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            Abstract

            
               
Aegle marmelos is widely found in india. The leaves, roots, fruits, bark, and seeds are extensively used in Ayurveda. A. marmelos is mainly used for the treatment of diabetes mellitus. Alloxan (150 mg/kg b.w) was used in the Wistar rats for making the
                  diabetic model. The oral administration of leaf extract of Aegle marmelos ( 200 and 400 mg/ kg b.w) was given for four weeks. The effect of ethanolic leaf extract of Aegle marmelos leaf extract on serum blood glucose as well as kidney function test [urea, uric acid, albumin, protein, and creatinine] were
                  measured in the alloxan-induced diabetic rats. In the acute toxicity study, the ethanolic leaf extract of Aegle marmelos leaf was non-toxic at 2000 mg/kg in rats. The level of albumin and protein had significantly increased along with the serum
                  glucose and urea, uric acid levels when they were observed and reduced in diabetic rats treated with both doses of ethanol
                  leaf extract of Aegle marmelos as compared to diabetic group. Histopathological studies were revealed toward normal. Ethanolic extract of Aegle marmelos leaf possesses the significant anti-diabetic and rejuvenating capability of kidney function tests.  
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               Introduction

            Diabetes is a chronic metabolic disorder. The metabolic disorders lead to alteration in carbohydrate, protein, and fat. There
               is insufficient secretion of insulin or no release of insulin by the pancreas in the human body shown in diabetes  (Care, 2009). It is one of the fastest-growing health problems in the twenty-first century that is spreading throughout the world (WHO, 2011).
            

            Diabetes mellitus is an alarming non-infectious disease and once diagnosed, it becomes perinniel and has become a serious
               problem globally: the number of diabetic patients around the world are increasing continuously and the number of diabetic
               patients around the world is estimated at 71 million by 2030  (IDF, 2011). Most investigations have shown that the earliest detectable changes in the course of diabetic nephropathy in the human
               will be seen 10 years after diabetes mellitus initiation. However, morphometric studies showed that the signs can be diagnosed
               18 months after diabetes beginning  (Melmed, Polonsky, Larsen, & Kronenberg, 2011). 
            

            From ancient times, the medicinal plant has been used for curing diabetes across the world. The medicinal plant has a pivotal
               role to renovate the function of pancreatic tissues by the enhance insulin activity and attenuated the intestinal absorption
               of glucose. The survey of WHO has identified more than four hundred plants that can act as an antidote to diabetis. The recent
               search for diabetic drugs from medicinal plants are attractive because these plants contain glycosides, alkaloids, terpenoids,
               flavonoids, carotenoids and many more phytochemical constituents  (Malviya, Jain, & Malviya, 2010).
            

            Due to their phytochemical constituent or antioxidant study of plant for hypoglycemic, antioxidant and hypolipidemic activities
               may give new pharmacological approaches in the treatment of diabetes mellitus  (Dangi & Mishra, 2010). Aegle marmelos , commonly known as bael belonging to the Rutaceae family and used for the treatment of various diseases. Various parts of
               this plant such as leaves, fruit, and seed have hypoglycemic, hypolipidemic and blood pressure curing property  (Lambole, Murti, Kumar, Sandipkumar, & Gajera, 2010). 
            

            A recent survey of WHO revealed that approximate 80% population is dependent on herbs.  (Gangadhar, Shraddha, & Ganesh, 2012; Rahman, Salehin, Ja, Parvin, & Alam, 2011) . There are various biochemicals ingredient present in A. marmelos leaves such as alkaloids, glycosides, terpenoids, cardiac, saponins, tannins, flavonoids and steroids  (Sivaraj, Balakrishnan, Thenmozhi, & Venckatesh, 2011). 
            

         

         
               Materials and Methods

            Authentication and Collection  
            

            The leaf of Aegle marmalose was collected from a local nursery and identified by the Botanical Survey of India, Allahabad(BSI/CRC/PS-01/2015-2016). 
            

            
               Preparation of plant extract
               
            

            The Aegle marmalose leaves were first washed well and dried at room temperature. The dried leaves were powdered through the grinder and stored
               at 5°C until further use. The residue was extracted with 70% Ethanol by soxhlet. The ethanol was evaporated in a rotary evaporator
               at 40-50°C under reduced pressure and using this extract preliminary phytochemical screening for various plant constituents
               (Harborne, 1998). After estimation of the LD50  value, the dose was 200 and 400 mg/kg body weight  (OECD, 2001).
            

            
               Induction of experimental diabetes 
               
            

            The Wistar rats were injected with alloxan monohydrate (2, 4, 5, 6- tetraoxyprimidine) which was dissolved in normal saline
               at a dose of 150 mg/kg body weight intraperitoneally. Since alloxan is capable of destroying pancreatic β- cells and induces
               diabetes mellitus. After three days diabetes was confirmed by the fasting blood glucose level more than 250 mg/dl with the
               help of a glucometer was considered as a diabetic model and used in this study.
            

            
               Selection of the dose of the test drug 
               
            

            After established acute toxicity study, the two different doses (200mg/kg, and 400mg/kg) of the Aegle marmalose leaf extract were selected  (Herck et al., 1998)
            

            
               Animals
               
            

            Adult Wister Albino rats weighing around 120-150 g were used in this experiment. The animals were kept in polypropylene cages
               in an air-conditioned room. The animal experiments were conducted as per protocol approved by the institutional animal ethics
               committee (UIP/IAEC/APRIL-2015/08). 
            

            
                Experimental Design
               
            

            For the study the rat were divided into the following groups,

            
                  
                  	
                     Normal control fed with a normal diet.

                  

                  	
                     Alloxan treated [150mg/kg i. p]

                  

                  	
                     Alloxan treated + ethanolic extracts of Aegle marmelos (200mg/kg b. w.)

                  

                  	
                     Alloxan treated + ethanolic extracts of Aegle marmelos (400 mg/kg b. w.) 

                  

                  	
                     Alloxan treated + standard drug Metformin standered drug (200mg/kg b. w.).

                  

               

            

            
               Biochemical determination
               
            

            A blood sample was collected by orbital sinus puncture at the End of the experiment and allowed to clot for 1hr then centrifuged
               at 3000 rpm for 15 min at room temperature for serum  (Trinder, 1969) Collected serum was kept at -20° C until analysis biochemical analysis  (Kleiner et al., 2005). 
            

            
               Histopathological studies
               
            

            The liver tissue was dissected out and cut into small pieces then kept into a 10 % formaldehyde solution. The small portion
               of the liver was dehydrated in alcohol then embedding in paraffin wax. With the help of a microtome, 4-5µm thin section was
               collected and stained with hematoxylin-eosin  (Sen, Chakraborty, Sridhar, Reddy, & De, 2010).
            

         

         
               Results and Discussion

            
               Determination of glucose level 
               
            

            The serum level of glucose was significantly high after alloxan induction; the increased levels were down after administration
               of ethanolic leaf extract of aegle marmalose at the dose of 200 and 400 mg/kg bw. However, standard drug metformin at 200 mg.kg b.w was reduced blood glucose level as
               a comparison to alloxan-induced diabetic rats. 
            

            
               Estimation of Kidney Function Test of 
               
                  Aegle Marmalose
                  
               
            

            Kidney function parameters (Albumin, urea, uric acid, creatinine, and protein ) were estimated on 28th day of study after treatment with extracts. Results are tabulated in Table  1 and graphically represented in Figure  1, Figure  2, Figure  3, Figure  4, Figure  5, Figure  6.
            

            
                  
                  Figure 1

                  Effect of Aegle marmalose on Blood glucose level in alloxan-induced diabetic model. Values are statistically significant at p<0.05
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                  Table 1

                  Effect of Aegle Marmalose leaf extracts on the serum albumin, creatinine, protein, urea and uric acid level of normal, diabetic
                     induced and drug treated rats. 
                  

               

               
                     
                        
                           	
                              
                           
                           Groups

                           
                        
                        	
                              
                           
                           Albumin

                           
                            g/dl

                           
                        
                        	
                              
                           
                            Urea 

                           
                            mg/dl

                           
                        
                        	
                              
                           
                           Uric acid

                           
                            mg/dl

                           
                        
                        	
                              
                           
                           Creatinine

                           
                            mg/dl

                           
                        
                        	
                              
                           
                           Protein

                           
                           g/dl

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Control(CN)

                           
                           

                           
                        
                        	
                              
                           
                           3.200±0.7305 

                           
                        
                        	
                              
                           
                           33.53±1.289

                           
                        
                        	
                              
                           
                           6.500±1.289 

                           
                        
                        	
                              
                           
                           0.67200±0.1167

                           
                        
                        	
                              
                           
                           7.475 ±1.335 

                           
                        
                     

                     
                           	
                              
                           
                           Diabetic control(DM)

                           
                        
                        	
                              
                           
                           1.200±0.1018 

                           
                        
                        	
                              
                           
                           62.62±1.806

                           
                        
                        	
                              
                           
                           15.25±1.289 

                           
                        
                        	
                              
                           
                           1.100±0.1018

                           
                        
                        	
                              
                           
                           4.287 ±1.322 

                           
                        
                     

                     
                           	
                              
                           
                           Aegle marmalose (AM)

                           
                            (200mg/kg BW) 

                           
                        
                        	
                              
                           
                           2.610±0.1018  

                           
                        
                        	
                              
                           
                           55.32±1.691

                           
                        
                        	
                              
                           
                           12.21±1.194 

                           
                        
                        	
                              
                           
                           0.9800±0.1018 

                           
                        
                        	
                              
                           
                           5.753 ±1.003 

                           
                        
                     

                     
                           	
                              
                           
                           Aegle marmalose (AM)

                           
                            (400mg/kg BW)

                           
                        
                        	
                              
                           
                           2.010±0.1018 

                           
                        
                        	
                              
                           
                           43.29±1.194

                           
                        
                        	
                              
                           
                           11.25±1.194 

                           
                        
                        	
                              
                           
                           0.9500± 0.1326 

                           
                        
                        	
                              
                           
                           7.278 ±1.716 

                           
                        
                     

                     
                           	
                              
                           
                           Standard drug (Metformin)

                           
                        
                        	
                              
                           
                           2.560±0.1018 

                           
                        
                        	
                              
                           
                            42.22±1.691

                           
                        
                        	
                              
                           
                           14.65±1.691 

                           
                        
                        	
                              
                           
                           0.8200± 0.1018 

                           
                        
                        	
                              
                           
                           7.27 ± 1.726 

                           
                        
                     

                  
               

               

            

            The albumin level had significantly reduced (Table  1) after alloxan induction (1.200±0.1018g/dl) when compared to control (3.200±0.7305g/dl) , the reduced level was down after
               oral administration of the ethanolic leaf extract of AM at the dose of 200 & 400 mg /kg BW 2.610±0.1018; 2.010±0.1018/dl for
               four week. However, standard drug Metformin at the dose of 200 mg/kg BW was found to enhance (2.560±0.1018g/dl). 

            
                  
                  Figure 2

                  Effect of Aegle marmalose on Albumin level in alloxan induced diabetic model. Values are statistically significant at p<0.05
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            The urea level was significantly high (Table  1) after alloxan induction (62.62±1.806 mg/dl) when compared to control group (33.53±1.289 mg/dl) the increased level was down
               5532±1.691 mg/dl; 43.29±1.194 mg/dl after administration of A.M. for four week, however treatment of standard drug Metformin
               at the dose of 200 mg/kg BW low (42.22±1.691 mg/dl) compared with alloxan induced diabetic rat. The obtained results showed
               that alcoholic extract at the dose of 400 mg/ kg BW was more significant than 200 mg/kg BW
            

            
                  
                  Figure 3

                  Effect of Aegle marmalose on urea level in alloxan induced diabetic model. Values are statistically significant at p<0.05
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            The level of uric acid was significantly high (Table  1) after alloxan induction (15.25±1.289 mg/dl) when compared to control group (6.500±1.289 mg/dl) that increased level was
               down 12.21±1.194 mg/dl; 11.25±1.194 mg/dl after administration of A.M. for four weeks. However treatment of standard drug
               Metformin at the dose of 200 mg/kg BW low (14.65±1.691 mg/dl) compared with alloxan-induced diabetic rat. The obtained results
               showed that alcoholic extract at the dose of 400 mg/ kg BW was more significant than 200 mg/kg BW.
            

            

            
                  
                  Figure 4

                  Effect of Aegle marmalose on uric acid level in alloxan induced diabetic model. Values are statistically significant at p<0.05
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            The creatinine level was significantly high (Table  1) after alloxan induction (1.100±0.1018 mg/dl) when compared to control group (0.67200±0.1167 mg/ dl) that increased level
               was down 0.9800±0.1018 mg/dl; 0.9500± 0.1326 mg/dl after administration of A.M. for four weeks, however treatment of standard
               drug Metformin at the dose of 200 mg/kg BW low (0.8200± 0.1018mg/dl) compared with alloxan induced diabetic rat. The obtained
               results were showed (Figure  4) that alcoholic extract at the dose of 400 mg/ kg BW was more significant than 200 mg/kg BW
            

            
                  
                  Figure 5

                  Effect of Aegle marmalose on creatinine level in alloxan induced diabetic model. Values are statistically significant at p<0.05
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            The protein level had significantly reduced (Table  1) after alloxan induction (4.287 ±1.322 g/dl) when compared to control (7.475 ±1.335 g/dl), that reduced level was increased
               after oral administration of the ethanolic leaf extract of A.M. at the dose of 200 & 400 mg /kg BW 5.753 ±1.003; 7.278 ±1.716g/dl
               for four weeks. However, standard drug metformin at the dose of 200 mg/kg BW was found to enhance (7.27 ± 1.726 g/d) the activity. 

             

            
                  
                  Figure 6

                  Effect of Aegle marmalose on protein level in alloxan-induced diabetic model. Values are statistically significant at p<0.05
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            The interest of humans in the medicinal plant is not only providing a source of vital nutrients largely but also helps to
               attenuate different types of diseases. The phytochemical constituent is presented in the medicinal plant such as alkaloids,
               glycosides, essential and fatty oils, resins, gums, mucilage, tannins  (Jorns, Munday, Tiedge, & Lenzen, 1997). 
            

            The present study was investigated to assess the anti-diabetic and nephrotoxicity activities of medicinal plant i.e. Aegle marmalose  leaf. In this study, alloxan (150 mg/kg b. w) was used for making the diabetic model.  Alloxan acts as a diabetogenic agent due
               to the destruction of beta-cells of the islet of Langerhans  (LeDoux, Woodley, Patton, & Wilson, 1986). Increased activity of reactive oxygen species causes the increase in cytosolic calcium concentration which leads to the
               destruction of beta-cells destruction  (Dewanjee, Bose, Sahu, & Mandal, 2008; Szkudelski, 2001), due to this effect secretion of insulin alter as well as enhances blood glucose levels (Latha, Pari, Sitasawad, & Bhonde, 2004; Naquvi, Ali, & Ahamad, 2011). 
            

            During this experiment, the serum glucose level was significantly high when compared with the normal group. On the other hand,
               oral administration with extract at the dose of 200 and 400 mg/kg body weight on the alloxan-induced diabetic groups significantly
               reduced the elevated blood glucose level.
            

            In this experiment. kidney function test (urea, creatinine, uric acid) values were increased and albumin, protein had decreased
               in the diabetic groups. The formation of urea from ammonia in the liver and that is an end product of protein catabolism,
               urine constitute about half of the total urinary solids. Urea is formed in a cyclic pathway that is known as the urea cycle.
               In this cycle, amino groups donated by ammonia and L- aspartate are converted to urea  (Sugumar, Doss, & Maddisetty, 2016). 
            

            By active and passive carrier modulated process uric acid is mostly reabsorbed in the proximal tubules. Glomerulus is freely
               filtered urea but about 40% of the urea reabsorbed by tubules, urea reabsorption rate varies inversely with the tubular flow.
               Uric acid is a hetro-cyclic compound of hydrogen, oxygen, nitrogen, and carbon. By the metabolic breakdown of purine nucleotides,
               uric acid is formed. The high concentration of uric acid is seen in diabetes. In the blood, creatinine is a chemically waste
               product that passes through the kidneys to be filtered and eliminated in urine. When the kidneys do not function properly,
               the Creatinine level in the blood increases. It cannot be reabsorbed or secreated.. The urinary concentration of creatinine
               is about 70 times more than of plasma. 
            

            In this study, the level of urea, uric acid, and creatinine level had increased when comparison with normal groups after induction
               of alloxan and these results are similar to the previous study. Decreased level of protein and albumin had significantly increased
               after treatment with the extract. This result was similar to other authors  (Dabla, 2010) and that confirms that this extract has a potent role of vital kidney tissues thereby reducing the causation of diabetes
               in the experimental animals. (Lombardo et al., 2016; Sur, 2016). 
            

         

         
               Conclusion

            In conclusion, Leaf extract of Aegle marmalose has a potential ability to attenuate blood glucose level as well as kidney function test in alloxan-induced diabetes mellitus
               through its phytochemical constitutents. 
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