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					ABSTRACT  

					ARTICLE INFO  

					Diabetes mellitus (DM) can damage testicles through oxidative stress. Active fraction of Physalis  

					angulata L contains flavonoids that have antioxidant effects. This study aimed to examine the  

					effect of active fraction of P. angulata on p53 protein and mRNA expressions of CYP11A1, 17β-  

					HSD3, FSHR, MTA2, spermatogenesis, and steroidogenesis in the testes isolated from  

					streptozotocin-induced diabetic rats. The 25 male Wistar rats were divided into 5 groups. Group  

					control (CMC 0.5%, K) and untreated DM (K-DM), and 3 groups induced with DM were treated  

					with active fraction (KP) at various doses {8.5 mg/kg (KP-1); 34 mg/kg, (KP-2); 136 mg/kg (KP-  

					3). Expression of p53 protein was determined by immunohistochemistry (IHC). The number of  

					Leydig and Sertoli cells was counted from testes stained with hematoxylin and eosin (HE). The  

					mRNA expression of CYP11A1, 17β-HSD3, FSHR, and MTA2 was analyzed using quantitative  

					PCR (qPCR). The p53 expression in groups treated active fraction (KP) were lower than K-DM  

					groups and near similar with K group. The KP-3 has the lowest p53 expression among treated  

					groups. The number of Sertoli and Leydig cells in K and KP groups were significantly higher  

					compared to DM group (p<0.05). mRNA expression of CYP11A1, 17β-HSD3, FSHR, and MTA2  

					were insignificantly higher in K and KP compared to DM groups (p>0.05). Active fraction of P.  

					angulata extract has potential protective effect on testes of diabetic rats.  
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					Introduction  

					Hence, natural products are being increasingly explored as potential  

					alternative treatments to overcoming limitations and side effects of  

					Diabetes mellitus is a chronic metabolic disorder,1 characterized by  

					persistent hyperglycemia leading to metabolic changes2 and oxidative  

					stress.3 Oxidative stress activates (nuclear factor kappa B (NFкB)  

					signaling, which plays a central role in immune response and  

					inflammation.4 Prolonged oxidative stress may trigger tissue apoptosis,  

					affecting testicular tissue through altered expression of pro-apoptotic  

					and anti-apoptotic markers such as Bax and Bcl-2.5 Diabetes mellitus  

					has been shown to cause testicular damage, leading to reduction in the  

					number of Leydig and Sertoli cell, ultimately impairing steroidogenesis  

					and spermatogenesis.6 Although conventional treatments, such as  

					insulin and metformin, are widely used to manage diabetes, they are  

					conventional anti-diabetic medications. Physalis angulata, a medicinal  

					plant known for its anti-inflammatory and antioxidant effects,8 is  

					traditionally used in Indonesia for treating diabetes.9 A particular  

					bioactive component of P. angulate, referred to as Fraction 1, contains  

					flavonoids,10 which are compounds that can help prevent a decrease in  

					testosterone levels by reducing inflammation and oxidative stress, thus  

					possibly enhancing male reproductive function.11  

					Leydig cells are responsible for synthesizing testosterone from  

					cholesterol by involving steroidogenic enzymes, specifically  

					cytochrome P450 Family 11 Subfamily A1 (CYP11AI) and 17β-  

					hydrosteroid dehydrogenase (17βHSD3). Impaired hormone synthesis  

					involving these steroidogenic enzymes can reduce testosterone levels  

					and lead to impaired male reproductive function.12 Sertoli cells, which  

					provide structural and nutritional support for spermatogenesis, are  

					regulated by follicle stimulating hormone (FSH) signaling. This process  

					involves FSH receptor (FSHR) messenger RNA (mRNA) expression  

					and is influenced by the expression of metastasis associated protein 2  

					(MTA2) mRNA. A decrease in MTA2 has been shown to upregulate  

					often associated with side effects including  

					cardiovascular  

					complications, hypoglycemia, and weight gain.7  
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					FSHR  

					potentially disrupting the tightly controlled process of  

					spermatogenesis.13  

					Mantaining normal levels of Leydig cells, Sertoli cells, and  

					spermatogenic cells are crucial for proper male reproductive function,  

					especially in the process of sperm production. The expression of mRNA  

					CYP11A1 and 17β-HSD3, enzymes involved in steroidogenesis,  

					decreases in diabetic patients, leading to male infertility.12 Additionally,  
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					the expression of proteins like p53, mRNA MTA2, and mRNA FSHR  

					can affect testicular conditions due to diabetes. Hyperglycemia on DM  

					causes apoptosis in testicular tissue due to oxidative injury. It's  

					characterized by increased expression of proapoptotic biomarkers such  

					as p53 protein. The expression of p53 protein is known to be very  

					important in the process of spermatogenesis.14  

					P. angulata solution was given to each treated groups (KP groups) with  

					the following doses: KP-1 8.5 mg/kgBW; KP-2 34 mg/kgBW and KP-  

					3 136 mg/kgBW.10 Group non DM rats (K) as control and K-DM as  

					untreated-DM rats received CMC-Na 0.5% solution, as much as 1  

					mL/200 grams of body weight (equivalent to 5000 mg/kg) The fraction  

					and CMC-Na 0.5% solution were administered once daily through oral  

					gavage for 60 consecutive days.  

					This study aimed to investigate whether Fraction 1 can improve or  

					protect against these effects in the testes of diabetic rats.  

					Measurement of blood glucose levels  

					Blood glucose levels were monitored every two weeks at 8.00 AM  

					Materials and Methods  

					using a digital glucose meter (Easy Touch® Blood Glucose) tools.  

					The experiments was conducted in the Faculty of Medicine, Public  

					Health and Nursing (FMPHN), Universitas Gadjah Mada (UGM) in  

					Yogyakarta, Indonesia. This research employed an experimental study  

					with a posttest-only control group design and received a certificate of  

					ethical feasibility from The Medical and Health Research Ethics  

					Committee (MHREC) UGM Ref. No.: KE/FK/1703/EC/2023.  

					Histological staining with hematoxylin and eosin (H&E) and  

					immunohistochemistry (IHC) analysis of testicular tissue were carried  

					out at the Department of Anatomical Pathology, FMPHN UGM. The  

					examination of mRNA expression was conducted in the Integrated  

					Research Laboratory, FMPHN UGM.  

					Collection of testes  

					Collection of testicles was done by euthanasia after 60 days of treatment.  

					The rats were anesthetized with a solution containing ketamine 50 mg/kg  

					BW, xylazine 2 mg/kgBW and acepromazine 0.5 mg/kgBW.15 The left  

					testis was collected and preserved in RNAlater® (a RNA stabilizer) for  

					gene expression analysis and the right testis was fixed in neutral buffered  

					formalin (NBF) for histological and immunohistochemical examination.  

					Histological examination of testicular tissues  

					H&E staining was performed to examine the histological architecture of  

					seminiferous tubules and to quantify Leydig cells and Sertoli cells. IHC  

					staining was used to identify which cells that expressing p53 protein.16  

					Observation was performed using a light microscope under 50x and  

					100x magnification. Images were captured with Optilab software, and  

					analysis were conducted on 25 seminiferous tubules with 10 field of  

					views in each preparation.  

					Animal and experimental design  

					Animals were housed and treated in the Pharmacology and Therapy  

					Laboratory, FMPHN UGM. The experimental animals were kept for an  

					adaptation period of 7 days and given standard feed (RatBio) drink ad  

					libitum. Placed in a controlled room with an ambient temperature of 20-  

					25 ℃, humidity of 50-60%, light-dark cycle 12:12.  

					The rats were fasted for 12 hours and then diabetes mellitus was induced  

					by injection of single dose streptozotocin (STZ) 60 mg/kg body weight  

					(BW) dissolved in 100 mM citrate buffer pH 4.5. Blood glucose levels  

					were measured 72 hours post-injection using blood collected from a rat’s  

					lateral tail vein. Diabetes mellitus rats was successfully established if  

					the blood glucose level was > 300 mg/dL.  

					Examination of mRNA expression  

					RNA of testicular tissue was isolated using 500 µL of Tri-RNA reagent  

					(GENEzolTM, GZR100) followed by complementary DNA (cDNA)  

					synthesis using the SMOBio cDNA Synthesis Kit (RP1400).  

					Examination of mRNA expression of CYP11A1, 17β-HSD3, MTA2,  

					and FSHR was performed using Real Time PCR (The SensiFAST SYBR  

					Lo-ROX) with β-actin as housekeeping gene. The primer sequences are  

					listed in Table 1.  

					Administration of the active fraction of P. angulata extract  

					The active fraction of P. angulata extract (Fraction 1), obtained from the  

					Center for Herbal Medicine FMPHN UGM,10 was dissolved in distilled  

					water with 0.5% sodium carboxymethyl cellulose (CMC-Na). Extract of  

					Table 1: Primer sequences of β-actin, CYP11A1, 17β-HSD3, MTA2, and FSHR  

					Gene  

					Forward primer (5’-3’)  

					Reverse primer (5’-3’)  

					Ascension number  

					β-actin  

					GCAGATGTGGATCA GCAAGC  

					GGTGTAAAACGCAGC  

					NM_031144.3  

					TCAGTAA  

					CYP11A1  

					17β-HSD3  

					MTA2  

					CGCTCAGTGCTG GTCAAAAG  

					CCAGGTGCTGAC CCCTTATT  

					TTCTGGCTGATCAA GGGGAG  

					GTTATGGCCCTCCTT GTCCT  

					AACCATTGTCAC CAGGGGAA  

					CAAACTCATCGG CGGTCTTG  

					TTCTCCCTCTGCCAA ACGAT  

					GCAATCTTGGTGTCG CTTGA  

					NM_017286.3  

					NM_054007.1  

					NM_001100740.1  

					NM_199237.2  

					FSHR  

					elevated p53 expression, evidenced by more intense brown staining,  

					indicating oxidative stress and DNA damage. In the KP-1 group (DM +  

					P. angulata 8.5 mg/kgBW), p53 expression decreased slightly compared  

					to K-DM, although the reduction was not statistically significant.  

					The KP-2 group (DM + P. angulata 34 mg/kgBW) showed greater  

					protective effects, with reduced brown staining compared to K+ and KP-  

					1. The KP-3 group (DM + P. angulata 136 mg/kgBW) demonstrated  

					maximum protection, with p53 expression nearly returning to basal  

					levels as in the K group (Figure 1). The number of Leydig cells and  

					Sertoli cells in all DM groups that received P. angulata extract was  

					significantly higher than the DM group without P. angulata extract  

					(p<0.05) (Figure 2). Similar to the mRNA expression of CYP11A1,  

					which was higher in all DM groups that received P. angulata extract but  

					not statistically significant (p>0.05) (Figure 3).  

					Statistical analysis  

					The Leydig and Sertoli cells number, CYP11A1, 17β-HSD3, FSHR, and  

					MTA2 mRNA expression, and the expression of P53 protein were  

					presented as mean ± standard error mean (SEM). Data were analyzed  

					using SPSS software version 22.0. Saphiro-Wilk test was used for data  

					normality test. One-way analysis of variance (ANOVA) test was used to  

					compare means among groups. A p-value <0.05 was considered  

					statistically significant.  

					Results and Discussion  

					The expression of p53 protein varied among experimental groups. The  

					K group (control, non-DM rats) showed minimal expression of p53  

					which reflects normal physiological conditions without stress or DNA  

					damage. In contrast, the K-DM group (DM rats) showed markedly  
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					The number of Leydig cells in DM rats given the active fraction of P.  

					angulata was higher than in DM rats without the active fraction of P.  

					angulata.  
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					Groups  

					Figure 1: Immunohistochemistry (IHC) of p53 protein on rat  

					testes. Abbreviation: K (no DM); K-DM (DM); KP-1 (DM +  

					P.angulata active fraction 8.5 mg/kgBW); KP-2 (DM +  

					P.angulata active fraction 34 mg/kgBW); KP-3 (DM +  

					P.angulata active fraction 136 mg/kgBW)  

					CYP11A1  

					17BHSD3  

					Figure 3: mRNA expression of CYP11A1 and 17β-HSD3 on rat  

					testes. Abbreviation: K (no DM); K-DM (DM); KP-1 (DM +  

					P.angulata active fraction 8.5 mg/kgBW); KP-2 (DM +  

					P.angulata active fraction 34 mg/kgBW); KP-3 (DM +  

					P.angulata active fraction 136 mg/kgBW)  
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					Figure 2: The number of Leydig and Sertoli cells of rat testes.  

					Abbreviation: K (no DM); K-DM (DM) ; KP-1 (DM +  

					P.angulata active fraction 8.5 mg/kgBW); KP-2 (DM +  

					P.angulata active fraction 34 mg/kgBW); KP-3 (DM +  

					P.angulata active fraction 136 mg/kgBW). * = p<0.05 vs K-DM  

					MTA2  

					Figure 4: mRNA expression of FSHR and MTA2 on rat testes.  

					Abbreviation: K (no DM); K-DM (DM) ; KP-1 (DM +  

					P.angulata active fraction 8.5 mg/kgBW); KP-2 (DM +  

					P.angulata active fraction 34 mg/kgBW); KP-3 (DM +  

					P.angulata active fraction 136 mg/kgBW).  

					The expression of 17β-HSD3 in the DM group that received P. angulata  

					extract at a dose of 8.5 mg/kgBB was insignificantly higher than the  

					untreated-DM group (p>0.05). In contrast, both KP-2 and KP-3 groups  

					showed marginally lower expression than the K-DM groups, though  

					these difference were also not statistically significant (Figure 3).  

					The expression levels of FSHR and MTA2 mRNA were lower in all  

					groups receiving P. angulata extract compared to the untreated-DM  

					group. However, these differences were not statistically significant  

					(p>0.05) (Figure 4).  

					The expression of p53 was stronger in the Sertoli cell nucleus than in  

					Leydig cells and other testicular cells. The role of p53 in  

					spermatogenesis is multifaceted, involving regulation of germ cell  

					development and response to DNA damage. p53 is essential for  

					maintaining genomic integrity during spermatogenesis, as p53 mediates  

					apoptosis in response to cellular stress, thus preventing the  

					multiplication of damaged sperm cells.17 In addition, p53 affects the  

					differentiation of spermatogonia, which is essential for the production of  

					mature sperm.18  

					This result was potentially due to the influence the effect of flavonoids  

					contained in the active fraction of P. angulata. This finding aligns with  

					previously studies19,20 demonstrated that DM rats given flavonoid  

					compounds had a greater number of Leydig cells compared to DM rats  

					without flavonoid compounds.  

					The active fraction of P. angulata used in this study contains the  

					majority of flavonoid compounds tested in vitro on myoblast cells using  

					qualitative methods.10 Flavonoid compounds can reduce reactive oxygen  

					species (ROS) production in testicular tissue21, which can enhance  

					luteinizing hormone (LH) signaling and subsequently increase Leydig  

					cell proliferation.22 Studies have shown that LH stimulates the  

					proliferation and differentiation of Leydig progenitor cells, leading to an  

					increase in the number of Leydig cells.23  

					Consistent with these findings, CYP11A1 expression was lower in the  

					untreated DM groups compared to non-DM group. This was in  
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					accordance with research by Wagner et al.24 which showed that  

					Authors’ Declaration  

					hyperglycemia in diabetes mellitus reduces CYP11A1 expression  

					through an oxidative stress mechanism. Oxidative stress due to DM  

					increases ROS production and lipid peroxidation in the testis.25  

					Increased ROS induced apoptosis and mitochondrial dysfunction, which  

					directly affected CYP11A1 expression, because CYP11A1 is located in  

					the inner mitochondrial membrane.26 Further studies should assess  

					oxidative stress markers such as superoxide dismutase (SOD) gene  

					expression and testicular malondialdehyde (MDA) levels in testicular  

					tissue to better understand these mechanisms.  

					The expression of 17β-HSD3 in untreated-DM rats was lower compared  

					to non-DM rats, however the expression in treated-DM rats was not  

					different from non-DM rats. This finding corresponds with results from  

					Soliman et al.27, who reported that hyperglycemia in diabetes mellitus  

					reduces 17β-HSD3 mRNA expression. The 17β-HSD3 enzyme  

					functions to convert androstenedione into testosterone.28 Testosterone is  

					essential for male fertility and maintenance of spermatogenesis.29  

					The number of Sertoli cells in all groups of diabetic rats treated with the  

					active fraction of P. angulata (KP-1, KP-2, and KP-3) was significantly  

					higher than untreated-DM rats. The active fraction of P. angulata used  

					in this study is fraction 1 which is known to contain the majority of  

					flavonoids.10 Flavonoids has been shown to stimulate insulin secretion  

					from β-pancreatic cells, thus improving the function of Hypotalamic-  

					Pituitary-Gonadal Axis (HPGA), and increasing FSH secretion.30 In  

					addition, the administration of quercetin, which is one of the flavonoid  

					derivatives, to the testes of STZ-induced diabetic rats has been reported  

					to protect the testicular tissue from excessive apoptosis, leading to  

					increased number of both Sertoli and Leydig cells number.31  
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