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Antidiabetic Potential of Eugenia jambolana  
Ethanolic Seed Extract: Effect on  

Antihyperlipidemic and Antioxidant in Experimental 
Streptozotocin-Induced Diabetic Rats

Introduction
Diabetes is one of the chronic diseases characterized by 

hyperglycemia resulting from impaired insulin secretion, insulin 
action, or both and presently one of the vital causes leading to 
mortality and morbidity [1]. Chronic hyperglycemia is damaging 
to β-cells and peripheral tissues, a condition termed glucotoxicity, 
which is clinically related as a cause of diabetes-related complications  

 
such as cardiovascular disease, nephropathy, retinal blindness, 
neuropathy and peripheral gangrene [2,3]. Therefore, maintenance 
of glycemic homeostasis is the most common therapeutic aim 
for patients with Type 2 diabetes, the most prevalent type of 
diabetes. Moreover, abnormal lipid metabolism in adipose and 
other tissues can cause lipotoxicity, exhibit increased low density 
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Abstract

Objectives: The present study investigated antihyperglycemic, and antioxidant potentials of Eugenia jambolana seed in streptozotocin (STZ)-
induced diabetic rats.

Methods: Male Wistar rats were made diabetic by a single dose of Streptozotocin (45mg/kg body weight .i.p). The animals were administered of 
ethanolic extract of Eugenia jambolana (E. jambolana) seed at the dose of (250mg/kg body weight) orally. The therapeutic functions of the E. jambolana 
was assessed by monitoring, Blood glucose levels and body weight of rats were measured at weekly intervals and glycosylated hemoglobin, lipid profile 
and biomarkers of oxidative stress, liver and kidney function markers and degree of DNA damage were also measured at the end of the study.

Result: Daily administration of E. jambolana seed extract for 28 days resulted in significant reductions of blood glucose and glycosylated hemoglobin 
levels. There was also a significant increase in HDL-Cholesterol levels with concomitant decreases in total cholesterol, triglycerides, LDL-Cholesterol, 
VLDL. Also, a significant improvement in enzymatic and non-enzymatic biochemical markers of oxidative stress. The kidney and liver functions were 
also reverted back to near normalcy by E. jambolana ethanolic seed extract.

Conclusion: The present results showed the anti-hyperglycemic, and anti-oxidative potential of of ethanolic extract of E. jambolana in STZ induced 
diabetic rats. It was concluded that the ethanolic extract of E. jambolana is potent in regulating not only hyperglycemia but also hyperlipidemia and 
oxidative stress in STZ induced diabetic rats.

Keywords: Diabetes mellitus; Eugenia jambolana; Oxidative stress; Blood glucose; Antihyperlipidemic; Antioxidant

Abbreviations: E. jambolana: Eugenia jambolana; BW: Body Weight; GSH: Reduced glutathione; HbA1c: Glycosylated Haemoglobin; GPx: Glutathione 
Perosidase; GR: Glutathione Reductase; GST: Glutathione-S Transferase; HDL: High-Density Lipoprotein cholesterol; LDL: Low-Density Lipoprotein 
cholesterol; SOD: Super Oxide Dismutase; AST: Aspartate Transaminase; ALT: Alanine Transaminase; VLDL: Very Low Density Lipoprotein cholesterol; 
TBARS: Thiobarbituric Acid Reactive Substances 
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lipoprotein (LDL) and decreased high density lipoprotein (HDL) 
cholesterol levels and hypertension as well as altered platelet 
function [4]. Oxidative stress induced by reactive oxygen species 
(ROS) and nitrogen species produced by several biochemical 
pathways associated with hyperglycemia (glucose autooxidation, 
polyol pathway and protein glycation) is critically involved in the 
impairment of 𝛽-cell function during the development of type 2
diabetes [5]. According to a recently published report, a worldwide 
estimate of nearly 415 million diabetic patients and 193 million 
undiagnosed diabetes clearly depict the increasing rise of the 
disease globally [6].

There are several types of glucose-lowering drugs, including 
insulin and various oral anti-diabetic agents such as sulfonylureas, 
biguanides, Thiazolidinediones, α-Glucosidase inhibitors 
Meglitiridesare available [7-9], and these drugs are used as 
monotherapy or in combination to achieve better glycemic control. 
Each of the above oral antidiabetic agents are associated with 
moderate to serious adverse effects such as severe hypoglycemia, 
lactic acidosis, idiosyncratic liver cell injury, digestive discomfort, 
headache, dizziness and even death [10]. Also, there are evidences 
that these drugs become refractory in many cases over a period of 
time.

In India, indigenous herbal remedies such as Ayurveda and 
other Indian traditional medicine have since ancient times used 
plants in treatment of diabetes [11]. Some of the plants which are 
being used for the treatment of diabetes have received scientific or 
medicinal scrutiny and even the World Health Organization expert 
committee on diabetes recommends the evaluation and mechanistic 
properties of the plants effective in such systems [12]. More than 
400 plants which have been reported to show antidiabetic potential 
[13-15]. A extensive collection of plant-derived active principles 
representing numerous bioactive compounds have established 
their role for possible use in the treatment of diabetes [16-18].

The E. jambolana which belongs to the family Myrtaceae, 
commonly known as black plumor Jamun, is being widely used to 
treat diabetes by the traditional practitioners over many centuries 
[19-21]. It is a large evergreen tree growing up to 30m high found 
widely in India. It is also found in Thailand and Philippines. Its 
fruits are oval to elliptical 1.5-3.5cm long, dark purple or nearly 
black, luscious, fleshy and edible [19]. The extract of E. jambolana 
pulp showed the hypoglycemic activity in streptozotocin induced 
diabetic mice within 30min of administration while the seed of 
the same fruit required 24h [22]. The antihyperglycemic activity 
of seeds of E. jambolana is well documented [23,24]. Sharma et al. 
[25] reported a decrease in the blood sugar level in alloxan diabetic 
rats by the intake of the ethanolic extract of E. jambolana The 
flavonoid rich E. jambolana seed extract when administered orally 
to experimental animals in various dose levels were found to be 
both hypglycemicand hypolipidemic [20,25], and shows profound 
effect on the carbohydrate and lipid metabolism on diabetic rats. 
Arun et al. [26] reported the use of aqueous and ethanolic extracts 
of E. jambolana showed significant protective effects against 

hydroxyl radical induced strand breaks in pBR322 DNA by some 
genotoxic carcinogens. The study of the antioxidant activity of the 
flavonoid rich E. jambolana fruit showed a significant correlation 
between the concentration of the extract and percentage inhibition 
of free radicals or percentage inhibition of lipid peroxidation [27]. 
The present study was undertaken to evaluate the anti-diabetic and 
anti-oxidant potential of ethanolic seed extract of E. jambolana in 
streptozotocin-induced diabetic male Wistar rats.

Materials and Methods
Plant material

Seed powder of E. jambolana was provided by M/S Dindayal 
Industries Pvt. Ltd. Gwalior Madhya Pradesh, India.

Preparation of ethanolic extract
E. jambolana powder was soaked in 95% ethanol for 24h with 

continuous stirring using magnetic stirrer. The resulting extract was 
filtered and the filtrate was evaporated under reduced pressure in 
Rotary evaporator. The resulting powder was used for experiment.

Drug and doses
The extract reconstituted in 0.5% dimethyl sulfoxide (250mg/

kg bw) and glibenclamide in normal saline (600µg/kg bw) was 
used as standard drug and administered orally for 28 days. The 
control group received normal saline orally.

Experimental animals and induction of diabetes
For this experiment, male Wistar rats weighing approximately 

180-200g were procured from Defence Research and Development 
Establishment (DRDE), Gwalior, India. All the animals were 
acclimatized in department animal house under standard 
laboratory conditions (25-30 °C and at 45-55% relative humidity 
for 12 hours each of light and dark cycle). The animals were fed 
on standard pellet diet and water ad libitum. The rats used in the 
present study were maintained in accordance with Committee for 
the Purpose of Control and Supervision of Experiments on Animals 
(CPCSE) regulations and guide for the care and use of laboratory 
animals. Diabetes was induced into overnight fasted rats by single 
intraperitoneal injection of freshly prepared Streptozotocin (45mg/
kg body weight) in citrate buffer (pH 4.5, 0.1M). Hyperglycemia 
or increased blood glucose was confirmed by checking the blood 
glucose by tail vein blood glucose levels using ACCU-CHEK sensor 
glucometer at 48 hours after streptozotocin injection. Rats showing 
hyperglycemia with blood glucose 200mg/dL were considered 
diabetic [28] and were used in the present study.

Experimental design
In this experiment, a total of twenty four rats were randomly 

divided into four groups of 6 each and were treated daily for 28 
days as follows. The experimental period was 28 days beginning 
after the induction of STZ diabetes.

I. Group I (normal control rats treated with distilled water)

II. Group II (diabetic control rats treated with distilled 
water)
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III. Group III (diabetic rats administered daily dose of 
ethanolic extract of E. jambolana (250mg/kg b.w.)

IV. Group IV (diabetic rats administered daily with 
Glibenclamideat 600µg/Kg b.w.)

Collection and processing of blood and tissue samples
At the end of the experimental, blood was collected with anti-

coagulant and stored at -20 °C till used for estimation of biochemical 
parameters. The animals were sacrificed, the abdomen and thorax 
were opened, kidney, liver, pancreas and brain were removed and 
washed three times in ice cold saline and blotted individuallyin 
filter-paper, used for the preparation of tissue homogenates for 
estimation of glutathione peroxidase (GPx), glutathione reductase 
(GR) and glutathione-S-transferase (GST).

Preparation of tissue homogenate
The tissues were weighed, 10%w/v tissue homogenates were 

prepared and homogenizing the tissue in phosphate buffer (pH 
7.5, 0.1M) separately. After centrifugation (10,000rpm at 4 °C for 
10min), the clear supernatants were used for the estimation of 
biochemical variables.

Biochemical parameters
Fasting blood glucose estimation was done weekly after 

diabetes induction on tail prick blood of the overnight fasted 
rats and blood glucose was measured using ACCU-CHEK sensor 
glucometer. It uses glucose oxidase specific strips and works on 
principle of Reflectance Photometry. The fasting blood sugar levels 
of the normal control groups were also measured simultaneously. 
All the results were expressed in milligrams per deciliter (mg/dL) 
of the blood.

The blood HbA1C was measured after hemolysis of the 
anticoagulated whole blood specimen. HbA1C was determined by 
Ion exchange resin method [29]. The lipid profile parameters such 
as total cholesterol (CHOD-PAP method) [30], serum triglyceride 
(GPO-PAP Method [31], serum HDL-cholesterol (PEG/CHOD-PAP; 
precipitation Method [32], low density lipoprotein (LDL) and 
very low density lipoprotein (VLDL calculated from Freidewald’s 
Formula) were estimated. The kidney function markers such as 
serum creatinine (modified Jaffe’s Kinetic method [33], serum urea 
(modified Berthelot method [34] and serum uric acid Uricase/
PAP method [35] was done. Liver function markers such as serum 
glutamate pyruvate transaminase (SGPT or alanine transaminase) 
and serum glutamate oxaloacetate transaminase (SGOT or AST) by 
the modified International Federation of Clinical Chemistry method 
[36] and bilirubin [37] were estimated by using commercially 
available standard kits manufactured by Crest Biosystems, Pvt. Ltd. 
India.

Oxidative stress markers in blood
Oxidative stress markers like glutathione (reduced) (GSH); 

[38], superoxide dismutase (SOD) [39], Thiobarbituric acid 
reacting substance(TBARS); [40] and Catalase [41], were estimated 
in normal, diabetic and treated groups as per the reported methods 
. GSH was estimated in whole blood (50µl blood in 950µl Distilled 
water), TBARS, SOD and Catalase were estimated in hemolysate, 
and protein was estimated by the method of Lowry et al. [42]. All 
the parameters were expressed in terms of units/mg protein of the 
tissue. DNA damage was evaluated by Comet assay [43].

Oxidative stress markers in Liver and Kidney tissues
The activity of GPx was measured using a coupled enzyme assay 

as described by [44]. The decrease in absorbance was monitored at 
25 °C at 340nm. One unit of enzyme activity was defined as µmol of 
GSH consumed/min/mg protein. The GR activity was measured in 
the soluble tissue extracts by the method of [45]. The decrease in 
absorbance was monitored at 25 °C at 340nm. One unit of enzyme 
activity is defined as µmol of NADPH oxidized/min/mg protein. 
GST activity was measured spectrophotometrically by the method 
described by [46], One unit of GST activity is defined as the amount 
producing/mmol of CDNB-GSH conjugate/min under the condition 
of the assay. 

Statistical Analysis
The data were analyzed by one-way analysis of variance 

(ANOVA) followed by Tukey’s post-hoc test using Sigma stat 
3.5. A value of p˂0.05 was considered significant and results are 
expressed as mean±SEM for six animals in each group. 

Result
Effect of ethanolic seed extract of E. jambolana on 
hyperglycemia and body weight

Table 1 shows the levels of fasting blood glucose (FBG) in 
normal and diabetic rats at the time of diabetes induction as well 
as after 28 days of treatment. Streptozotocin (STZ) induction 
resulted in a significant increase in blood glucose level as compared 
to Group I (normal control group). The administration of ethanolic 
seed extract E. jambolana to diabetic rats resulted in significant 
reduction (54.5%) in the level of fasting blood glucose. After 28 
days, the group III rats showed slightreduction (7.1%) in the level 
of glycosylated haemoglobin levels when compared to group II, the 
diabetic control. Body weight was decreased (13%) in Sinduced 
Group II, diabetic rats with respect to control on the 28th day. After 
the administration of E. jambolana seed extracts in Group III rats 
and glibenclamide treatment in group IV rats significantly reduced 
the blood sugar and glycosylated heamoglobin levels that was close 
to the Group I normal control rats (Table 1).

Table 1: Effect of ethanolic seed extract of Eugenia jambolana on hyperglycemia.

Groups Body Weight (g) FBG (mg/dL) HbA1c (%)

I. Normal control 242.00±3.42 81.50±2.50 5.05±0.15

II. Diabetic control 210.52±6.72a 435.44±11.1a 7.65±0.55a
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III. Diabetic+E. jambolana 244.83±6.20b 197.83±2.72ab 7.15±0.20a

IV. Diabetic+Glibenclamide 238.00±2.25b 151.16±3.27b 7.35±0.15a

Data are expressed as mean±SEM of 6 animals in each group and significantly different (p<0.05): ain comparison to normal control; bin 
comparison to diabetic control group. FBG: Fasting Blood Glucose; HbA1c: Glycosylated Haemoglobin

Effect of ethanolic seed extract of E. jambolana on 
lipidemia

The plasma TC and The TG was elevated significantly in the 
Group II, diabetic induced rats by 29.7% and 38.9% respectively 
in comparison the Group I normal control rats. Administration of 
E. jambolana for 28 days to the Group III diabetic rats resulted in 
reduction by 8.7% and 23.1% respectively in comparison to Group 
II Diabetic control rats Here was a marked difference in the levels 

of serum TC, TG, HDL, LDL and VLDL-cholesterol in Group I normal 
control and Group II diabetes control groups of rats (Table 2). The 
levels of LDL and VLDL-cholesterol were significantly (p<0.05) 
increased, whereas the HDL cholesterol was markedly (p<0.05) 
decreased (64.7%) in rats induced with STZ, when compared with 
Group II control rats. The diabetic rats treated with E. jambolana 
(Group III) and glibenclamide (Group IV) for 28 days, there was also 
a significant increase (63.7% and 70%) in HDL-cholesterol levels 
with concomitant decreases in all the other parameters respectively.

Table 2: Effect of ethanolic seed extract of Eugenia jambolana on lipidemia.

Groups TC (mg/dl) TG (mg/dl) HDL-(mg/dl) LDL-C (mg/dl) VLDL-C (mg/dl)

I. Normal control 62.34±0.55 80.65±1.35 32.12±2.72 14.08±2.44 16.13±0.27

II. Diabetic control 88.76±1.81a 132.00±1.73b 19.50±1.19a 42.86±3.13a 26.40±0.34a

III. Diabetic+ E. 
jambolana 81.64±0.87ab 101.38±0.59abc 31.92±1.13b 29.43±1.35ab 20.27±0.11abc

IV. Diabetic + 
Glibenclamide 80.41±1.14ab 95.41±0.75ab 33.16±1.10b 28.16±1.84ab 19.08±0.15ab

Data are expressed as mean±SEM of 6 animals in each group and significantly different (p<0.05): ain comparison to normal control; bin 
comparison to diabetic control group; and cin comparison to the Glibenclamide treated group. TC: Total Cholesterol; TG: Triglycerides; 
HDL: High Density Lipoprotein cholesterol; LDL: Low Density Lipoprotein Cholesterol; VLDL: Very Density Lipoprotein Cholesterol.

Effect of ethanolic seed extract of E. jambolana on 
biomarkers of toxicity

Table 3 shows the levels of serum urea, uric acid and creatinine, 
in normal control and diabetes control groups of rats showed 
a marked difference (Table 3). The levels of urea, uric acid and 
creatinine were significantly (p<0.05) increased by 106.3%, 76.2% 
and 83.5% respectively when the rats of group II were induced with 
STZ. In the diabetic rats treated with E. jambolana extract (Group 
III) and glibenclamide (Group IV) for 28 days, significant (p<0.05) 

reduction in the level of urea, uric acid and creatinine respectively 
by 13.4%, 27% and 43.1% (Group III) 17.2%, 33.6% and 36.4% 
(Group IV) was noted. Thus there was no toxicity found in the 
kidney function markers. The levels of SGOT, SGPT and bilirubin 
were significantly (p<0.05) increased when, the rats of Group 
II were induced with STZ. The diabetic rats on treatment with E. 
jambolana extract (Group III) and glibenclamide (Group IV) for 28 
days showed, significant (p<0.05) reduction by 23%, 20.5% in the 
level of SGOT, 30.9 %, 26.6 % SGPT and 15.9% 28.1% bilirubin. Thus 
there was no toxicity found in the liver function markers (Table 4).

Table 3: Effect of ethanolic seed extract of Eugenia jambolana on biomarkers of toxicity related to kidney function.

Groups Urea (mg/dl) Uric Acid (mg/dl) Creatinine (mg/dl)

I. Normal control 18.15±0.45 3.24±0.04 0.58±0.01

II. Diabetic control 37.45±0.91a 5.72±0.21a 1.07±0.09a

III. Diabetic+E. jambolana 32.42±0.84ab 4.17±0.13ab 0.61±0.07b

IV. Diabetic+Glibenclamide 30.98±1.16ab 3.80±0.06b 0.68±0.04b

Data are expressed as mean±SEM of 6 animals in each group and significantly different (p<0.05): ain comparison to normal control; bin 
comparison to diabetic control group; and cin comparison to the Glibenclamide treated group.

Table 4: Effect of ethanolic seed extract of Eugenia jambolana on biomarkers of toxicity related to Liver function.

Groups SGOT (IU/L) SGPT (IU/L) Bilirubin (mg/dl)

I. Normal control 14.50±0.50 13.75±2.25 0.55±0.02

II. Diabetic control 50.50±2.21a 53.95±4.02a 0.75±0.04

III. Diabetic+E. jambolana 38.84±4.27ab 37.24±1.18ab 0.65±0.06

IV. Diabetic+Glibenclamide 40.10±1.18ab 39.58±0.76ab 0.54±0.02b

Data are expressed as mean±SEM of 6 animals in each group and significantly different (p<0.05): ain comparison to normal control; bin 
comparison to diabetic control group; and cin comparison to the Glibenclamide treated group. SGOT: Serum Glutamate Oxaloacetate 
Transaminase; SGPT: Serum Glutamate Pyruvate Transaminase
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Effect of ethanolic seed extract of E. jambolana on 
biomarkers of oxidative stress in blood

The biomarkers for oxidative stress, GSH, SOD catalase and 
TBARS in normal control and diabetes control groups of rats were 
studied. The levels of GSH, SOD and catalase were significantly 

(p<0.05) decreased when the rats were induced with STZ (Group II) 
while the level of TBARS showed a marked increased. The diabetic 
rats treated with extract (Group III) and glibenclamide (Group IV) 
for 28 days exhibited a significant (p<0.05) increase in the level 
of GSH, SOD, and catalase respectively, and concomitant decrease 
were observed in the level of TBARS (Table 5).

Table 5: Effect of ethanolic seed extract of Eugenia jambolana on biomarkers of oxidative stress in blood.

Groups GSH SOD Catalase TBARS

I. Normal control 2.75±0.15 3.52±0.18 12.65±1.39 191.65±5.35

II. Diabetic control 0.82±0.04a 0.70±1.29a 4.25±0.47a 388.87±11.95a

III. Diabetic+E. jambolana 1.65±0.07ab 1.97±0.07abc 6.81±0.20 290.50±9.68ab

IV. Diabetic+Glibenclamide 1.77±0.13ab 2.43±0.09ab 10.33±1.63b 263.25±4.52ab

Data are expressed as mean±SEM of 6 animals in each group and significantly different (p<0.05): ain comparison to normal control; 
bin comparison to diabetic control group; and cin comparison to the Glibenclamide treated group. GSH: Reduced Glutathione (mg/ml); 
SOD: Super Oxide Dismutase (µM/min/mg protein); Catalase (µM/min/mg protein); TBARS: Thiobarbituric acid reacting substances 
(n mole of MDA/ml of blood)
Effect of ethanolic seed extract of E. jambolana on 
biomarkers of oxidative stress in tissues

Induction of diabetes significantly reduced the activities of GPx, 
GST and GR in liver and kidney tissue of STZ induced diabetic animals 

(Group II). After 28 days treatment with ethanolic seed extract of E. 
jambolana (Group III) markedly increased the activity of GR, GST 
and GPxin comparison to the diabetic animals (Group II) which 
was quite similar to the effect of the drug Glibenclamide(Group IV) 
(Figure 1).

Figure 1: Effect of ethanolic seed extract of Eugenia jambolana on biomarkers of oxidative stress in the tissues. A. Glutathione peroxidase 
(GPx) activity in kidney and liver, B. Glutathione transferase (GST)activity in kidney and liver C. Glutathione reductase ( GR) activity in kidney 
and liver as. 
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Effect of ethanolic seed extract of E. jambolana on DNA 
damage

The comet assay was performed by taking fresh blood from 
the animals of each group in order to measure the degree of DNA 
damage in diabetic animals and also to measure the degree of 
recovery in animals of treated groups. Comets with long tails were 
clearly observed in case of diabetic control group animals (Group 
II) which indicated the DNA damage due to the oxidative stress was 

caused by streptozotocin (Figure 2a) whereas in normal animals 
(Group I) there was no such comets observed (Figure 2b). The 
normal control group (Group I) had circular nucleus indicating lack 
of DNA damage. In E. jambolana seed treated diabetic group (Group 
III). 2, the numbers of comets in the slide were observed with 
shorter tail length as compared to diabetic control group (Figure 
2c). These observations clearly indicated that there is some degree 
of recovery to the DNA damage in the treated group animals (Figure 
2d).

Figure 2: Comet test results of the DNA damage on the use of ethanolic extract of E. jambolana in diabetic rates Comet image by comet assay 
(A) Diabetic control rats (B) Normal control rats (C) E. jambolana seed treated rats (D) Glibenclamide treated rats.

Discussion
Many herbal extracts from indigenous and endemic Indian 

plants are popular and effective for their hyperglycemic, antioxidant 
and antihyperlepidemic activity. E. jambolana seed contains large 
amount of secondary metabolites notably flavanoids. The seed 
kernels and the seeds have been reported to possess anti-diabetic 
and antioxidant properties [23,20]. Based on these preliminary 
reports, the ethanolic seed extract of E. jambolana was used to 
evaluate the therapeutic potential in diabetic animals [3,47,48]. The 
anti-hyperglycemic activity of E. jambolana extract to significantly 
bring down the elevated levels of blood glucose in diabetic rats may 
be an essential trigger for the development of normal homeostasis 
during experimental diabetes and its associated complications The 
flavonoid rich extract of E. jambolana seed has also been reported 
earlier to significantly reduce mild and severe hyperglycemia in 
experimental animals [20,25,49-52]. Diabetes mellitus causes 
a disturbance in the uptake of glucose and glucose metabolism. 
This chronic disease results in a rise in free radical production and 
increase in the serum lipids in the diabetic rats. This may be due 
to the increased mobilization of free fatty acids from peripheral 
deposits [3,47]. Dyslipidemia is one of the major risk factors for 
the development of atherosclerosis. The increased TG and TC 
levels and decreased HDL-C are known risk factors for coronary 
heart disease (CHD). Hypertriglyceridemia is a common finding 
in patients with diabetes mellitus and is responsible for vascular 

complications [52,53]. Variety of alterations in metabolic and 
regulatory mechanisms, due to insulin deficiency or due to insulin 
resistance are responsible for the observed accumulation of lipids 
[48].

The present study, indicate E. jambolana extract significantly 
reduces the TC, TG, LDL-C and VLDL-C levels with an increase of 
HDL-C in treated diabetic rats. Oral administration of ethanolic 
extract of E. jambolanas-kernel (100mg/kg body weight), was 
earlier reported to alter the plasma lipoproteins (HDL, LDL, VLDL-
cholesterol) and fatty acid composition in STZ-induced diabetic 
rats and these levels were also reverted back to near normalcy 
by E. jambolanas-kernel or glibenclamide treatment [25,54]. 
Chronic hyperglycemia cause disturbances in carbohydrate, lipid 
and protein metabolisms together with oxidative stress are likely 
to affect hepatic and renal functions. Hence our study was also 
focused to know the protective activity of E. jambolana seed extract 
against hepatic and renal damage caused by diabetes. In the present 
study, renal functions markers viz, urea, uric acid and creatinine 
significantly increased in STZ induced diabetes rats but showed 
reversion back to near normalcy by E. jambolana seed extract or 
glibenclamide treatment. The hepatic enzymes such as SGOT and 
SGPT present in serum were used as markers in the evaluation of 
hepatic damage in diabetic rats. Administration of E. jambolana 
seed extract (250mg/kg b.w.) for 28 days significantly reduced 
the activities of liver marker enzymes. Histological examination of 
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the liver section has been reported by previous workers to result 
in hepatic regeneration, after administration of various doses of E. 
jambolana Lam. These results were comparable to that of Liv.52(R) 
[55,56]. 

During diabetes, persistence hyperglycemia causes increased 
production of free radicals especially reactive oxygen species (ROS), 
attenuating antioxidant defense systems, leading to oxidative stress 
in variety of tissues [57,58]. Hyperglycemia increases the formation 
of reactive oxygen species (ROS) via several pathways, such as 
glucose autoxidation, the polyol pathway and non-enzymatic 
protein glycation [59]. All these are critically involved in the 
impairment of b-cell function during the development of type 2 
diabetes [5].

Oxidative stress generated by STZ was found to induce 
the progression of glucose toxicity, triggered pancreatic β-cell 
dysfunction, and altered lipid metabolisms. In the present study, 
it was observed that there was a decreased level of SOD, catalase, 
and GSH and increased level of TBARS in diabetes rats. Restoration 
of SOD, catalase, GSH and TBARS level by the treatment of E. 
jambolana extract in the diabetic rats was recorded. Whereas 
levels of GPx, GST and GR in liver and kidney tissues decreased 
in diabetes rats, and after 28 days administration of E. jambolana 
seed extract, marked improvement in the level of GPx, GST and GR 
in kidney and liver tissues besides DNA tail length indicates anti-
oxidant potentials of E. jambolana ethanolic extract. This could 
be attributed to flavonoids, saponins, glycosides, phenolic and 
triterpenoids in the extract.

Conclusion
From the present study, it can be concluded that ethanolic extract 

of E. jambolana seed may be useful in treating diabetes mellitus 
and may be used as a supplementary drug. The phytochemicals 
flavonoids, saponins, glycosides, and triterpenoids present ethanolic 
seed extract of E. jambolana, scavenge free radicals and prevent the 
depletion of endogenous antioxidants easing out oxidative stress. 
The E. jambolana extract has no hepatotocity and nephrotoxicity 
and was found to improve liver and kidney functions.
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