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ABSTRACT 

Oxidative stress induced by alloxan is implicated in eliciting pathological changes in diabetes mellitus. This study was 

undertaken to determine the effect of P. edulis aqueous leaf extract on oral administration at a concentration of 200 

mg/kg body weight for 30 days to alloxan treated animals.  Liver and kidney were excised and used for biochemical 

studies like invitro lipid peroxidation, enzymatic antioxidant and non enzymatic antioxidants level.A remarkable increase 

in the level of enzymatic antioxidants like peroxidase, glutathione peroxidase ,  superoxide dismutase,  catalase , glucose-

6-phosphate dehydrogenase, polyphenol oxidase and  non enzymatic antioxidant like glutathione, vitamin C and vitamin 

E  were observed. Decrease in basal lipid peroxidation, ascorbate and peroxide induced lipid peroxidation in both the 

organs were also observed.This study indicates that aqueous leaf extract of P. edulis decrease the damage caused by 

oxidative stress in diabetic rats. 
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INTRODUCTION 

In tissues, the oxidation-reduction state also called the 

redox state depends on the delicate balance between 

oxidants and antioxidants status at any given time. The 

oxidants are the free radicals and reactive oxygen or 

nitrogen species produced in the body as a result of 

regular intermediary metabolism and other oxidative 

processes like respiratory bursts seen in neutrophil during 

phagocytosis. Apart from their roles in the intermediary 

metabolism and body defense, the oxidants also play a 

major role as regulatory mediators in signaling 

processes1. 

Diabetes the chronic metabolic disorder is estimated to 

affect 4% population worldwide2. Oxidative stress is 

reported to be increased in patients with diabetes mellitus. 

It is considered as an essential prerequisite for the 

pathogenesis of this disease3. Hyperglycemia can directly 

cause increased ROS generation. In this condition, 

glucose can undergo autoxidation and generate •OH 

radicals. In addition, glucose reacts with proteins in a 

nonenzymatic manner leading to the development of 

Amadori products followed by formation of advanced 

glycation end products (AGEs). In hyperglycemia, there 

is an enhanced metabolism of glucose through the polyol 

(sorbitol) pathway, which also results in enhanced 

production of •O2-. 

Oxygen free radical can initiate peroxidation of lipids 

which in turn stimulate glycation of proteins, inactivation 

of antioxidant enzymes and play a role in long term 

complications of diabetes4. Increased oxidative stress as a 

result of increased free radical formation has also been 

suggested as a contributor to vascular damage in 

diabetes5. 

Control of diabetes involves the use of oral hypoglycemic 

agents and insulin treatment. However natural products 

derived from plant sources serves the best for the 

treatment as they are expected to have a similar degree of 

efficacy without the troublesome side effects associated 

with modern drug treatment2. Eighty percent of the 

world’s population relies primarily on traditional 

medicines for the health care needs6. Historical and 

traditional plant which is used in folklore medicine is 

Passiflora edulis, which is known as yellow passion fruit. 

Passiflora edulis Sims (Passion fruit) which belongs 

Passiflora genus, comprise about 500 species that are 

distributed in warm temperatures and tropical regions. It 

is a vigorous climber. The leaves are evergreen and 

alternate, 3 lobed leaves when mature. The leaves and 

stems of P.edulis have shown anti-inflammatory, 

antianxiety, antitumour, antimicrobial and antioxidant 

activity5. The antidiabetic activity of P.edulis was well 

documented7. The present study was carried out to find 

the role of P.edulis on antioxidant status and lipid 

peroxidation metabolism on experimentally induced 

alloxan diabetic rats. 

 

MATERIALS AND METHODS 

Plant material 

Collection of leaves of Passiflora edulis was done from a 

local farm and authenticated by Dr.G.V.S.Moorthy,  
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Botanical Survey of India, Tamilnadu Agricultural 

University Campus, and Coimbatore. The voucher 

number of the specimen is BSI/SRC/73/5/23/9-10/Tech-

624. 

Extract preparation 

The collected leaves were dried at 250C for 10 days in the 

absence of sunlight and powdered well using a mixer. 

Then they were weighed and kept in an airtight container 

and stored in refrigerator for future use. 

Animals 

The adult albino rats of both sexes, weighing about 150-

180 g were procured from animal house of Karpagam 

University, Coimbatore and used for the study. Rats were 

housed at constant temperature of 22+5C with a 12-hour 

light, 12-hour dark cycle. The rats were fed on pellets 

with free access to tap water. All the experiments were 

carried out according to the guidelines recommended by 

the Committee for the Purpose of Control and 

Supervision of Experiments on Animals (CPCSEA), 

Government of India. 

Experimental protocols 

A total of 25 rats (15 diabetic surviving rats, 10 normal 

rats) were used. The rats were divided in to five groups of 

five animals each. Group I served as control.  Group II 

was diabetic induced. Group III and Group IV were 

diabetic rats received standard oral hypoglycaemic agent  

 

Values are expressed as Mean  S.D of five individual experiments 

Values not sharing a common symbol ( , *) differ significantly (DMRT) 

Figure 1: Extent of lipid peroxidation in liver of control and experimental rats 

 

Values are expressed as Mean  S.D of five individual experiments 

Values not sharing a common symbol ( , *) differ significantly (DMRT) 

Figure 2: Extent of lipid peroxidation in kidney of control and experimental rats 
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glibenclamide (5mg/kg) and aqueous leaf extract of 

P.edulis (AEPE-200mg/kg) respectively. Group V was 

normal rats treated with AEPE (200mg/kg) alone. The 

treatment groups were given the P. edulis extracting 

through oral gastric tube for a period of 30 days. 

Biochemical determinations 

Liver and kidney were excised immediately after 

sacrifice, washed with ice cold saline and immediately 

used for biochemical studies like basal lipidperoxidation8, 

ascorbate and peroxide induced lipid peroxidation9, 

enzymatic antioxidant like Peroxidase10, Glutathione 

peroxidase11. Superoxide Dismutase (SOD)12,Catalase13, 

Glucose-6-phosphate dehydrogenase was measured by 

method14 and Polyphenol oxidase  activity was measured 

spectrophotometrically15 and non enzymatic antioxidant 

like Glutathione16,  Vitamin C17 and Vitamin E were 

measured by their standard methods10. 

Statistical analysis 

Results are expressed as Mean + SD of five individual 

experiment and the statistical significance was evaluated 

by one way analysis of variance (ANOVA) using SPSS  

version  ( 10.0) and the  individual  comparisons were 

obtained by the Duncan multiple range test (DMRT)18. A 

value of p<0.05 was considered to indicate a significant 

difference between groups. 

 

RESULTS 

Lipid peroxidation was elevated in diabetic rats when 

compared to the control. P.edulis treatment to diabetic 

rats diminished the extent of lipid peroxidation 

significantly. The increased levels of TBARS in liver of 

alloxan induced rats served as an index of elevated lipid 

peroxidation in the diabetic condition (Figure 1 and 2).    

The activities of antioxidant enzymes superoxide 

dismutase, catalase and peroxidase in liver and kidney are 

depicted in Table 1 and Table 2. Antioxidant enzymes 

were decreased in alloxan induced diabetic rats when 

compared to control group. Glutathione peroxidase, 

glucose-6-phosphate dehydrogenase and polyphenol 

oxidase activities were significantly increased in both the 

organ of P.edulis treated diabetic rats (Table 3 and 4).  

Non-enzymatic antioxidants like the GSH, Vitamin E and 

Vitamin C were reduced significantly in liver and kidney 

(p<0.05) of diabetic rats.  P.edulis treatment improves 

these antioxidants when compare to diabetic rats. (Table 

5 and 6). 

 

DISCUSSION 

Hyperglycemia is reported to increase oxidative stress 

through free radical formation19. Endogenous oxygen free 

radicals scavenging enzymes can respond to such 

conditions of oxidative stress in diabetes with a 

compensatory mechanism. Concentration of lipid 

peroxides was increased in liver, kidney and pancreas of 

diabetic rats, indicating an increase in free radical 

generation and / or exhaustion of endogenous antioxidant 

system20. 

Oxidative stress in liver and kidney 

Antioxidant is a substance that protects the biological 

tissue from damage and can be recycled or regenerated by  

Table 1: The activities of antioxidant enzymes peroxidase, superoxide dismutase and catalase in liver of control and 

experimental groups 

Groups Peroxidase1 Superoxide 

diamutase2 

Catalase3 

Control 122.56±0.23 a 26.38±0.17 a 60.78±0.14 a 

Diabetic control    82.41±0.2 b 10.27±0.21 b 36.54±0.07 b 

Diabetic+glibenclamide 119.64±0.19 c 24.46±0.26 c 59.65±0.23 c 

Diabetic+P.edulis 118.66±0.23 d 23.49±0.10 d 57.97±0.10 d 

    P.edulis 123.01±0.22 a 26.49±0.23 a 63.67±0.22 e 
1 -Change in absorbance/min/g fresh weight 

2 - Units/g liver tissue 

3 -  moles of H2O2 utilized /min/mg/protein 

Values are expressed as Mean  S.D of five individual experiments 

Values not sharing a common superscript letter (a-e) differ significantly (DMRT) 

 

Table 2: The activities of antioxidant enzymes peroxidase, superoxide dismutase and catalase in kidney of control and 

experimental groups 

Groups Peroxidase1 Superoxide 

diamutase2 

Catalase3 

Control 130.57±0.08 a  31.03±0.03 a 56.47±0.04 a 

Diabetic control    75.88±0.02 b 12.43±0.03  b 35.37±0.01b  

Diabetic+glibenclamide 122.01±0.05 c  30.52±0.02 c  55.09±0.03 c  

Diabetic+P.edulis 121.70±0.05 d  28.83±0.02 d 53.06±0.05 d 

    P.edulis 130.46±0.09 a                  30.99±0.04 a 55.42±0.02 c 
1-Change in absorbance/min/g fresh weight 

2 - Units/g liver tissue 

3 -  moles of H2O2 utilized /min/mg/protein 

Values are expressed as Mean  S.D of five individual experiments 

Values not sharing a common superscript letter (a-e) differ significantly (DMRT) 
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biological reducers. The antioxidant system includes 

numerous enzymes and non enzymic type of antioxidant 

groups that is located in the cell and in the intracellular 

fluid. The three most important antioxidant enzymes are 

SOD, catalase and glutathione peroxidase21. 

Enzymic antioxidant in liver and kidney 

Table 3: Activities of antioxidant enzymes glutathione peroxidase, glucose 6 phosphate dehydrogenase and 

polyphenol oxidase in kidney of control and experimental groups 

Groups Glutathione   

Peroxidase1         

Glucose-6-phosphate 

dehydrogenase2 

Polyphenol oxidase3 

                                       

Control 50.29±0.15 a  94±0.05 a 56.52±0.02 a  

Diabetic control  31.53±0.11 b 0.65±0.04 b  22.52±0.04 b 

Diabetic+glibenclamide 47.82±0.15 c  0.90±0.04 a 53.93±0.05 c 

Diabetic+P.edulis 47.43±0.09 d 0.82±0.02 c 52.63±0.03 d 

P.edulis                                   50.23±0.08 a                 0.89±0.01 a                  57.33±0.03 e 
1 - μg of GSH/min/mg protein 

2 - mg/g of fresh tissue 

3 - mg/g of fresh tissue 

Values are expressed as Mean  S.D of five individual experiments 

Values not sharing a common superscript letter (a-e) differ significantly (DMRT) 
 

 Table 4: Activities of antioxidant enzymes glutathione peroxidase, glucose 6 phosphate dehydrogenase and 

polyphenol oxidase in kidney of control and experimental groups 

Groups Glutathione   

Peroxidase1         

Glucose-6-phosphate 

dehydrogenase2 

Polyphenol oxidase3 

                                        

Control 24.52±0.05 a  7.17±0.04 a 45.37±0.02 a 

Diabetic control  18.35±0.03 b  5.01±0.02 b 22.52±0.04 b  

Diabetic+glibenclamide 22.99±0.01 c 6.25±0.02 c   45.65±0.04 a  

Diabetic+P.edulis 22.45±0.04 d  6.16±0.02 d  45.46±0.05 a  

P.edulis                                   24.61±0.02 a 7.89±0.04 c                            46.73±0.04 c 
1 - μg of GSH/min/mg protein 

2 - mg/g of fresh tissue 

3 - mg/g of fresh tissue 

Values are expressed as Mean  S.D of five individual experiments 

Values not sharing a common superscript letter (a-e) differ significantly (DMRT) 
 

 Table 5: Levels of Vitamin C, Vitamin E and Glutathione  in liver of control and experimental groups 

Groups Vitamin C1      Vitamin C2   Glutathione3             

Control 1.94±0.02 a 9.27±0.23 a 2.98±0.11 a 

Diabetic control     1.11±0.04 b 5.41±0.18 b 2.37±0.14 b 

Diabetic+glibenclamide 1.72±0.05 c 8.97±0.19 ac 2.87±0.19 a 

Diabetic+P.edulis 1.67±0.05 cd 8.77±0.14 c  2.83±0.14 a  

P.edulis 1.95±0.08 a 8.99±0.2 ac 2.81±0.17 a 
1 - mg/g of fresh tissue 

2 - mg/g of fresh tissue 
3 - μg/mg of protein 

Values are expressed as Mean  S.D of five individual experiments 

Values not sharing a common superscript letter (a-e)  differ significantly (DMRT) 
 

 Table 6: Levels of Vitamin C, Vitamin E and Glutathione  in kidney of control and experimental groups 

Groups Vitamin C1      Vitamin E2   Glutathione 3             

Control 1.74±0.04 a 9.47±0.04 a  1.30±0.05 a 

Diabetic control     1.03±0.01 b 6.83±0.31 b 0.83±0.07 b 

Diabetic+glibenclamide 1.65±0.04 ac 9.27±0.27 a 1.27±0.04 ac  

Diabetic+P.edulis 1.48±0.04 d 9.17±0.23 a 1.18±0.03cd 

P.edulis                   1.64±0.05 ac 9.27±0.14 a 1.25±0.04 ac 
1 - mg/g of fresh tissue 

2 - mg/g of fresh tissue 
3 - μg/mg of protein 

Values are expressed as Mean  S.D of five individual experiments 

Values not sharing a common superscript letter (a-e) differ significantly (DMRT) 
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The activities of antioxidant enzymes SOD, catalase and 

peroxidase in liver and kidney are depicted in Table 1 and 

2. In physiological condition, SOD is intracellular 

antioxidants which catalyse the conversion of super oxide 

anion radical to molecular oxygen and H2O2 and thus 

protects the super oxide anion induced damage22. In both 

liver and kidney a marked decrease in the SOD activity in 

alloxan induced diabetic rats was observed.  The 

treatment of aqueous extract of P.edulis and 

glibenclamide leads to significant increase in the activity 

of SOD, suggests a greater level of endogenous 

antioxidant production resulting in an enhanced free 

radical scavenging activity. In P.edulis alone treated rats 

significant change in SOD was observed in liver but in 

kinder. 

Catalase is the cellular radical scavenging heme enzyme, 

which removes hydrogen peroxide and it protects the cell 

constituents from oxidative damage. Despite the 

antioxidant enzyme systems, biomolecular damages may 

still occur and persist within the cell23 which results in a 

number of deleterious effects due to the accumulation of 

hydrogen peroxide24 that leads to oxidative stress 

development in diabetic rats25.  Administration of 

aqueous extract of P.edulis and glibenclamide increased 

the activity of catalase in diabetic rats. P.edulis alone 

treated rats improved their antioxidant status in liver but 

not in kidney. This emphasis the protective role of plant 

extracts on this organ. 

A significant decrease in peroxidase activity was 

observed in alloxan induced diabetic rats26. In this study it 

was reversed by the administration of P.edulis. The 

reversal of peroxidase activity in P.edulis treated and 

glibenclamide treated diabetic rats towards normal level 

ensures the antioxidant protection against the free radical 

damage. 

Significant decrease in the activities of SOD,catalase, 

glutathione peroxidase and polyphenol oxidase in liver 

and kidney tissue of untreated diabetic rats. But the 

administration of herbal extract which contain 

phytomedicine and glibenclamide considerably improved 

the activities of these enzymes27. 

Polyphenols represent a complex group of compounds 

including several categories such as 4-oxoflavonoids, 

anthoxyanin and tannins. They act as antioxidants by 

chelating metals and inhibiting lipooxygenase. They 

scavenge free radicals28, block ROS formation and their 

chain reaction and reduce cellular proliferation. 

Decreased level of polyphenol oxidase was noted in 

alloxan induced rats when compared with normal rats. 

The level of this antioxidant enzyme significantly 

increased by the administration of aqueous extracts of 

P.edulis and glibenclamide.This shows that the extracts 

increased the endogenous antioxidant status and hence 

afford protection against the free radical induced damage. 

An increase in polyphenol oxidase in normal rat support 

that the administration of P.edulis improves the 

endogenous antioxidant system. 

A decline in the activity of glutathione peroxidase was 

observed in alloxan induced rats. Our results were also 

supported by29,30. Attainment of normalcy in P.edulis 

extract and glibenclamide treated rats indicate that 

oxidative stress elicited by alloxan was significantly 

reduced by this extract. In liver, there was no significant 

changes seen in plant extract alone treated rats, but a 

significant increase in their level was found in kidney 

when it was compared with control indicates the positive 

role of the extracts in the prevention of oxidant damage. 

A decrease in the activity of glucose-6-phosphate 

dehydrogenase was observed in alloxan induced diabetic 

rats may also slow down the pentose phosphate pathway 

in diabetic conditions31. Diabetic rats treated with 

P.edulis had a significant increase in glucose-6-phosphate 

dehydrogenase activity. The mechanism of action 

elevating glucose-6-phosphate dehydrogenase may be 

due to increased secretion of insulin, which seems to 

increase the influx of glucose into the pentose 

monophosphate shunt in an attempt to reduce high blood 

glucose levels. This results in an increased production of 

the reducing agent, NADPH, with concomitant decrease 

in oxidative stress26. 

Significant decrease in glutathione, glutathione 

peroxidase, SOD, glutathione reductase and catalase in 

serum and liver of alloxan induced diabetic rats were 

noticed and they were  restored to their normal level by 

the administration of  75% methanolic extract of fruits of 

Terminalia belerica was reported29. 

Non enzymic antioxidants in liver and kidney 

From the table 5 and 6, it is clear that the alloxan 

treatment significantly reduced the GSH content 

(p<0.05). The most important mechanism implicated in 

the diabetogenic action of alloxan is by   increased 

generation of free radical which cause a decrease in 

plasma GSH concentration32.  Glibencalmide treated rats 

showed an increase in GSH level. Similarly plant extracts 

treated diabetic rats also showed significant increase in 

GSH. These observations were in accordance with the 

earlier reports33,34, indicating depletion in tissue GSH 

content on alloxan induction in rats, is due to higher 

levels of free radical generation that convert GSH to its 

oxidized form. Reduced glutathione detoxifies ROS such 

as H2O2 and lipid peroxides directly in glutathione 

peroxidase catalyzed reaction. 

But treatment of diabetic rats with aqueous extract of 

P.edulis, and glibenclamide, the GSH content was 

increased significantly when compared with the diabetic 

groups, indicating that P.edulis and glibenclamide could 

either increase the biosynthesis of GSH or reduce the 

oxidative stress, which ultimately reduced the 

degradation of GSH. Glutathione being the most 

important biological molecule against chemically induced 

toxicity can participate in the elimination of reactive 

intermediates by reduction of hydro peroxides in the 

presence of glutathione peroxidase. Glutathione also 

function as a free radical scavenger and in the repair of 

free radical induced biological damage32. 

The levels of Vitamin C in liver and kidney are given in 

table 5 and 6. The Vitamin C was reduced significantly in 

alloxan treated rats both in liver and kidney. Upon 

treatment with the aqueous extract of P.edulis and and 

glibenclamide they were normalized but not to the level 
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of untreated control. The same was observed in kidney 

also. The significant reduction in treated groups may be 

due to the depletion of Vit C during oxidative stress in the 

removal of oxidative free radicals. Vitamin C serves as an 

antioxidant by directly scavenging aqueous hydroxyl 

radical and indirectly by regenerating Vit E and Vit C 

which defend against the damaging effects of high 

oxidative stress in diabetes35.  

In comparision with other groups the level of Vit E was 

reduced significantly in diabetic control groups of both 

the organs. In humans, the most important lipid soluble 

exogenous antioxidant is Vitamin E. It is the main 

antioxidant of lipoprotein and cell membrane. More over 

Vitamin E has a number of effects at the cellular that are 

not dependent on its antioxidant activity but by 

potentially contributing to improve insulin action by 

inhibiting protein kinase C or by increasing the DAG 

kinase activity. Protein kinase C impairs insulin action by 

phosphorylating serine threonine residues in insulin 

receptor (IR-1) proteins. So increased oxidative stress in 

diabetes leads to decrease in Vit E content, ultimately it 

reduces the insulin secretion. But the administration of 

P.edulis increase the insulin secretion there by improves 

the glucose utilization that reduces the blood glucose 

level22. The result of this study admit the use of P.edulis 

in the amelioration of oxidative stress in  the organs like 

kidney and liver of alloxan diabetic rats and also add an 

useful information that P.edulis have novel principle that 

have antioxidant activity. 
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