Ameliorative effects of Psidium guajava ethanolic leaf extract on streptozotocin-induced diabetic reproductive dysfunctions in male Wistar rats
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ABSTRACT

Diabetes mellitus causes male infertility. Quercetin, an important food crop and medicinal plant is a potent antioxidant and main pharmaco-active component in Psiduim guajava (PG) that can increase sperm variables in male diabetics. High prevalence of male infertility in diabetic subjects is a general problem in humans, pets and livestock population with regards to reproduction. This made it a necessary to investigate and compare the possible reproductive effects accompanying the hypoglycaemic effects of glibenclamide and natural quercetin [present in PG leaf extract (PGLE)] on streptozotocin (STZ)-induced diabetic male Wistar rats. Fresh leaves of PG were air dried, pulverised, macerated in ethanol, filtered and concentrated. Twenty five male rats (165-205 g) were divided into 5 groups (n = 5) and treated daily for 2 weeks thus: CTL (control), DNT (diabetic, 60 mg/kg STZ), DT100 & DT200 (test groups, 60 mg/kg STZ, 100 and 200 mg/kg PGLE respectively daily), DTG (glibenclamide, 60 mg/kg STZ, 5 mg/kg glibenclamide daily). Fasting blood glucose concentration was determined using a glucometer. The animals were sacrificed after 2 weeks, body, testicular and seminal vesicle weights were recorded. Sperm viability and morphology were assessed microscopically. Testes and seminal vesicles were histologically evaluated. Data were analysed using ANOVA at α0.05. Glucose concentration was lower in DT100, DT200 and DTG. Testes weights increased in DT100, DT200 and DTG. Sperm motility increased in DT100, DT200 and DTG. Sperm viability increased in DT100, DT200 and DTG. Sperm count increased in DT100, DT200 and DTG while abnormal sperm morphology decreased in DT100, DT200 and DTG, all compared to DNT. Testes showed degenerated cells in DNT, while there were no lesions in test groups. It could be concluded that PGELE has anti-hyperglycemic effect on STZ -induced diabetes mediated via its antioxidant potentials and also ameliorates consequent reproductive complications.
Keywords: Psidium guajava, streptozotocin, diabetes, reproductive dysfunctions
1.0 INTRODUCTION
Diabetes mellitus (DM) is a complicated chronic metabolic disorder characterized by hyperglycemia, which often results from defects in insulin secretion, insulin action, or both (Kharroubi and Darwish, 2015).

Diabetes mellitus has been grouped  into  two  main  types, namely type I DM (TIDM)  and  type II DM (TIIDM). Type I DM occur as a result of defective beta cells in the islets of Langerhans from destruction by various infections, diseases and exposure to various toxic chemicals exhibiting signs of polyphagia, polydipsia, polyuria and weight loss (Cooke and Plotnick, 2008).  Type II DM is  characterized  by persistently  high  blood  glucose  due to  the  presence  of  insulin resistance,  usually  with  relative  insulin  deficiency which may arise from genetic  predisposition,  obesity, hyperlipidemia  and  history  of  gestational  diabetes (Cooke and Plotnick, 2008).  

World-wide prevalence of diabetes mellitus in 2013 was more than 382 million with varying prevalence among different ethnic groups, and it is expected to rise to 592 million by 2035 (Mihalca and Fica, 2014).

Majority of patients with DM are diagnosed during their reproductive age, and it is expected that male fertility problems associated with DM will dramatically rise as the number of patients with DM also rises (Agbaje et al., 2007) 

DM affects male reproductive function at multiple levels as a result of its effects on the endocrine non-diabetic of spermatogenesis, spermatogenesis itself or by impairing penile erection and ejaculation (Sexton and Jarow, 1997; Baccetti et al., 2002; Scarano et al., 2006; Agbaje, 2007; Condorelli, 2018; Long, 2018; Negwan et al. 2018) invariably leading to infertility.
Managing DM without negative effects is still a challenge to the medical system, which has led to increasing demands for natural products with anti-diabetic activity and little or no side effects (Kameswara et al., 1999). Plants, plants extract, and the active compound from plants usage to manage diseases is very critical step in new drugs discovery (Rupeshkumar et al., 2014).

Infertility is one of the major secondary complications in DM (Amidu et al., 2013; Koroglu et al., 2015; Vlad et al., 2016) due to  histological damage of the epididymis and testes (Ghanbari et al., 2015), decreased spermatozoa motility (Saumya et al., 2016), semen volume (Adedara et al., 2015), abnormal spermatozoa morphology (Afifi et al., 2015) and the disruption of seminiferous tubular morphology (Rashid et al., 2015), decreasing serum levels of luteinizing hormone (LH), follicle stimulating hormone (FSH) and testosterone (Tsounapi et al., 2016).

Marked decrease in semen quality (Carlsen et al., 1992; Aitken and Baker, 2013) have been documented with infertility being a significant health problem in the lives of married couples where about 20 - 70% is due to male factors (Agarwal et al., 2015).

Oxidative stress plays a major role in the pathogenesis of diabetic complications and increased oxidative stress in diabetic patients is a consequence of several abnormalities as hyperglycemia and insulin resistance (Folli et al., 2011)

Psiduim guajava (PG) belongs to the family Myrtaceae, it is an important food crop and medicinal plant in the tropics and subtropics and is widely used in medicine around the world. P. guajava has antispasmodic and antimicrobial, hypoglycemic, antioxidant, hepatoprotective, anti-allergy, anti-plasmodial, cytotoxic, anti-cough, anti-nociceptive and anti-inflammatory activities, supporting its traditional use in medicine (Gutiérrez  et al,.2008; Mittal et al., 2010).

P.guajava contains quercetin (naturally occurring flavonoid, strong antioxidant) which is its most pharmaco-active composition (Gutiérrez et al., 2008). 
Research has shown that quercetin can be very effective in treating cases of male infertility due to its ability to improve  sperm (Ebenezer et al., 2019) and can be useful in managing cases of infertility in male diabetic subjects (Guang et al., 2019).
High prevalence of male infertility in cases of diabetes mellitus subjects is a general problem to both human, pet and livestock population in terms of reproduction. Also side effects arise due to use of conventional antidiabetis drugs, hence need for search of other safe and effective alternatives.  This research was designed to investigate and compare the reproductive effects of graded doses of Psidium guajava leaf extract (PGLE) and glibenclamide on streptocozotin-induced diabetic Wistar rats.

2.0 MATERIALS AND METHODS

2.1 Animals

Twenty five male Wistar rats (150-200g) were used for this study. The rats were housed in the Experimental Animal Unit of the College of Veterinary Medicine, Federal University of Agriculture, Abeokuta, Ogun State, Nigeria. They were kept in well ventilated standard rat cages at ambient temperature and 12 hour light/darkness period was maintained. The rats were fed standard pelleted rat chow (Ladokun Feeds, Ibadan) and clean water was given ad libitum.

2.2 Plant material

The leaves of Psidium guajava L. were collected from FUNAAB farm, Alabata, Abeokuta, Ogun State. Identification and authentication was done at Department of Pure and Applied Botany, College of Biosciences, Federal University of Agriculture, Abeokuta.
2.3 Plant extraction

Psidum guajava leaves were air-dried at room temperature for four weeks. The air-dried leaves were reduced into coarse particles. The coarse particles were soaked in 97% ethanol for 72 hours at room temperature. The mixture was filtered using Whatman’s filter paper and the filtrate was evaporated at 60 0C using a vacuum rotary evaporator. The wet brown residue was allowed to evaporate in vacuo and stored in the refrigerator (4 0C) until ready to use. Thereafter, 1 g of the residue of Psidum guajava leaves extract (PGLE) was dissolved in 20 mL of distilled water to give a concentration of 50 mg/mL.

2.4 Experimental procedure

The rats were randomly distributed into 6 groups (n=5) after induction of diabetes and treated as listed in Table 1. 

Table 1: Animal groupings and daily protocols
	Group
	Group Name
	Group Description

	1.
	CT
Negative control, distilled water 
	Control group will receive distilled water of 0.5 ml daily.

	2.
	DNT
Positive control, received 60 mg/kg STZ
	Diabetic group received 60 mg/kg STZ once 

	3.
	DT100
Received 60 mg/kg STZ,  100 mg/kg extract
	Received 60 mg/kg STZ once and treated with 100 mg/kg 
Psidium guajava L. leaf extract for 2 weeks.

.

	4.
	DT200
Received 60 mg/kg STZ,  200 mg/kg extract
	Received 60 mg/kg STZ once and treated with 200 mg/kg
Psidium guajava L. leaf extract for 2 weeks.



	5.
	DTG
Received 60 mg/kg STZ,  Glibenclamide, 5mg/kg
	Received 60 mg/kg STZ once and treated with 5 mg/kg 
Glibenclamide for 2 weeks.




2.5 Blood glucose measurement 

Fasting blood glucose level were estimated 3 times in a week during the treatment period for two weeks using blood sample obtained from the tail vein of the rats and determined in mg/dl by a digital glucometer (Accu-chek Advantage, Roche Diagnotics, Germany).The animal were fasted for a period of 16 hours before their blood glucose levels were measured.

At the end of the 14 days treatment, the rats were euthanized under thiopental sodium anaesthesia injection (50 mg/kg) and a ventral midline abdominal incision was made to expose the reproductive organs. The testis were identified, carefully removed and processed further for sperm evaluation (Zemjanis, 1977) and testicular histology.

2.6 Statistical Analysis

Statistical analysis was performed by one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison test using Statistical Package for the Social Science (SPSS) software (version 16.0; SPSS Inc., USA). Results were expressed as mean ± SEM for five rats in each group. A value of P < 0.05 was considered to be statistically significant. 

3. RESULTS

3.1 Hypoglycemic effects of PGLE on blood glucose
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Figure 1: Effect of PGLE on blood glucose level of control, negative control (DNT) and test rats in (mg/dL), N = 5, *P<0.05 from DNT 

3.2 Effects of PGLE on sperm variables
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Figure 2: Effect of PGLE on sperm motility level of control, negative control (DNT) and test rats in %, N = 5, *P<0.05 from DNT 
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Figure 3: Effect of PGLE on sperm viability level of control, negative control (DNT) and test rats in %, N = 5, *P<0.05 from DNT 
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Figure 4: Effect of PGLE on sperm concentration of control, negative control (DNT) and test rats in X106 cell/mL, N = 5, *P<0.05 from DNT 
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Figure 5: Effect of PGLE on abnormal sperm morphology level of control, negative control (DNT) and test rats in %, N = 5, *P<0.05 from DNT 
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Figure 6: Effect of PGLE on relative testes weight level of control, negative control (DNT) and test rats in %, N = 5, *P<0.05 from DNT 

3.3 Effects of PGLE on testicular histology
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Figure 7: Photomicrographs of testicular sections (H&E, X10 and X40) 
CT=Control, DNT=diabetic non treated, DT100= 100 mg /kg PGLE extract, DT200=200mg/kg

PGLE, DTG= 5 mg/kg Glibenclamide.

CT, DT100, DT200 and DTG: Normal testicular tissue with architecture and cellularity of seminiferous tubules. (H&E, X10) 

Normal seminiferous tubules with normal spermatogonia cell, normal germ cell layer with normal maturation stages, lumen appear normal with presence of spermatozoa, interstitial spaces and Leydig cells appear normal (Figure 7) . 

DNT:  DNT: testicular degeneration characterized by disorganized arrangement of the germinal epithelium and focal necrosis of germinal cells (highlighted). (H&E, X40).

Seminiferous tubules with germ cells sloughed into the lumen, lack lumen and well defined germ cells layer; spermatogonia cell exhibit clear cytoplasmic halo and show maturation arrest at primary level, normal Sertoli cells, interstitial spaces and  Leydig cells normal.

4. DISCUSSION

Diabetes mellitus (DM) is a complicated chronic metabolic disorder characterized by hyperglycemia, which often results from defects in insulin secretion, insulin action, or both (Kharroubi and Darwish, 2015). Results from this study shows that an oral daily dose of PGLE (100 and 200 mg/kg) ameliorated the hyperglycemia and returned the glucose concentrations to physiologic levels attributed to the high content of quercetin contained therein (Figure 1). Shadia et al. (2018) has documented that Psidium guajava extract significantly reverses organ and tissue abnormalities caused by streptozotocin-induced diabetes, and the same was noticed in the treatment group of this study.
Hyperglycemia enhances mitochondrial reactive oxygen species (ROS) production, which invariably represents a major pathway in formation of diabeteic complications. STZ is a chemical which causes toxicity specifically in the insulin synthesizing 𝛽-cell (Islet of Langerhans) of the pancreas in mammals to develop a typical diabetic model (Deeds et al., 2011). The mechanism of action of STZ takes place by excess production of ROS that induces cytotoxicity in beta-cells of the pancreas, followed by reduced insulin production (Muthukumaran et al., 2018).

The initial cellular response to high glucose challenge is the generation of ROS, which rapidly induces apoptotis (Palsamy and Subramanian, 2010; Muthukumaran et al., 2018). Formation of diabetic complications that may have arisen due to ROS production was prevented by the administration of PGLE (contains a high content of quercetin which is a potent antioxidant). Quercetin radically scavenges (inhibits oxidation chain initiation and prevents chain propagation) ROS and reduces lipid peroxidation by maintaining membrane integrity in the presence of oxidative stress (Soundararajan et al., 2008). These hypoglceamic effects were seen.  

These same hypoglycaemic effects were documented by Shadia et al. (2018), but they used a higher dose of 500 mg/kg PGLE. Lower doses of 100 and 200 mg/kg gave the same response to streptozotocin-induced diabetes in Wistar rats (Figure 1). 

STZ induced diabetic rats shows fatty infiltration and destroyed islet cells of pancreas as a result of which they will considerably shrink and reduce in number (Deeds et al., 2011). This may be the reason why the pancrease in the diabetic group were not seen. The above said alterations were reduced significantly in diabetic rats treated with PGLE. Thus, histopathological observations conjointly support the concept that PGLE reduces the burden of oxidative stress and protects the pancreatic and testicular tissues in diabetic rats.

Soman et al. (2010) and Muthukumaran et al., 2018 verified that PGLE can act as good antioxidant by reducing the blood glucose. The glibenclamide group showed reduced glucose levels by its action on calcium channels of pancreas for the release of insulin which reverses the hyperglycemic condition (Muthukumaran et al., 2018).

DM affects male reproductive function at multiple levels as a result of its effects on the endocrine non-diabetic of spermatogenesis, spermatogenesis itself or by impairing penile erection and ejaculation (Sexton and Jarow, 1997; Baccetti et al., 2002; Scarano et al., 2006; Agbaje et al., 2007; Condorelli et al., 2018; Long et al., 2018; Negwan et al. 2018) invariably leading to infertility. DM negatively affects semen quality (i.e., sperm volume, sperm concentration, total sperm motility, progressive sperm motility, normal sperm morphology, and sperm DNA fragmentation) (Jing-Zhen et al., 2017). 

Spermatozoa can be destroyed by peroxidation, due to the fact that a major percentage of their cytoplasm is taken away at the final stages of spermiogenesis, this leaves them exposed because very crucial and needed defensive enzymes (glutathione peroxidase, catalase) guarding against ROS attacks leak away (Ebisch et al., 2007). The plasmalemma of sperm exhibiting fusogenic properties have an elevated concentration of polyunsaturated fatty acids which makes the spermatozoa highly susceptible to lipid peroxidation when they come in contact with ROS (Jones and Mann, 1973). 
The cell membranes of testicles are also rich in polyunsaturated fatty acids just like plasma membrane of sperm which make them susceptible to peroxidation injury, and hence pathologies in functions of sperm which inevitably results in infertility (Peltola et al., 1992; Aitken et al., 2012). Several observations show that spermatozoa may be more exposed with little or no defence against oxidative stress than germ cells. Germ cells are shielded from ROS attacks by the microenvironment formed by the blood-testis barrier (provided by Sertoli cell) but epididymal spermatozoa are not and also possess an elevated concentration of polyunsaturated fatty acids on their membranes leaving them open to free radical attack (Aitken et al., 2012). Also, spermatozoa have a decreased ability or cannot correct damage to DNA as a result of ROS (Van Loon et al., 1991) which makes protection of spermatozoa by the antioxidants a great necessity for combating ROS arracks. 

Glucose levels in the diabetic non treated group (DNT) increased significantly and this has been recorded to negatively affect spermatogenesis (Tavares et al, 2017) because elevated glucose levels causes derangement in functions of Sertoli cells that play significant role in the control of spermatogenesis which ultimately results to male infertility. 

High glucose level significantly impairs male fertility, affecting most especially quality of sperm (Kim and Moley 2008; Navarro-Casado et al. 2010; Amaral et al. 2014), multiplication rate or inhibits Sertoli cells maturation, and eventually the functionality having effects on spermatogenesis and spermatozoa (Tavares et al, 2017).
Insulin receptors are present in Sertoli cells (Oonk and Grootegoed, 1987) and have been documented to have effects on their metabolic function (Oonk et al. 1985; Oliveira et al. 2012). Therefore, distortions in concentrations of insulin arising from high blood glucose affect the functions of Sertoli cells and spermatogenesis negatively (Schoeller et al. 2012).
Sperm count, motility, viability and morphology are major indicators of fertility in the male subject, and are the model fingerprints in spermatogenesis and maturation of epididymis within the testis. Reduced sperm count, motility and elevated abnormal sperm cells are all related and connected with reduced fertility rate (Irvine et al., 1996; Auger et al., 1995). 

The reduction in sperm count, motility, viability with increase abnormal sperm cells within the diabetic non treated group (DNT), indicates that it predisposes to decreased fertility which agrees with previous studies as documented by Condorelli et al., (2018), Long et al, (2018) and Negwan et al. (2018). Oral administration of PGLE was observed to mitigate the effect of diabetes on sperm count, motility, viability and abnormal sperm morphology levels (Figures 2-6). This brought about remarkable recovery, indicating that the adverse effect can be reversed. The mitigating effect of PGLE could be due to its rich antioxidant content which provides protective roles against oxidative stress (Shadia et al., 2018). Oxidative stress has been documented to be the major cause of reproductive complications in DM (Palsamy and Subramanian, 2010; Muthukumaran et al., 2018). This showed that PGLE demonstrates a potent protective effect on sperm of streptozotocin-induced diabetic rats (Figures 2-6). These beneficial effects of PGLE on STZ-induced diabetic rats were well visualized histologically (Figure 7).

Managing diabetes mellitus without negative effects is still a challenge to the medical system, which has led to increasing demands for natural products with anti-diabetic activity and little or no side effects (Kameswara et al., 1999). Plants, plants extract, and the active compound from plants usage to manage diseases is very critical step in new drugs discovery (Rupeshkumar et al., 2014). Results of this study showed that the level of glucose was increased considerably within the diabetic group; this condition was attenuated with treatment with PGLE (100 and 200 mg/kg b.w.) (Figure 2) and at the same time restored the reproductive capabilities (improved sperm variables) of rats in the treated group. No side effects were identified with special emphasis on the reproductive system. The testicular sections showed normal architecture in the treated groups compared to the diabetic non treated groups. 

5. CONCLUSIONS
In conclusion, results from the findings of this work suggest that PGLE has the ability to decrease plasma glucose and simultaneously ameliorate the burden of reproductive complications in STZ-induced diabetic rats. This was confirmed by the reduced glucose and improved sperm variable levels. The mechanism of action of PGLE may be due to its ability to suppress the hyperglycemia by regulating the secretion of insulin from the pancreatic beta-cells and in turn may ameliorate the oxidative stress by radical scavenging of ROS. 
The ameliorative action of PGLE may be comparable to that of glibenclamide evidenced from the results of this study. Though various reports claim the antidiabetic potential of PGLE, the findings of this research shows that the main symptoms of diabetes such as hyperglycemia, oxidative stress, and its reproductive complications are ameliorated by administration of PGLE (100 and 200 mg/kg) to STZ-induced diabetic Wistar rats with no side effects.
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