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Background and Aims: Polycystic ovary syndrome (PCOS) is an endocrine 

and metabolic disease in females of reproductive age and is a significant 

infertility cause. Inflammation plays a crucial role in the pathogenesis of 

PCOS. The present study evaluated whether sitagliptin, dipeptidyl peptidase-4 

inhibitor, attenuates inflammatory markers C-reactive protein (CRP), 

interleukin(IL)-6, tumor necrosis factor-α (TNF-α), IL-1β, and transforming 

growth factor-β (TGF-β) in a rat model of PCOS. 

Materials and Methods: Twenty-two female adult Wistar rats were randomly 

divided into four groups: control, PCOS model, PCOS+sitagliptin (25 mg/kg), 

and PCOS+sitagliptin (50 mg/kg). PCOS was induced by injection of estradiol 

valerate, intraperitoneally. Sitagliptin was gavaged daily for 30 days to both 

groups of animals. After the treatment period, blood and ovaries tissue were 

collected to analyze inflammatory parameters. 

Results: The mRNA levels of IL-6, IL-1β, TGF-β, and TNF-α in the PCOS 

model group were markedly elevated compared with the control group 

(p<0.01). These parameters' mRNA levels were reduced in the sitagliptin 

treatment groups compared with the PCOS group (p<0.01). Also, the serum 

concentration of CRP in the PCOS group was more than the control. This 

increase significantly decreased in groups treated with sitagliptin compared 

with the PCOS group. 

Conclusion: The presented study suggested that the protective effects of 

sitagliptin on PCOS may be due to its inhibitory effect on expression and 

inflammatory markers' levels.  
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Introduction 

Polycystic ovary syndrome (PCOS) is a common 

and heterogeneous endocrine abnormality 

affecting approximately 6–21% of reproductive-

age females globally and is a major cause of 

infertility [1-3]. In the clinic, PCOS is mainly 

characterized by hyperandrogenism, irregular 

menstrual cycle, and polycystic ovaries 

morphology [4].  

Hyperandrogenism is characterized clinically 

by hirsutism (~80% of PCOS patients), acne, 

amenorrhea, and alopecia, and is biochemically 

diagnosed by increasing androgens' serum 

levels, especially testosterone [5]. Besides, 

PCOS is associated with a wide range of 

metabolic disorders, such as insulin resistance, 

diabetes, obesity, hypertension, hepatic 

steatosis, and increased cardiovascular 

disorders [6-10]. Insulin resistance contributes 

to PCOS's reproductive and metabolic 

abnormalities and is found in 70-80% of 

women with PCOS [8, 11]. The chronic 

inflammatory state is one of the essential 

features of insulin resistance and has been 

suggested as one of the contributing agents  

in PCOS's pathogenesis. Recent evidence 

demonstrated that the levels of inflammatory 

markers, such as C-reactive protein (CRP), 

interleukin (IL)-18, IL-6, tumor necrosis factor-

α (TNF-α), and monocyte chemotactic protein-

1 (MCP-1) were increased in the patients with 

PCOS [12-14]. Due to the multifactorial nature 

of PCOS, there is no effective treatment for 

PCOS patients. In the last decade, many trials 

have shown that insulin sensitizers can inhibit 

inflammation and improve PCOS aspects [15, 

16]. For a long time, dipeptidyl peptidase‐4 

(DPP4) inhibitors have been used to treat 

insulin resistance, and in recent years, these 

inhibitors have been suggested to study against 

inflammation [17, 18]. One of the DPP4 

inhibitors is sitagliptin, which is approved for 

utilization in treating type 2 diabetes (T2D) [19, 

20]. DPP 4 selectively cleaves the N-terminal 

dipeptide of glucagon-like peptide-1 (GLP-1) 

and enhances the levels of active GLP-1. Since 

the GLP-1 is one of the primary regulators of 

post-prandial insulin secretion by β-cells in the 

pancreas, inhibition of DPP4 by the sitagliptin 

drug increases the bioavailability of GLP-1 and 

controls glucose homeostasis [21, 22]. In 

addition to the role of sitagliptin in regulating 

blood glucose, this drug's anti-inflammatory 

potential has also been reported [23]. A 

previous study reported that sitagliptin reduces 

inflammatory cytokines and improves pro-

inflammatory (M1)/anti-inflammatory (M2)-

like phenotypes of peripheral blood monocytes 

in diabetic patients [24, 25]. According to these 

findings, we hypothesized that sitagliptin might 

benefit PCOS patients. However, the present 

study was therefore designed to analyze PCOS's 

impact on inflammatory markers CRP, IL-6, 

TNF-α, IL-1β, and TGF-β in estradiol valerate 

induced PCOS rats. 

Materials and Methods  

Animals and ethics statement 

Female Wistar rats (n=22) weighing 175–200 g 

were procured from the Laboratory Animal 

Facility of Shahid Sadoughi University of 
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Medical Sciences, Yazd, Iran. The rats were 

housed under controlled laboratory conditions 

(22±2 °C and 12 hours' light/dark cycle) with 

free access to food and water. All treatments and 

animal care procedures were approved by the 

Animal Care and Ethics Committee of Shahid 

Sadoughi University of Medical Sciences, Yazd, 

Iran (1396.144.IR.SSU.MEDICINE.REC).  

Vaginal smear test 

Before inducing PCOS, the animal's regular 

estrous cycle must be ensured. A vaginal 

smears test was used for this purpose. To 

perform this test, 50 µl of normal saline 0.9% 

was injected into the vagina of each animal with 

a sampler, and then the same amount was 

sucked and placed on a slide. After drying, the 

samples were examined under a light microscope 

with magnification (10 ×), and different stages of 

the estrous cycle were identified in the samples 

based on classical cellular characteristics. This 

process was performed every morning for four 

consecutive days.  

Experimental design and treatment 

After confirmation of animals' regular estrous 

cycles, PCOS was induced. This study used 

estradiol valerate to induce PCOS, and  

4 mg/kg of estradiol valerate was injected 

intraperitoneally for each animal. Three days 

after PCOS induction, animal treatments were 

started and were continued for 30 days. The 

animals were randomly distributed into four 

equal groups:   

Group 1 (control group): The animals did not 

receive medication during the experimental 

period.  

Group 2 (PCOS group): The animals in the 

PCOS group received the sitagliptin solvent 

(distilled water) daily during treatment. 

Group 3 (treatment group): During treatment, 

PCOS rats received 25 mg/kg of sitagliptin 

daily.  

Group 4 (treatment group): During treatment, 

PCOS rats received 50 mg/kg of sitagliptin 

daily. 

Sitagliptin preparation procedure 

Sitagliptin powder was prepared from Obeidi 

Pharmaceutical Company (Karaj-Iran). The 

drug was dissolved in water daily and 

administered to the animals by gavage at 25 and 

50 mg/kg for one month.  

Animal surgery 

The animals were prepared for surgery at the 

end of 30 days of sitagliptin treatment. The 

animals were anesthetized entirely with 

ketamine and xylazine (a mixture of ketamine 

90 mg/kg and xylazine 10 mg/kg was injected 

intraperitoneally for complete anesthesia). Next, 

the animals were laid on their backs, the 

abdomen's hairs were shaved, a transverse 

incision was made on the surface of the 

abdomen, and an upward longitudinal incision 

was made at each end. About 4 ml of blood was 

taken from the animal's heart, poured into a test 

tube, and allowed to stand for 40 minutes at 

room temperature, then centrifuged at 3000 rpm 

for 18 minutes to separate serum. The obtained 

serum was stored in a freezer at -70 °C for 

further evaluation. Simultaneously, ovarian 

specimens were removed and transferred to a -

70 freezer for further evaluation. 
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CRP measurement 

According to the kit instruction, serum 

concentrations of CRP were measured using an 

enzyme-linked immunosorbent assay (Rat C-

Reactive Protein ELISA Kit,  E0053Ra, China). 

Briefly, the sample was added to the pre-coated 

plate with Rat CRP antibody. Then, biotinylated 

Rat CRP Antibody was added and bound to 

CRP in the reaction solution. CRP antibody 

became visible by adding streptavidin-HRP, 

washing unbound Streptavidin-HRP and adding 

substarte solution. The reaction is terminated by 

adding an acidic stop solution, and absorbance 

is measured at 450 nm. 

Real‐time quantitative polymerase chain 

reaction (PCR) analysis 

The mRNA levels of IL-6, TNF-α, IL-1β, and 

TGF-β from the ovarian samples were analyzed 

with a Rotor-Gene Q (Qiagen, Germany) 

detection system. Briefly, total RNA from  

all samples was extracted by RNA Extraction 

Kit (Cinnagen Company, Iran), and its 

concentration and purity were quantified with a 

Nanodrop 2000 spectrophotometer (at 260/280 

nm). One µg of total RNA from each sample 

was used for single-stranded cDNA synthesis 

according to the instructions provided in the 

reverse transcriptase kit (Parstous, Iran) and 

finally amplified following the instructions 

provided in the PCR kit. A PCR reaction 

containing one μl cDNA, 10 μl SYBR green 

qPCR reaction mix (Amplicon, Denmark), one 

μl specific primers (10 pmol/μl each of 

forwarding and reverse primers) (Table 1), and 

eight μl sterile distilled water with a final 

volume of 20 μl. PCR was conducted based on 

the following thermal cycle for each given 

transcript: 15 min at 95 ˚C; 40 cycles of 95 ˚C 

for 30 s and 58-64 ˚C for 30 s, and one cycle of 

70 ˚C for 30 s. After normalization with the 

Ribosomal protein L13 (RPL13 gene) as house 

keeping gene, each gene's expression level was 

calculated at the end of the reaction using the 

comparative Ct method (2−∆∆Ct). 

Statistical analysis 

One-way analysis of variance (ANOVA) and 

Tukey's posthoc test was used to find 

significant differences in mRNA expression 

ratio among experimental groups. The results 

were analyzed using GraphPad Prism software 

(Version 8), and the data obtained were 

expressed in Mean ± standard error of the 

mean. P <0.05 is considered a significant level 

in all tests.  

Results  

A vaginal smear test was performed every 

morning for four consecutive days, and the 

animals that showed 3 or 4 regular and 

consecutive estrous cycles were considered 

normal animals in terms of the sexual cycle 

and entered the intervention. The cytological 

appearance of cells obtained from the rat's 

vaginal smear test to determine four phases of 

the estrous cycle is shown in Figure 1 Vaginal 

smear obtained during proestrus and estrous 

phases consisted of multifaceted epithelial cells 

(Fig. 1a and 1b) and cornified cells (Fig. 1c and 

1d). At the metestrus stage, an equal mixture of 

leukocytes, epithelial cells, and cornified cells 

was seen (Fig. 1e and 1f). Also, vaginal smear 

obtained during the diestrus stage consisted of 

leukocytes (Fig. 1g and 1h). 
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Table 1. The sequences of the primers of IL-6, TNF-α, IL-1β, TGF-β, and RPL13. 

Gene  Forward primer Reverse primer 

IL-6 5ʹ-GAC CAA GAC CAT CCA ACT CAT C-3ʹ 5ʹ-TCC ACA AAC TGA TAT GCT TAG GC-3ʹ 

TNF-α 5ʹ- ACG CTC TTC TGT CTA CTG AAC TTC-3ʹ 5ʹ-TGA TCT GAG TGT GAG GGT CTG G-3ʹ 

IL-1β 5ʹ-CCT TGT GCA AGT GTC TGA AG-3ʹ 5ʹ-GGG CTT GGA AGC AAT CCT TA-3ʹ 

TGF-β 5ʹ-CAC CAT CCA TGA CAT GAA-3ʹ     5ʹ-CAA CCC AGG TCC TTC CTA AA-3ʹ 

RPL13 5ʹ-ATT GTG GCC AAG CAG GTA-3ʹ 5ʹ-GTT GGT ATT CAT CCG CTT CC-3ʹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The vaginal smears for the examination of estrous cycles. Proestrus phase (a and e), 

estrous phase (b and f), met-estrus phase (c and g), and di-estrus cycle (d and h) (magnification 

10× for a-d and 40×c for e-h). C= Cornified cell; E= Epithelial cell; L= Lymphocytes.  

 

 

Effect of different doses of sitagliptin on 

mRNA expression of inflammatory mediators 

As shown in Figure 2, IL-1β mRNA expression 

in the PCOS group increased significantly 

compared to the control group (p ˂ 0.05). Also, 

sitagliptin reduced the mRNA expression of  

IL-1β at doses of 25 and 50 mg/kg, but this 

decrease at 50 mg/kg was statistically significant 

between the sitagliptin and PCOS model groups 

(p ˂0.05). The mRNA level of IL-6 in the PCOS 

model group was markedly rose compared with 

the control group (p <0.01). The mRNA level of 

IL-6 was reduced in the sitagliptin treatment 

group compared with the PCOS group (p <0.01). 

TGF-β mRNA expression in the PCOS group 

showed a significant increase compared to the 

normal group (p ˂0.0001). TGF-β mRNA 

expression was significantly decreased at 50 
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mg/kg sitagliptin treatment groups compared 

with the PCOS group (p <0.01). According to 

Figure 2, TNF-α mRNA expression in the PCOS 

group significantly increased compared to the 

normal group (p ˂0.05). Treatment with 

sitagliptin resulted in a decrease in the expression 

of TNF-α inflammatory factor, and this decrease 

was significant in the treatment group with a dose 

of 50 mg/kg sitagliptin (p ˂0.01).  

Effect of different doses of sitagliptin on 

CRP serum levels  

As shown in Figure 3, the serum's CRP 

concentration significantly increased in the 

PCOS group compared with the normal group 

(p <0.01). The CRP level in the groups treated 

with 25 and 50 mg/kg doses of sitagliptin was 

significantly reduced compared with the PCOS 

model group (p < 0.01). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The effect of sitagliptin on the mRNA expression of IL-1, IL-6, TGF-β, and TNF-α in PCOS rats' 

ovarian tissue. The results are expressed as means ± SEM. * Significantly different between PCOS and control 

groups. #, ##, ### and #### : p<0.05, p<0.01, and  p<0.001 when compared to the PCOS group. IL-1= Interleukin 

1; IL-6= Interleukin 6; TNF-α= Tumor necrosis factor-α; TGF-β= Transforming growth factor-β.  
 

 

 

 

 

 

 

 

Fig. 3. The effect of sitagliptin on the serum level of CRP in rats. The results are expressed as means ± 

SEM. ** Significantly different between PCOS and control groups. ### Significantly different between 

sitagliptin treated groups and the PCOS group.  

CRP= C-reactive protein 
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Discussion  

The present study demonstrates that sitagliptin, 

a DPP-4 inhibitor, has anti-inflammatory 

effects in a PCOS rat model. We show that 

daily oral administration of sitagliptin for one 

month attenuated the levels of inflammatory 

markers in serum and ovaries of PCOS rats. 

PCOS is one of the most common endocrine 

and metabolic disorders found in women, 

diagnosed through two out of three  

features: polycystic ovaries morphology on 

ultrasound, hyperandrogenism, and menstrual 

irregularities [6]. Accumulating evidence 

demonstrates that insulin resistance is a 

common feature of PCOS affecting 

approximately 50–70% of females and is 

critically accompanied by this syndrome's 

reproductive and metabolic complications. In 

response to insulin resistance, hyper-

insulinemia leads to increased androgen 

production and impaired ovarian function  

[6, 26-28]. Additionally, there is a strong 

association between insulin resistance, 

hyperandrogenism, and inflammation in 

PCOS's pathogenesis. A previous study 

reported that androgens sensitize circulating 

mononuclear cells to promote glucose-induced 

inflammation in women with PCOS [29]. It 

has been showed that CRP was associated with 

insulin resistance, and its levels were 

significantly higher in the serum of PCOS 

patients [30]. In PCOS patients, elevated 

circulating levels of pro-inflammatory 

responses, such as TNF-α, IL-1β, and IL-6, are 

also observed [26, 31]. These cytokines 

control the reproductive processes, including 

folliculogenesis, ovulation, and fertilization 

[12, 26, 32]. Pro-inflammatory cytokines can 

stimulate the up-regulation of responsible 

enzymes for androgen production in ovarian 

theca cells and might impair ovulation control 

[14, 33-35].  

Due to the central role of insulin resistance in 

PCOS's pathogenesis, it seems that improving 

insulin sensitivity by insulin-sensitizing agents 

may be effective in reducing inflammation and 

treating patients with PCOS. Previous study 

showed that Quercetin had a favorable 

therapeutic effect on the PCOS rats by 

improving insulin resistance and inflammation 

[36]. In 2017, Mohammadi et al. reported that 

the anti-inflammatory impacts of curcumin on 

the rat model of PCOS might be due to its 

inhibitory effect on TNF-α, IL-6, and CRP 

levels markers [12, 37]. Numerous studies 

have demonstrated that DPP-4 inhibitors 

induce insulin secretion, and there is 

increasing evidence that the DPP-4 inhibitors 

also have anti-inflammatory effects against 

inflammation states on various organs and 

tissues, including the kidney, pancreas, and 

liver [38-40]. Sitagliptin was the first DPP-4 

inhibitor, which was approved by the Food and 

Drug Administration for the treatment of T2D 

[41]. Previous researches have reported that 

sitagliptin preserved renal tissue against 

diabetic nephropathy through decreased 

inflammatory factors in T2D animal models 

[32, 42]. In other study T2D  patients has 

shown that sitagliptin significantly reduced 

serum levels of inflammatory markers, such as 
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CRP, and TNF-α, and increased serum levels 

of anti-inflammatory markers such as  IL-10 

[24]. A study by Wang et al. suggested that 

sitagliptin had anti‐inflammatory and could 

mitigate hepatic fibrosis in cirrhosis patients. 

Researchers have shown that sitagliptin may 

inhibit the TGF‐β signal transduction pathway 

to inhibit collagen synthesis, thus influencing 

the fibrosis process [43]. Researchers have 

also shown that the TGF‐β level in the serum 

of PCOS patients is relatively higher than that 

in the serum of healthy subjects [44].  

Due to the importance of the role of 

inflammation in PCOS's pathogenesis, in this 

study, we investigated the anti-inflammatory 

effect of sitagliptin in PCOS rats. In the present 

study, we show that the expression of a series of 

inflammation-related genes is dramatically 

increased in the ovaries and serum of a PCOS 

rat model. TNFα, TGF-β, IL-1β, and IL-6 gene 

expression are increased in PCOS rats, 

confirming that these inflammatory mediators 

may play vital roles in PCOS's pathogenesis. We 

also show that treatment with sitagliptin 

suppresses the increases in TNFα, TGF-β, IL-6, 

and IL-1β gene expression and CRP serum 

levels in the PCOS-like rat ovaries.  

Conclusion  

The data obtained in this manuscript show that 

sitagliptin treatment recovered the levels of 

inflammatory factors in the rat model of PCOS. 

Therefore, it may be concluded that sitagliptin 

may suggest a therapeutic potential in managing 

chronic inflammation in PCOS women. 

However, PCOS is a heterogeneous disease, and 

further studies are needed to confirm the role of 

sitagliptin in the improvement and management 

of patients with this syndrome. 
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