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Abstract
Background  One of the novel mechanisms in the pathogenesis of Polycystic ovary syndrome (PCOS) is low-grade 
chronic inflammation. Chamomile (Matricaria recutita L.) and Nettle (Urtica dioica), with phytoestrogenic and 
antioxidant properties, are traditionally used to treat gynecological diseases. This study investigated the immune-
modulating effects of these two plants.

Methods  Following the induction of PCOS by subcutaneous injection (SC) of Dehydroepiandrosterone 
(DHEA) in BALB / C mice. Mice were treated in five groups: Sham, PCOS, PCOS + Chamomile, PCOS + Nettle, and 
PCOS + Chamomile and Nettle for 21 days. Ovarian morphology, blood antioxidant capacity, the abundance of Treg 
cells, and expression of matrix metalloproteinase-9 (MMP-9), transforming growth factor-ß (TGF-ß), cyclooxygenase-2 
genes (COX-2), and tumor necrosis factor-alpha (TNF-α) were measured.

Results  Folliculogenesis, Cystic follicles, and corpus luteum improved in the treatment groups (P < 0. 05). Treg cells in 
the DHEA group were significantly reduced compared to the Sham group (P < 0. 01). However, this decrease was not 
corrected in treatment groups (P > 0. 05). Total serum antioxidant capacity was significantly increased in the treatment 
group of Nettle and Chamomile + Nettle (P < 0. 05). The expression of MMP9 and TGFβ genes in the PCOS group was 
significantly higher than the Sham group (P < 0. 05), which the expression of MMP9 was corrected by treatment with 
Chamomile + Nettle extract (P < 0. 05).

Conclusion  Chamomile and Nettle extract may be an effective supplement in improving the histological and 
immunological changes of PCOS. However, more research is needed to confirm its effectiveness in humans.
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Background
One of the main causes of infertility in women is Poly-
cystic ovary syndrome (PCOS), with a prevalence of 
6–21% of reproductive age. The disease is characterized 
by hyperandrogenism, persistent anovulation, Polycystic 
ovary morphology (PCOM), and insulin resistance and 
affects some body systems, including the endocrine, met-
abolic, and reproductive systems [1–3].

PCOS is a multifactorial disorder; Different factors 
have been identified in the pathogenesis of this disease. 
The interaction between environmental factors, growth 
factors, and various genetic factors is involved in caus-
ing this disease. Another factor involved in the patho-
genesis of this disease is immune system disorders, which 
are associated with an increase in several inflammatory 
factors and mediators, including leukocytes, cytokines, 
and reactive oxygen species (ROS) [4, 5]. Balance in the 
amount of inflammatory factors is necessary for ovar-
ian function. Their imbalance causes ovarian dysfunc-
tion such as ovulation, folliculogenesis, hormone balance 
and corpus luteum function. In patients with PCOS, 
the increase of inflammatory markers such as TNF-α, 
IL-1β, IL-17, MCP-1, and Macrophage-1α (MIP-1α) 
causes oxidative stress and dysfunction of endothelial 
cells [6–8]. These inflammatory reactions are associated 
with obesity, hyperandrogenism, insulin resistance, and 
type 2 diabetes, ultimately increasing infertility by affect-
ing physiological processes such as ovulation [9–11]. 
The use of drugs and assisted reproductive techniques 
(ART) is a common treatment for PCOS. Studies show 
that due to the high price of chemical drugs, drug resis-
tance, and widespread side effects, Medicinal plants with 
antioxidant and anti-inflammatory properties can be an 
excellent alternative to chemical drugs and can be used 
as an effective drug in the management and treatment 
of PCOS. Therefore, the World Health Organization 
(WHO), encouraging researchers to use herbal medi-
cines rationally, recommends their use as a new source of 
treatment. Chamomile and Nettle, with phytoestrogenic 
and antioxidant properties, are traditionally used to treat 
gynecological diseases [12–15].

Chamomile (Matricaria recutita L.), from the Astera-
ceae family, is one of the well-known herbs. This plant 
has various medicinal properties, including anti-inflam-
matory, anti-diabetic, anti-hepatotoxic, anti-cancer, anti-
viral, and antioxidant. These benefits are partly due to 
the most important ingredients in Chamomile, including 
phenolic, flavonoids, and phytoestrogens [16]. It has been 
reported that Chamomile has phytoestrogenic and anti-
oxidant properties that can improve ovarian histological 
changes and reduce luteinizing hormone (LH) and Fol-
licle-stimulating hormone(FSH), estradiol, testosterone 
levels in PCOS, and improve PCOS symptoms [17–19].

Nettle (Urtica Dioica L.) is extensively used as tradi-
tional medicine, belonging to the Urticaceae family. Net-
tle has gained attention in the scientific community for 
its anti-diabetic, anti-inflammatory, Anti-viral, anti-ulcer, 
immunological stimulatory, anti-infectious, and antioxi-
dant properties [20, 21]. The Nettle’s biological activities 
are assigned to this plant’s major components, including 
flavonoids, phenolic acid, lignans, and phytosterols [22, 
23]. Studies have shown that Nettle extract reduces mor-
phological and histological alterations in PCOS [24, 25]. 
Due to the antioxidant, phytoestrogens, and anti-inflam-
matory properties of Nettle and Chamomile, in this 
study, we expected combining Chamomile and Nettle to 
reduce the adverse effects of PCOS in mice. Therefore, 
this study investigated the combined effects of Chamo-
mile and Nettle on PCOS mice.

Materials and methods
Experimental protocols were conducted according to the 
Iranian animal ethics framework and were approved by 
the Institutional Ethics Committee of the Arak University 
of Medical Sciences (IR.ARAKMU.REC.1398.243).

Extraction
Fresh Chamomile and Nettle plants have been obtained 
from a local herbal market in Arak (Iran). The herbarium 
has been scientifically approved by the School of Medi-
cine, Arak University of Medical Sciences. All Chamo-
mile and Nettle leaves were washed and dried, and 
after pulverizing the dried leaves, methanolic extract of 
Chamomile and Nettle was obtained by the Maceration 
method. 100  g of Chamomile powder in 50% methanol 
and 100 g of Nettle powder in 20% methanol were soaked 
for 24  h to prepare the extract. The extract was filtered 
by Whatman filter paper 0.45 μm and 0.22 μm, and the 
solvent was vacuum-distilled at 60 °C in a rotary evapo-
rator (at 60ºC) (Heidolph, Germany). After removing the 
solvent, the extract was dried at 40ºC and stored at 4ºC 
following weighing and calculating the yield [26, 27]. All 
experimental protocols were conducted according to the 
ethical guidelines/regulations governing the use of plants.

Acute toxicity assessment
Before starting the study, ED50 (mean effective dose) of 
Chamomile and Nettle extracts was evaluated. According 
to the OECD (Organization for Economic Co-operation 
and Development) guidelines for measuring acute tox-
icity, five BALB/C female mice (5 to 6 weeks old) were 
randomly assigned to each group to assess acute toxicity. 
The sham group received only solvent (sesame oil) intra-
peritoneal injection (IP). The Chamomile group received 
500 mg/kg of chamomile extract for 14 days. The Nettle 
group received 250 mg/kg of Nettle extract for 14 days, 
and the Chamomile + Nettle group received 500 mg/kg of 
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Chamomile extract + 250  mg/kg of Nettle extract for 14 
days. The injection volume was 10 ml/kg. Initially, mice 
in the first 6 h after injection and then daily for 14 days 
in terms of mortality, weight changes, behavioral pattern, 
physical appearance (skin and fur), changes in respira-
tion, injury, pain, and symptoms (tremor, Convulsions, 
Diarrhea, Lethargy) were monitored. The weight of mice 
was also calculated on the first, seventh, and fourteenth 
days [28].

Experimental animals
In this study, 30 immature BALB / C mice (21 days old 
and weighing about 14–15  g) were purchased from the 
Pasteur Institute of Iran (IPI, Tehran). The animals were 
grouped in a well-ventilated room at a temperature 
(23 ± 1 ° C) and (12-hour light / 12-hour dark) cycle. All 
mice were fed the standard laboratory feeding platform, 
and Ad Libitum fresh water was available. Mice with at 
least two consecutive 4-day estrus cycles were eligible for 
the study. Selected mice were randomly divided into five 
groups: (n = 6 / group)

(1) Sham group (0.1 ml of sesame oil (Barij Esans Iran) 
was given subcutaneously for 21 days), (2) PCOS group 
(mice with DHEA-induced PCOS), (3) Chamomile treat-
ment group (received Chamomile extract at a concen-
tration of 500 mg/kg for 21 days by IP injection for the 
treatment of PCOS), (4) Nettle treatment group (received 
Nettle extract at a concentration of 250 mg/kg for 21 days 
by IP injection for the treatment of PCOS), (5) Chamo-
mile + Nettle treatment group, (received Chamomile 
extract at a concentration of 500 mg/kg + Nettle extract at 
a concentration of 250 mg/kg for 21 days by IP injection 
for the treatment of PCOS).

PCOS mice received 60 mg/kg DHEA (Sigma America) 
in 0.1 ml of sesame oil subcutaneously for 21 days. In the 
treatment groups, the animals were weighed every 3 to 4 
days using the scale (Mettler Toledo Suisse).

Evaluation of the estrous cycle
In mice, the sexual cycle lasts 4 to 5 days. The estrous 
cycle stages were determined during the treatment 
period by vaginal smear. Vaginal smears were prepared 
daily between 9 am and 10 am. three 7-day periods (the 
first period was one week after receiving DHEA, the sec-
ond period was the last week of receiving DHEA, and the 
third period was the last week of treatment with Chamo-
mile+/Nettle extract) from mice and stained with trypan 
blue. Four phases, proestrus, estrus, diestrus, and metes-
trus, were observed under a microscope [29].

Sample collection
At the end of treatment (24  h after the last injection), 
mice were anesthetized in the morning fasting by IP of 
Ketamine-xylazine(Fish et al. 2008). Blood samples were 

taken immediately from the heart. Serum obtained after 
separation was stored at -70 ° C to measure Serum anti-
oxidant capacity (FRAP) and fasting blood glucose (FBG) 
tests. The left ovaries were fixed at 10% formaldehyde to 
evaluate ovarian histomorphology (Merck, Germany). 
Spleens were dissected to count Treg cells. In addition, 
adipose tissue around the right ovary and uterus was 
removed to examine the expression of genes involved in 
inflammation.

Ovarian histomorphology
For histological Analysis, the left ovary was detached 
from the abdominal cavity of the mice and rinsed with 
saline solution, then placed in 10% formaldehyde. Par-
affin-embedded ovaries were serially incised to a thick-
ness of 7  μm. Then, the sections were paraffinized with 
xylene, rehydrated with a descending series of ethanol, 
and finally stained with hematoxylin and eosin (H&E) 
and viewed under a light microscope with a magnifica-
tion of 40×. The follicles were counted according to the 
methods described by Lou et al., and the number of Pre-
antral oocytes, Antral, Cystic follicles and Corpus luteum 
(CL) was counted [30].

Fasting blood glucose (FBG) measurement
Mice fasted for 12 h with access to water. Glucose con-
centration was measured by enzymatic method using 
glucose oxidase colorimetric kit (Zist Shimi, Tehran, 
Iran).

FRAP activity assay
Serum antioxidant capacity measured by the FRAP 
method. This method is prepared by mixing 300 mM 
acetate buffer, 10 mM TPTZ solution (Sigma–Aldrich, 
St. Louis, MO, USA), in 40 mM HC1, and ferric chloride 
solution. FRAP reagents were mixed with samples and 
incubated for 10 min at 37 ° C. Then, the light absorption 
of the samples at 593 nm was read by ELISA Reader, and 
the concentration of the samples was determined using a 
standard curve.

Treg cells frequency
In this experiment, Splenocytes were stained with PerCP-
labeled anti-mouse CD25, PE-labeled anti-mouse CD4, 
and FITC-labeled anti-mouse FoxP3. Data using a BD 
FACSCalibur (BD Biosciences, CA, USA), and then Anal-
ysis was performed by FlowJo software (Tree Star, Inc., 
OR, USA) with 20,000 cells.

Gene expression assay
The adipose tissue surrounding the right ovary and 
uterus was separated and homogenized in the RNA Lysis 
buffer. Then, after extracting total RNA and synthesizing 
cDNA(Yekta Tajhiz, Iran), the primers of the target genes 
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and a housekeeping gene (GAPDH) were designed using 
Allele ID 6 software (Premier Bio soft, USA) and aligned 
on BLAST website (Table  1). Real-time PCRs were run 
using SYBR Green Master mix according to the protocols 
(Yekta Tajhiz, Iran) on a LightCycler® 96 thermal cycler 
Instrument (Roche Diagnostics, Switzerland). Amplifica-
tion specificity was checked using a melting curve assay.

Statistical analysis
All statistical analyses were done using SPSS software. 
The one-way Analysis of variance (ANOVA) and Scheffe’s 
post hoc test was used to compare the determination of 
statistical significance between the experimental groups. 
Results were reported as (Mean ± SD). p < .05 was consid-
ered significant.

Results
Acute toxicity results
By administering a concentration of 500  mg/kg of 
Chamomile extract and + 250  mg/kg of Nettle extract, 
no change in the physical appearance of mice (skin and 
fur) and respiration was observed. The mice had no 
symptoms (tremor, seizures, diarrhea, and lethargy). The 
mean weight increased in all treatment groups in the 
first, seventh, and fourteenth days, but this increase was 
not significant. Therefore, the concentration of 500 mg/
kg of Chamomile extract as the therapeutic concentra-
tion of the Chamomile group and the concentration of 
250 mg/kg of Nettle extract as the therapeutic concentra-
tion of the Nettle group. The concentration of 500  mg/
kg of Chamomile extract + concentration of 250  mg/kg 
of Nettle extract as therapeutic concentration Chamo-
mile + Nettle group was selected.

Stress cycle
The estrous cycle of the control and PCOS groups is pre-
sented in (Fig.  1). The estrous cycle was regular in the 
control group. After the induction of PCOS, the estrous 
cycle was disrupted, and the mice were in the estrous 

phase. The presence of epithelial horn cells indicates 
the formation of cystic follicles in the ovary. Nettle and 
Chamomile treatment groups restored the estrous cycle 
to normal (Fig. 1).

Ovarian morphology
Data on the number of different follicles are presented in 
(Fig. 2). in the sham group, the ovary shows normal fol-
licles with preantral, antral, and corpus luteum follicles. 
After induction of PCOS with DHEA, the number of 
preantral (P = .01), antral (P = .01), and corpus luteum fol-
licles (P = 0. 01) in mice decreased significantly, and the 
number of cystic follicles in this group increased signifi-
cantly (P < 0. 0001).

Treatment with Nettle extract significantly increased 
the number of preantral follicles (P = .04) and corpus 
luteum (P = 0. 04) compared to the PCOS group and 
decreased the number of cystic follicles (P = 0. 001). How-
ever, antral follicles were not significantly different from 
the PCOS group (P = 0. 58).

In the Chamomile group, the number of cystic follicles 
decreased compared to the PCOS group (P = 0. 0002), 
and also the antral (P = .04) and corpus luteum follicles 
(P = 0. 01) increased. However, the number of preantral 
follicles was not significantly different from the PCOS 
group (P = 0. 78).

Combination treatment with Chamomile and Nettle 
extracts increased periantral (P = .01) and antral follicles 
(P = .01) and decreased cystic follicles (P = 0. 0006) com-
pared to the PCOS group. However, the corpus luteum 
was not significantly different from the PCOS group 
(P = 0. 06). There was no significant difference between 
ovarian follicles in the treatment subgroups (P > 0.05) 
(Fig. 2).

Serum glucose levels
Data on serum glucose levels are shown in (Fig. 3). Our 
results showed that induction of PCOS in mice signifi-
cantly increased blood glucose levels. (P = 0. 01)

Table 1  PCR Primer Sequences
Target Amplicon

(bp)
Primers Sequences, 5’→ 3’

GAPDH 224 F CGGTGTGAACGGATTTGG

R CTCGCTCCTGGAAGATGG

TNF-α 201 F CCTCTTCTCATTCCTGCTTGTG

R ACTTGGTGGTTTGCTACGAC

TGF-β 193 F AATTCCTGGCGTTACCTTGG

R GGCTGATCCCGTTGATTTCC

COX-2 248 F GCACTACATCCTGACCCACTTC

R GCTCCTTATTTCCCTTCACACC

MMP-9 249 F GGCGTGTCTGGAGATTCG

R GCAGGAGGTCGTAGGTCAC
GAPDH: glyceraldehyde-3-phosphate dehydrogenase; TNF-α: Tumor necrosis factor-alpha; TGF-β: transforming growth factor-β; COX-2: Cyclooxyganase-2; MMP-9: 
Matrix metallopeptidase-9; F: Forward; R: Reverse.
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In the treatment groups of Nettle, a significant increase 
was observed compared to the Sham group (P < 0. 
0001) and PCOS group (P = 0. 02). Also, in the Chamo-
mile + Nettle group, a significant increase was observed 
compared to the Sham group (P = 0. 0007). Other 

treatment groups were not significantly different from 
the PCOS group (P > 0. 05).

FRAP assay
Figure 4 shows the therapeutic effects of Nettle and 
Chamomile on FRAP antioxidant status. According to 

Fig. 1  The effect of Chamomile, Urtica, Chamomile& Urtica on estrous cycle in experimental groups. Data show the most represented phase of the 
estrous cycle in each group. Sham group: mice were receiving 0.1 ml of sesame oil; PCOS group: mice with DHEA-induced PCOS; Chamomile group: re-
ceiving Chamomile extract at a concentration of 500 mg/kg; Urtica group: receiving Urtica extract at a concentration of 250 mg/kg; Chamomile + Urtica 
group: receiving Chamomile extract at a concentration of 500 mg/kg + Urtica extract at a concentration of 250 mg/kg. Vaginal smears of experimental 
groups showing diestrous stage (A), proestrus (B), estrous stage (C), and metestrus (D) were observed (trypan blue stain, X40). P = Proestrus, E = Estrous, 
M = Metestrus, and D = Diestrous.
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Fig. 2  effect of Chamomile, Urtica, Chamomile& Urtica on the number of different follicles in experimental groups. Sham group: mice were receiving 0.1 
ml of sesame oil; PCOS group: mice with DHEA-induced PCOS; Chamomile group: receiving Chamomile extract at a concentration of 500 mg/kg; Urtica 
group: receiving Urtica extract at a concentration of 250 mg/kg; Chamomile + Urtica group: receiving Chamomile extract at a concentration of 500 mg/
kg + Urtica extract at a concentration of 250 mg/kg. The representative histological photomicrographs of ovaries of mice. A Sham; B PCOS; C Urtica; D 
Chamomile; E Chamomile& Urtica. The sham group showed normal ovarian morphology, whereas the PCOS group exhibited many cystic and atretic 
follicles. Treatment groups indicated increasing the number of corpus luteum, preantral, and antral follicles and decreasing the number of cystic follicles. 
CL, corpus luteum, CF, cystic follicles. (40X magnification, H&E). Dates are expressed as mean ± SEM.( n = 6). * P < .05, ***: P-value < 0.001
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the results, the PCOS group had the lowest serum FRAP. 
However, this decrease was not significant (P = 0. 3). The 
use of Chamomile (P = 0. 04) and Chamomile + Nettle 
(P = 0. 01) extracts increased serum FRAP levels against 
the PCOS group. However, Nettle did not affect PCOS 
(P = 0. 07). There was also no significant difference 
between the treatment groups (P > 0. 05).

Number of Treg cells
The data related to Treg cells are presented in (Fig.  5). 
The results show that the number of Treg cells after 
induction of PCOS was significantly reduced compared 
to the Sham group (P = 0. 007). Treatment with Nettle 
extract and Chamomile + Nettle also decreased signifi-
cantly compared to the Sham group (P < 0. 001), but the 
treatment groups were not significantly different from 
the PCOS group (P > 0. 05).

Evaluation of gene expression of inflammatory markers
The results of expression of inflammatory markers 
(Fig. 6) showed that induction of PCOS caused a signifi-
cant increase in inflammatory factors TGF-ß (P = 0. 001) 
and MMP-9 (P = 0. 042) in the PCOS group compared 

to the Sham group. Induction of PCOS also increased 
the expression of COX-2 (P = 0. 22) and TNF-α (P = 0. 
09) inflammatory marker genes, But this increase was 
not significant. Combination treatment with Chamo-
mile + Nettle extract significantly reduced MMP-9 gene 
expression compared to the PCOS group (P = 0. 049). 
Treatment with Nettle extract also significantly increased 
MMP-9 gene expression compared to the PCOS group 
(P = 0. 01). There was also no significant difference 
between the treatment groups (P > 0. 05).

Discussion
In the present study, the combined effects of Chamo-
mile and Nettle on PCOS mice were investigated for the 
first time. DHEA was used to induce PCOS in this study. 
After 21 days of DHEA injection, mice showed irregular 
estrous cycles, characterized by cornified cells, represent-
ing cystic follicles and ovarian structures similar to PCOS 
[31]. Irregular estrous cycles, the presence of cystic folli-
cles in the PCOS group, and a decrease in corpus luteum 
compared to the Sham group indicate DHEA-induced 
PCOS in them. Similar results showed an increase in 

Fig. 4  The effect of Chamomile, Urtica, Chamomile& Urtica on FRAP in 
experimental groups. Sham group: mice were receiving 0.1 ml of sesame 
oil; PCOS group: mice with DHEA-induced PCOS; Chamomile group: re-
ceiving Chamomile extract at a concentration of 500 mg/kg; Urtica group: 
receiving Urtica extract at a concentration of 250 mg/kg; Chamomile + Ur-
tica group: receiving Chamomile extract at a concentration of 500  mg/
kg + Urtica extract at a concentration of 250 mg/kg. Values are expressed 
as mean ± SEM.( n = 6). * P < .05

 

Fig. 3  The effect of Chamomile, Urtica, Chamomile& Urtica on serum glu-
cose levels in experimental groups. Sham group: mice were receiving 0.1 
ml of sesame oil; PCOS group: mice with DHEA-induced PCOS; Chamo-
mile group: receiving Chamomile extract at a concentration of 500 mg/
kg; Urtica group: receiving Urtica extract at a concentration of 250 mg/kg; 
Chamomile + Urtica group: receiving Chamomile extract at a concentra-
tion of 500 mg/kg + Urtica extract at a concentration of 250 mg/kg. Values 
are expressed as mean ± SEM.( n = 6). * P < .05
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cystic follicles and a decrease in ovarian follicles after 
DHEA induction in female mice [32, 33].

In our results, induction of PCOS resulted in decreased 
preantral, antral, and corpus luteum follicles, while cys-
tic follicles increased significantly. The PI3K-Akt Sig-
naling Pathway plays a role in the growth of ovarian 
follicles, so disruption of the PI3K-Akt Signaling Pathway 
in PCOS is associated with disruption of follicle growth, 
hormone synthesis and inflammation [34, 35]. Restuccia 
et al.‘s study showed that ovarian cysts were formed by 
eliminating Akt2[36]. In some studies, drugs that inhibit 
the signalling pathway PI3K-Ak are effective in treating 
PCOS [37].

Studies have shown that oxidative stress, by producing 
reactive oxygen species (ROS), can cause DNA damage 
and lead to excessive proliferation of ovarian cells, ovar-
ian cysts, and infertility [38]. ]. ROS controls physiologi-
cal activities, including folliculogenesis, steroidogenesis, 
and corpus luteum function. Therefore, inadequate anti-
oxidant defence and increased ROS can affect reproduc-
tive function, and it can involve in the pathogenesis of 
PCOS by increasing cystic follicles and follicular atresia 
[39]. Also, changes in ovarian folliculogenesis and cystic 

follicle formation in PCOS can be associated with hyper-
androgenism in this syndrome [40]. Increased ROS and 
hyperandrogenism in this syndrome cause an increase in 
ovarian cystic follicles and follicular atresia. In this study, 
the treatment of mice with Nettle and/or Chamomile 
improved follicular atresia, which represents the effect of 
these plants on the maintenance of ovarian folliculogen-
esis. This may be due to the anti-androgenic activity of 
Nettle and the phytoestrogenic properties of Chamomile, 
which improved ovarian folliculogenesis in mice with 
PCOS.

Previous studies have shown that Nettle extract, with 
its direct role in increasing estrogen, increases ovarian 
follicles and can positively affect folliculogenesis, which 
indicates an improvement in ovarian function. t increase 
of nitric acid causes dilation of blood vessels and an 
increase in blood flow to the tissues. Nettle can reduce 
follicular atresia by increasing the blood flow to the ova-
ries and then increasing the penetration of oxygen to the 
granulosa cells [24, 41, 42].

In addition, similar studies have shown that Chamo-
mile, with its phytoestrogens and antioxidant proper-
ties, reduces FSH levels of testosterone, oxidative stress, 

Fig. 5  The effect of Chamomile, Urtica, Chamomile& Urtica on the number of Treg cells in experimental groups.
Sham group: mice were receiving 0.1 ml of sesame oil; PCOS group: mice with DHEA-induced PCOS; Chamomile group: receiving Chamomile extract at 
a concentration of 500 mg/kg; Urtica group: receiving Urtica extract at a concentration of 250 mg/kg; Chamomile + Urtica group: receiving Chamomile 
extract at a concentration of 500 mg/kg + Urtica extract at a concentration of 250 mg/kg. Values are expressed as mean ± SEM.( n = 6). * P < .05
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estradiol, and LH and improves ovarian histological 
changes in mice with PCOS by disappearing cysts and 
increasing the number of follicles [17, 43]. As a result, 
based on the study’s findings, it seems that the single and 
combined use of these two extracts can improve ovarian 
function changes.

Studies have shown that imbalances between ROS and 
antioxidant defence systems, including glutathione per-
oxidase, superoxide dismutase, and catalase enzymes, 
lead to oxidative stress, which increases oxidative stress 
(OS) and decreases Significant serum antioxidants are 
associated with the pathological properties of PCOS [44], 
so the use of herbs and supplements with antioxidant 
properties helps reduce oxidative stress [45].

According to FRAP statistical analysis, the total antiox-
idant capacity in the PCOS group was lower than in the 
Sham group; however, this decrease was not significant. 
Chamomile and chamomile + Nettle extract treatment 
groups increased total antioxidant capacity in PCOS 
mice.

Chamomile can improve the antioxidant defence sys-
tem due to the antioxidant agents of apigenin, luteolin, 
and quercetin. Also, it is involved in increasing anti-
oxidant enzymes such as superoxide dismutase and 
catalase, which catalyzes the conversion of superoxide 
radicals to ordinary molecules such as oxygen and hydro-
gen peroxide [46]. Therefore, this increase in total anti-
oxidant capacity in Chamomile and Chamomile + Nettle 
groups can be attributed to the antioxidant properties of 

Fig. 6  The effect of Chamomile, Urtica, Chamomile& Urtica on gene expression of inflammatory markers in experimental groups. Sham group: mice 
were receiving 0.1 ml of sesame oil; PCOS group: mice with DHEA-induced PCOS; Chamomile group: receiving Chamomile extract at a concentration of 
500 mg/kg; Urtica group: receiving Urtica extract at a concentration of 250 mg/kg; Chamomile + Urtica group: receiving Chamomile extract at a concen-
tration of 500 mg/kg + Urtica extract at a concentration of 250 mg/kg. Values are expressed as mean ± SEM.( n = 6). * P < .05
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Chamomile, which was consistent with the study of Al-
Ahmadi et al., Who showed, Chamomile increases anti-
oxidant capacity and reduces OS in mice with PCOS [19].

Blood glucose levels were significantly higher in PCOS-
induced mice; surprisingly, Chamomile and/or Nettle 
consumption increased blood glucose in mice. The cause 
of this effect needs to be better understood and further 
study. One reason for the increase in blood glucose lev-
els in therapeutic groups affected by Nettle can be the 
sex and estrogen of animals. In parallel with our findings, 
non-ovariectomized rats treated with Nettle had higher 
blood glucose than the ovariectomized group, so Nettle 
had a diabetic effect on them [39]. It seems Nettle extract 
blocks estrogen receptors. Also, an increase in blood glu-
cose levels may be associated with insulin resistance syn-
drome in them [47–49].

Angiotensin II and aldosterone at the cell surface 
increase oxidative stress and reduce glucose transport by 
altering insulin controls, thereby increasing insulin resis-
tance. In human and animal models, Renin-angiotensin-
aldosterone (RAAS) system inhibitors improve glucose 
homeostasis by affecting glucose metabolism and insulin 
resistance and improving the insulin response [50].

As a result, Nettle extract may increase angiotensin II 
activity in target organs while decreasing insulin sensitiv-
ity; therefore, it raised blood sugar levels in non-ovarian 
female rats, indicating that this hypothesis requires fur-
ther investigation.

In this research, Treg cells in the PCOS group signifi-
cantly decreased compared to the sham group. Treg cells 
CD4 (+) CD25 (+) FOXP3 (+) are a population of Treg 
cells that are very important for reproductive function. 
These cells are affected by the androgen, estrogen, and 
progesterone through their surface receptors, And dur-
ing the embryonic period and ovulation, their number 
increases [51–53]. Therefore, the hormonal changes in 
PCOS play an important role in the dynamic change of 
Treg cells. Similar studies have been performed on peo-
ple with PCOS, Showing a significant decrease in Treg 
cells in these patients compared to healthy individuals 
[54, 55]. It can be concluded from the results of this study 
that the reduction of vascular cells is involved in the 
pathogenesis of PCOS and the Chamomile + Nettle treat-
ment group significantly reduced these cells compared to 
the sham group.

Numerous studies show that PCOS is related to 
chronic inflammation and oxidative stress [38, 56]. Ovar-
ian macrophages are one of the influential factors in 
ovarian inflammation that, by producing cytokines and 
chemokines, can affect the processes of folliculogenesis, 
ovulation, and corpus luteum formation [57]. There-
fore, several studies have investigated the level of cyto-
kines in PCOS, so the results of previous studies have 
shown an increase in the inflammatory markers COX2, 

MMP-9, TNF, and TGF-β in PCOS patients. Our findings 
were consistent with previous findings on MMP-9 and 
TGF-β[58–61].

MMPs are a metalloprotease matrix produced by the 
ovaries; their high level affects ovulation and fertility and 
causes abnormal follicular atresia and increased ovarian 
stromal tissue [60].

TGF-β is a cytokine expressed in the ovary and is 
involved in the pathogenesis of abnormal follicle growth 
and hyperandrogenism in PCOS [62, 63].

The authors could not find a study that showed a com-
bined effect of Chamomile and Nettle on inflammatory 
factors MMP-9. However, based on the information 
obtained from the properties of Nettle and Chamomile 
in this study, it may be concluded that the combination 
of Nettle and Chamomile showed better anti-inflamma-
tory and antioxidant properties. It significantly inhib-
its the expression of MMP. Due to its antioxidant and 
anti-inflammatory effects, it can regulate inflammatory 
mediators in PCOS model mice induced by androgen-
dehydroepiandrosterone due to its high antioxidant and 
anti-inflammatory properties [16, 23].

Co-administration of Nettle and Chamomile and their 
combination may be a proper treatment for reducing the 
negative effects of PCOS. It is suggested that different 
doses be used in future research.

Conclusion
The finding of this study showed that PCOS had a nega-
tive impact on ovarian folliculogenesis, blood glucose, 
Treg cells, and expression of MMP-9 and TGF-β inflam-
matory marker genes. Nettle and Chamomile extract may 
be an effective supplement in the histological and immu-
nological improvement of PCOS, although more research 
is needed to confirm its effectiveness in humans.
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