
         
            
               
                  Journal Information

                  
                     Publisher: Pharmascope Publication
                     

                     Title: International Journal of Research in Pharmaceutical Sciences
                     

                     ISSN (print): 0975-7538
                     

                  

               

               
                  Article Information

                  
                     Copyright statement: This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial- ShareAlike 4.0
                        License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited
                        and the new creations are licensed under the identical terms.
                     

                     Copyright: 2021
                     

                     Volume: 2021, 12
                     

                     Issue: 2
                     

                     Page: 1044
                     

                     DOI: https://doi.org/10.26452/ijrps.v12i2.4632
                     

                  

               

            

         

         

         
            
               Potential effects of incretin-based therapies
                on polycystic ovary syndrome in rats: a comparative study of linagliptin versus  liraglutide
               
            

         

         
                     
                           Hanan Abdelmoneam Shamardl[1]

                     Email: hanan2remember@yahoo.com

                     
                           Hala Fawzy Kamel[2]

                     
                           Asmaa Mohamed Elsayed[4]

                     
                           Hiba  Saeed Al-Amodi[2]

                     
                           Sahar Mohy El-Ashmony[5]


         
            
                  
               Department of Medical Pharmacology, Faculty of Medicine, Fayoum University, Fayoum 19052, Egypt
               002- 01151660120
               
            

            
                  
               Department of Biochemistry, Faculty of Medicine, Umm Al-Qura University, Makkah 21955, Saudi Arabia
               
            

            
                  
               Department of Medical Biochemistry, Faculty of Medicine, Ain Shams University, Cairo 11566, Egypt
               
            

            
                  
               Department of Histology, Faculty of Medicine, Fayoum University, Fayoum, 19052, Egypt
               
            

            
                  
               Department of Medical Pharmacology Faculty of Medicine, Cairo University, Cairo, Egypt
               
            

            
                  
               Department of Clinical Pharmacy, Faculty of Pharmacy, Umm Al-Qura University, Makkah 21955, Saudi Arabia
               
            

         

         Corresponding Author: Hanan Abdelmoneam Shamardl
         

         
            Abstract

            
               
Low glucagon like peptide1 (GLP-1) level may contribute to the metabolic dysfunction in polycystic ovary syndrome (PCOS).
                  In this study, prospective therapeutic effects of incretin-based drugs; linagliptin versus liraglutide were investigated on
                  letrozole induced PCOS rats. Animals were divided into five groups (control, PCOS, linagliptin, liraglutide and combined).
                  Letrozole was administered for seven weeks (1mg/kg/day,orally). Linagliptin (3mg/kg/day,orally), liraglutide (1.2mg/kg/day,sc)
                  and combined drugs were given for 4 weeks. Measurements of anthropometric, hemodynamics, blood glucose indices, HOMA-IR, serum
                  lipids, TNF-α, NF-kB, and sex hormones were estimated. Antioxidant activities alongside immunohistochemical (PCNA) studies
                  were assessed. The present results proved that both drugs significantly ameliorated most of anthropometric, glycemic, lipid,
                  hormonal, inflammatory and antioxidant indices. Obvious histological improvement was obtained by linagliptin and combined
                  therapy while being questionable by liraglutide . In conclusion, linagliptin caused evident ovarian histological advance rather
                  than liraglutide. Linagliptin may represent a promise in alleviating metabolic, hormonal and unique beneficial histologic
                  effects of PCOS.
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               Introduction

            Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders affecting 5- 10% of women at their reproductive
               age  (AlSinan & Shaman, 2017). PCOS is considered as a leading cause for anovulation and infertility, together with significant metabolic alterations
               including obesity, hyperinsulinism, metabolic syndrome, an increased risk of type 2 diabetes (T2D) and cardiovascular disease
               (Walters, Allan, & Handelsman, 2012). The incidence of metabolic syndrome is 2 - 3 times higher among women with PCOS than among women without PCOS  (Nestler, 2008). Although the pathogenesis mechanism has not been well defined, PCOS is frequently associated with insulin resistance (IR),
               chronic inflammation and oxidative stress (OS). Moreover increased secretion of luteinizing hormone (LH) compared to follicle
               stimulating hormone (FSH) and hyperandrogenism are also classical features of PCOS  (Meek & Bravis, 2013). 
            

            Many hormonal and inflammatory features of human PCOS are observed among various rodent models including the letrozole-induced
               rat model  (Walters et al., 2012). Letrozole is a potent and selective third-generation aromatase inhibitor, which can selectively block the production of
               estrogen without disturbing other steroidogenic pathways  (Kabel, Al-Shehri, Al-Talhi, & Elmaaboud, 2017), thus causing increase in the production of androgens developing PCOS. Letrozole induced PCOS had an enhanced level of OS
               along with hyperglycemia and hyperlipidemia. Subsequently, increased weights of rats and irregular estrous cycle  (Jahan & Munir, 2016). The role of insulin in the pathophysiology of PCOS is very important because it acts in synergy with LH to increase the
               synthesis of androgens in ovarian cells; in addition the ovaries of women with PCOS appear to be more sensitive to the effect
               of insulin  (Diamanti-Kandarakis & Papavassiliou, 2006). Insulin-sensitizing agents have been used for several years for treatment of PCOS; these agents improve insulin action
               by increasing insulin sensitivity, thereby decreasing hyperinsulinemia   (Pasquali & Gambineri, 2006). 

            Incretin-based therapy represents a new class of antihyperglycemic drugs for treatment of T2D. The gut-derived incretin hormone
               glucagon-like peptide1 (GLP-1) enhances glucose-stimulated insulin and lowers glucagon secretions  (Janardhan & Sastry, 2014).  (Aydin & Arusoglu, 2014) reported that the metabolic dysfunction in patients with PCOS may include low GLP-1 levels. Liraglutide (LR), a synthetic
               GLP-1, is approved for treatment of T2D  (Neumiller & Sonnett, 2010). Previous study reported that LR treatment significantly decreased both body weight and abdominal adiposity in animals with
               PCOS  (Hoang, Bi, Mohankumar, & Vyas, 2015). Subcutaneous injection is the main disadvantage of GLP-1 receptor agonists administration. Moreover, rapid degradation
               by dipeptidyl peptidase-4 (DPP-4) and renal clearance of GLP-1 result in a short half-life of 1 to 2 minutes  (Janardhan et al., 2014). Incretin mimetic agents and protease DPP-4 inhibitors (DPP-4i) cause the antihyperglycemic properties of GLP-1 to amplify
               pancreatic secretion of insulin and inhibit glucagon secretion  (Drucker & Nauck, 2006). DPP-4i extends the half-life of endogenous gastrointestinal GLP-1, thereby prolonging its effects  (Elkind-Hirsch, Marrioneaux, Bhushan, Vernor, & Bhushan, 2008). It is reported that DPP-4i may improve β - cell function and decrease IR which is the main stay in the pathogenesis of
               PCOS  (Jensterle, Goricar, & Janez, 2017). Linagliptin (LN) is a selective oral DPP-4i; however, the benefits of DPP-4i alone or in combination with GLP-1 receptor
               agonists have not been evaluated in the prediabetic PCOS population. The present research is aimed to assess the effects of
               linagliptin in competition with liraglutide on letrozole - induced PCOS in rats. Also, to determine whether their combination
               is more beneficial than monotherapy regarding the hormonal, metabolic and ovarian morphology.
            

         

         
               Materials and Methods

            
               Experimental animals and study procedure
               
            

            The experimental protocol of the current study was approved by the Ethics Committee of Animal Research of Pharmacy College,
               Umm Al-Qura University (UQU-COP-EA#143903). The animals were cared for in accordance of the National Institute of Health Guidelines
               for the care and use of laboratory animals and of the standards of the Convention of Bioethics of the Council of Europe in
               1997. Forty female albino Wister rats 6 weeks aged, weighing about 65g to 100g, were purchased from the animal house of King
               Fahd Medical Research Center, Jeddah, KSA, the animals were kept on free access to water and standard pellets and were allowed
               one week before starting the experiment for accommodation. All rats were randomly divided into five groups (eight rats for
               each): Control group were received 0.5ml of 0.5% carboxymethyl cellulose (CMC) once /day orally for the whole period of the
               study, Letrozole (PCOS) group, linagliptin group received linagliptin (Boehringer Ingelheim, Germany) (3 mg/kg/day, p.o.)
               (Koibuchi & Hasegawa, 2014) liraglutide group were given liraglutide (Novo Nordisk, USA) (1.2mg/kg/day, S.C)  (Garber & Henry, 2009) and combined (linagliptin + liraglutide) group. All groups except the control were orally administered letrozole (Axapotex
               inc, Toronto, Canada) (1mg/kg/day)  (Kafali, Iriadam, Ozardalı, & Demir, 2004) for 7 weeks. While linagliptin, liraglutide and their combination were initiated in week 4 in addition to letrozole and
               continued up to the end of the experiment. All agents were suspended in 0.5% CMC solution.
            

            
               Assessment of estrous cycle
               
            

             Vaginal smear cytology was done daily to monitor the estrous cycle phases throughout the entire experiment. Smears were collected
               by vaginal washing with 0.1ml normal saline using a micropipette, then analyzed with light microscope. The rat estrous cycle
               usually lasts about 4 days; Only the rats with at least three consecutive 4–5 days regular estrous cycles were considered
               as regular  (Jashni, Jahromi, & Bagheri, 2016). At the beginning of experiment all rats showed regular cycles.
            

            
               Anthropometric measurements
               
            

             Changes in body weight and food intake were recorded every week in the studied groups throughout the experiment. Percentage
               of weight gain, body length, body mass index (BMI), and Lee index (LI) were determined during the day of dissection  (Kabel et al., 2017). Body length was defined as the distance from nose to anus of rats. Lee index reflects the body fat as a parameter [LI=
               body weight (g) 1/3 ×1000 / body length (cm)]  (Beloosesky & Gold, 2004). Ovary weight, periovarian and mesenteric fat were also evaluated using the usual measurement procedures. The bilateral
               ovaries of one rat were weighed, in which the mean values were regarded as the ovary weight  (Kabel et al., 2017). 

            
               Blood pressure measurement
               
            

            Rat blood pressure and heart rate (HR) were assessed every week by CODA Monitor system, a computerized noninvasive blood pressure
               monitoring system (Kent Scientific, Torrington, CT, USA) which measures tail blood pressure by means of volume pressure. Recording
               of the digital value for the systolic blood pressure (SBP) and diastolic blood pressure (DBP) were expressed as millimeters
               of mercury (mm Hg). While recorded values of HR were expressed as beats per minute (bpm)  (Zheng & Sun, 2008).

            
               Oral glucose tolerance test (OGTT)
               
            

            One day before the end of experiment, all rats were fasted overnight and infused intragastrically with 2 g glucose per kilogram
               of body weight. Rat tail blood samples were taken at 0 min, 30 min, 60 min and 120 min to evaluate fasting blood glucose (FBG),
               30 min, 1 h postprandial blood glucose (PBG1) and 2 h postprandial blood glucose (PBG2) respectively  (Zhang & Lv, 2008).

            
               Blood Sampling, tissue preparation and histological study
               
            

            After 7 weeks of the study procedure, the fasted overnight rats were anaesthetized with diethyl ether, blood sampling were
               performed by intracardiac puncture technique of left ventricle and 5ml of blood was collected. Centrifugation was performed
               at 2000 rpm for 10 min. Serum was collected and stored at – 18ᵒc for further assessments. Bilateral ovaries, periovarian and
               mesenteric fats were separated and washed as  (Khan & Priyamvada, 2009). After weighing of the tissues, one ovary was frozen at - 70ᵒc for biochemical assay and the other ovary preserved in 10%
               neutral buffered formaldehyde and paraffin sections were prepared for histological study. Serial sections of ovaries (5 μm)
               were stained with haematoxylin and eosin (H&E) for routine histological examination and with Masson`s trichrome to detect
               collagen fibers. The technique of immunohistochemical staining using proliferating cell nuclear antigen (PCNA); an auxiliary
               protein for DNA polymerase delta activity, was in accordance to  (Wood, 1997). The morphometric data were obtained by using “Top view” image analyzer computer system (China). 
            

            
               Assessment of Serum Biochemical measurements 
               
            

            Fasting blood glucose and HbA1c levels were measured according to the instructions of the manufacturer using kits of ERBA
               Diagnostics (USA). Total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol (HDL) levels were analyzed
               according to the manufacturer's instructions of kits (AMP diagnostics, Austria). Low density lipoprotein cholesterol (LDL)
               was calculated using formula of  (Friedewald, Levy, & Fredrickson, 1972).

            
               Enzyme-linked immunosorbent assay (ELISA) Measurements
               
            

             The following parameters were measured using ELISA kits. Procedures and methods were performed according to the manufacturer's
               instructions. Determination of serum LH, FSH, estradiol and total testosterone were estimated using kits of Pars Biochem (China),
               and kits of tumor necrosis factor alpha (TNF-α) and nuclear factor kappa B (NF-kB) were purchased from (Wuhan Fine Biotec,
               China). While serum insulin was measured using kits of Crystal Chem (USA). The homeostasis model assessment of insulin resistance
               (HOMA-IR) was calculated according to the following formula,
            

            fasting serum insulin (ng/ml) x fasting serum glucose (mg/dl) / 405  (Deugarte, Bartolucci, & Azziz, 2005).
            

            
               Determination of superoxide dismutase (SOD) and catalase in ovarian tissues
               
            

            The activity of superoxide dismutase (SOD) and catalase in Tissue samples of ovary were measured according to standard protocols
               by the method of  (Aebi, 1984; Ikegami, Suzuki, & Koseki, 2002) respectively; (kits were commercially available from (Dijendo Molecular Technologies, USA).

            Statistical analysis 
            

            Statistical analysis was done using statistical SPSS software Version 18 (SPSS Inc., Chicago, USA). Data analysis was made
               using one-way analysis of variance (ANOVA). The comparison among groups was done using post-hoc Tukey test. All data were
               expressed as means ± standard deviation (SD) and differences were considered significant at p-value < 0.05.

            

            
                  
                  Figure 1

                  Serum levels of (A) reproductive hormones, (B) TNF –α, (C) NF-kB and tissue concentrations of ovarian antioxidant biomarkers;
                     catalase (D)and superoxide dismutase (E)
                  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/d580ff63-b57f-4f93-ad36-d8397afc239d/image/fc50437d-f811-4a00-9fee-d0055c8381b6-upicture1.png]

            

            
                  
                  Figure 2

                  Photomicrographs of rat ovaries from all groups stained with Hematoxylin & Eosin and Masson`s trichrome stains

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/d580ff63-b57f-4f93-ad36-d8397afc239d/image/1f99f5ac-2b4c-4ae1-9fe4-fcffe99dfd30-upicture2.png]

            

            
                  
                  Figure 3

                  Photomicrographs of rat ovaries from all groups stained with PCNA immunostain
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                  Table 1

                  Effects of linagliptin, liraglutide and combined therapy on anthropometric measurements and glyceamic indices in rats with
                     PCOS
                  

               

               
                     
                        
                           	
                              
                           
                           Parameters

                           
                        
                        	
                              
                           
                           Control  

                           
                        
                        	
                              
                           
                           Letrozol  

                           
                        
                        	
                              
                           
                           Linaglipten 

                           
                        
                        	
                              
                           
                           Liraglutide 

                           
                        
                        	
                              
                           
                            Combined 

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Initial BW (g) 

                           
                        
                        	
                              
                           
                           78. 7±6.9 

                           
                        
                        	
                              
                           
                           69.2±9.8 

                           
                        
                        	
                              
                           
                           69.2±9.9a 
                           

                           
                        
                        	
                              
                           
                           88.7±8.5b 
                           

                           
                        
                        	
                              
                           
                           79 ±9.3 

                           
                        
                     

                     
                           	
                              
                           
                           BW (g) at week3 

                           
                        
                        	
                              
                           
                           105.2 ±15.5 

                           
                        
                        	
                              
                           
                           101.7±22.7 

                           
                        
                        	
                              
                           
                           105±29.7 

                           
                        
                        	
                              
                           
                           131.7±11 

                           
                        
                        	
                              
                           
                           114±10.4 

                           
                        
                     

                     
                           	
                              
                           
                           % weight gain after 3 weeks (%) 

                           
                        
                        	
                              
                           
                           33.4±11.5

                           
                        
                        	
                              
                           
                           45.6±13.9 

                           
                        
                        	
                              
                           
                           49.8±23.6d

                           
                        
                        	
                              
                           
                           49.1±12.3d 
                           

                           
                        
                        	
                              
                           
                           45.6±19 

                           
                        
                     

                     
                           	
                              
                           
                           BW (g) at the end of experiment 

                           
                        
                        	
                              
                           
                           140.2±18.3 

                           
                        
                        	
                              
                           
                           155.3±28.1 

                           
                        
                        	
                              
                           
                           127.7±24.6 

                           
                        
                        	
                              
                           
                           149.2±9.1 

                           
                        
                        	
                              
                           
                           149.7±6 

                           
                        
                     

                     
                           	
                              
                           
                           % weight gain at the end of experiment (%) 

                           
                        
                        	
                              
                           
                           33.7±9.9 

                           
                        
                        	
                              
                           
                           54.1±11.1db

                           
                        
                        	
                              
                           
                           24 ±11.5dbc

                           
                        
                        	
                              
                           
                           15.45±12dbc

                           
                        
                        	
                              
                           
                           32.3±13.9bc

                           
                        
                     

                     
                           	
                              
                           
                           BMI 

                           
                        
                        	
                              
                           
                           4.9±0.3 

                           
                        
                        	
                              
                           
                           4.9±0.6 

                           
                        
                        	
                              
                           
                           4.9±0.3 

                           
                        
                        	
                              
                           
                           4.4±0.5 

                           
                        
                        	
                              
                           
                           4.3±0.4

                           
                        
                     

                     
                           	
                              
                           
                           Lee index 

                           
                        
                        	
                              
                           
                           307.5±9.3 

                           
                        
                        	
                              
                           
                           341.2±7.7d 

                           
                        
                        	
                              
                           
                           277.7± 8db 
                           

                           
                        
                        	
                              
                           
                           290.8±12.4db

                           
                        
                        	
                              
                           
                           289.4±7db

                           
                        
                     

                     
                           	
                              
                           
                           Ovary (g) 

                           
                        
                        	
                              
                           
                           0.02±0.01 

                           
                        
                        	
                              
                           
                           0.04±0.01d 

                           
                        
                        	
                              
                           
                           0.03±0.004b 
                           

                           
                        
                        	
                              
                           
                           0.03±0.01b 
                           

                           
                        
                        	
                              
                           
                           0.02±0.004b

                           
                        
                     

                     
                           	
                              
                           
                           Ovarian fat (g) 

                           
                        
                        	
                              
                           
                           0.09±0.002 

                           
                        
                        	
                              
                           
                           0.53±0.03d 
                           

                           
                        
                        	
                              
                           
                           0.11±0.01b 
                           

                           
                        
                        	
                              
                           
                           0.09±0.04b

                           
                        
                        	
                              
                           
                           0.11±0.02b 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Mesenteric fat (g) 

                           
                        
                        	
                              
                           
                           0.4±0.02 

                           
                        
                        	
                              
                           
                           0.6±0.06d 
                           

                           
                        
                        	
                              
                           
                           0.5 ±0.03b 
                           

                           
                        
                        	
                              
                           
                           0.31±0.02dbc 
                           

                           
                        
                        	
                              
                           
                           0.32±0.02dbc 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Fasting serum glucose (mg/dl) 

                           
                        
                        	
                              
                           
                           76.4±5.9 

                           
                        
                        	
                              
                           
                           117.3±8.6d 
                           

                           
                        
                        	
                              
                           
                           86.50±7.0b 

                           
                        
                        	
                              
                           
                           99.2±5.4dbc

                           
                        
                        	
                              
                           
                           97.2±6.3db

                           
                        
                     

                     
                           	
                              
                           
                           ½ h postprandial serum glucose (mg/dl) 

                           
                        
                        	
                              
                           
                           120.2±8.8 

                           
                        
                        	
                              
                           
                           185.33±8.9d 
                           

                           
                        
                        	
                              
                           
                           108±8.3b 
                           

                           
                        
                        	
                              
                           
                           115±3.5b 
                           

                           
                        
                        	
                              
                           
                           99.7±6.1dbc

                           
                        
                     

                     
                           	
                              
                           
                           1h postprandial serum glucose (mg/dl) 

                           
                        
                        	
                              
                           
                           116±4.8 

                           
                        
                        	
                              
                           
                           236 ±9.6d 

                           
                        
                        	
                              
                           
                           103.7±3.3db 
                           

                           
                        
                        	
                              
                           
                           121.8±3.1bc 
                           

                           
                        
                        	
                              
                           
                           127.3±5.4dba

                           
                        
                     

                     
                           	
                              
                           
                           2 h postprandial serum glucose (mg/dl)

                           
                        
                        	
                              
                           
                           67.6 ±5.4 

                           
                        
                        	
                              
                           
                           142.3±5.9d 
                           

                           
                        
                        	
                              
                           
                           81±5.89db

                           
                        
                        	
                              
                           
                           94.60±3.97dbc

                           
                        
                        	
                              
                           
                           115.5±4.03dbca 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Serum HbA1c (%) 

                           
                        
                        	
                              
                           
                           4.7±0.9 

                           
                        
                        	
                              
                           
                           9.6±0.7d 
                           

                           
                        
                        	
                              
                           
                           6.3±0.9db 
                           

                           
                        
                        	
                              
                           
                           7.4±0.7db 
                           

                           
                        
                        	
                              
                           
                           5.9±0.6ba

                           
                        
                     

                     
                           	
                              
                           
                           Serum insulin (ng/ml) 

                           
                        
                        	
                              
                           
                           3.24±0.28

                           
                        
                        	
                              
                           
                           4.76±0.24d

                           
                        
                        	
                              
                           
                           4.0±0.17db 
                           

                           
                        
                        	
                              
                           
                           3.6±0.13dbc

                           
                        
                        	
                              
                           
                           3.1±0.21bca

                           
                        
                     

                     
                           	
                              
                           
                           HOMA-IR

                           
                        
                        	
                              
                           
                           0.61±0.05

                           
                        
                        	
                              
                           
                           1.38±0.07d

                           
                        
                        	
                              
                           
                             0.86±0.1db 
                           

                           
                        
                        	
                              
                           
                           0.89±0.06db

                           
                        
                        	
                              
                           
                             0.74±0.05dba

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 2

                  Effect of drugs on lipid profile, blood pressure, heart rate and ovarian histological parameters in rats

               

               
                     
                        
                           	
                              
                           
                           Parameters

                           
                        
                        	
                              
                           
                           Control

                           
                        
                        	
                              
                           
                           Letrozol

                           
                        
                        	
                              
                           
                           Linagliptin

                           
                        
                        	
                              
                           
                           Liraglutide

                           
                        
                        	
                              
                           
                           Combined

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           TC (mg/ml)

                           
                        
                        	
                              
                           
                           220±14.4 

                           
                        
                        	
                              
                           
                           326.81±13d 
                           

                           
                        
                        	
                              
                           
                           280.6±15.6db 
                           

                           
                        
                        	
                              
                           
                           262.1±13db 
                           

                           
                        
                        	
                              
                           
                           237±13bca 
                           

                           
                        
                     

                     
                           	
                              
                           
                           TG (mg/ml) 

                           
                        
                        	
                              
                           
                             185.8±14 

                           
                        
                        	
                              
                           
                           256.3±9.7d 
                           

                           
                        
                        	
                              
                           
                           218.7±1db 
                           

                           
                        
                        	
                              
                           
                           202.2±9.5b 
                           

                           
                        
                        	
                              
                           
                           194.1±11.2bc 
                           

                           
                        
                     

                     
                           	
                              
                           
                           HDL (mg/ml) 

                           
                        
                        	
                              
                           
                             83.9±6.8 

                           
                        
                        	
                              
                           
                           70.2±7.3d 
                           

                           
                        
                        	
                              
                           
                           71.7 ±7d 

                           
                        
                        	
                              
                           
                           72.6 ± 6  

                           
                        
                        	
                              
                           
                           76.9±6.2 

                           
                        
                     

                     
                           	
                              
                           
                           LDL (mg/ml) 

                           
                        
                        	
                              
                           
                             98.9±12 

                           
                        
                        	
                              
                           
                           205.4±13.7d 
                           

                           
                        
                        	
                              
                           
                           165.1±17.8db 
                           

                           
                        
                        	
                              
                           
                           149.1±13.4db 
                           

                           
                        
                        	
                              
                           
                           121.4±14bca

                           
                        
                     

                     
                           	
                              
                           
                           SBP( Hg)

                           
                        
                        	
                              
                           
                             137.8 ± 11.8 

                           
                        
                        	
                              
                           
                           143 ± 24 

                           
                        
                        	
                              
                           
                           125.7 ± 10.7 

                           
                        
                        	
                              
                           
                           135.8 ± 8 

                           
                        
                        	
                              
                           
                           122.2 ± 10.6 

                           
                        
                     

                     
                           	
                              
                           
                           DBP(Hg) 

                           
                        
                        	
                              
                           
                             97.6 ± 11.5 

                           
                        
                        	
                              
                           
                           114.4 ± 32 

                           
                        
                        	
                              
                           
                           100.67 ± 14.6 

                           
                        
                        	
                              
                           
                           98.9 ± 7 

                           
                        
                        	
                              
                           
                           86.6 ± 12.3 

                           
                        
                     

                     
                           	
                              
                           
                           HR(beat /min) 

                           
                        
                        	
                              
                           
                             433.4 ± 36.2 

                           
                        
                        	
                              
                           
                           412.6 ± 36.2 

                           
                        
                        	
                              
                           
                           448.67 ± 8.1 

                           
                        
                        	
                              
                           
                           408.5 ± 28 

                           
                        
                        	
                              
                           
                           441.4 ± 27.6 

                           
                        
                     

                     
                           	
                              
                           
                           Area % of collagen

                           
                        
                        	
                              
                           
                           0.74±0.12

                           
                        
                        	
                              
                           
                           1.97±0.12d 
                           

                           
                        
                        	
                              
                           
                           1.05±0.36b 
                           

                           
                        
                        	
                              
                           
                           1.1±0.24b 
                           

                           
                        
                        	
                              
                           
                           0.97±0.15b

                           
                        
                     

                     
                           	
                              
                           
                           Granulosa cells(N)

                           
                        
                        	
                              
                           
                           89.3±3.14

                           
                        
                        	
                              
                           
                           38.5±1.64d 
                           

                           
                        
                        	
                              
                           
                           85.17±3.2b 
                           

                           
                        
                        	
                              
                           
                           82.5±2.7db 
                           

                           
                        
                        	
                              
                           
                           88.7±2.9b 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Theca cells(N)

                           
                        
                        	
                              
                           
                           54±5.14

                           
                        
                        	
                              
                           
                           88.17±0.98d 
                           

                           
                        
                        	
                              
                           
                           57.5±4.3b 
                           

                           
                        
                        	
                              
                           
                           63±2.5db 
                           

                           
                        
                        	
                              
                           
                           58.7±4.5b 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Interstitial cells(N)

                           
                        
                        	
                              
                           
                           39.7±2.25

                           
                        
                        	
                              
                           
                           78.83±2.04d 
                           

                           
                        
                        	
                              
                           
                           43±2.4b 
                           

                           
                        
                        	
                              
                           
                           48±2.5db 
                           

                           
                        
                        	
                              
                           
                           47.2±5.9b 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Primordial follicles

                           
                        
                        	
                              
                           
                           14.3±0.8

                           
                        
                        	
                              
                           
                           1±1.26d 
                           

                           
                        
                        	
                              
                           
                           12.5±1.4b 
                           

                           
                        
                        	
                              
                           
                           12.7±1.03b 
                           

                           
                        
                        	
                              
                           
                           12.7±0.82b 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Primary follicles

                           
                        
                        	
                              
                           
                           4.5±0.55

                           
                        
                        	
                              
                           
                           0.33±0.5d 
                           

                           
                        
                        	
                              
                           
                           3.3±1.2b 
                           

                           
                        
                        	
                              
                           
                           3.5±0.55b 
                           

                           
                        
                        	
                              
                           
                           3.3±0.5b 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Pre-antral follicles

                           
                        
                        	
                              
                           
                           4.3±0.5

                           
                        
                        	
                              
                           
                           1.17±0.75d 
                           

                           
                        
                        	
                              
                           
                           3.5±0.8b

                           
                        
                        	
                              
                           
                           3.7±0.8b 
                           

                           
                        
                        	
                              
                           
                           3.6±0.5b 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Antral follicles

                           
                        
                        	
                              
                           
                           2.8±0.4

                           
                        
                        	
                              
                           
                           0.5±0.55d 

                           
                        
                        	
                              
                           
                           2.7±0.8b 
                           

                           
                        
                        	
                              
                           
                           2.5±0.8b 
                           

                           
                        
                        	
                              
                           
                           3±0.6b 

                           
                        
                     

                     
                           	
                              
                           
                           Degenerated follicles

                           
                        
                        	
                              
                           
                           2.2±0.4

                           
                        
                        	
                              
                           
                           9.2±0.98d 
                           

                           
                        
                        	
                              
                           
                           3.2±0.8b 
                           

                           
                        
                        	
                              
                           
                           2.8±1.2b 
                           

                           
                        
                        	
                              
                           
                           3.2±0.75b 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Cystic follicles

                           
                        
                        	
                              
                           
                           0.5±0.8

                           
                        
                        	
                              
                           
                           7.2±0.75d

                           
                        
                        	
                              
                           
                           1.7±1.6b 
                           

                           
                        
                        	
                              
                           
                           2±1.09b 
                           

                           
                        
                        	
                              
                           
                           0.5±0.83b

                           
                        
                     

                     
                           	
                              
                           
                           Corpus luteum

                           
                        
                        	
                              
                           
                           2.7±0.5

                           
                        
                        	
                              
                           
                           00±00d 
                           

                           
                        
                        	
                              
                           
                           2.2±0.4b

                           
                        
                        	
                              
                           
                           1.8±0.75db 
                           

                           
                        
                        	
                              
                           
                           2.3±0.5b 
                           

                           
                        
                     

                  
               

               

            

         

         
               Results and Discussion

            Anthropometric parameters 
            

            At the end of experiment, the results of PCOS group showed significant increase in percentage of weight gain, Lee index and
               weight of ovary, ovarian fat and mesenteric fat compared to control group (P<0.05). Treatment with linagliptin, liraglutide
               and their combination caused significant reduction in these parameters as compared to PCOS group (P<0.05). However, there
               was no significant difference between the combined group and each drug individually (P > 0.05).  Data represented as mean
               ± SD; (n=8); BMI: body mass index, BW: body weight, HbA1c : glycosylated haemoglobin A1c, HOMA-IR : Homeostasis assessment
               of insulin resistance, Differences were considered significant at p < 0.05.(Table  1). Our findings in PCOS demonstrated signs of obesity, mainly visceral adiposity. In accordance it was reported that about
               50% of women with PCOS were obese with a predominant abdominal fat distribution alongside increased androgen levels  (Escobar-Morreale & Millán, 2007). Also, the results of both linagliptine and liraglutide indicated their impact for obesity control, it could be explained
               by the effect of liraglutide to suppress appetite and delay gastric emptying resulting in better weight loss  (Jensterle & Kocjan, 2015). Similarly, linagliptin may induce feelings of satiety and weight loss due to prolonging the GLP-1 half-life  (Blech & Ludwig-Schwellinger, 2010). 
            

            
               Serum levels of glucose
                in OGTT
               , HbA1c, insulin, HOMA-IR
                
               and reproductive 
               hormones
                
               in rats
                
               
            

            As compared to control group, the OGTT in PCOS group demonstrated significant  (P<0.05) increase in glucose levels of fasting
               (FBG), 30 min, 1h and 2 hrs post prandial blood glucose  (PBG). Alongside significant (P<0.05) increase in fasting HbA1c,
               insulin and HOMA- IR values; indicating existent hyperinsulinemic insulin resistance. (Table  1).  Treatment with linagliptin and liraglutide individually and concurrently caused significant reduction in serum glucose
               levels throughout the time of OGTT when compared to PCOS (P<0.05). Linagliptin significantly showed the lowest serum glucose
               level after 1h and 2hrs of OGTT as compared to liraglutide and combined groups. While the combination therapy induced significant
               reduction after 30 min of PBG level as compared to each drug alone (P<0.05). Furthermore, both drugs caused significant decrease
               in fasting HbA1c, insulin and HOMA- IR values as compared to PCOS group; with potential improvement in insulin sensitivity.
               Moreover, the combined group significantly showed the lowest values as compared to either drug alone (P<0.05) (Table  1). Concerning the effect of drugs on hormonal assay, letrozole significantly (P<0.05) increased the serum LH and testosterone
               levels as compared to control accompanied with decreased FSH and estradiol levels. Linagliptin, liraglutide and their combined
               treatment caused significant (P<0.05) amelioration in serum levels of testosterone, LH and FSH. However, these groups showed
               insignificant increase in estradiol levels compared to PCOS group (P>0.05) (Figure  1A). These findings were in accordance with the histological  results of H & E stain, it showed significant increase in number
               of large sized cystic and degenerated follicles with significant(P<0.05) reduction in the mean number of mature follicles
               and corpus luteum in PCOS group, indicating anovulation. While linagliptin, liraglutide and combined treatment showed significant
               (P < 0.05) increase in number of developing follicles and corpora lutea alongside decrease cystic and degenerated follicles
               except for few remaining cysts in liraglutide group. (Figure  2). 
            

            The present findings were in agreement with  (Shi & Vine, 2012) who stated that the inhibitory effect of letrozole on aromatase activity is one of the pathophysiologic hypotheses of PCOS
               development. Aromatase is the key enzyme that converts testosterone into estradiol in the ovary, sequentially, suppressed
               conversion of androgens to estrogens result in increased testosterone and decreased estradiol production. The later can stimulate
               the hypothalamus and pituitary gland for LH secretion by releasing the negative estrogen feedback response  (Jahan et al., 2016). Study of  (Holmang, Svedberg, Jennische, & Bjorntorp, 1990) conveyed that the increased testosterone level reduced glucose uptake by skeletal muscle in female rats and induced insulin
               resistance. Sequentially, hyperinsulinemia and insulin resistance may act indirectly on oocyte competence and quality; increasing
               the production of ovarian androgens  (Palomba, Daolio, & Sala, 2017).  This could elucidate the point that PCOS is usually associated with T2D as well as glucose intolerance  (Boudreaux & Talbott, 2006).  
            

            Our findings suggested potentially beneficial effects of liraglutide and linagliptin in improving the glycemic control  and
               enhancing insulin sensitivity in polycystic syndrome, either by mimetic the incretin activity  (Elkind-Hirsch et al., 2008) or extension of the endogenous GLP-1 half-life  (Jensterle et al., 2017) respectively.  It is suggested that in addition to the insulinotropic action of incretin hormones, GLP-1 also promotes satiety,
               reduces hepatic glucose production with inhibiting glucagon secretion in a glucose-dependent manner, slows gastric emptying
               and inhibits gut motility  (Blech et al., 2010). The ameliorated effects of both drugs on the reproductive hormones could be mediated indirectly by the significant improvement
               of the glycemic control and insulin resistance, that is in agreement with the study of  (Jakubowicz, Barnea, Wainstein, & Froy, 1979). 
            

            
               Anti-inflammatory and antioxidant effects of linagliptin and liraglutide in rats
               
            

            The current results revealed that letrozole administration showed significant elevation in the serum levels of TNF- α and
               NF-kB compared to control group (P<0.05). Treatment with linagliptin and liraglutide and their combination caused significant
               improvement of the above parameters compared to untreated PCOS (P<0.05), nevertheless insignificant changes among these groups
               (P>0.05) (Figure  1B-E). The histological findings confirmed the above results in  Masson΄s trichrome stain that demonstrated significant increase
               in collagen fibers in PCOS group, indicating persistent chronic inflammation  (Nofal & El-Habeby, 2019). Furthermore, significant low percentage of granulosa cells that expressing PCNA immunoreaction with high percentage of
               theca and interstitial cells as compared to control group (P<0.05). While linagliptin, liraglutide and their combined treatment
               showed significant (P < 0.05) decrease in collagen deposition with improvement in PCNA immunoreaction (P < 0.05) (Figure  2, Figure  3 and Table  2). Data represented as mean ± SD of cell numbers; (n=8); DBP: diastolic blood pressure, HDL: high density lipoprotien, HR:
               heart rate, LDL: low density lipoprotien, SBP: systolic blood pressure, TC: total cholestrole TG:triglycrides. N: Number of
               PCNA immunopositive. Differences were considered significant at p < 0.05. 
            

            The present findings were supported by  (González, Nair, Daniels, Basal, & Schimke, 2012) who reported that OS was significantly associated with obesity, IR, hyperandrogenism, and chronic inflammation. Moreover,
               the production of reactive oxygen species (ROS) and NF-kB could be triggered by hyperglycemia and elevated free fatty acids.
               Sequentially NF-kB increases the production of pro-inflammatory cytokines, such as TNF α that facilitates IR  (Kauffman & Thackray, 2015). This could explain our results regarding deterioration of the ovarian oxidative scavenging enzymes; SOD and catalase in
               PCOS group. Furthermore, the deteriorated PCNA immunoreaction verified inhibition of proliferation and promotion of apoptosis
               in mature antral follicles and granulosa cells. These effects could be due to hyperandrogenism, lowered levels of both FSH
               and its regulator PCNA  (Jahan et al., 2016) as well, impaired antioxidant defense with persistent inflammation.  (Rajan, Kumar, & Balaji, 2017).
            

            The improvement effect of linagliptin and liraglutide were close with results of  (Arakawa & Mita, 2010) and  (Rezvanfar & Saeedi, 2016) who specified that TNFα was significantly reduced by GLP-1 analog exendin-4 through cyclic adenosine monophosphate / Protein
               kinase A / NF-kB signaling pathway. Also,  (Aroor & Habibi, 2017) proposed that linagliptin disrupted the regulation of NF-kB transcription through disturbance of TNF α receptor-associated
               factor.
            

            The histologic advance in linagliptin group was in accordance with its outcomes of hypoglycemia, decrease IR, constraining
               the chronic inflammation and conserving the ovarian antioxidant capacity; similarly study of  (Jensterle et al., 2017). Although liraglutide has an excellent hypoglycemic outcome but its direct effect on the ovary is questionable owing to
               incomplete histologic improvement with persistent residual cysts. It is possible that a longer period of treatment is needed
               to achieve the desired results  (Hoang et al., 2015). In the current study, the marked improvement of histological structure induced by combined therapy was comparable to the
               control group, this could be explained by the synergistic beneficial effects of both drugs on glucose metabolism.
            

            
               Lipid profile, blood pressure and heart rate measurements in the treated rats 
               
            

            Our findings revealed non-significant differences in measurements of blood pressure and heart rate among all groups (P>0.05).
               However, changes in lipid profile significantly demonstrated increased serum levels of TC, TG, and LDL with lowering HDL level
               in letrozole-treated rats compared to control rats (P< 0.05). Both linagliptin and liraglutide treatment, either individual
               or combined, caused significant reduction in TC, TG and LDL (P < 0.05) and non-significant changes in HDL levels compared
               to PCOS group  (P > 0.05). Moreover, the combined treatment caused significant lowest levels of TC and LDL as compared to either drug alone.
               (Table  2). In agreement with the present results,  (Eckardstein, Nieschlag, & Behre, 1998) suggested that dyslipidemia is one of the consequences of PCOS; the significant deterioration of serum lipid profile in
               letrozole - induced PCOS could be attributed to hyperandrogenemia. On the other hand,  (Terawaki & Nomiyama, 2015) reported that linagliptin improved lipid metabolism by shifting the small dense LDL (oxidized LDL) to larger less atherogenic
               LDL and by lowering synthesis of insulin-induced free fatty acids. Regarding the present results of hemodynamics,  previous
               studies showed non - significant changes in blood pressure evoked by liraglutide  (Frøssing & Nylander, 2018) and linagliptin  (Terawaki et al., 2015). While Hoang et al. (2015) reported amelioration of blood pressure with liraglutide treatment in rats with PCOS, it could be explained by longer treatment
               period compared to our study.
            

            
               H&E stain
               
            

            Control (A, E), PCOS (B&F), linagliptin, liraglutide and combined group (C, G and K respectively). Antral follicle (hollow
               arrow), Atretic follicles (dotted arrows), Corpora lutea (CL), Follicular cysts (C), Developing follicles (thin arrows), Mature
               follicle (F), Granulosa cells (broken arrows), Preantral follicles (thick arrows), Primary follicles (diamond ended arrow),
               Primordial follicles (white notched arrow), and theca cells (arrowheads), Pyknotic nuclei and vacuolations (right-angled arrows).
               H&E staining. Scale bar=100 μm(A &B), 50 μm (C, G, K) and 20 μm (E, F).

            
               Masson`s trichrome stain
               
            

            Control (I), PCOS (J), groups of linagliptin, liraglutide and combined (D, H and L respectively). Collagen fibers deposition
               in tunica albuginea (thin arrow), ovarian follicles (white arrow) and corpora lutea (white arrowheads), the stroma (curved
               arrows), cysts (notched white arrows). Masson΄s trichrome stain. Scale bar=100μm.

            
               PCNA immunostaining 
               
            

            Control (A), PCOS (B), linagliptin, liraglutide and combined (C, D and E respectively) and Negative control (F).  Expression
               of nuclear immunoreactivity for PCNA in granulosa cells (thin arrows), theca cells (hollow arrows) and interstitial (stromal)
               cells (curved arrows). PCNA immunostaining. Scale bar=50μm.

         

         
               Conclusions

            The present results showed that administration of linagliptin or liraglutide significantly improved the letrozole - induced
               PCOS components, including metabolic and hormonal disorders together with chronic inflammation and decreased antioxidant defenses.
               Moreover, linagliptin had more pronounced beneficial effects on  glucose excursion during OGTT as well as on the ovarian histopathological
               changes as compared to liraglutide. So, further studies with longer period of liraglutide therapy are required to attain the
               target results.
            

            
               Conflict of interest
               
            

            The authors declare that they have no conflict of interest for this study.

            
               Funding support
               
            

            The authors declare that they have no funding support for this study.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     AlSinan, Amal & Shaman, Amani Ali,   (2017). A Study to Measure the Health Awareness of Polycystic Ovarian Syndrome in Saudi Arabia. Global Journal of Health Science, 9(8), 130. 10.5539/gjhs.v9n8p130

                  

                  
                     
                        2 
                              

                     

                     Walters, Kirsty A., Allan, Charles M. & Handelsman, David J.,   (2012). Rodent Models for Human Polycystic Ovary Syndrome1. Biology of Reproduction, 86(5), 1–12. 10.1095/biolreprod.111.097808

                  

                  
                     
                        3 
                              

                     

                     Nestler, J,   (2008). Metformin for the treatment of polycystic ovary syndrome. New England Journal of Medicine, 358(1), 47–54.
                     

                  

                  
                     
                        4 
                              

                     

                     Meek, Claire L & Bravis, Vassiliki,   (2013). Polycystic ovary syndrome and the differential diagnosis of hyperandrogenism. The Obstetrician & Gynaecologist, 15(3), 171–176. 10.1111/tog.12030

                  

                  
                     
                        5 
                              

                     

                     Kabel, Ahmed M., Al-Shehri, Aisha H., Al-Talhi, Rehab A. & Abd Elmaaboud, Maaly A.,   (2017). The promising effect of linagliptin and/or indole-3-carbinol on experimentally-induced polycystic ovarian syndrome.
                        Chemico-Biological Interactions.   Elsevier BV. 273, 190–199 
                     

                  

                  
                     
                        6 
                              

                     

                     Jahan, Sarwat & Munir, Faryal,   (2016). Ameliorative effects of rutin against metabolic, biochemical and hormonal disturbances in polycystic ovary syndrome
                        in rats. Journal of Ovarian Research, 9(1). 10.1186/s13048-016-0295-y

                  

                  
                     
                        7 
                              

                     

                     Diamanti-Kandarakis, Evanthia & Papavassiliou, Athanasios G.,   (2006). Molecular mechanisms of insulin resistance in polycystic ovary syndrome. Trends in Molecular Medicine, 12(7), 324–332. 10.1016/j.molmed.2006.05.006

                  

                  
                     
                        8 
                              

                     

                     Pasquali, R. & Gambineri, A.,   (2006). Insulin-sensitizing agents in women with polycystic ovary syndrome. Fertility and Sterility, 86(1), S28–S29. 10.1016/j.fertnstert.2006.04.012

                  

                  
                     
                        9 
                              

                     

                     Janardhan, Sridhara & Sastry, G.,   (2014). Dipeptidyl Peptidase IV Inhibitors: A New Paradigm in Type 2 Diabetes Treatment. Current Drug Targets, 15(6), 600–621. 10.2174/1389450115666140311102638

                  

                  
                     
                        10 
                              

                     

                     Aydin, Kadriye & Arusoglu, Gulcan,   (2014). Fasting and post-prandial glucagon like peptide 1 and oral contraception in polycystic ovary syndrome. Clinical Endocrinology, 81(4), 588–592. 10.1111/cen.12468

                  

                  
                     
                        11 
                              

                     

                     Neumiller, J J & Sonnett, T E,   (2010). Pharmacology, efficacy and safety of liraglutide in the management of type 2 diabetes. Diabetes, metabolic syndrome and obesity: targets and therapy, 3, 215–226.
                     

                  

                  
                     
                        12 
                              

                     

                     Hoang, Vanessa, Bi, Jiangjiang, Mohankumar, Sheba M. & Vyas, Arpita K.,   (2015). Liraglutide Improves Hypertension and Metabolic Perturbation in a Rat Model of Polycystic Ovarian Syndrome. PLOS ONE, 10(5), e0126119. 10.1371/journal.pone.0126119

                  

                  
                     
                        13 
                              

                     

                     Drucker, Daniel J & Nauck, Michael A,   (2006). The incretin system: glucagon-like peptide-1 receptor agonists and dipeptidyl peptidase-4 inhibitors in type 2 diabetes.
                        The Lancet, 368(9548), 1696–1705. 10.1016/s0140-6736(06)69705-5

                  

                  
                     
                        14 
                              

                     

                     Elkind-Hirsch, Karen, Marrioneaux, Ory, Bhushan, Madhu, Vernor, Denise & Bhushan, Rajat,   (2008). Comparison of Single and Combined Treatment with Exenatide and Metformin on Menstrual Cyclicity in Overweight Women
                        with Polycystic Ovary Syndrome. The Journal of Clinical Endocrinology & Metabolism, 93(7), 2670–2678. 10.1210/jc.2008-0115

                  

                  
                     
                        15 
                              

                     

                     Jensterle, Mojca, Goricar, Katja & Janez, Andrej,   (2017). Add on DPP-4 inhibitor alogliptin alone or in combination with pioglitazone improved β-cell function and insulin
                        sensitivity in metformin treated PCOS. Endocrine Research, 42(4), 261–268. 10.1080/07435800.2017.1294602

                  

                  
                     
                        16 
                              

                     

                     Koibuchi, Nobutaka & Hasegawa, Yu,   (2014). DPP-4 inhibitor linagliptin ameliorates cardiovascular injury in salt-sensitive hypertensive rats independently
                        of blood glucose and blood pressure. Cardiovascular Diabetology, 13(1), 157. 10.1186/s12933-014-0157-0

                  

                  
                     
                        17 
                              

                     

                     Garber, Alan & Henry, Robert,   (2009). Liraglutide versus glimepiride monotherapy for type 2 diabetes (LEAD-3 Mono): a randomised, 52-week, phase III,
                        double-blind, parallel-treatment trial. The Lancet, 373(9662), 473–481. 10.1016/s0140-6736(08)61246-5

                  

                  
                     
                        18 
                              

                     

                     Kafali, Hasan, Iriadam, Mehmet, Ozardalı, Ilyas & Demir, Nurettin,   (2004). Letrozole-induced polycystic ovaries in the rat: a new model for cystic ovarian disease. Archives of Medical Research, 35(2), 103–108. 10.1016/j.arcmed.2003.10.005

                  

                  
                     
                        19 
                              

                     

                     Jashni, K H, Jahromi, K H & Bagheri, Z,   (2016). The effect of palm pollen extract on polycystic ovary syndrome (POS) in rats. Int J Med Res Health Sci, 5(5), 2319–5886.
                     

                  

                  
                     
                        20 
                              

                     

                     Beloosesky, R & Gold, R,   (2004). Induction of polycystic ovary by testosterone in immature female rats: modulation of apoptosis and attenuation of
                        glucose/insulin ratio. International journal of molecular medicine, 14(2), 207–215.
                     

                  

                  
                     
                        21 
                              

                     

                     Zheng, L & Sun, Z,   (2008). Pulse Pressure and Mean Arterial Pressure in relation to Ischemic Stroke Among Patients With Uncontrolled Hypertension
                        in Rural Areas of China. Stroke, 39(7), 1932–1937.
                     

                  

                  
                     
                        22 
                              

                     

                     Zhang, M & Lv, X.Y,   (2008). The characterization of high-fat diet and multiple low-dose streptozotocin induced type 2 diabetes rat model. Experimental Diabetes Research, 704045.
                     

                  

                  
                     
                        23 
                              

                     

                     Khan, Sheeba & Priyamvada, Shubha,   (2009). Effect of trichloroethylene (TCE) toxicity on the enzymes of carbohydrate metabolism, brush border membrane and
                        oxidative stress in kidney and other rat tissues. Food and Chemical Toxicology, 47(7), 1562–1568. 10.1016/j.fct.2009.04.002

                  

                  
                     
                        24 
                              

                     

                     Wood, R.,   (1997). Which DNA polymerases are used for DNA-repair in eukaryotes? Carcinogenesis, 18(4), 605–610. 10.1093/carcin/18.4.605

                  

                  
                     
                        25 
                              

                     

                     Friedewald, William T, Levy, Robert I & Fredrickson, Donald S,   (1972). Estimation of the Concentration of Low-Density Lipoprotein Cholesterol in Plasma, Without Use of the Preparative
                        Ultracentrifuge. Clinical Chemistry, 18(6), 499–502. 10.1093/clinchem/18.6.499

                  

                  
                     
                        26 
                              

                     

                     Deugarte, C, Bartolucci, A & Azziz, R,   (2005). Prevalence of insulin resistance in the polycystic ovary syndrome using the homeostasis model assessment. Fertility and Sterility, 83(5), 1454–1460. 10.1016/j.fertnstert.2004.11.070

                  

                  
                     
                        27 
                              

                     

                     Ikegami, Takashi, Suzuki, Yo-ichi & Koseki, Haruhiko,   (2002). Model mice for tissue-specific deletion of the manganese superoxide dismutase (MnSOD) gene. Biochemical and Biophysical
                        Research Communications.   Elsevier BV. 296, 729–736 
                     

                  

                  
                     
                        28 
                              

                     

                     Aebi, H,   (1984). Catalase in vitro. Methods in Enzymology, 105, 5016–5019.
                     

                  

                  
                     
                        29 
                              

                     

                     Escobar-Morreale, Héctor F. & Millán, José L. San,   (2007). Abdominal adiposity and the polycystic ovary syndrome. Trends in Endocrinology & Metabolism, 18(7), 266–272. 10.1016/j.tem.2007.07.003

                  

                  
                     
                        30 
                              

                     

                     Jensterle, Mojca & Kocjan, Tomaz,   (2015). Short-term intervention with liraglutide improved eating behavior in obese women with polycystic ovary syndrome.
                        Endocrine Research, 40(3), 133–138. 10.3109/07435800.2014.966385

                  

                  
                     
                        31 
                              

                     

                     Blech, Stefan & Ludwig-Schwellinger, Eva,   (2010). The Metabolism and Disposition of the Oral Dipeptidyl Peptidase-4 Inhibitor, Linagliptin, in Humans. Drug Metabolism and Disposition, 38(4), 667–678. 10.1124/dmd.109.031476

                  

                  
                     
                        32 
                              

                     

                     Shi, Danni & Vine, Donna F.,   (2012). Animal models of polycystic ovary syndrome: a focused review of rodent models in relationship to clinical phenotypes
                        and cardiometabolic risk. Fertility and Sterility, 98(1), 185–193.e2. 10.1016/j.fertnstert.2012.04.006

                  

                  
                     
                        33 
                              

                     

                     Holmang, A., Svedberg, J., Jennische, E. & Bjorntorp, P.,   (1990). Effects of testosterone on muscle insulin sensitivity and morphology in female rats. American Journal of Physiology-Endocrinology and Metabolism, 259(4), E555–E560. 10.1152/ajpendo.1990.259.4.e555

                  

                  
                     
                        34 
                              

                     

                     Palomba, Stefano, Daolio, Jessica & La Sala, Giovanni Battista,   (2017). Oocyte Competence in Women with Polycystic Ovary Syndrome. Trends in Endocrinology & Metabolism, 28(3), 186–198. 10.1016/j.tem.2016.11.008

                  

                  
                     
                        35 
                              

                     

                     Boudreaux, Monique Y. & Talbott, Evelyn O.,   (2006). Risk of T2DM and impaired fasting glucose among pcos subjects: Results of an 8-year follow-up. Current Diabetes Reports, 6(1), 77–83. 10.1007/s11892-006-0056-1

                  

                  
                     
                        36 
                              

                     

                     Jakubowicz, D, Barnea, M, Wainstein, J & Froy, O,   (1979). Effects of caloric intake timing on insulin resistance and hyperandrogenism in lean women with polycystic ovary
                        syndrome. Clinical Science, 125(9), 423–432.
                     

                  

                  
                     
                        37 
                              

                     

                     Nofal, E A & El-Habeby, M M,   (2019). Protective role of broccoli extract on estradiol valerate-induced polycystic ovary syndrome in female rats. Eur J Anat, 23(2), 121–129.
                     

                  

                  
                     
                        38 
                              

                     

                     González, Frank, Nair, K. Sreekumaran, Daniels, Janice K., Basal, Eati & Schimke, Jill M.,   (2012). Hyperandrogenism sensitizes mononuclear cells to promote glucose-induced inflammation in lean reproductive-age women.
                        American Journal of Physiology-Endocrinology and Metabolism, 302(3), E297–E306. 10.1152/ajpendo.00416.2011

                  

                  
                     
                        39 
                              

                     

                     Kauffman, Alexander S. & Thackray, Varykina G.,   (2015). A Novel Letrozole Model Recapitulates Both the Reproductive and Metabolic Phenotypes of Polycystic Ovary Syndrome
                        in Female Mice1. Biology of Reproduction, 93(3), 69. 10.1095/biolreprod.115.131631

                  

                  
                     
                        40 
                              

                     

                     Rajan, Ravi Kumar, M Siva Selva Kumar & Balaji, Bhaskar,   (2017). Soy isoflavones exert beneficial effects on letrozole-induced rat polycystic ovary syndrome (PCOS) model through
                        anti-androgenic mechanism. Pharmaceutical Biology, 55(1), 242–251. 10.1080/13880209.2016.1258425

                  

                  
                     
                        41 
                              

                     

                     Arakawa, M. & Mita, T.,   (2010). Inhibition of Monocyte Adhesion to Endothelial Cells and Attenuation of Atherosclerotic Lesion by a Glucagon-like
                        Peptide-1 Receptor Agonist, Exendin-4. Diabetes.   American Diabetes Association. 59, 1030–1037 
                     

                  

                  
                     
                        42 
                              

                     

                     Rezvanfar, Mohammad Amin & Saeedi, Sarah,   (2016). Dual targeting of TNF-αand free radical toxic stress as a promising strategy to manage experimental polycystic ovary.
                        Pharmaceutical Biology, 54(1), 80–90. 10.3109/13880209.2015.1014922

                  

                  
                     
                        43 
                              

                     

                     Aroor, Annayya R. & Habibi, Javad,   (2017). Dipeptidyl peptidase-4 (DPP-4) inhibition with linagliptin reduces western diet-induced myocardial TRAF3IP2 expression,
                        inflammation and fibrosis in female mice. Cardiovascular Diabetology, 16(1), 61. 10.1186/s12933-017-0544-4

                  

                  
                     
                        44 
                              

                     

                     A Von Eckardstein, E Nieschlag & HM Behre,   (1998). Androgens, cardiovascular risk factors and atherosclerosis. In: In: Nieschlag E, Behre HM, editors. Testosterone:
                        action, deficiency, substitution.  Berlin, Heidelberg, New York: Springer. (pp. 229–258)  2nd Edition
                     

                  

                  
                     
                        45 
                              

                     

                     Terawaki, Yuichi & Nomiyama, Takashi,   (2015). Efficacy of dipeptidyl peptidase-4 inhibitor linagliptin in patients with type 2 diabetes undergoing hemodialysis.
                        Diabetology & Metabolic Syndrome, 7(1). 10.1186/s13098-015-0043-2

                  

                  
                     
                        46 
                              

                     

                     Frøssing, Signe & Nylander, Malin,   (2018). Effect of liraglutide on atrial natriuretic peptide, adrenomedullin, and copeptin in PCOS. Endocrine Connections, 7(1), 115–123. 10.1530/ec-17-0327

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

