. 

The complex pathophysiology and uncertain etiology of 

PCOS are unsurprisingly linked to this. This underscores 

the need for additional research on the pathophysiological 

pathways and etiopathology of this disease in order to 

improve PCOS diagnosis, management, and treatment. 

Therefore, the purpose of the current investigation was to 

assess how Glycyrrhiza glabra L. aqueous extract affected 

various metabolic and reproductive problems linked to 

PCOS in female Wistar rats. As we previously described, 

PCOS can be caused by the reversible aromatase inhibitor 

Estradiol® [41]. In line with our earlier findings [42], a 

PCOS rat model with similar metabolic (overweight and 

dyslipidemia) and reproductive (hyperandrogenism, high 

LH and FSH levels, ovarian cysts, and infertility) 

disorders as observed in PCOS women was created by 

daily administration of a dose of 0.2 mg/kg of Estradiol® 

for 21 consecutive days. Estradiol® works by preventing 

the conversion of androgen to estrogens [42]. The 

pituitary gland releases excessive amounts of LH and FSH 

in response to excess androgens [43] and encourages 

weight gain, anovulation, ovarian cyst formation, and 

ovarian androgen production, either directly or via an 

insulin-mediated mechanism of action [44, 45]. It was also 

discovered that insulin inhibits the function of AMP-

activated protein kinase (AMPK), or adenosine 

monophosphate-activated protein kinase [46]. The 

manufacture of fatty acids, or lipogenesis is encouraged 

by low AMPK activation [47] and high cholesterol [48]. 

Concerning the reproductive disorders linked to PCOS 

(hyperandrogenism, elevated serum levels of LH, 

obstruction of the estrous cycle during the diestrus 

phase, anovulation, ovarian cysts, and infertility), our 

findings demonstrated that the aqueous extract of GAE 

induced ovarian dynamics to resume the estrous cycle, 

reduced serum levels of LH and testosterone, and 

marginally elevated serum levels of estradiol. After 

PCOS-related symptoms, such as thickening of the 

theca layer, thinning of the granulosa layer of antral 

follicles, reduction of the number of antral follicles, and 

induction of follicular cysts were eliminated, the LH 

and FSH levels significantly decreased after treatment 

with GAE [49]. In particular, 18β-glycyrrhetinic acid 

and glycyrrhizic acid are thought to reduce 

inflammation via promoting immune activity and 

modifying proinflammatory cytokines [50]. In order 

for glycyrrhizic acid and 18β-glycyrrhetinic acid to 

activate the glucocorticoid receptor (GR) signaling by 

binding to the GR and blocking corticosteroid function, 

PI3K may be involved in this regulation [51]. The 

phytosterols stigmasterol and sitosterol have molecular 

similarities to animal cholesterol. More precisely, 

stigmasterol serves as a precursor in the synthesis of 

synthetic progesterone, whereas sitosterol is mostly 

recognized and utilized for its cholesterol-like 

characteristic. According to reports, the 

aforementioned phytosterols have a significant 

physiological role in the tissue-rebuilding and 

regulating processes associated with the actions of 

estrogen [51]. 

TNF-𝛼, IL-1β, IL-4, IL-6, and IL-10 levels were 

significantly elevated in the current investigation on 

PCOS caused by Estradiol®. These results are 

consistent with the findings of Olaniyi and Areloegbe 

et al. [40] and Dadkhah [41]. On the other hand, the 

results obtained indicated that pro-inflammatory 

cytokines (TNF-𝛼, IL-1β, IL-4, IL-6, and IL-10 levels) 
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were decreased in rats with PCOS treated with GAE. 

These results conflict with the discovery of Bisht et al. 

[52] and Rizvi et al. [53]. PCOS is associated with 

abnormal androgen hormone levels, chronic 

inflammation, and dysfunction in endocrine metabolism 

[54]. Although the majority of research has been on the 

effects of hyperandrogenism on the pathological 

processes of PCOS, including follicular dysplasia and 

anovulation, inflammation is one of the key risk factors 

that contribute most to the pathophysiology of PCOS [55, 

56]. Numerous investigations have demonstrated a 

correlation between PCOS and an increasing degree of 

inflammation in the ovarian follicles as well as a reduction 

in ovarian function [57, 58]. Ovarian follicle necrosis or 

apoptosis has been linked to TNF-𝛼, IL-1β, IL-4, IL-6, 

and IL-10 levels, which have been identified as key 

inflammatory response mediators [59]. Our PCOS 

experiment results also showed that oxidative stress, 

which is marked by high ROS production and antioxidant 

breakdown, is a key factor in the etiology of PCOS. 

Oxidative stress status and inflammatory response have 

been linked in preclinical animal models and PCOS-

affected women [60, 61]. Furthermore, new research has 

shown how herbal remedies and complementary therapies 

can effectively reduce the symptoms of PCOS, especially 

when it comes to oxidative stress and inflammation [62, 

63]. In this instance, we evaluated in a rat PCOS model 

the impact of GAE as a preventive agent against PCOS 

damage on these markers. Numerous studies have shown 

that GAE has significant potential as an anti-inflammatory 

and antioxidant factor because it contains phytochemical 

components (such as flavonoids and trans-anethole) that 

give this plant its therapeutic qualities [52]. 

In the current investigation, TNF-𝛼, IL-1β, IL-4, IL-6, 

and IL-10 levels were shown to be lowered in PCOS rats 

treated with GAE, as well as in the amount of these 

parameters in ovarian tissue. Furthermore, in PCOS rats, 

ovarian MDA levels rose while SOD and GPX activity 

dropped. As far as we are aware, no research has been 

released that looks at how GAE treatment affects 

oxidative stress biomarkers and inflammatory responses 

in PCOS rat ovarian tissue. Our findings are in line with 

reports of reduced inflammation and improved 

oxidant/antioxidant state in other organs following GAE 

therapy in rat models of other diseases [54]. Moreover, 

"Effects of Natural Products on PCOS: From Traditional 

Medicine to Modern Drug Discovery" describes the 

hepato-nephroprotective benefits of natural sources in 

PCOS [64].  

Conclusions 

In summary, the findings of this study demonstrated that 

dose-dependent GAE administration restored antioxidant 

enzymes in PCOS rats and decreased the generation of 

androgenic hormones, pro-inflammatory cytokines, and 

oxidative stress linked to PCOS. These results lend 

credence to the use of Glycyrrhiza glabra L as an 

adjuvant therapy for PCOS suppression. 
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