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Abstract

Background: Polycystic ovary syndrome (PCOS) is the most common gynecological endocrine disorder.

Objectives: This study evaluated the therapeutic effects of Pimpinella anisum L. (P. anisum) fruit on pro-inflammatory cytokines,
oxidative stress markers, and ovarian tissue structure in a rat model of PCOS.

Methods: After inducing PCOS, female Wistar rats were randomly divided into control and PCOS groups. They orally received
daily doses of normal saline or hydro-alcoholic extract of P. anisum at two doses (200 and 400 mg/kg) for 21 days. At the end of
the treatment period, ovarian and liver tissues were collected to measure lipid peroxidation, antioxidant status, TNF-c, IL-6 mRNA
expression, and its content. Additionally, histopathological examinations of the ovarian tissue were conducted.

Results: Our findings revealed a dose-dependent change in the biochemical and histopathological parameters. Treatment with P.
anisum resulted in a significant decrease in TNF-ce and IL-6 mRNA expression levels and their content in the ovarian and liver tissues.
It also reduced MDA levels while increasing SOD and GPx activity in both ovarian and liver tissues of PCOS rats. Furthermore, the
number of follicular cysts in the PCOS rat model was significantly reduced.

Conclusions: The beneficial effects of P. anisum in PCOS rats are partly attributed to the inhibition of inflammatory and oxidative
stress markers in ovarian tissue. These findings suggest that P. anisum could be a potential candidate for the treatment of PCOS
disorders
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. Background that about 15% of women experiencing PCOS during

their reproductive years are at high risk of various

Polycystic ovary syndrome (PCOS) is a complex health problems, including metabolic, reproductive, and

endocrine disorder in women of fertile age, affecting endocrine disorders (5, 6). Despite extensive research,

approximately 5 to 10% of women worldwide (1, 2). It the pathophysiology of PCOS remains incompletely

is clinically characterized by menstrual irregularity, understood. PCOS is a multifactorial disorder involving

hyperandrogenism (such as hirsutism and acne), obesity, abdominal obesity (7), hormonal disturbances (8),

and chronic oligo- or anovulation (3, 4). Studies suggest
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insulin resistance (9), and the interplay of epigenetic and
environmental factors (10).

Oxidative stress, defined as a disturbance in the
balance between oxidants and antioxidants resulting in
excessive free radical (ROS) formation at the cellular
level, contributes to ovarian follicle development
disruption, impairment of ovarian tissue, DNA damage,
and cell apoptosis (11, 12). Elevated serum lipid peroxide
levels, inflammatory markers (13-15), and macrophage
infiltration in peripheral tissues are commonly observed
in patients with PCOS, leading to tissue damage and
impaired function. These parameters are considered
potential triggers of reproductive diseases, including
PCOS (16, 17). Understanding the interconnected effects
of inflammation and oxidative capacity associated with
PCOS is crucial for identifying and managing this ovarian
disease.

Over the past years, numerous studies have explored
the potential benefits of polyphenols in addressing
reproductive disorders (18, 19). Pimpinella anisum L.
(P. anisum), commonly known as aniseed or anise,
is an aromatic plant belonging to the Umbelliferae
(Apiaceae) family, primarily found in the Middle East,
Asia Minor, and India (20, 21). Aniseed extract contains
various compounds, including 15 - 6% essential oil
(mainly trans-anethole), 8 - 11% fatty acids (such as
palmitic and oleic acids), 4% carbohydrates, and 18%
protein, along with significant amounts of phenolic
compounds, such as flavonoids and phenolic acids (22).
Several studies have highlighted the pharmacological
properties of P. anisum fruits, including anti-inflammatory,
antioxidant, hepatoprotective, dysmenorrhea-relieving,
hypolipidemic, and anti-diabetic activities.

Recent research has indicated that P. anisum exhibits

estrogenic effects, promoting the development of ovarian

follicles, restoring ovarian anatomy, reducing menopausal
hotflashes, and altering levels of luteinizing hormone (LH)

(23-26).

2. Objectives

Although earlier studies have reported the efficacy of P.
anisum in PCOS, they have primarily focused on its effects
on hormonal and biochemical factors associated with
PCOS. Given the lack of research on the effects of aniseed
extract on inflammatory and oxidative stress factors in
PCOS tissue, the current study was designed to investigate
the impact of P. anisum fruit hydroalcoholic extract on
inflammatory and oxidative stress markers, as well as

ovarian tissue structure, in a rat PCOS model.

3. Methods

3.1. Animals

In the current experiment, twenty female Wistar rats
(8 - 10 weeks old), weighing 200 + 20 g, were obtained
from the central animal house of the Pasteur Institute of
Iran (Tehran, Iran). The animals were group-housed (2
rats/cage) in a temperature-controlled room at 22 + 2°C
under a 12:12 h light/dark cycle, with at least 1 week of local
adaptation prior to experimental use. Standard pellets
(Pars Company, Tehran, Iran) and water were provided
ad libitum. All experimental procedures were conducted
in accordance with NIH guidelines and approved by the
Ethics Committee of Ardabil University of Medical Sciences

(Ethics code: IRRARUMS.REC.1400.183).

3.2. Plant Material Preparation, Extraction, and Qualitative

Screening

Fruits of P. anisum were purchased from the local

herbal market in Tabriz. After identification and
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confirmation of the plant materials by the herbarium of
the Department of Pharmacognosy, Faculty of Pharmacy,
Tabriz University of Medical Sciences, with voucher
herbarium specimen (No.tbz-fps-45), they were dried and
powdered using a blender. Subsequently, the powdered
plant materials were macerated with 3 L of 70% ethanol in
triplicate for a cycle of 48 h. Finally, the resulting extract
was filtered, and the solvent was evaporated using a
rotary evaporator under vacuum at 40° C until completely
dried. Several qualitative and quantitative phytochemical
assays on the P. anisum extract were performed following
standard practices as designated by Sofowora (27) and

Trease and Evans (28).

3.3. Assay for Free Radical Scavenging Activity

The free radical scavenging activity of P. anisum fruit
extract was evaluated using 2,2-diphenyl-1-picrylhydrazyl
(DPPH). Initially, a stock solution (1 mg/mL) of P. anisum
extract was prepared, and then different solutions of the
extract were prepared using a serial dilution method.
Equal volumes of the prepared concentrations of the P.
anisum extract were added to a DPPH solution with a
concentration of 0.08% (29, 30). After incubating for 30
minutes, the absorbance of all solutions was measured at
517 nm alongside a blank sample. Finally, the percentage
of DPPH radical scavenging activity of the P. anisum extract
was calculated using the following formula:

R (%) = 100

(Absorbance blank — Absorbance sample)

Absorbance blank

Furthermore, the concentration of the extract
required to reduce 50% of the DPPH free radicals,
representing RC50, was determined from the graph
of reduction percentages (R%) versus concentrations of P.

anisum extract.
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3.4. Assays for Total Phenol and Flavonoid Contents

Using the Folin-Ciocalteu assay, the total phenol
content was measured in 100 g of dried P. anisum fruit
material. Initially, 500 pL of the stock solution (1 mg/mL)
of P. anisum extract was mixed with 5 mL of Folin-Ciocalteu
reagent (10%, v/[v) and 4 mL of 1 M sodium bicarbonate (31).
After incubating for 15 minutes at 25°C, the UV absorbance
of the formed blue-colored solution was read at 765 nm.
Gallic acid was used as the standard phenol compound,
and the same process was repeated for its solutions. The
total phenolic content in the P. anisum fruit extract was
calculated based on the depicted gallic acid calibration
curve.

In an investigation to confirm the total flavonoid
content in 100 g of dried P. anisum fruit material, 500 uL
of the stock solution (1 mg/mL) of P. anisum extract was
mixed with 1.5 mL methanol, 2.8 mL distilled water, 0.1 mL
aluminum chloride (10%), and 0.1 mL potassium acetate.
After incubating for 30 minutes, the UV absorbance of the
formed yellow-colored solution was read at 435 nm (29).
Quercetin was used as the standard phenol compound,
and the same process was repeated for its solutions. The
total flavonoid content in the P. anisum fruit extract was
calculated based on the depicted quercetin calibration

curve.

3.5. Induction of PCOS Model

The PCOS rat model was induced experimentally by a
single intramuscular injection of estradiol valerate (EV)
during the estrous stage based on Brawer et al. (32)
with slight modifications (EV, 2 mg/kg dissolved in 0.2 mL
sesame oil, Aburaihan Pharmaceutical, Iran). Sixty days
after the EV injection, vaginal smear tests were conducted

to determine the abnormality of the estrous cycles and the
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Figure 1. Experimental design

presence of persistent vaginal cornification epithelial cells

(PVC), which is one of the symptoms of ovarian cysts.

3.6. Experimental Design

Female Wistar rats were randomly assigned to four
groups (n =5[group), including: (1) Control group:
Non-PCOS induced rats that received tap water and food;
(2) PCOS group: PCOS rats that received 0.5 mL/day normal
saline orally (gavage) for 3 weeks; (3) Polycystic ovary
syndrome + P. anisum 200 mg/kg group (PCOS + PA200):
PCOS rats received P. anisum extract at a dose of 200 mg/kg
orally once daily for 3 weeks; (IV) PCOS + P. anisum 400
mg/kg group (PCOS + PA400): PCOS rats received P. anisum

extract at a dose of 400 mg/kg orally once daily for 3 weeks

(26). Figure 1illustrates the experimental design.

3.7. Tissue Sampling

After 21 days of P. anisum administration, all animals
were anesthetized with an intraperitoneal (IP) injection of
ketamine/xylazine (80/10 mg/kg) and sacrificed by cervical
dislocation. The liver and ovaries of the rats were isolated
and weighed. The right ovary and liver were homogenized
in lysis buffer, centrifuged at 1250 x g for 30 min at 4°C

(33), and the supernatants were collected and kept at-80°C

until analysis. The left ovaries were fixed in a 10% formalin

solution for histopathological examination.

3.8. Measurement of the TNF-c and IL-6 Levels in Ovarian and

Liver Tissues

The levels of tumor necrosis factor-o (TNF-ot) and
interleukin 6 (IL-6) in tissue homogenates were measured
using a rat ELISA kit (DuoSet, R&D Systems, China).
Assays were performed according to the manufacturer’s

instructions.

3.9. Measurement of the MDA Levels and SOD and GPx Activities

in Ovarian and Liver Tissues

The malondialdehyde (MDA) content in the
supernatant of the homogenate was determined using
a commercial colorimetric kit (ZellBio GmbH, Ulm,
Germany) following the manufacturer’s protocols. To
measure superoxide dismutase (SOD) activity in tissue
homogenate supernatant, the Ransod kit (Randox Labs,
Crumlin, UK) was used according to the manufacturer’s
instructions, and the activity was expressed as U/mg

protein. Glutathione peroxidase (GPx) activity in tissue

homogenates was assayed with the GPx assay kit (ZellBio
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GmbH, Ulm, Germany), and the results were expressed as

U/mg.

3.10. Quantitative Real-Time PCR (qRT-PCR)

The relative expression of TNF-o and IL-6 genes was
measured in ovarian and liver tissues, with the GAPDH
gene serving as the reference gene. Total RNA was
extracted from tissue samples using Trizol One Step RNA
Reagent (Cat. No. BS410A, Bio Basic, Canada). A NanoDrop
spectrophotometer (Thermo Scientific TM NanoDrop
2000, USA) was used to assess the quality of the isolated
RNA. The synthesis of cDNA was performed using the cDNA
synthesis kit (YTA, Iran) and the TI00TM Bio-Rad 96-Well
Thermal Cycler. Real-time PCR was performed utilizing the
SYBR Green Real-Time PCR Master Mix (YTA, Iran) and the
Real-Time PCR Step One Plus (Applied Biosystems, Thermo
Fisher Scientific, USA). Primer sequences are listed in Table
1. The Real-Time PCR procedure involved pre-incubation
at 95°C for 10 minutes, followed by 40 cycles of 95°C for 15
seconds, 60°C for 30 seconds, and 72°C for 25 seconds. The

gRT-PCR results were analyzed by the 222 method.

Table 1. List of the Primer Sequences Used for qRT-PCR

Genes Primer Sequence
TNF-«
Forward 57 ATCGGTCCCAACAAGGAGGA 3~
Reverse 5° TCCGCTTGGTGGTTTGCTAC 3~
IL-6
Forward 5" GACTTCCAGCCAGTTGCCTTCTTG3 "~
Reverse 5° TGGTCTGTTGTGGGTGGTATCCTC 3~
GAPDH
Forward 57 CCTCCAGGAGCGAGATCC C3~

Reverse " GTGGTTCACACCCATCACAAAC3”

O]

3.11. Ovarian Histopathology

Ovarian samples were removed and placed in 10%

formalin for 24 hours at 4°C, dehydrated in a series

Iran ] Pharm Res. 2024; 23(1):¢143290.

of graded ethanol, and embedded in paraffin blocks.
Then, 5-um-thick longitudinal sections were prepared by
a microtome and, finally, stained with hematoxylin and
eosin (Merck, Germany) to investigate the number of cysts
in the ovaries of each group per section using a light

microscope equipped with a digital camera (34).

3.12. Statistical Analysis

All data were analyzed using GraphPad Prism
software, version 8.0, and expressed as mean + standard
error of the mean (SEM). Results obtained from the
analysis of inflammatory and oxidative stress markers,
histopathological examination, as well as molecular
results were subjected to one-way analysis of variance
(ANOVA), followed by Tukey’s post-hoc test to assess
comparisons between experimental groups. A P-value <

0.05 was considered statistically significant.

4. Results

4.1. Phytochemical Analysis

Qualitative tests revealed the presence of several
groups of compounds, including alkaloids, flavonoids,
saponins, and tannins, in the methanol extract of P.
anisum. Additionally, cardiac glycosides and coumarins
were found to be absent in the extract of P. anisum fruits.
The results of the in vitro free radical scavenging assay
demonstrated that the extract of P. anisum fruits exhibited
satisfactory antioxidant activity compared to the standard
quercetin. The RC50 value for the DPPH antioxidant
activity of the extract was determined as 304.5 ug/mL
compared to the standard quercetin with a value of 3.7
pg/mL as the positive control. Furthermore, the total

phenolics and flavonoid contents were calculated as 5.1

g gallic acid equivalent and 3.4 g quercetin equivalent
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per 100 g of dried P. anisum fruits. Therefore, the
obtained results for DPPH radical scavenging activity were
consistent with our data for total phenolics and flavonoids
content, suggesting that the high contents of phenolic

compounds in P. anisum fruits partly contributed to the

observed in vitro antioxidant activity.

4.2. Effects of P. anisum Extract on Inflammatory Cytokines in

Ovarian Tissue of PCOS-Induced Rats

As shown in Figure 2A, ovarian TNF-« levels in the PCOS
group were significantly elevated compared to controls
(P < 0.001). Additionally, in the group treated with a
400 mg/kg dose of P. anisum, ovarian TNF-« levels were
markedly decreased compared to the PCOS group (Figure
2A, P < 0.05). Ovarian IL-6 levels in the PCOS group were
significantly higher compared with the control group
(Figure 2B, P < 0.001). Furthermore, in the groups

receiving 200 and 400 mg/kg P. anisum, IL-6 levels showed

anon-significant decrease compared with the PCOS group.

4.3. Effects of P. anisum Extract on Inflammatory Cytokines in

Liver Tissue of PCOS-Induced Rats

According to Figure 2C and D, the levels of TNF-o and
IL-6 in the liver were significantly higher in the PCOS group
compared to the control group (P < 0.001). Moreover,
treatment with both 200 and 400 mg/kg doses of P. anisum
resulted in a significant decrease in the liver levels of TNF-«
and IL-6 compared to the PCOS group (Figure 2Cand D, P <

0.001).

4.4. Effects of P. anisum Extract on Oxidative Stress Biomarkers

in Ovarian Tissue of PCOS-Induced Rats

Ovarian MDA levels showed a significant increase in
the PCOS group compared to those of the control rats

(Figure 3A, P < 0.001). Furthermore, in rats receiving 200

and 400 mg/kg P. anisum, the levels of MDA diminished
compared to those of the PCOS group, with significance
observed only in the 400 mg/kg treatment (Figure 3A, P <
0.05).

Compared to controls, the PCOS group had
insignificantly lower GPx activity in the ovaries. However,
rats treated with 200 and 400 mg/kg doses of P. anisum
showed a significant increment in ovarian GPx activity
compared to the PCOS group (Figure 3B, P < 0.01and P <
0.001, respectively).

As shown in Figure 3C, ovarian SOD activity was
significantly decreased in the PCOS group compared to
the control group (Figure 3C, P < 0.05). However,
animals receiving 200 and 400 mg/kg P. anisum showed

significantly increased ovarian SOD activity compared to

the PCOS group (Figure 3C, P < 0.001).

4.5. Effects of P. anisum Extract on Oxidative Stress Biomarkers

in Liver Tissue of PCOS-Induced Rats

Following PCOS induction, MDA levels in the liver
were significantly higher than controls (Figure 4A, P <
0.001). Administration of P. anisum at a dose of 400 mg/kg
resulted in reduced levels of MDA compared to the PCOS
group (Figure 4A, P < 0.001).

Asignificantdecrease in liver GPx activity was observed
in the PCOS group compared to the control group (Figure
4B, P < 0.001). Administration of P. anisum at a dose of
400 mg/kg significantly increased GPx activity in the liver
compared to the PCOS group (Figure 4B, P < 0.001).

In the PCOS group, SOD activity in the liver was
significantly decreased compared to the control group
(Figure 4C, P < 0.001). However, P. anisum administration
resulted in an increment in liver SOD activity compared to
the PCOS group, with the dose of 400 mg/kg being more

effective than the dose of 200 mg/kg (Figure 4C, P < 0.001).
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Figure 2. Effect of treatment with P. anisum extract (200 and 400 mg/kg, orally, once daily, for 3 weeks) on TNF-cx and IL-6 levels in ovarian (A and B) and liver (C and D) tissues
of PCOS-induced rats. Values are expressed as mean + SEM (n =5 per group). Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test. ***P < 0.001vs. the
control group and # P < 0.05, ### P < 0.001vs. the PCOS group. PCOS: Polycystic ovary syndrome group; PA: Pimpinella anisum.

4.6. Effects of P. anisum Extract on TNF-o and IL-6 mRNA

Expression in Ovarian Tissue of PCOS-Induced Rats

Our results showed that ovarian TNF-o« mRNA
expression levels were drastically reduced in PCOS rats
receiving 200 and 400 mg/kg P. anisum compared to the
PCOS group (Figure 5A, P < 0.001). Moreover, treatment
with P. anisum exhibited decreased expression of IL-6

cytokine. However, PCOS rats receiving 400 mg/kg P.

Iran ] Pharm Res. 2024; 23(1):143290.

anisum showed a significant difference compared to the

PCOS group (Figure 5B, P < 0.001).

4.7. Effects of P. anisum Extract on TNF-o and IL-6 mRNA

Expression in Liver Tissue of PCOS-Induced Rats

Regarding cytokine expression, qRT-PCR analysis
revealed that mRNA expression levels of TNF-« and IL-6 in

the liver were significantly decreased in treated PCOS rats
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Figure 3. Effect of treatment with P. anisum extract (200 and 400 mg/kg, orally, once daily, for 3 weeks) on MDA (A) levels, GPx (B), and SOD (C) activities in ovarian tissue of
PCOS-induced rats. Values are expressed as mean + SEM (n =5 per group). Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test. *P < 0.05,**P < 0.001
vs. the control group and # P < 0.05, ## P < 0.01, ### P < 0.001vs. the PCOS group. PCOS: Polycystic ovary syndrome group; PA: Pimpinella anisum.

at the doses of 200 and 400 mg/kg P. anisum compared to

the PCOS group (Figure 5Cand D, P < 0.001).

4.8. Effects of P. anisum Extract on Folliculogenesis in the

PCOS-Induced Rats

The ovaries of the control groups showed normal
architecture without any pathological changes. However,

histopathological results of the PCOS rats revealed many

cystic follicles of different sizes. Interestingly, the number
of follicular cysts in the ovaries was significantly reduced
in the PCOS + PA 400 mg/kg group compared to the PCOS

group (Figure 6A and B, P < 0.05).

5. Discussion

The results of this study showed that P. anisum

could improve the function of the ovarian follicles in

Iran ] Pharm Res. 2024; 23(1):¢143290.
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Figure 4. Effect of treatment with P. anisum extract (200 and 400 mg/kg, orally, once daily, for 3 weeks) on MDA (A) levels, GPx (B), and SOD (C) activities in liver tissue of
PCOS-induced rats. Values are expressed as mean + SEM (n =5 per group). Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test. ***P < 0.001vs. the
control group and ### P < 0.001vs. the PCOS group. PCOS: Polycystic ovary syndrome group; PA: Pimpinella anisum.

PCOS-induced rats in a dose-dependent manner, which
was associated with areduction in oxidative stress markers
and pro-inflammatory cytokines including TNF-cv and IL-6
mRNA expression levels and their content in both ovary
In addition, P. anisum decreased the

and liver tissues.

number of ovarian follicular cysts.

Dysfunction in endocrine metabolism, abnormal
androgen hormone levels, and chronic inflammation
are observed in PCOS (8). While most studies have

focused on the impact of hyperandrogenism on the

Iran ] Pharm Res. 2024; 23(1):¢143290.

pathological mechanisms of PCOS, particularly follicular
dysplasia and anovulation, inflammation stands out as a
critical risk factor among the main contributors to PCOS
pathophysiology (35, 36). Several studies have indicated
that PCOS is associated with progressive inflammation
of the ovarian follicles and a decline in ovarian function
(13, 37). IL-6 and TNF-o have been reported as important
mediators of the inflammatory response, implicated in
the apoptosis or necrosis of ovarian follicles (38). Our

experimental data on PCOS also revealed that oxidative
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Figure 5. Effect of treatment with P. anisum extract (200 and 400 mg/kg, orally, once daily, for 3 weeks) on TNF-c and IL-6 mRNA expression in ovarian (A and B) and liver (C
and D) tissues of PCOS-induced rats. Values are expressed as mean + SEM (n =3 per group). Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test. ### P
< 0.001vs. the PCOS group. PCOS: Polycystic ovary syndrome group; PA: Pimpinella anisum.

stress, characterized by significant ROS formation and
antioxidant degradation, plays a critical role in PCOS
pathogenesis. The association between oxidative stress
status and inflammatory response has been documented
in preclinical animal models and women with PCOS (39,
40). Moreover, emerging reports have demonstrated
the positive effects of herbal medicines and alternative
treatments on PCOS symptoms, particularly in alleviating
inflammation and oxidative stress (41, 42). In this context,

we assessed the effects of P. anisum as a protective agent
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against PCOS damage on these markers in a rat PCOS
model. Many studies have reported that P. anisum has
great potential as an antioxidant and anti-inflammatory
factor due to the presence of phytochemical compounds
(e.g., flavonoids and trans-anethole) responsible for the

medicinal properties of this plant (43-45).

In the current study, PCOS rats treated with P. anisum
exhibited lower expression of TNF-« and IL-6 mRNA, along
with a decrease in the content of these parameters in

ovarian tissue. Additionally, ovarian MDA levels increased

Iran ] Pharm Res. 2024; 23(1):¢143290.
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Figure 6. Effect of treatment with P. anisum extract (200 and 400 mg/kg, orally, once daily, for 3 weeks) on the number of follicular (A) and ovarian histopathology (B) in the
PCOS-induced rats (H&E, X 100). Values are expressed as mean + SEM (n =3 per group). Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test. # P < 0.05

vs. the PCOS group. PCOS: Polycystic ovary syndrome group; PA: Pimpinella anisum.

while SOD and GPX activity decreased in PCOS rats. To our
knowledge, there are no published studies examining
the effects of P. anisum administration on inflammatory
responses and biomarkers of oxidative stress in ovarian
tissue of PCOS rats. Consistent with our results, decreased
inflammation and restored oxidant/antioxidant status
have been reported in other organs after P. anisum

administration in rat models of various disorders (46-49).

Furthermore, several studies have shown that P.
anisum and its bioactive compounds can influence gene
expression at the cellular level. Dargahi et al. (50) and
lIannarelli et al. (51) reported that administration of an
aqueous P. anisum L. seed extract (0.16 mg/kg/day by oral
gavage for 10 days) and aniseed essential oil (incubated
with 0.3% of aniseed) reduced mRNA expression of
proinflammatory cytokines and suppressed inflammatory
responses in mice with ovalbumin-induced asthma and

lung cell lines, respectively. Other studies have confirmed

Iran ] Pharm Res. 2024; 23(1):143290.

the anti-inflammatory activity of trans-anethole (52-54)
and flavonoids (55, 56) as main compounds of P.
anisum by inhibiting gene expression and the release
of inflammatory pathways such as IL-6, TNF-o, and nuclear
factor kappa beta (NF-xB) under in vitro and in vivo
conditions. Additionally, dose-dependent changes in
antioxidant activity and lipid peroxidation in PCOS rats

may be attributed to the effect of this extract on the

oxidative genetic machinery (52).

As discussed, chronic inflammation, oxidative stress,
and altered mRNA expression are common features of
PCOS (57). Given the close linkage between inflammation
and oxidative stress, elevated oxidative stress is usually
involved in the development of inflammatory conditions
(40).  Furthermore, the hepatoprotective effects of
natural sources in PCOS have been described in "Effects

of natural products on PCOS: From traditional medicine

to modern drug discovery” (58). In our study, P. anisum

1
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exhibited hepatoprotective properties in experimental
PCOS model rats, significantly reducing oxidative stress
and inflammation damage to the liver, possibly due to its
ability to improve liver function (48). The present data
showed that P. anisum decreased the number of follicular
cysts in PCOS rats, which could contribute to altering the
gene expression of inflammation markers and reducing
the content of inflammatory and oxidative stress markers
in ovarian tissue. It is noteworthy that treatment with P.
anisum at a dose of 400 mg/kg was more effective than
at a dose of 200 mg/kg. Together, these findings suggest
that extracts with higher concentrations may contain
higher levels of bioactive components. In other words, P.
anisum can be considered an effective therapeutic option

for PCOS.

5.1. Conclusions

In conclusion, ourresults showed that dose-dependent
administration of P. anisum inhibited PCOS-associated
production of TNF-a and IL-6, as well as MDA, restoring
SOD and GPX activity in PCOS rats. These findings support
the use of P. anisum as a complementary treatment for

suppressing PCOS.

Footnotes

Authors’ Contribution: MD and AM] designed the
experiments; NG, RNA, SHH, SH, KHHG, and SA performed
experiments and collected data; MS, AMJ, and SHH
discussed the results and strategy; AM] supervised,
directed, and managed the study; MS and AM] wrote and

critically revised the manuscript. All authors read and

approved the final manuscript.

Conflict of Interests: The authors declare that they have

no competing interests.

12

Ethical Approval: All experimental procedures were

carried out in consistent with the NIH guidelines and
approved by the Ethics committee of the Ardabil University

of Medical Sciences (Ethics code: IRRARUMS.REC.1400.183)

Funding/Support: This research was supported by a

grant (no: 400000216) from the Research Deputy of the

School of Medicine, Ardabil University of Medical Sciences.

References

1. Stankiewicz M, Norman R. Diagnosis and management of polycystic
ovary syndrome: a practical guide. Drugs. 2006;66(7):903-12.

[PubMed ID:16740005]. https://doi.org[10.2165/00003495-
200666070-00002.

2. March WA, Moore VM, Willson K], Phillips DI, Norman R],
Davies M]. The prevalence of polycystic ovary syndrome in
a community sample assessed under contrasting diagnostic
criteria. Hum Reprod. 2010;25(2):544-51. [PubMed ID:19910321].
https://doi.org[10.1093/humrep/dep399.

3. Ladron de Guevara A, Fux-Otta C, Crisosto N, Szafryk de Mereshian P,
Echiburu B, Iraci G, et al. Metabolic profile of the different phenotypes
of polycystic ovary syndrome in two Latin American populations.
Fertil Steril. 2014;101(6):1732-9 e1-2. [PubMed ID: 24666752]. https://doi.
org[10.1016/j.fertnstert.2014.02.020.

4. Dumesic DA, Oberfield SE, Stener-Victorin E, Marshall ]JC, Laven
JS, Legro RS. Scientific Statement on the Diagnostic Criteria,
Epidemiology, Pathophysiology, and Molecular Genetics of

Polycystic Ovary Syndrome. Endocr Rev. 2015;36(5):487-525.

[PubMed ID: 26426951]. [PubMed Central ID: PMC4591526].
https://doi.org/10.1210/er.2015-1018.

5. Rojas ], Chavez M, Olivar L, Rojas M, Morillo ], Mejias |, et al. Polycystic
ovary syndrome, insulin resistance, and obesity: navigating the
pathophysiologic labyrinth. Int | Reprod Med. 2014;2014:719050.
[PubMed ID: 25763405]. [PubMed Central ID: PMC4334071]. https:/|
doi.org(10.1155/2014/719050.

6. Bagir GS, Bakiner OS, Bozkirli E, Cavlak G, Serinsoz H, Ertorer ME. Body
Mass Index below Obesity Threshold Implies Similar Cardiovascular
Risk among Various Polycystic Ovary Syndrome Phenotypes. Med
Princ Pract. 2016;25(1):61-6. [PubMed ID: 26335185]. [PubMed Central

ID: PM(C5588296]. https://doi.org/10.1159/000440810.

Iran ] Pharm Res. 2024; 23(1):¢143290.


http://www.ncbi.nlm.nih.gov/pubmed/16740005
https://doi.org/10.2165/00003495-200666070-00002
https://doi.org/10.2165/00003495-200666070-00002
http://www.ncbi.nlm.nih.gov/pubmed/19910321
https://doi.org/10.1093/humrep/dep399
http://www.ncbi.nlm.nih.gov/pubmed/24666752
https://doi.org/10.1016/j.fertnstert.2014.02.020
https://doi.org/10.1016/j.fertnstert.2014.02.020
http://www.ncbi.nlm.nih.gov/pubmed/26426951
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4591526
https://doi.org/10.1210/er.2015-1018
http://www.ncbi.nlm.nih.gov/pubmed/25763405
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4334071
https://doi.org/10.1155/2014/719050
https://doi.org/10.1155/2014/719050
http://www.ncbi.nlm.nih.gov/pubmed/26335185
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5588296
https://doi.org/10.1159/000440810

Dadkhah M et al.

10.

1.

13.

14.

16.

. Azziz R, Sanchez LA, Knochenhauer ES, Moran C, Lazenby ], Stephens

KC, et al. Androgen excess in women: experience with over 1000
consecutive patients. | Clin Endocrinol Metab. 2004;89(2):453-62.

[PubMed ID: 14764747]. https://doi.org/10.1210[jc.2003-031122.

. De Leo V, Musacchio MC, Cappelli V, Massaro MG, Morgante G,

Petraglia F. Genetic, hormonal and metabolic aspects of PCOS: an
update. Reprod Biol Endocrinol. 2016;14(1):38. [PubMed ID: 27423183].
[PubMed Central ID: PMC4947298]. https://doi.org/10.1186/s12958-016-

0173-X.

. Daneasa A, Cucolas C, Lenghel LM, Olteanu D, Orasan R, Filip

GA. Letrozole vs estradiol valerate induced PCOS in rats:

glycemic, oxidative and inflammatory status assessment.

Reproduction.  2016;151(4):401-9. [PubMed ID: 26792865].  https:
[/doi.org[10.1530/REP-15-0352.

Sir-Petermann T, Maliqueo M, Angel B, Lara HE, Perez-Bravo F,
Recabarren SE. Maternal serum androgens in pregnant women
with polycystic ovarian syndrome: possible implications in

prenatal androgenization. Hum Reprod. 2002;17(10):2573-9.

[PubMed ID: 12351531]. https://doi.org/10.1093/humrep/17.10.2573.
Murri M, Luque-Ramirez M, Insenser M, Ojeda-Ojeda M,
Escobar-Morreale HF. Circulating markers of oxidative stress
and polycystic ovary syndrome (PCOS): a systematic review
and meta-analysis.

Hum Reprod Update. 2013;19(3):268-88.

[PubMed ID: 23303572]. https:[/doi.org[10.1093/humupd/dms059.

. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. The

effects of oxidative stress on female reproduction: a review. Reprod
Biol Endocrinol. 2012;10:49. [PubMed ID: 22748101]. [PubMed Central
ID: PM(C3527168]. https://doi.org/10.1186/1477-7827-10-49.

Mancini A, Bruno C, Vergani E, d’Abate C, Giacchi E, Silvestrini A.
Oxidative Stress and Low-Grade Inflammation in Polycystic Ovary
Syndrome: Controversies and New Insights. Int ] Mol Sci. 2021;22(4).
[PubMed ID: 33562271]. [PubMed Central ID: PMC7915804]. https://doi.
0rg(10.3390(ijms22041667.

Ghowsi M, Khazali H, Sisakhtnezhad S. The effect of resveratrol
on oxidative stress in the liver and serum of a rat model of
polycystic ovary syndrome: An experimental study. Int | Reprod
Biomed. 2018;16(3):149-58. [PubMed ID: 29766146]. [PubMed Central

ID: PMC5944437].

. Spritzer PM, Lecke SB, Satler F, Morsch DM. Adipose tissue

dysfunction, adipokines, and low-grade chronic inflammation
in polycystic ovary syndrome. Reproduction. 2015;149(5):R219-27.
[PubMed ID: 25628442]. https://doi.org[10.1530/REP-14-0435.

Gonzalez F, Rote NS, Minium ], Kirwan ]P. Reactive oxygen

Iran ] Pharm Res. 2024; 23(1):¢143290.

18.

20.

21

22.

23.

24.

25.

species-induced oxidative stress in the development of insulin

resistance and hyperandrogenism in polycystic ovary syndrome.
J Clin Endocrinol Metab. 2006;91(1):336-40. [PubMed ID:16249279].

https://doi.org[10.1210/jc.2005-1696.

. Pruett JE, Everman SJ, Hoang NH, Salau F, Taylor LC, Edwards KS,

et al. Mitochondrial function and oxidative stress in white adipose
tissue in a rat model of PCOS: effect of SGLT2 inhibition. Biol
Sex Differ. 2022;13(1):45. [PubMed ID: 35986388]. [PubMed Central ID:
PMC9389812]. https:|/doi.org[10.1186/s13293-022-00455-X.

Zaychenko G, Stryga O, Sinitsyna O, Doroshenko A, Sulaieva
O, Falalyeyeva T, et al. Resveratrol Effects on the Reproductive
System in Ovariectomized Rats: Deciphering Possible Mechanisms.
Molecules. 2022;27(15). [PubMed ID: 35956866]. [PubMed Central ID:

PMC9370311]. https://doi.org/10.3390/molecules27154916.

. Aitken R], Muscio L, Whiting S, Connaughton HS, Fraser BA, Nixon B,

et al. Analysis of the effects of polyphenols on human spermatozoa
reveals unexpected impacts on mitochondrial membrane potential,
oxidative stress and DNA integrity; implications for assisted

reproductive technology. Biochem Pharmacol. 2016;121:78-96.
[PubMed ID: 27659810]. https://doi.org/10.1016/j.bcp.2016.09.015.

Bakhshi M, Kamalinejad M, Shokri M, Forouzani G, Heidari
F, Tofangchiha M. In vitro antibacterial effect of Pimpinella
anisum essential oil on Enterococcus faecalis, Lactobacillus

casei, Actinomyces  naeslundii, and  Aggregatibacter
actinomycetemcomitans. Folia Med (Plovdiv). 2022;64(5):799-806.
[PubMed ID: 36876532]. https://doi.org/10.3897/folmed.64.64714.
Shojaii A, Abdollahi Fard M. Review of Pharmacological Properties
and Chemical Constituents of Pimpinella anisum. ISRN Pharm.
2012;2012:510795. [PubMed ID: 22848853]. [PubMed Central ID:
PMC3405664]. https://doi.org/10.5402[2012[510795.

Bettaieb Rebey I, Aidi Wannes W, Kaab SB, Bourgou S, Tounsi MS,
Ksouri R, et al. Bioactive compounds and antioxidant activity of
Pimpinella anisum L. accessions at different ripening stages. Sci
Hortic. 2019;246:453-61. https://doi.org/10.1016/j.scienta.2018.11.016.
Mushtaq A, Habib F, Manea R, Anwar R, Gohar UF, Zia-Ul-Haq M, et
al. Biomolecular Screening of Pimpinella anisum L. for Antioxidant
and Anticholinesterase Activity in Mice Brain. Molecules. 2023;28(5).
[PubMed ID: 36903462]. [PubMed Central ID: PMC10005257]. https://
doi.org(10.3390/molecules28052217.

Rajeshwari U, Shobha I, Andallu B. Comparison of aniseeds and
coriander seeds for antidiabetic, hypolipidemic and antioxidant
activities. Spatula DD. 2011;1(1):9. https:[/doi.org[10.5455(spatula.
20110106123144.

Nahidi F, Kariman N, Simbar M, Mojab F. The Study on the Effects

13


http://www.ncbi.nlm.nih.gov/pubmed/14764747
https://doi.org/10.1210/jc.2003-031122
http://www.ncbi.nlm.nih.gov/pubmed/27423183
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4947298
https://doi.org/10.1186/s12958-016-0173-x
https://doi.org/10.1186/s12958-016-0173-x
http://www.ncbi.nlm.nih.gov/pubmed/26792865
https://doi.org/10.1530/REP-15-0352
https://doi.org/10.1530/REP-15-0352
http://www.ncbi.nlm.nih.gov/pubmed/12351531
https://doi.org/10.1093/humrep/17.10.2573
http://www.ncbi.nlm.nih.gov/pubmed/23303572
https://doi.org/10.1093/humupd/dms059
http://www.ncbi.nlm.nih.gov/pubmed/22748101
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3527168
https://doi.org/10.1186/1477-7827-10-49
http://www.ncbi.nlm.nih.gov/pubmed/33562271
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7915804
https://doi.org/10.3390/ijms22041667
https://doi.org/10.3390/ijms22041667
http://www.ncbi.nlm.nih.gov/pubmed/29766146
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5944437
http://www.ncbi.nlm.nih.gov/pubmed/25628442
https://doi.org/10.1530/REP-14-0435
http://www.ncbi.nlm.nih.gov/pubmed/16249279
https://doi.org/10.1210/jc.2005-1696
http://www.ncbi.nlm.nih.gov/pubmed/35986388
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9389812
https://doi.org/10.1186/s13293-022-00455-x
http://www.ncbi.nlm.nih.gov/pubmed/35956866
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9370311
https://doi.org/10.3390/molecules27154916
http://www.ncbi.nlm.nih.gov/pubmed/27659810
https://doi.org/10.1016/j.bcp.2016.09.015
http://www.ncbi.nlm.nih.gov/pubmed/36876532
https://doi.org/10.3897/folmed.64.e64714
http://www.ncbi.nlm.nih.gov/pubmed/22848853
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3405664
https://doi.org/10.5402/2012/510795
https://doi.org/10.1016/j.scienta.2018.11.016
http://www.ncbi.nlm.nih.gov/pubmed/36903462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10005257
https://doi.org/10.3390/molecules28052217
https://doi.org/10.3390/molecules28052217
https://doi.org/10.5455/spatula.20110106123144
https://doi.org/10.5455/spatula.20110106123144

Dadkhah M et al.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

14

of Pimpinella anisum on Relief and Recurrence of Menopausal Hot
Flashes. Iran ] Pharm Res. 2012;11(4):1079-85. [PubMed ID: 24250540].
[PubMed Central ID: PMC3813162].

Mahood RA. Effects of Pimpinella anisum oil Extract on Some
Biochemical Parameters in Mice experimentally induced for human
Polycystic Ovary Syndrome. | Biotechnol Res Cent. 2012;6(2):67-73.
https://doi.org/10.24126/jobrc.2012.6.2.228.

Sofowora LA. Medicinal plants and traditional medicine in Africa. Ibadan,
Nigeria: Spectrum Books Limited; 1993. p. 191-289.

Trease GE, Evans WC. Trease and Evans Pharmacognosy. 560. 13th ed.
Saunders;1989.

Hamedeyazdan S, Sharifi S, Nazemiyeh H, Fathiazad F. Evaluating
Antiproliferative and Antioxidant Activity of Marrubium crassidens.
Adv Pharm Bull. 2014;4(Suppl 1):459-64. [PubMed ID:25364663].
[PubMed Central ID: PMC4213786]. https://doi.org/10.5681/apb.2014.
068.

Yousefi K, Hamedeyazdan S, Hodaei D, Lotfipour F, Baradaran
B, Orangi M, et al. An in vitro ethnopharmacological study on
Prangos ferulacea: awound healing agent. Bioimpacts. 2017;7(2):75-82.
[PubMed ID: 28752071]. [PubMed Central ID: PMC5524988]. https://doi.
org/10.15171/bi.2017.10.

Soraya H, Moloudizargari M, Aghajanshakeri S, Javaherypour S,
Mokarizadeh A, Hamedeyazdan S, et al. Angiogenic effect of the
aqueous extract of Cynodon dactylon on human umbilical vein
endothelial cells and granulation tissue in rat. Daru. 2015;23(1):10.
[PubMed ID: 25630338]. [PubMed Central ID: PMC4316609]. https:/|
doi.org[10.1186[s40199-015-0093-X.

Brawer JR, Munoz M, Farookhi R. Development of the polycystic
ovarian condition (PCO) in the estradiol valerate-treated rat. Biol
Reprod. 1986;35(3):647-55. [PubMed ID:3098314]. https://doi.org/10.
1095/biolreprods35.3.647.

Salimi M, Eskandari F, Khodagholi F, Abdollahifar MA, Hedayati M,
Zardooz H, et al. Perinatal stress exposure induced oxidative stress,
metabolism disorder, and reduced GLUT-2 in adult offspring of rats.
Hormones (Athens). 2022;21(4):625-40. [PubMed ID: 35843978]. https:
/|doi.org10.1007/s42000-022-00383-w.

Jang M, Lee M], Lee JM, Bae CS, Kim SH, Ryu JH, et al
Oriental medicine Kyung-Ok-Ko prevents and alleviates
dehydroepiandrosterone-induced polycystic ovarian syndrome
in rats. PLoS One. 2014;9(2). €87623. [PubMed ID: 24520334]. [PubMed
Central ID: PMC3919730]. https://doi.org/10.1371/journal.pone.
0087623.

Qiao ], Feng HL. Extra- and intra-ovarian factors in polycystic

36.

37.

38.

39.

40.

41.

42.

43.

44.

ovary syndrome: impact on oocyte maturation and embryo

developmental competence. Hum Reprod Update. 2011;17(1):17-33.

[PubMed ID:20639519]. [PubMed Central ID: PMC3001338].
https://doi.org[10.1093/humupd/dmq032.

Xiang Y, Wang H, Ding H, Xu T, Liu X, Huang Z, et al
Hyperandrogenism drives ovarian inflammation and pyroptosis:
of PCOS follicular

A possible pathogenesis dysplasia. Int

Immunopharmacol. 2023;125(Pt A):111141.  [PubMed ID: 37918087].
https://doi.org[10.1016/j.intimp.2023.111141.

Rudnicka E, Suchta K, Grymowicz M, Calik-Ksepka A, Smolarczyk
K, Duszewska AM, et al. Chronic Low Grade Inflammation in
Pathogenesis of PCOS. Int ] Mol Sci. 2021;22(7). [PubMed ID:33917519].
[PubMed Central ID: PMC8038770]. https://doi.org/10.3390/
ijms22073789.

Shabbir S, Khurram E, Moorthi VS, Eissa YTH, Kamal MA, Butler AE. The
interplay between androgens and the immune response in polycystic
ovary syndrome. | Transl Med. 2023;21(1):259. [PubMed ID: 37062827].
[PubMed Central ID: PMC10105935]. https://doi.org/10.1186/s12967-
023-04116-4.

Zuo T, Zhu M, Xu W. Roles of Oxidative Stress in Polycystic Ovary
Syndrome and Cancers. Oxid Med Cell Longev. 2016;2016:8589318.
[PubMed ID: 26770659]. [PubMed Central ID: PMC4684888]. https://
doi.org[10.1155/2016/8589318.

Sandhu JK, Wagqar A, Jain A, Joseph C, Srivastava K, Ochuba O, et
al. Oxidative Stress in Polycystic Ovarian Syndrome and the Effect
of Antioxidant N-Acetylcysteine on Ovulation and Pregnancy Rate.
Cureus. 2021;13(9). €17887. [PubMed ID:34660086]. [PubMed Central
ID: PMC8502752]. https:[/doi.org[10.7759/cureus.17887.

Wang Z, Zhai D, Zhang D, Bai L, Yao R, Yu ], et al. Quercetin
Decreases Insulin Resistance in a Polycystic Ovary Syndrome
Rat Model by

Improving Inflammatory Microenvironment.

Reprod  Sci. 2017;24(5):682-90. [PubMed ID:27634381].  https:
|/doi.org/10.1177/1933719116667218.

Zuo T, Zhu M, Xu W, Wang Z, Song H. Iridoids with Genipin
Stem Nucleus Inhibit Lipopolysaccharide-Induced Inflammation
and Oxidative Stress by Blocking the NF-kappaB Pathway in
Polycystic Ovary Syndrome. Cell Physiol Biochem. 2017;43(5):1855-65.
[PubMed ID: 29049992]. https://doi.org/10.1159/000484074.

Bonetti CI, Moreira JJDS, Rocha EMTD, Moreira ES, Comar JF,
Sa-Nakanishi ABD, et al. Trans-anethole, the major constituent
of the essential oil of anise, improves the antiarthritic effects
of methotrexate in rats. Res Soc Dev. 2022;11(10). e197111032582.
https://doi.org[10.33448|rsd-v11i10.32582.

Moradi Negahdari F, Hadjzadeh MA, Gholamnezhad Z, Sohrabi

Iran ] Pharm Res. 2024; 23(1):¢143290.


http://www.ncbi.nlm.nih.gov/pubmed/24250540
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3813162
https://doi.org/10.24126/jobrc.2012.6.2.228
http://www.ncbi.nlm.nih.gov/pubmed/25364663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4213786
https://doi.org/10.5681/apb.2014.068
https://doi.org/10.5681/apb.2014.068
http://www.ncbi.nlm.nih.gov/pubmed/28752071
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5524988
https://doi.org/10.15171/bi.2017.10
https://doi.org/10.15171/bi.2017.10
http://www.ncbi.nlm.nih.gov/pubmed/25630338
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4316609
https://doi.org/10.1186/s40199-015-0093-x
https://doi.org/10.1186/s40199-015-0093-x
http://www.ncbi.nlm.nih.gov/pubmed/3098314
https://doi.org/10.1095/biolreprod35.3.647
https://doi.org/10.1095/biolreprod35.3.647
http://www.ncbi.nlm.nih.gov/pubmed/35843978
https://doi.org/10.1007/s42000-022-00383-w
https://doi.org/10.1007/s42000-022-00383-w
http://www.ncbi.nlm.nih.gov/pubmed/24520334
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3919730
https://doi.org/10.1371/journal.pone.0087623
https://doi.org/10.1371/journal.pone.0087623
http://www.ncbi.nlm.nih.gov/pubmed/20639519
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3001338
https://doi.org/10.1093/humupd/dmq032
http://www.ncbi.nlm.nih.gov/pubmed/37918087
https://doi.org/10.1016/j.intimp.2023.111141
http://www.ncbi.nlm.nih.gov/pubmed/33917519
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8038770
https://doi.org/10.3390/ijms22073789
https://doi.org/10.3390/ijms22073789
http://www.ncbi.nlm.nih.gov/pubmed/37062827
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10105935
https://doi.org/10.1186/s12967-023-04116-4
https://doi.org/10.1186/s12967-023-04116-4
http://www.ncbi.nlm.nih.gov/pubmed/26770659
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4684888
https://doi.org/10.1155/2016/8589318
https://doi.org/10.1155/2016/8589318
http://www.ncbi.nlm.nih.gov/pubmed/34660086
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8502752
https://doi.org/10.7759/cureus.17887
http://www.ncbi.nlm.nih.gov/pubmed/27634381
https://doi.org/10.1177/1933719116667218
https://doi.org/10.1177/1933719116667218
http://www.ncbi.nlm.nih.gov/pubmed/29049992
https://doi.org/10.1159/000484074
https://doi.org/10.33448/rsd-v11i10.32582

Dadkhah M et al.

45.

46.

47.

48.

49.

50.

51.

F, Samadi Noshahr Z. The Protective Effects of Trans-Anethole
against Polycystic Ovary Syndrome Induced Histopathological
and Metabolic Changes in Rat. Int | Fertil Steril. 2022;16(3):192-9.
[PubMed ID:36029056]. [PubMed Central ID: PMC9395999].
https://doi.org[10.22074/ijfs.2021.532941.1148.

AlBalawi AN, Elmetwalli A, Baraka DM, Alnagar HA, Alamri ES,
Hassan MG. Chemical Antioxidant

Constituents, Potential,

and Antimicrobial Efficacy of Pimpinella anisum Extracts
against Multidrug-Resistant Bacteria. Microorganisms. 2023;11(4).
[PubMed ID: 37110449]. [PubMed Central ID: PMC10144661].
https://doi.org/10.3390/microorganisms11041024.

Bekara A, Aithamadouhe N, Kahloula K, Sadi N, Aoues A. Effect
of Pimpinella anisum L Aqueous Extract against Oxidative
StressInduced by Lead Exposure in Young Rats Brain. | Appl Environ
Biol Sci. 2016;6(7):85-93.

Ghlissi Z, Kallel R, Krichen F, Hakim A, Zeghal K, Boudawara T,
et al. Polysaccharide from Pimpinella anisum seeds: Structural
characterization, anti-inflammatory and laser burn wound healing
in mice. Int | Biol Macromol. 2020;156:1530-8. [PubMed ID: 31785297].
https://doi.org[10.1016/j.ijbiomac.2019.11.201.

Asadollahpoor A, Abdollahi M, Rahimi R. Pimpinella anisum L. fruit:
Chemical composition and effect on rat model of nonalcoholic
fatty liver disease. | Res Med Sci. 2017;22:37. [PubMed ID: 28465696].
[PubMed Central ID: PMC5393100]. https:[/doi.org[10.4103/1735-1995.
202147.

Mohamed ME, Kandeel M, Abd El-Lateef HM, El-Beltagi HS, Younis NS.
The Protective Effect of Anethole against Renal Ischemia/Reperfusion:
The Role of the TLR2,4/MYD88/NFkappaB Pathway. Antioxidants
(Basel). 2022;11(3). [PubMed ID:35326185]. [PubMed Central ID:
PM(C8944622]. https://doi.org/10.3390/antiox11030535.

Dargahi T, [lkhani R, Ghiaee A, Arbabtafti R, Fahimi S, Athari SS, et
al. Anti-Inflammatory Effect of Pimpinella anisum Extract in a Mouse
Model of Allergic Asthma. Res | Pharm. 2021;8(3):41-9. https://doi.org|
10.22127/rjp.2021.280757.1689.

Iannarelli R, Marinelli O, Morelli MB, Santoni G, Amantini C, Nabissi
M, et al. Aniseed ( Pimpinella anisum L.) essential oil reduces

pro-inflammatory cytokines and stimulates mucus secretion in

Iran ] Pharm Res. 2024; 23(1):¢143290.

52.

53.

54.

55.

56.

57.

58.

primary airway bronchial and tracheal epithelial cell lines. Ind Crops
Prod. 2018;114:81-6. https://doi.org/10.1016/j.indcrop.2018.01.076.

Yu C, Wang D, Tong Y, Li Q, Yang W, Wang T, et al. Trans-Anethole
Alleviates  Subclinical Necro-Haemorrhagic  Enteritis-Induced
Intestinal Barrier Dysfunction and Intestinal Inflammation in
Broilers. Front Microbiol. 2022;13:831882. [PubMed ID:35387091].

[PubMed Central ID: PMC8977854]. https://doi.org/10.3389/fmicb.
2022.831882.

Kim KY, Lee HS, Seol GH. Anti-inflammatory effects of trans-anethole
in a mouse model of chronic obstructive pulmonary disease. Biomed
Pharmacother. 2017;91:925-30. [PubMed ID: 28511344]. https://doi.org/
10.1016/j.biopha.2017.05.032.

Sung YY, Kim YS, Kim HK. Illicium verum extract inhibits TNF-alpha-
and IFN-gamma-induced expression of chemokines and cytokines
in human keratinocytes. | Ethnopharmacol. 2012;144(1):182-9.
[PubMed ID: 22974545]. https://doi.org/10.1016/j.jep.2012.08.049.

Nair MP,Mahajan S, ReynoldsJL, Aalinkeel R, Nair H, Schwartz SA, et al.
The flavonoid quercetin inhibits proinflammatory cytokine (tumor
necrosis factor alpha) gene expression in normal peripheral blood
mononuclear cells via modulation of the NF-kappa beta system. Clin
Vaccine Immunol. 2006;13(3):319-28. [PubMed ID: 16522772]. [PubMed
Central ID: PMC1391952]. https://doi.org/10.1128/CV1.13.3.319-328.2006.
Sharafan M, Jafernik K, Ekiert H, Kubica P, Kocjan R, Blicharska E,
et al. lllicium verum (Star Anise) and Trans-Anethole as Valuable
Raw Materials for Medicinal and Cosmetic Applications. Molecules.
2022;27(3). [PubMed ID: 35163914]. [PubMed Central ID: PMC8839413].
https://doi.org/10.3390/molecules27030650.

Zhao Y, Zhang C, Huang Y, Yu Y, Li R, Li M, et al. Up-regulated
expression of WNT5a increases inflammation and oxidative stress via
PI3K/AKT/NF-kappaB signaling in the granulosa cells of PCOS patients.
J Clin Endocrinol Metab. 2015;100(1):201-11. [PubMed ID:25303486].
https://doi.org[10.1210/jc.2014-2419.

Jung W, Choi H, Kim ], Kim ], Kim W, Nurkolis F, et al. Effects of
natural products on polycystic ovary syndrome: From traditional
medicine to modern drug discovery. Heliyon. 2023;9(10). e20889.
[PubMed ID: 37867816]. [PubMed Central ID: PMC10589870]. https://

doi.org(10.1016/j.heliyon.2023.e20889.

15


http://www.ncbi.nlm.nih.gov/pubmed/36029056
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9395999
https://doi.org/10.22074/ijfs.2021.532941.1148
http://www.ncbi.nlm.nih.gov/pubmed/37110449
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10144661
https://doi.org/10.3390/microorganisms11041024
http://www.ncbi.nlm.nih.gov/pubmed/31785297
https://doi.org/10.1016/j.ijbiomac.2019.11.201
http://www.ncbi.nlm.nih.gov/pubmed/28465696
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5393100
https://doi.org/10.4103/1735-1995.202147
https://doi.org/10.4103/1735-1995.202147
http://www.ncbi.nlm.nih.gov/pubmed/35326185
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8944622
https://doi.org/10.3390/antiox11030535
https://doi.org/10.22127/rjp.2021.280757.1689
https://doi.org/10.22127/rjp.2021.280757.1689
https://doi.org/10.1016/j.indcrop.2018.01.076
http://www.ncbi.nlm.nih.gov/pubmed/35387091
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8977854
https://doi.org/10.3389/fmicb.2022.831882
https://doi.org/10.3389/fmicb.2022.831882
http://www.ncbi.nlm.nih.gov/pubmed/28511344
https://doi.org/10.1016/j.biopha.2017.05.032
https://doi.org/10.1016/j.biopha.2017.05.032
http://www.ncbi.nlm.nih.gov/pubmed/22974545
https://doi.org/10.1016/j.jep.2012.08.049
http://www.ncbi.nlm.nih.gov/pubmed/16522772
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1391952
https://doi.org/10.1128/CVI.13.3.319-328.2006
http://www.ncbi.nlm.nih.gov/pubmed/35163914
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8839413
https://doi.org/10.3390/molecules27030650
http://www.ncbi.nlm.nih.gov/pubmed/25303486
https://doi.org/10.1210/jc.2014-2419
http://www.ncbi.nlm.nih.gov/pubmed/37867816
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10589870
https://doi.org/10.1016/j.heliyon.2023.e20889
https://doi.org/10.1016/j.heliyon.2023.e20889

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Animals
	3.2. Plant Material Preparation, Extraction, and Qualitative Screening
	3.3. Assay for Free Radical Scavenging Activity
	3.4. Assays for Total Phenol and Flavonoid Contents
	3.5. Induction of PCOS Model
	3.6. Experimental Design
	Figure 1

	3.7. Tissue Sampling
	3.8. Measurement of the TNF-α and IL-6 Levels in Ovarian and Liver Tissues
	3.9. Measurement of the MDA Levels and SOD and GPx Activities in Ovarian and Liver Tissues
	3.10. Quantitative Real-Time PCR (qRT-PCR)
	Table 1

	3.11. Ovarian Histopathology
	3.12. Statistical Analysis

	4. Results
	4.1. Phytochemical Analysis
	4.2. Effects of P. anisum Extract on Inflammatory Cytokines in Ovarian Tissue of PCOS-Induced Rats
	4.3. Effects of P. anisum Extract on Inflammatory Cytokines in Liver Tissue of PCOS-Induced Rats
	Figure 2

	4.4. Effects of P. anisum Extract on Oxidative Stress Biomarkers in Ovarian Tissue of PCOS-Induced Rats
	Figure 3

	4.5. Effects of P. anisum Extract on Oxidative Stress Biomarkers in Liver Tissue of PCOS-Induced Rats
	Figure 4

	4.6. Effects of P. anisum Extract on TNF-α and IL-6 mRNA Expression in Ovarian Tissue of PCOS-Induced Rats
	4.7. Effects of P. anisum Extract on TNF-α and IL-6 mRNA Expression in Liver Tissue of PCOS-Induced Rats
	Figure 5

	4.8. Effects of P. anisum Extract on Folliculogenesis in the PCOS-Induced Rats
	Figure 6


	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

