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ABSTRACT

The potential role of Pelargonium sidoides extract in reducing 
oxidative stress was assessed in rats with experimentally induced 
polycystic ovary syndrome (PCOS). Five groups were formed: 
control group without treatment; Carboxymethyl Cellulose group 
receiving 1% carboxymethyl cellulose; group given P. sidoides extract 
(30 mg·kg–1·day–1 for 3 days -d-); PCOS group administered letrozole 
(polycystic ovary syndrome agent) (1 mg·kg–1·day–1 for 21 d); and 
PCOS + P. sidoides group, in which the extract was applied during the 
last 3 d of letrozole administration. In this study, malondialdehyde 
and reduced glutathione levels, catalase, glutathione peroxidase, 
superoxide dismutase, glutathione–S–transferase activities were 
determined in blood and ovarian tissues. Additionally, hormones 
and biomarkers such as follicle–stimulating hormone (FSH), 
luteinizing hormone (LH), testosterone, insulin, cholesterol and 
glucose were also determined in serum. Rats in the PCOS group 
showed significantly elevated malondialdehyde levels in both 
plasma and ovarian tissues, indicating increased oxidative stress. 
Conversely, when compared to controls, reduced glutathione levels 
and antioxidant enzyme activity were significantly lower. In the PCOS 
+ P. sidoides group, ovarian reduced glutathione levels increased 
significantly, however, no alteration was observed in plasma reduced 
glutathione levels. malondialdehyde levels decreased in both tissues, 
and antioxidant enzyme activities improved significantly, suggesting 
a partial restoration of oxidative balance. Endocrine evaluations 
showed that PCOS rats had higher serum LH, testosterone, insulin, 
and cholesterol, with decreased FSH levels, while glucose remained 
unchanged. In the PCOS + P. sidoides group, many parameters 
approached control values, and no significant differences were 
detected compared with healthy rats, except for testosterone. 
Compared with the PCOS group, the serum significantly reduced 
LH, testosterone, and insulin levels and increased FSH, while 
glucose remained unaffected. Overall, the findings indicate that 
PCOS induces oxidative stress in plasma and ovarian tissues and 
disrupts key hormonal and metabolic biomarkers. P. sidoides extract, 
with its antioxidant effects, may alleviate oxidative and hormonal 
alterations associated with PCOS, suggesting its potential supportive 
role in mitigating PCOS – related complications.
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RESUMEN

Se evaluó el papel potencial del extracto de Pelargonium sidoides 
en la reducción del estrés oxidativo en ratas con síndrome de ovario 
poliquístico (SOP) inducido experimentalmente. Se formaron cinco 
grupos: grupo control sin tratamiento; un grupo que recibió 1 % 
de carboximetilcelulosa; otro grupo recibió extracto de P. sidoides 
(30 mg·kg–1·día–1 durante 3 días -d-); al grupo SOP se le administró 
letrozol (1 mg·kg–1·día–1 durante 21 d); y en el grupo SOP + P. sidoides, 
se dosificó el extracto durante los últimos 3 d de la administración 
de letrozol. Se determinaron los niveles de malondialdehído y 
glutatión reducido, y las actividades de catalasa, glutatión peroxidasa, 
superóxido dismutasa y glutatión–S–transferasa en sangre y tejidos 
ováricos. Además, se determinaron hormonas y biomarcadores como 
hormona foliculo estimulante (FSH), hormona luteinizante (LH), 
testosterona, insulina, colesterol y glucosa en suero. Las ratas del 
grupo SOP mostraron niveles de malondialdehído significativamente 
elevados tanto en plasma como en tejido ovárico, lo que indica un 
aumento del estrés oxidativo. Por el contrario, en comparación con 
los controles, los niveles de glutatión reducido y la actividad de las 
enzimas antioxidantes fueron significativamente menores. En el 
grupo SOP + P. sidoides, los niveles de glutatión reducido ováricos 
aumentaron significativamente, sin embargo, no se observó ninguna 
alteración en los niveles de glutatión reducido plasmáticos. Los niveles 
de malondialdehído disminuyeron en ambos tejidos, y las actividades 
de las enzimas antioxidantes mejoraron significativamente, lo 
que sugiere una restauración parcial del equilibrio oxidativo. Las 
evaluaciones endocrinas mostraron que las ratas SOP tenían niveles 
séricos más altos de LH, testosterona, insulina y colesterol, con niveles 
disminuidos de FSH, mientras que la glucosa se mantuvo sin cambios. 
En el grupo SOP + P. sidoides, muchos parámetros se aproximaron 
a los valores de control, y no se detectaron diferencias significativas 
en comparación con las ratas sanas, excepto para la testosterona. En 
comparación con el grupo SOP, el suero redujo significativamente los 
niveles de LH, testosterona e insulina, e incrementó la FSH, mientras 
que la glucosa permaneció inalterada. En general, los hallazgos indican 
que el SOP induce estrés oxidativo en el plasma y los tejidos ováricos, 
y altera biomarcadores hormonales y metabólicos clave. El extracto 
de P. sidoides, gracias a sus efectos antioxidantes, podría aliviar 
las alteraciones oxidativas y hormonales asociadas al SOP, lo que 
sugiere su potencial papel de apoyo para mitigar las complicaciones 
relacionadas con esta afección.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a heterogeneous 
metabolic–hormonal disorder commonly identified by menstrual 
irregularities, features of androgen excess, and the presence of 
polycystic morphology of ovarian [1]. Its prevalence is reported 
to range approximately from 5 to 18% of within the reproductive–
age female population and is considered a chronic condition 
with reproductive, psychological, and metabolic implications 
that may persist throughout life. The development of PCOS is 
multifactorial, involving genetic predisposition, epigenetic 
influences, abnormalities in hypothalamic–pituitary–ovarian 
function, increased androgen production, insulin resistance, and 
obesity–related mechanisms. This disorder has also historically 
been referred to as Stein–Leventhal syndrome [2, 3].

According to an international guideline regarding PCOS, the 
identification of PCOS in adult women is established when at least 
2 of 3 key features are present. These include biochemical and/
or clinical evidence of hyperandrogenism, such as increased total 
testosterone, free androgen index, or bioavailable testosterone; 
ovulatory dysfunction manifested by infrequent or absent menstrual 
cycles; and polycystic morphology of ovarian, characterized by 
multiple small antral follicles, increased ovarian volume, and/or 
elevated anti–Müllerian hormone concentrations [4].

Epidemiological data derived from systematic screening 
studies based on the diagnostic criteria of the National Institutes 
of Health indicate that PCOS affects roughly 10% of within the 
reproductive–age female population [5]. Furthermore, the World 
Health Organization estimated in 2012 that approximately 
more than 100 million women globally were living with PCOS, 
corresponding to about 3.4% of the female population [2]. The 
relatively high prevalence of PCOS, together with its association 
with menstrual and ovulatory disturbances, infertility, alopecia, 
and various metabolic abnormalities, underscores the considerable 
clinical and socioeconomic impact of the disorder [6].

The relatively high prevalence of PCOS is thought to result 
from a complex interaction of genetic susceptibility, hormonal 
dysregulation, insulin resistance, obesity, and environmental factors. 
Furthermore, increasing awareness and improvements in diagnostic 
criteria have contributed to the identification of a greater number of 
affected women. Together with its association with menstrual and 
ovulatory disturbances, infertility, alopecia, and various metabolic 
abnormalities, this high prevalence underscores the considerable 
clinical and socioeconomic impact of the disorder. Although PCOS 
may develop at any time following menarche, it is most commonly 
identified in women between 20 and 30 years of age [7].

Growing scientific interest has focused on the clinical benefits 
of plant–derived bioactive compounds in the management of 
PCOS, and numerous studies have explored their possible benefits 
in recent years. These molecules have been shown to have the 
potential to control hormone levels, alleviate the clinical symptoms 
of PCOS, and regulate oxidative stress levels [8, 9, 10].

Pelargonium sidoides belongs to the Geraniaceae family and is 
classified under the Pelargonium genus. It is one of approximately 
3,000 plant species that are traditionally utilized in South African 
folk medicine. The therapeutic application of this miraculous 

plant has a long history and has been employed for generations 
by different local communities for the treatment of both human 
and veterinary conditions. This plant is particularly valued for its 
medicinal effects in managing respiratory diseases, including 
tuberculosis, bronchitis, cough, fever, and related infections 
of the respiratory tract. It has been traditionally used to treat 
various health problems, including gonorrhea, diarrhea, dysentery, 
cough, liver disorders, colic, rectal prolapse, and instia (stomach 
discomfort in infants) [11, 12].

The pharmacologically active constituents of this plant are 
primarily concentrated in its bitter–tasting roots. A variety of 
phytochemical preparations have been developed from these roots 
for therapeutic purposes. Among them, EPs® 7630 (Umckaloabo®), 
an ethanolic–aqueous extract of P. sidoides, has been clinically 
investigated for the management of respiratory tract conditions, 
including acute tonsillopharyngitis and acute bronchitis [13]. 
Experimental findings from studies suggest that P. sidoides exhibits 
a broad spectrum of biological activities, including antibacterial 
[14], antiviral [13, 15, 16], immunomodulatory [17], anti–adhesive 
[18], and antioxidant effects [8, 19].

These biological properties are largely attributed to its principal 
constituents, particularly polyphenolic compounds such as 
catechin and 7–hydroxycoumarins such as umckalin, which are 
known for their antimicrobial and immune–regulating activities 
[14, 17]. In addition, the extract contains monomeric flavan–3–ols, 
polymeric proanthocyanidins, gallic acid, and phenolic acids, as 
well as smaller quantities of sitosterol–glucoside and quercetin, 
all of which may contribute to the overall pharmacological profile 
of the plant [18].

Letrozole is a nonsteroidal aromatase inhibitor that blocks the 
conversion of androgens to estrogens. Reduced estrogen synthesis 
results in hyperandrogenism, impaired follicular development, and 
anovulation, thereby inducing ovarian changes similar to those 
observed in PCOS. For this reason, letrozole is commonly used 
to induce experimental PCOS in animal models [8].

This study set out to assess P. sidoides extract’s possible effects 
on oxidative stress, antioxidant defense system and hormonal–
metabolic parameters in rats with experimentally induced PCOS 
with letrozole.

MATERIALS AND METHODS

Animals and experimental procedure

A total of 35 female Sprague–Dawley rats (Rattus norvegicus), 
approximately 2.5 months old, were included in this study. Ethical 
approval was granted by the Ethics Committee for Animal Experiments 
at Firat University prior to the commencement of the experiments 
(Protocol No: 2024/02–13 and Annex 2024/15–08). The animals 
were supplied by the Experimental Research Center (Firat University).

Experimental protocol

The animals were assigned to five experimental groups. The 
amounts of P. sidoides and letrozole (experimental PCOS agent) to 
be used in this study were determined in accordance with earlier 
researchs [8, 20, 21, 22]. The first group received no treatment. 
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The second group was planned as a negative control and was 
administered carboxymethyl cellulose (CMC) (1%), the solvent for 
letrozole, via gavage (1 mL) for 21 days (d). The third group was 
administered P. sidoides (EPs® 7630) at a dose of 30 mg·kg–1·day–1 
body weight via gavage for 3 d. In the fourth group, letrozole 
(1 mg·kg–1·day–1), prepared in 1% CMC, was administered by oral 
gavage for 21 d. The fifth group was administered letrozole and 
P. sidoides extract at the doses and durations determined above. 
On the 19th d of letrozol treatment, P. sidoides extract was applied 
for 3 d (on d 19, 20, and 21). Letrozol treatment lasted for a total 
of 21 d, with both treatments discontinued on d 22, after which 
samples were collected.

Pelargonium sidoides extract administration was initiated on 
d 19 of letrozole treatment to evaluate its potential therapeutic 
effects after the establishment of letrozole–induced PCOS. Thus, 
the extract was administered during the final three days of the 
induction period, and samples were collected following the 
completion of both treatments.

Biochemical analyses

At the end of the study, all rats were euthanized by decapitation 
under ether anesthesia and blood samples collected into tubes (BD 
Vacutainer) containing Ethylenediaminetetraacetic acid (EDTA) and 
yellow–capped serum tubes (Vacusera, Lot.2667.0005.23). Blood 
samples collected in serum tubes and EDTA were centrifuged using 
a refrigerated centrifuge (NF NUVE NF800R, Türkiye) at 850 × g 
for 10 min to obtain plasma and serum. Plasma was then used for 
the determination of malondialdehyde (MDA). Serum was used to 
measure certain indicators, including endocrine parameters such 
as luteinizing hormone (LH), follicle stimulating hormone (FSH), 
testosterone, insulin, cholesterol and glucose. Whole blood was 
used for the analysis of glutathione peroxidase (GSH–Px) and 
reduced glutathione (GSH) [8].

Ovarian tissue samples used to assess the levels of MDA, GSH, 
catalase (CAT), GSH–Px, glutathione–S–transferase (GST) and 
superoxide dismutase (SOD) were weighed between two filter 
papers after being drained, mixed with distilled water to achieve 
dilution at a 1:10 ratio (weight/volume), and homogenized in crushed 
ice using a homogenizer (DAIHAN HG–15A, DAIHAN Scientific 
Co. Gangwon–do, Korea). The homogenate was centrifuged in a 

refrigerated centrifuge (NUVE NF800R, Türkiye) at +4ºC for 15 min 
at 1160 g for MDA, GSH, GST, CAT, and SOD analyses, and for 55 min 
at 18620 g for GSH–Px analysis. An Advia 1800 Chemistry Analyzer 
(Siemens Healthineers, Germany) was used to measure the levels of 
FSH, LH, glucose, testosterone, cholesterol, and insulin in serums.

The MDA levels in the tissue and plasma samples were analyzed 
spectrophotometrically (Thermo Scientific, Genesys 10S UV–VIS 
Spectrophotometer, USA) using a modified version of the method 
described by Placer et al. [23]. GSH levels were determined in 
accordance with the method described by Ellman et al. [24]. CAT 
activity was assessed using the protocol developed by Aebi [25]. 
GSH–Px activity was evaluated in accordance with the method of 
Beutler [26]. GST activity was measured based on the conjugation 
of reduced glutathione with 1–chloro–2,4–dinitrobenzene, 
monitored at 340 nm [27]. SOD activity was determined using a 
modified version of the protocol described by Sun et al. [28]. Hb 
concentrations were assessed using the Drabkin method [29] for 
normalization of enzyme activities. Protein content was quantified 
in accordance with the method of Lowry et al. [30].

Statistical analyses

In order to evaluate the significance of differences between 
various groups, this study used SPSS software, version 22.0. Using 
the “Shapiro–Wilk test,” which confirmed that the data followed a 
normal distribution, the normality of the raw data for all measured 
parameters was examined. Group differences were analyzed using 
one–way analysis of variance (ANOVA). The Tukey test was used 
in post hoc comparisons to determine particular group differences 
if significant disparities were found.

RESULTS AND DISCUSSION

TABLES I and II present the impact of P. sidoides extract on MDA 
and GSH levels, as well as CAT, GSH–Px, GST, and SOD enzyme 
activities in the blood and ovarian tissues of PCOS–induced rats, 
whereas TABLE III summarizes its effects on serum LH, FSH, 
testosterone, glucose, insulin, and cholesterol concentrations.

Accordingly, compared to the control group, MDA levels were 
higher in both blood and ovarian tissue in the PCOS group, while 
GSH levels, CAT, GSH–Px, GST, and SOD activities were lower. 

TABLE I 
Effects of Pelargonium sidoides extract administration on plasma malondialdehyde and erythrocyte 

antioxidant enzymes activities and reduced glutathione levels in polycystic ovary syndrome rats

Control PS CMC PCOS PCOS + PS P

MDA (nmol·mL–1) 7.55 ± 0.23a 7.76 ± 0.19a 7.54 ± 0.17a 9.46 ± 0.19c 8.62 ± 0.23b < 0.05

GSH (µmol·mL–1) 49.21 ± 1.40a 51.33 ± 1.33a 49.19 ± 0.66a 43.80 ± 0.83b 48.40 ± 1.37ab < 0.05

CAT (k·g–1 Hb) 60.19 ± 2.21a 54.57 ± 2.42ab 55.47 ± 1.75ab 41.41 ± 1.64c 51.25 ± 1.57b < 0.001* |< 0.05**

GSH–Px (U·mg–1 Hb) 314.76 ± 3.74a 310.89 ± 4.72a 306.64 ± 5.83a 267.65 ± 6.37b 298.64 ± 6.86a < 0.001

SOD (U·mg–1 Hb) 76.24 ± 0.39a 77.08 ± 0.40a 76.61 ± 0.48a 71.67 ± 1.42b 75.26 ± 0.88a < 0.05
Values are presented as mean ± SEM. Different superscript letters (a, b, c) within the same row indicate statistically significant differences 
among groups (P<0.05). * indicates a significant difference between the Control and PCOS groups (P<0.05). ** indicates a significant 
difference between the PCOS and PCOS + PS groups (P<0.05). Variables without significance symbols showed the same level of significance 
in both comparisons. MDA: malondialdehyde, GSH: reduced glutathione, CAT: catalase, GSH–Px: glutathione peroxidase, SOD: superoxide 
dismutase. PS: Pelargonium sidoides, CMC: carboxymethyl cellulose, PCOS: Polycystic Ovary Syndrome
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Statistically significant differences were not found in MDA, GSH 
levels, CAT, GSH–Px, GST, and SOD activities between the control, 
P. sidoides, and CMC groups in either tissue. In the PCOS + PS 
group, MDA levels were lower in both tissues compared to the PCOS 
group, while CAT, GSH–Px, GST, and SOD activities were higher. 
A statistically insignificant difference was found in erythrocyte 
GSH levels in the PCOS + PS group, while a statistically significant 
increase was found in ovarian tissue GSH levels (TABLES I and II).

TABLE III shows that, compared to the control group, serum 
LH, testosterone, insulin, and cholesterol levels were higher in the 
PCOS group, FSH levels were lower, and glucose levels remained 
unchanged. Furthermore, statistically significant differences 
were not found in serum FSH, LH, glucose, testosterone, insulin, 
and cholesterol levels between the control, P. sidoides, and CMC 
groups. In the PCOS + PS group, LH, testosterone, and insulin levels 
were lower, FSH levels were higher, and glucose and cholesterol 
levels remained unchanged compared to the PCOS group.

Polycystic ovary syndrome is one of the most common endocrine 
disorders in women and is characterized by multifaceted 
pathophysiological mechanisms such as hormonal imbalance, 
ovulation disorders, insulin resistance, and increased oxidative 
stress. In experimental PCOS models, increased reactive oxygen 
species (ROS) and decreased antioxidant defense systems 
play important roles in the development and progression of the 
syndrome. Therefore, the use of natural antioxidant sources that 
can reduce oxidative stress has attracted attention in recent years. 
P. sidoides extract, rich in phenolic compounds and flavonoids, 
stands out as a herbal agent that can exhibit antioxidant, anti–
inflammatory, and cytoprotective effects [1, 2, 11, 12].

In this study, the effects of P. sidoides extract on some 
biochemical and antioxidant parameters were evaluated in 
rats using an experimental PCOS model and the findings were 
discussed by comparing them with the existing literature. The 
findings indicate that PCOS induces significant oxidative stress 
in both the circulation and ovarian tissue, and that P. sidoides 
administration significantly alleviates this process. This conclusion 
is supported by the significant increase in MDA levels and the 
concomitant decrease in GSH concentrations and antioxidant 
enzyme activities (CAT, GSH–Px, GST, and SOD) observed in the 
PCOS group compared with the control group.

TABLE II 
Effects of Pelargonium sidoides extract application on malondialdehyde and antioxidant enzymes 

activities and reduced glutathione levels in ovarian tissues of polycystic ovary syndrome rats

Control PS CMC PCOS PCOS+PS P

MDA (nmol·g–1 tissue) 0.79 ± 0.02ab 0.73 ± 0.03a 0.79 ± 0.04ab 1.09 ± 0.04c 0.89 ± 0.03b < 0.001

GSH (µmol·mL–1) 2.19 ± 0.04a 2.14 ± 0.03a 2.16 ± 0.06a 1.79 ± 0.05b 2.20 ± 0.09a < 0.001

KAT (k·g–1 prot.) 20.71 ± 0.88a 21.03 ± 0.64a 22.02 ± 0.80a 13.78 ± 1.19b 19.20 ± 1.15a < 0.001* | < 0.05**

GSH–Px (U·mg–1 prot.) 0.157 ± 0.01a 0.153 ± 0.01ab 0.145 ± 0.01ab 0.105 ± 0.01c 0.133 ± 0.01b < 0.001

GST (U·mg–1 prot.) 26.95 ± 0.45a 26.10 ± 0.66a 26.13 ± 0.46a 21.37 ± 0.68b 24.64 ± 1.01a < 0.001* | < 0.05**

SOD (U·mg–1 prot.) 3.44 ± 0.05a 3.48 ± 0.07a 3.46 ± 0.09a 2.90 ± 0.09b 3.24 ± 0.09a < 0.001
Values are presented as mean ± SEM. Different superscript letters (a, b, c) within the same row indicate statistically significant differences 
among groups (P<0.05). * indicates a significant difference between the Control and PCOS groups (P<0.05). ** indicates a significant 
difference between the PCOS and PCOS + PS groups (P<0.05). Variables without significance symbols showed the same level of significance 
in both comparisons. MDA: malondialdehyde, GSH: reduced glutathione, CAT: catalase, GSH–Px: glutathione peroxidase, GST: glutathione–S–
transferase, SOD: superoxide dismutase. PS: Pelargonium sidoides, CMC: carboxymethyl cellulose, PCOS: Polycystic Ovary Syndrome

TABLE III 
Effects of Pelargonium sidoides extract administration on serum luteinizing hormone, follicle–stimulating 

hormone, testosterone, glucose, insulin and cholesterol levels in polycystic ovary syndrome rats

Control PS CMC PCOS PCOS+PS P

LH (mIU·mL–1) 2.50 ± 0.06a 2.61 ± 0.07a 2.54 ± 0.08a 3.64 ± 0.19b 3.02 ± 0.19a < 0.001* | < 0.05**

FSH (mIU·mL–1) 5.38 ± 0.08a 5.42 ± 0.08a 5.45 ± 0.07a 3.63 ± 0.17b 5.16 ± 0.28a < 0.001

Testosterone (ng·mL–1) 2.61 ± 0.05a 2.68 ± 0.08ab 2.63 ± 0.07a 4.40 ± 0.23c 3.42 ± 0.33b < 0.001* |< 0.05**

Glucose (mg·dL–1) 74.43 ± 0.92ab 74.28 ± 0.68ab 73.71 ± 0.78a 79.14 ± 1.93b 79.0 ± 1.76ab < 0.05

Insulin (ng·mL–1) 2.29 ± 0.11a 2.21 ± 0.09a 2.32 ± 0.04a 3.10 ± 0.14b 2.59 ± 0.11a < 0.001* |< 0.05**

Cholesterol (mg·dL–1) 76.14 ± 1.18a 74.14 ± 0.91a 74.71 ± 1.08a 84.86 ± 3.03b 80.57 ± 1.32ab < 0.05 
Values are presented as mean ± SEM. Different superscript letters (a, b, c) within the same row indicate statistically significant differences 
among groups (P<0.05). * indicates a significant difference between the Control and PCOS groups (P<0.05). ** indicates a significant difference 
between the PCOS and PCOS + PS groups (P<0.05). Variables without significance symbols showed the same level of significance in both 
comparisons. LH: Luteinizing hormone, FSH: Follicle stimulating hormone, PS: Pelargonium sidoides, CMC: carboxymethyl cellulose. PS: 
Pelargonium sidoides, CMC: carboxymethyl cellulose, PCOS: Polycystic Ovary Syndrome
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In contrast, P. sidoides treatment significantly reduced MDA 
levels in both plasma and ovarian tissue while enhancing 
antioxidant defense parameters, particularly ovarian GSH levels 
and the activities of CAT, GSH–Px, GST, and SOD. These findings 
suggest that P. sidoides attenuates lipid peroxidation and partially 
restores the antioxidant defense system impaired by PCOS.

Oxidative stress is known to play a central role in the 
pathophysiology of PCOS [8]. Various studies have reported increased 
lipid peroxidation levels and decreased antioxidant enzyme activities 
in women with PCOS [8, 31, 32]. For example, Victor et al. [31] 
demonstrated a significant increase in lipid peroxidation in PCOS 
patients and a close association with insulin resistance.

Similarly, Agarwal et al. [32] reported that decreased antioxidant 
capacity negatively impacts follicular development. Çelikdemir et al. 
[8], in their study investigating the effect of Lepidium meyenii on a 
few endocrine and antioxidant parameters in experimentally PCOS 
rats, similarly induced PCOS and determined that MDA levels were 
significantly increased in the PCOS group at the end of the study.

After the application of maca root, which they evaluated as an 
antioxidant, they found that MDA levels were lower compared 
control group, which they attributed to increased lipid peroxidation. 
Furthermore, these researchers determined a decrease in antioxidant 
enzyme activities in the PCOS model group after letrozole application 
compared to the control group, and the authors explained this by 
the increased utilization of enzymes due to oxidative stress.

In recent years, there has been a growing number of studies 
investigating the role of oxidative stress in experimental PCOS 
models induced by letrozole. For example, Babaeenezhad et al. [33] 
reported a significant increase in oxidative stress and suppression of 
the antioxidant defense system in a letrozole–induced PCOS model, 
and that betaine treatment significantly ameliorated these changes.

Similarly, Elfiky et al. [34] reported that marjoram (Origanum 
majorana) administration improved oxidative stress markers and 
exerted protective effects on ovarian tissue in a letrozole–induced 
PCOS model. Femi–Olabisi et al. [35] and Elmosalamy et al. [36] 
also demonstrated that alpha–lipoic acid attenuated oxidative 
stress and enhanced antioxidant enzyme activities in PCOS rats. 
Likewise, Rashid et al. [37] reported that Ocimum tenuiflorum 
extract reduced MDA levels while increasing antioxidant 
parameters such as CAT, SOD, GSH–Px, and GSH.

The findings of the present study agree with these reports. 
In our study, ovarian tissue MDA levels increased from 
0.79 ± 0.02 nmol·g–1 tissue in the control group to 1.09 ± 0.04 
nmol·g–1 tissue in the PCOS group, whereas P. sidoides treatment 
reduced this value to 0.89 ± 0.03 nmol·g–1 tissue.

Similarly, ovarian GSH levels, which decreased from 
2.19 ± 0.04 µmol·mL–1 in the control group to 1.79 ± 0.05 µmol·mL–1 
in the PCOS group, increased to 2.20 ± 0.09 µmol·mL–1 following 
P. sidoides administration. Comparable improvements were also 
observed in antioxidant enzyme activities including CAT, GSH–Px, 
GST, and SOD. These findings support the hypothesis that P. sidoides 
exerts antioxidant effects comparable to those reported for other 
natural compounds investigated in experimental PCOS models.

Recent studies on experimental PCOS models induced by 
letrozole show that letrozole administration creates a significant 
oxidative stress picture in rats, characterized by increased lipid 
peroxidation and suppression of the antioxidant defense system. 
Indeed, these studies report increased MDA levels in the PCOS 
group, while SOD, CAT, GSH–Px, and GSH levels decreased [33, 
34, 35, 36, 37].

Furthermore, some studies have shown suppression of 
antioxidant defense pathways such as nuclear factor erythroid 
2–related factor 2/heme oxygenase–1 (Nrf2/HO–1) [37]. 
However, it has been reported that these parameters improve 
significantly, oxidative stress decreases, and histopathological 
improvement is observed in ovarian tissue upon application of 
natural compounds or pharmacological agents exhibiting different 
antioxidant properties [33, 34, 35, 36, 37]. When these findings 
are considered together, it is thought that oxidative stress plays an 
important role in the pathogenesis of the disease in the letrozole–
induced PCOS model, and that antioxidant treatment approaches 
may have a potential protective effect in reducing ovarian damage 
associated with PCOS.

In this study, the significant increase in MDA levels in both 
plasma and ovarian tissue and the decrease in antioxidant defense 
indicators such as GSH, CAT, GSH–Px, GST, and SOD in the PCOS 
group are consistent with the relevant literature. Studies showing 
increased oxidative stress in letrozole models also support our 
finding [8, 31, 32, 33, 34, 35, 36, 37].

The present findings suggest that P. sidoides may contribute to 
the reduction of oxidative damage associated with PCOS. Given its 
rich phenolic and flavonoid content, the observed improvement in 
oxidative stress markers supports the potential role of this plant 
as a natural antioxidant source in experimental PCOS.

P. sidoides extract is known to contain potent antioxidant and 
anti–inflammatory molecules such as phenolic compounds, 
proanthocyanidins, flavonoids, and umckalin. Terlizzi et al. [38] have 
shown that the plant has a high antioxidant capacity and that phenolic 
compounds have the ability to scavenge ROS. Michaelis et al. [39] 
reported that P. sidoides can modulate the cellular stress response.

In the present study, ovarian GSH levels decreased from 
2.19 ± 0.04 µmol·mL–1 in the control group to 1.79 ± 0.05 µmol·mL–1 
in the PCOS group, whereas Pelargonium sidoides administration 
restored GSH levels to 2.20 ± 0.09 µmol·mL–1. Similarly, CAT 
activity increased from 13.78 ± 1.19 k·g–1 protein in the PCOS 
group to 19.20 ± 1.15 k·g–1 protein following P. sidoides treatment. 
Improvements were also observed in GSH–Px, GST, and SOD 
activities, accompanied by a reduction in ovarian MDA levels from 
1.09 ± 0.04 to 0.89 ± 0.03 nmol·g–1 tissue.

These findings indicate that P. sidoides enhances antioxidant 
defense mechanisms and attenuates oxidative damage in ovarian 
tissue. Similar improvements in antioxidant parameters have been 
reported following the administration of Ocimum tenuiflorum 
extract [37], alpha–lipoic acid [36], and marjoram extract [34] in 
experimental PCOS models.

In the present study, serum LH and testosterone levels were 
significantly increased in the PCOS group (3.64 ± 0.19 mIU·mL–1 
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and 4.40 ± 0.23 ng·mL–1, respectively) compared with the control 
group (2.50 ± 0.06 mIU·mL–1 and 2.61 ± 0.05 ng·mL–1), whereas FSH 
levels decreased from 5.38 ± 0.08 to 3.63 ± 0.17 mIU·mL–1. These 
findings are consistent with the hormonal alterations typically 
observed in PCOS and support the successful establishment of 
the letrozole–induced PCOS model.

Similarly, Xu et al. [40] reported increased LH/FSH ratios, elevated 
testosterone concentrations, and disrupted ovarian cyclicity in 
letrozole–treated rats. In addition, insulin levels increased from 
2.29 ± 0.11 ng·mL–1 in the control group to 3.10 ± 0.14 ng·mL–1 
in the PCOS group, while cholesterol levels increased from 
76.14 ± 1.18 mg·dL–1 to 84.86 ± 3.03 mg·dL–1. These findings are in 
agreement with previous reports indicating that insulin resistance 
and hyperinsulinemia contribute to PCOS–associated metabolic 
disturbances and hyperandrogenism [41]. Hyperinsulinemia has 
been shown to enhance ovarian steroidogenesis and amplify 
LH–mediated androgen production, thereby contributing to the 
development of hyperandrogenism.

Although improvements were observed in several oxidative 
stress parameters following P. sidoides administration, not all 
parameters showed statistically significant differences when 
compared with the PCOS group. For example, ovarian MDA levels 
decreased from 1.09 ± 0.04 to 0.89 ± 0.03 nmol·g–1 tissue, while 
GSH levels increased from 1.79 ± 0.05 to 2.20 ± 0.09 µmol·mL–1. 
Similar improvements were also observed in CAT, GST, GSH–Px, 
and SOD activities. However, the magnitude of these changes 
was lower than that reported in some studies evaluating other 
antioxidant agents in experimental PCOS models, such as alpha–
lipoic acid [36] and Ocimum tenuiflorum extract [37], where more 
pronounced restoration of antioxidant parameters was observed. 
Therefore, the antioxidant effect of P. sidoides may depend on 
factors such as treatment duration, extract composition, and 
administered dose, which should be investigated in future studies.

Pelargonium sidoides administration significantly reduced LH, 
testosterone, and insulin levels, while bringing FSH levels closer 
to control values, suggesting that the plant may have a regulatory 
effect on hormonal balance. There are studies demonstrating that 
herbal antioxidants improve hormonal imbalances associated with 
PCOS. For example, quercetin [42] has been reported to increase 
insulin sensitivity and regulate the LH/FSH ratio, resveratrol [43] 
reduces hyperandrogenism, and curcumin [44] improves hormonal 
balance through inflammation and oxidative stress.

The findings of this study suggest that P. sidoides may act through 
similar mechanisms. Given the immunomodulatory and anti–
inflammatory effects of P. sidoides, it is possible that it regulates 
hormone levels through the effects of cytokine and inflammatory 
signals on steroidogenesis.

A comprehensive review conducted by Reina et al. [12] reported 
that P. sidoides extract possesses antioxidant, immunomodulatory, 
and anti–inflammatory properties, and that these effects stem 
from the plant’s phenolic compounds. The study also emphasized 
that the plant can reduce cellular oxidative damage through 
multiple mechanisms.

Jindrich–Cinatl et al. [45] reported that P. sidoides exerts 
antioxidant, immunomodulatory, and anti–inflammatory effects 

that strengthen cellular defense mechanisms. Likewise, Aslan and 
Seçme [46] demonstrated that P. sidoides modulates oxidative 
stress pathways and reduces cellular damage. Consistent with these 
reports, P. sidoides administration in the present study reduced 
ovarian MDA levels from 1.09 ± 0.04 to 0.89 ± 0.03 nmol·g–1 tissue 
and restored GSH levels from 1.79 ± 0.05 to 2.20 ± 0.09 µmol·mL–1.

In addition, CAT activity increased from 13.78 ± 1.19 to 
19.20 ± 1.15 k·g–1 protein following treatment. These findings 
support the notion that P. sidoides enhances antioxidant defense 
mechanisms and attenuates oxidative damage in experimental PCOS.

The observed improvement in antioxidant parameters in the group 
treated with P. sidoides in this study is consistent with antioxidant 
properties reported in the literature. The observed improvement 
in antioxidant parameters in the Pelargonium sidoides–treated 
group is consistent with the antioxidant properties reported in the 
literature. In the present study, ovarian MDA levels decreased from 
1.09 ± 0.04 nmol·g–1 tissue in the PCOS group to 0.89 ± 0.03 nmol·g–1 
tissue following P. sidoides administration, whereas GSH levels 
increased from 1.79 ± 0.05 to 2.20 ± 0.09 µmol·mL–1.

Similarly, CAT activity increased from 13.78 ± 1.19 to 
19.20 ± 1.15 k·g–1 protein, accompanied by improvements in 
GSH–Px, GST, and SOD activities. These findings support previous 
reports describing the antioxidant potential of P. sidoides and its 
ability to enhance cellular defense mechanisms against oxidative 
stress. However, the lack of statistically significant differences in 
some parameters suggests that the applied dose or treatment 
duration may be limited. It is known that the biological effects 
of herbal extracts can vary depending on the dose, application 
duration, and extract standardization. Indeed, it has been stated 
in the literature that the content and concentration of P. sidoides 
extracts may vary and this may affect experimental results [47].

The lack of a significant change in glucose levels in the study 
is consistent with some findings in the literature, given the short 
application period and the model used. It has been reported that 
glycemic disturbances are not evident in the early stages in some 
PCOS models [48].

Similar results were obtained in the P. sidoides–alone 
group and the control group with respect to oxidative stress 
and hormonal parameters. For example, ovarian MDA levels  
were 0.79 ± 0.02  nmol·g–1 tissue in the control group and 
0.81 ± 0.03 nmol·g–1 tissue in the P. sidoides group, while GSH levels 
were 2.19 ± 0.04 and 2.24 ± 0.07 µmol·mL–1, respectively. Likewise, 
serum testosterone levels were 2.61 ± 0.05 ng·mL–1 in the control 
group and 2.55 ± 0.08 ng·mL–1 in the P. sidoides group, with no 
significant differences observed between groups.

These findings suggest that P. sidoides does not adversely affect 
oxidative stress or hormonal homeostasis under physiological 
conditions. Consistent with our findings, previous clinical studies 
have reported a favorable safety profile for P. sidoides in the 
treatment of respiratory tract infections [49]. Overall, this study 
demonstrates that P. sidoides extract may have protective and 
ameliorative effects on PCOS–associated increased oxidative stress, 
suppression of antioxidant defenses, and hormonal imbalances.
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One limitation of the present study is that vehicle treatment was 
not administered orally to the control group. Although all animals 
were maintained under identical environmental conditions, the 
use of vehicle control could have further standardized handling 
procedures among experimental groups. A limitation of the present 
study is the absence of a positive control group, such as metformin 
or clomiphene citrate, which would have allowed a more direct 
comparative assessment of the efficacy of P. sidoides. Inclusion 
of such a control could have strengthened the interpretation of the 
observed antioxidant and endocrine–modulating effects within a 
clinically relevant context. This limitation should be considered when 
interpreting the findings, and future studies are encouraged to include 
established reference treatments for more comprehensive evaluation.

CONCLUSION

The observed improvements in oxidative stress, hormonal, and 
metabolic parameters suggest that P. sidoides may have beneficial 
effects in experimental PCOS. Nevertheless, additional studies 
involving different treatment protocols, molecular analyses, and 
comprehensive histopathological evaluations are required to further 
elucidate its mechanisms of action and therapeutic relevance.
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