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ABSTRACT 

Objectives: Polycystic ovary syndrome (PCOS) is a common endocrine disorder associated with 

metabolic dysfunctions, oxidative stress (OXS), and liver abnormalities, including an increased risk 

of non-alcoholic steatotic liver. Chamomile (CHAM) (Matricaria chamomilla L.) is known for its 

antioxidant, anti-inflammatory, and hepatoprotective properties. This study investigates the 

hepatoprotective effects of CHAM extract in a PCOS-induced rat model. Methods: PCOS was 

induced in female Wistar rats, which were then treated with CHAM extract or metformin (METF) 

for 12 weeks. Serum levels of liver function markers (ALT, AST, LDH), OXS markers (MDA, GPx, 

CAT), and sex hormones (testosterone, estrogen) were analyzed. Histopathological and 

immunohistochemical assessments were performed to evaluate liver architecture and apoptosis 

markers (Bax and Bcl-2). Results: The induction of PCOS significantly increased serum testosterone 

and estrogen (p≤0.05), while CHAM administration significantly reduced them (p≤0.001 and p≤0.01, 

respectively). PCOS induction led to significant liver damage, as evidenced by increased levels of 

ALT (p<0.001), AST (p<0.01), and LDH (p<0.001), elevated MDA (p<0.001), and reduced activity 

of both GPx (p<0.01) and CAT (p<0.001). Histological examination revealed central vein dilation, 

hepatocyte apoptosis, and inflammatory infiltration. CHAM treatment reduced OXS (decreased 

MDA (p<0.001) and increased the activity of GPx (p<0.05) and CAT (p<0.01)), improved liver 

function markers, and restored hepatic architecture. Furthermore, CHAM decreased hepatic Bax 

expression while enhancing Bcl-2 expression, indicating an anti-apoptotic effect. Conclusion: 

CHAM extract exerts significant hepatoprotective effects in a PCOS model by mitigating OXS and 

reducing apoptosis. These findings support its potential as an adjunct therapy for managing PCOS-

related liver dysfunction. 
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1. INTRODUCTION  

 
Polycystic ovary syndrome (PCOS) is an endocrine 

disorder affecting the female reproductive system, often 

leading to health issues such as irregular menstruation, 

hyperandrogenism, and infertility. It is prevalent among 
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women of reproductive age. Recent studies indicate a strong 

association between PCOS and liver abnormalities, including 

non-alcoholic steatotic liver disease (NASLD), fibrosis, and 

enzyme imbalances, raising concerns about liver health in 

affected individuals 1–3. 

  

The exact causes of these coexisting conditions 

affecting liver and reproductive functions remain unclear. 

However, potential contributing factors include androgen 

imbalance, insulin resistance, and lipid peroxidation (LPO). 

Notably, LPO is linked to elevated oxidative stress (OXS), a 

growing concern due to modern lifestyle habits among 

women 4–6. Therefore, several studies have utilized 

antioxidants to manage oxidative stress linked to the 

development of diseases in the female reproductive system, 

including infertility, endometriosis, and PCOS 1,7. 

  

Estradiol valerate (ESV) is a long-acting estrogen used 

to induce ovulation in cases of anovulatory PCOS. This 

compound disrupts the release of hypothalamic gonadotropin-

releasing hormone, thereby inhibiting both the secretion and 

storage of luteinizing hormone (LH). The physiological and 

histological characteristics of the ovary in the ESV-induced 

PCOS model closely resemble those observed in humans 8–10. 

 

Matricaria chamomilla L., belonging to the 

Asteraceae family and commonly referred to as chamomile 

(CHAM), is one of the most widely used herbal medicines in 

Southern and Eastern Europe 11. CHAM is rich in various 

bioactive compounds, including flavonoids, coumarins, 

volatile oils, terpenes, sterols, organic acids, and 

polysaccharides. These compounds play a key role in its 

pharmacological properties, primarily contributing to its anti-

inflammatory and antioxidant effects 12. CHAM has been 

traditionally used to treat various ailments, including 

digestive disorders, common colds, liver conditions, 

psychological and neurological issues, and respiratory 

ailments. It is also commonly applied for pain relief, 

infections, and diseases affecting the eyes, skin, and mouth 13. 

CHAM flower extract has been shown to enhance ovarian 

histology in rats with PCOS and support improved thyroid 

function 8,14. It may influence the secretion of hormones such 

as LH and follicle-stimulating hormone (FSH), potentially 

aiding in ovulatory function. CHAM extract has been also 

shown to alleviate kidney damage linked to PCOS 3. 

 

Given its antioxidant and hepatoprotective properties, 

CHAM extract may offer a natural therapeutic alternative for 

managing PCOS-related liver dysfunction. This study aims to 

(1) investigate PCOS-induced liver abnormalities in a rat 

model and (2) evaluate the antioxidant and anti-apoptotic 

effects of M. chamomilla extract compared to metformin 

(METF), a standard treatment for metabolic dysfunction in 

PCOS. 

 

2. METHODS 

 

2.1. Animals and chemicals 

In this study, the following chemicals were utilized: 

ESV “Abcam Inc, USA”, METF “Sigma-Aldrich Co, USA”, 

and CHAM “World of Herbs, Egypt”. To prepare the CHAM 

extract, the dried flowers were finely crushed and subjected to 

repeated extraction using 70% ethyl alcohol. The resulting 

filtrate was then vacuum dried to obtain a powdered form. A 

total of 20 mature, virgin female Wistar rats were obtained 

from the King Fahad Research Centre, King Abdulaziz 

University, Jeddah, SA. The rats had an average body weight 

of 200 g. One week later, the research was conducted 

following the controlled environmental conditions, including 

a standard temperature and humidity range and a 12:12-hour 

light/dark cycle. Food and water were provided ad libitum, 

with no restrictions. The research received approval (168–19) 

from the Biomedical Ethics Research Council of the Faculty 

of Medicine at King Abdulaziz University, Jeddah, Saudi 

Arabia. 

 

Induction of PCOS 

 

To induce PCOS, two doses of ESV (0.2 mg each) 

were administered six weeks apart. This induction method 

was originally established by Farideh et al. (2010) and further 

validated in studies investigating PCOS associated with 

hypothyroidism and kidney dysfunction 3,8,14. 

 

2.2. Experimental design 

 
The 20 rats involved in this study were randomly 

distributed into four groups (n=5) (Figure 1): 

 

 
Figure 1. A diagram illustrating the research process 
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Table 1. Summary of experimental groups and interventions. 

 

Groups Intervention  

Group I Healthy rats with no medication 

Group II Rats induced with PCOS 

Group III PCOS-induced animals medicated with 

CHAM 

Group IV PCOS-induced animals medicated with 

METF 

 

Table 1 showed the distribution of experimental 

groups and their corresponding interventions in the study. 

Following PCOS induction, Group 3 received CHAM flower 

extract (75 mg/kg/day), while Group 4 was treated with 

METF (500 mg/kg/day). Both medicines were administered 

each day over the course of a month to evaluate their potential 

therapeutic effects 14. 

 

2.3. Collection of serum and liver samples 

The collection of serum samples and liver specimens 

is described in Table 2. 

Table 2. Collection and processing of serum and liver 

samples. 

Procedure  Details 

Blood sample 

collection 

Collected via heart puncture 

Serum processing Serum was separated by 

centrifugation at 3,000 rpm for 10 

minutes and stored at −80°C for 

analysis. 

Analyzed 

parameters in 

serum 

Liver function markers, OXS, and 

antioxidant markers 

Liver collection Liver samples were extracted via 

abdominal dissection 

Liver samples 

preservation 

Liver samples were fixed in 10% 

neutral buffered formalin solution 

for further automatic paraffin 

processing 

Purpose of liver 

samples analysis 

Assess hepatic histopathological 

changes, and evaluate 

apoptotic/anti-apoptotic markers 

using immunohistochemistry 

 

2.4. Measurement of serum testosterone and 

estrogen levels 

 

Serum testosterone and estrogen levels were assessed 

at El-Safwa Laboratory, Tanta, Egypt, using the ADVIA 

Centaur automated competitive chemiluminescence 

immunoassay (Bayer HealthCare).  

 

2.5. Measurement of liver function markers 

 

Serum levels of serum aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), and lactate 

dehydrogenase (LDH) were measured using commercial 

detection kits from Biodiagnostic, Egypt 15. 

 

2.6. Histopathological analysis 

 

Liver specimens, fixed in formalin, were processed, 

encased in paraffin and cut into 4 µm sections. The liver 

sections were treated with hematoxylin and eosin (H&E) stain 

and examined under a light microscope, where images were 

captured for analysis. Histological processing followed the 

previously described method 16. 

 

2.7. Measurement of serum OXS markers 

 

The levels of oxidative lipid degradation product 

(MDA), glutathione peroxidase (GPx), and catalase (CAT) in 

serum were assessed by the kits BioDiagnostic, Egypt. 

 

2.8. Immunohistochemical analysis of 

apoptotic/antiapoptotic markers 

 

The immunoperoxidase (peroxidase-anti-peroxidase) 

technique was employed. The liver sections were treated to 

examine the Bax and Bcl-2 gene expression. Antibodies from 

Lab Vision (Fremont, CA) (1:200 dilution). The stained 

sections were then examined and photographed. 

. 

2.9. Statistics 

 

The findings were analyzed through analysis of 

variance (ANOVA), followed by Tukey’s post hoc test for 

multiple comparisons. Scatter plots were generated to 

represent the mean ± standard error (SE) (n=5) using 

GraphPad Prism (version 5). Statistical significance was set at 

p ≤ 0.05. 

 

3. RESULTS 

 

3.1. Impact of CHAM and METF treatment on 

serum testosterone and estrogen levels 

 

Rats with induced PCOS revealed a significant 

increase in both blood testosterone and estrogen 

concentrations relative to the control rats (p≤0.05). However, 

treatment with either CHAM flower extract or METF led to a 

notable reduction in both blood testosterone (p ≤ 0.001) and 

estrogen (p ≤ 0.01) relative to untreated PCOS group (Table 

3). 
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Table 3. Impact of CHAM and METF treatment on serum 

testosterone and estrogen levels measured in PCOS-induced 

rats. 

Group 
Testosterone 

(ng/ml) 

Estrogen 

(ng/ml) 

Group I Control 3.21±0.19 90.45±1.13 

Group II PCOS 4.74±0.18a 300.39±20.33a 

Group III CHAM 2.48±0.17b 100.24±2.98b 

Group IV METF 2.86±0.39b 98.48±2.35b 

Results were presented as mean ± SE (n=5). a denoted a significant 

variation relative to the control rats (p ≤ 0.05), while b denoted a 

significant variation relative to the untreated PCOS rats (p ≤ 0.05). 

 

3.2. Impact of PCOS, CHAM, and METF on 

hepatic function indicators 

 

The findings showed significant elevation in blood 

ALT (p<0.001), AST (p<0.01), and LDH (p<0.001) 12 weeks 

after PCOS induction (Figure 2A, 2B, and 2C, respectively). 

Conversely, treatment with CHAM flower extract 

significantly reduced serum ALT, AST, and LDH levels in 

PCOS-induced rats compared to their untreated counterparts 

(p<0.001) (Figure 2A, 2B, and 2C, respectively).  

  

Additionally, treatment with METF significantly 

reduced serum ALT (p<0.001), AST (p<0.01), and LDH 

(p<0.001) levels in PCOS-induced rats compared to their 

untreated counterparts (Figure 2A, 2B, and 2C, 

respectively). 
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Figure 2. Impact of CHAM and METF treatment on serum liver function markers measured in PCOS-induced rats. Results were 

presented as a Scatter plot vertical representing mean ± SE (n=5). a denoted a significant variation relative to the control rats (p 

≤ 0.05), while b denoted a significant variation relative to the untreated PCOS rats (p ≤ 0.05). 

 

3.3. Impact of PCOS, CHAM, and METF on 

liver histology 

 

Hepatic sections from the normal rats exhibited normal 

histological structure, with well-organized hepatocyte cords 

surrounding the central vein (CV) and intact blood sinusoids. 

The portal vein region (PVR) showed hepatocytes with active 
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vesicular nuclei and normal portal structures, including the 

bile duct (BD) and hepatic artery (Figure 3). 

 

In contrast, the PCOS group displayed significant 

histopathological alterations, including marked central vein 

dilation, congestion, and focal hepatocyte necrosis. Many 

hepatocytes exhibited dark, degenerated nuclei indicative of 

apoptosis. The PVR contained hepatocytes with nuclear size 

variations, dark-stained apoptotic nuclei, and prominent 

Kupffer cells lining the blood sinusoids (Figure 3). 

 

The CHAM-treated group demonstrated notable 

histological improvement, with a normal central vein and 

hepatocytes displaying active vesicular nuclei. Blood 

sinusoids and portal elements remained structurally intact, 

resembling the control group (Figure 3). 

 

The METF-treated group showed partial restoration of 

hepatocyte morphology, with hepatocytes exhibiting active 

vesicular nuclei. However, central vein dilation and focal 

sinusoidal congestion persisted. The PVR displayed mild 

congestion in the portal vein and bile duct, with epithelial cells 

maintaining active nuclei (Figure 3). 

 

3.4. Impact of PCOS, CHAM, and METF on 

serum OXS indicators 

 

The findings showed that the induction of PCOS 

significantly increased the blood level of the OXS indicators, 

MDA (p<0.001), 12 weeks after PCOS induction (Figure 

4A). Conversely, the induction of PCOS significantly 

decreased the serum level of the antioxidant enzymes, GPx 

and CAT, 12 weeks after PCOS induction (p< 0.01 and 

p<0.001, respectively) (Figure 4B and 4C, respectively). 

PCOS-induced rats subjected to both CHAM and METF 

showed a significant reduction in blood MDA relative to the 

PCOS rats (p<0.001) (Figure 4A). 

  

Additionally, treatment with both CHAM flower 

extract and METF significantly increased serum levels of GPx 

(p<0.05) and CAT (p<0.01 and p<0.001, respectively) in 

PCOS-induced rats compared to their untreated PCOS group 

(Figure 4B and 4C, respectively). 

 

3.5. Impact of PCOS, CHAM, and METF on 

liver bax immunoexpression 

 

Sections from rat liver immunostained for Bax (a 

marker for cell apoptosis) showed increased expression in the 

PCOS group. However, treatment with CHAM and METF 

reduced Bax immunoexpression expression compared to 

untreated PCOS-induced rats (Figure 5). 

 

3.6. Impact of PCOS, CHAM, and METF on 

Liver Bcl-2 Immunoexpression 

 

Sections from rat liver immunostained for Bcl-2 (a 

marker for cell protection) showed nearly negative expression 

in the PCOS group. However, treatment with CHAM and 

METF moderately enhanced Bcl-2 immunoexpression 

expression compared to untreated PCOS-induced rats (Figure 

6). 

 
Figure 3. Impact of CHAM and METF treatment on liver histopathology examined in PCOS-induced rats. Sections of rat liver 

stained by H&E. Group I: The Control group showed central vein region (CVR) with normal hepatocyte cell cords (black arrows) 

separated by normal blood sinusoids (white arrows) & portal vein region (PVR) also showed normal hepatocytes with active 

vesicular nuclei (black arrows) with normal portal elements (bile duct) (BD) and hepatic artery. Group II: The PCOS group 

showed CVR with marked central vein (CV) dilation, congestion, and focal hepatocyte necrosis (stars). The rest of the 

hepatocytes (dotted arrows) showed dark small degenerated nuclei (features of apoptosis). PVR showed areas of dark stained 

hepatocytes with small dark nuclei that can be considered features of hepatocyte apoptosis, nuclear size variation could be seen 
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in hepatocytes. Prominent nuclei of Kupffer cells lining hepatic blood sinusoids were evident. Group III: The CHAM group 

showed CVR with normal CV, and hepatocytes showed active vesicular nuclei (black arrows) with normal blood sinusoids (white 

arrows). PVR showed hepatocytes with normal vesicular nuclei (black arrows) separated by normal blood sinusoids (white 

arrows). Group IV: The METF group showed CVR with potential restoration of hepatocyte (black arrow) with normal 

appearance (active vesicular nuclei), still dilated CV, focal dilation, and congestion of blood sinusoids (white arrow). PVR 

Showed slight congestion of PV, BD with active nuclei of lining epithelium 

 
 

Figure 4. Impact of CHAM and METF treatment on serum OXS indicators measured in PCOS-induced rats. Results were 

presented as a Scatter plot vertical representing mean ± SE (n=5). a denoted a significant variation relative to the control rats (p 

≤ 0.05), while b denoted a significant variation relative to the untreated PCOS rats (p ≤ 0.05). 

 

 
 

 

 

 

 

 

Figure 5. Impact of CHAM and METF treatment on hepatic 

Bax gene expression examined in PCOS-induced rats. 

Moderate immuno-positive reaction was observed in necrotic 

regions of the PCOS group compared to the control group. 

Decreased such areas were observed in the METF group and 

nearly the absence of any reaction in the group treated by 

CHAM, which looked similar to the control group. 
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Figure 6. Impact of CHAM and METF treatment on hepatic 

Bcl-2 gene expression examined in PCOS-induced rats. 

Sections from rat liver immunostained for Bcl-2 (a marker for 

cell protection) showed nearly negative expression in the 

PCOS group and a moderate diffuse increase in CHAM and 

METF-treated groups.   

 

 

4. DISCUSSION 

 
The present study highlights the significant impact of 

CHAM flower extract and METF on hormonal balance, liver 

function, oxidative stress, and histopathological changes in a 

rat model of PCOS. The findings indicate that both treatments 

effectively mitigate PCOS-induced alterations, suggesting 

potential therapeutic benefits. 

 

PCOS is often associated with hormonal imbalances, 

including elevated testosterone and estrogen levels. In the 

current study, PCOS-induced rats exhibited significantly 

increased serum testosterone and estrogen levels compared to 

the control group. These hormonal changes contribute to the 

pathophysiology of PCOS, including metabolic and 

reproductive disturbances 17–19. Treatment with either CHAM 

or METF significantly reduced both hormone levels, 

indicating their potential role in restoring hormonal balance 
3,14.  

Notably, previous studies have demonstrated that 

metformin at a dose of 1500 mg/day significantly reduced free 

testosterone levels by 29% and estradiol levels by 38%, 

suggesting its role in modulating sex hormone bioavailability, 

primarily through the reduction of testosterone 20. CHAM has 

also been identified as a phytoestrogen with antiestrogenic 

properties. In a study by Johari et al., investigating the effects 

of hydroalcoholic CHAM extract on the hypothalamus-

pituitary-ovary axis in rats, CHAM significantly reduced 

estrogen levels while increasing progesterone levels 21 . This 

suggests that CHAM may act as a selective estrogen receptor 

modulator, helping to regulate endogenous estrogen levels in 

individuals with PCOS who typically exhibit elevated 

estrogen concentrations. These properties reinforce CHAM’s 

potential as a natural alternative for managing hormonal 

imbalances in PCOS. The observed reduction in testosterone 

and estrogen levels suggests that CHAM and METF may 

regulate ovarian steroidogenesis, possibly through 

modulation of androgen synthesis and estrogen metabolism 
22,23. 

Liver dysfunction is commonly reported in PCOS, 

often manifesting as increased levels of liver enzymes 24,25. 

The results of this research showed a significant elevation in 

serum ALT, AST, and LDH levels in PCOS-induced rats, 

reflecting hepatic damage. Histopathological examination 

further confirmed this damage, with PCOS rats exhibiting 

central vein dilation, congestion, hepatocyte necrosis, and 

increased apoptosis, as indicated by dark, shrunken nuclei 26. 

Treatment with CHAM and METF significantly reduced 

serum ALT, AST, and LDH levels, suggesting 

hepatoprotective effects. Additionally, liver histology 

revealed notable improvement, with CHAM-treated rats 

displaying nearly normal hepatic architecture, while METF-

treated rats showed partial restoration of hepatocyte 

morphology despite some persistent sinusoidal congestion.  

 

These results indicate that CHAM and METF may 

alleviate PCOS-induced hepatic damage by modulating liver 

enzyme activity and improving histological integrity. The 

findings of the present work align with previous research 

indicating the protective role of CHAM extract in liver 

toxicity. Methotrexate (MTX) has been shown to induce OXS 

and liver damage, primarily through increased oxidative 

biomarkers and histopathological alterations. A study 

investigating the impact of CHAM on MTX-produced liver 

toxicity demonstrated significant improvements in liver 

biomarkers, including aminotransferases, alkaline 

phosphatase (ALP), and albumin levels 27. CHAM extract 

exhibits hepatoprotective effects by mitigating OXS and 

structural liver damage induced by toxins like 2, 4-

dichlorophenoxy acetic acid. The study show that CHAM 

improves the hepatic ultrathin structure changes, highlighting 

its potential in protecting against hepatotoxicity 28. 

OXS plays a crucial role in the pathogenesis of PCOS, 

contributing to metabolic and reproductive dysfunctions. The 

results of this study showed that PCOS induction significantly 

increased serum MDA levels, a marker of LPO, while 

significantly decreasing antioxidant enzyme levels (GPx and 

CAT). These findings confirm the OXS burden in PCOS 29,30. 

Treatment with both CHAM and METF significantly reduced 

serum MDA levels while enhancing GPx and CAT activity, 

suggesting their potent antioxidant properties 3,14. Beyond 

hormonal regulation, the current findings highlight the 

preventive impact of CHAM and METF against liver 

dysfunction and induction of OXS in PCOS-induced rats. 

These findings align with prior research demonstrating 

CHAM’s ability to mitigate liver injury and oxidative stress 

(MTX-induced liver toxicity study).  

 

CHAM enhances antioxidant enzyme activity, such as 

GPx and CAT, while reducing LPO markers like MDA, 

thereby protecting against oxidative damage 27. The ability of 

CHAM to modulate OXS may be attributed to its bioactive 
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compounds, which enhance antioxidant defense mechanisms 

and reduce LPO, ultimately protecting cellular integrity 13,31. 

CHAM extract is rich in various antioxidant compounds that 

contribute to its protective effects against OXS. Among these, 

flavonoids and hydroxycinnamic acids play a crucial role in 

scavenging free radicals and reducing cellular damage 32,33. 

Additionally, CHAM contains phenolic acids, including 

caffeic acid and chlorogenic acid, which further enhance its 

antioxidant capacity 34. Studies have shown that the 

antioxidant properties of CHAM contribute to its 

hepatoprotective, making it a valuable natural remedy for the 

liver protection 27,35. 

 

Apoptosis dysregulation is another hallmark of PCOS, 

particularly in hepatic and ovarian tissues. 

Immunohistochemical analysis revealed increased hepatic 

Bax (a pro-apoptotic marker) and reduced hepatic Bcl-2 (an 

anti-apoptotic marker) expression in PCOS-induced rats, 

indicating enhanced apoptotic activity. Increased androgen 

levels in PCOS have been linked to hepatic apoptosis, partly 

through the upregulation of Bax (a pro-apoptotic protein) and 

the downregulation of Bcl-2 (an anti-apoptotic protein). 

Treatment with CHAM and METF significantly reduced Bax 

expression while increasing Bcl-2 expression, suggesting 

their ability to counteract androgen-induced apoptosis in 

hepatocytes. This further supports their role in protecting 

against PCOS-related liver dysfunction. 
 

5. CONCLUSION 

 
The present study highlights the hepatoprotective 

effects of CHAM extract in a PCOS-induced rat model. PCOS 

is often associated with hyperandrogenism and OXS, which 

contribute to liver dysfunction and structural damage. The 

significant reduction in serum ALT, AST, and LDH levels 

following CHAM treatment suggests improved liver function 

and reduced hepatic injury. The histopathological analysis 

further confirmed the protective role of CHAM, as it mitigated 

liver structural damage, preserved hepatocyte integrity, and 

reduced apoptotic markers. The antioxidant properties of 

CHAM, attributed to its flavonoid content, played a key role 

in reducing OXS, restoring antioxidant enzyme levels, and 

suppressing apoptotic pathways. These results suggest that 

CHAM extract may serve as a promising natural 

hepatoprotective agent in managing liver complications 

associated with PCOS-induced metabolic disturbances. 

Further research is warranted to explore its potential for 

clinical applications. 
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