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 Diabetes mellitus continues to be a major health problem in India and across the 
world. Over centuries, numerous herbal extracts have been used in the Indian traditional 
medicine to control elevated blood sugar levels in patients with diabetes.  Different aqueous 
and organic extracts of Syzygium cumini (L.) Skeels have found widespread use owing to their 
anti-diabetic activity. A systematic study was undertaken to characterise and evaluate the effects 
of a hydro-ethanolic seed extract (SCE) of Syzygium cumini in a rodent model of experimental 
type 2 diabetes mellitus. An established model of diabetes mellitus with a combination of 
streptozotocin and high fat diet (over 12 weeks) in adult male Wistar albino rats, was used in 
this study.  The onset of diabetes mellitus in rats was confirmed with a fasting blood glucose 
(FBG) of >200 mg/dl. The diabetic rats were allocated into five experimental groups and treated 
as follows: with vehicle alone, pioglitazone (10 mg/kg), 100mg/kg or 200mg/kg or 400 mg/kg of 
SCE, respectively for 21 days. The pre and post treatment levels of fasting blood glucose, insulin 
and lipids were measured from serum obtained from the various treatment groups. In order 
to measure insulin resistance, a homeostasis model assessment of insulin resistance (HOMA 
IR) and for measuring the beta cell function a homeostasis model assessment were employed. 
The results obtained from these studies were analysed using the Analysis of variance (ANOVA) 
method. Our study demonstrates the SCE preparation to induce a statistically significant dose-
dependent reduction in FBG, serum lipid levels and HOMA IR with a concomitant increase in 
the serum insulin levels and HOMA B. Wistar rats dosed with SCE at 100 and 200 mg/kg body 
weight demonstrated statistically significant anti-diabetic activity by virtue of improving the 
pancreatic beta cell function and reduction in insulin resistance.
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 Globally, an increasing incidence in  
Type 2 diabetes mellitus (T2DM) in adults poses a 
major global health crisis with a dire prediction of 
up to 79.4 million cases of T2DM in India by 20301.
 Typically, T2DM is diagnosed with 
an elevated fasting blood glucose level of more 
than  120mg/dl and a post-prandial blood glucose 

of more than 200 mg/dl due an altered insulin 
resistance (IR) along with decreased pancreatic 
beta-cell function2.  It has been shown that both 
genetic factors as well as physiological factors such 
as sedentary lifestyle and quality/quantity of diet 
play a significant role in predisposing humans to 
T2DM.
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 Restoring insulin sensitivity is a key 
challenge in the management and treatment of 
T2DM in humans.  Insulin resistance (IR) is defined 
as a physiological state with reduced ability of 
insulin to induce glucose uptake by the main target 
tissues such as, adipose tissue and skeletal muscle. 
 There has been a global effort to 
explore the potential of traditional methods in the 
management of T2DM given their widespread 
use over centuries, ready availability and lower 
cost. Additionally, these approaches are aimed at 
reducing the long-term side effects of conventional 
antidiabetic agents.3 Even though, medicinal plants 
have been used for the treatment of T2DM over 
centuries, they lack proper experimental validation 
using standardized animal models that produce 
human-like disease with matching physiological 
attributes.
 The popular Syzygium cumini (SC) also 
called Eugenia jambolana Lam. Belonging to 
the Myratace family has been used in traditional 
medicine and is well documented in the Ayurvedic 
Pharmacopoeia (called madhumeha in Sanskrit) as 
a treatment for T2DM.4

 Earlier studies have demonstrated 
significant hypoglycemic activity using aqueous 
seed extract of Syzygium cumini seeds at doses of 
5 grams and alcoholic extract at 100 mg/kg in an 
alloxan-induced diabetes model in rats.5 

 A thorough HPLC profiling of 70% 
methanol fractions of this extract was found to be 
rich in two phenolic compounds, ellagic acid and 
gallic acid. It was also shown that these extracts 
exhibited significant anti-oxidant activity under 
in-vitro conditions. 6

 Our preliminary in vitro experiments with 
different solvent extracts of Syzygium cumini seeds 
demonstrated that the hydro-ethanolic extract of 
Syzygium cumini was superior to other solvent 
extracts in inducing anti-diabetic activity (data on 
file). Furthermore, we did not find any published 
data on hydro-ethanolic seed extracts and therefore, 
we embarked to explore this research study using 
hydro-ethanolic seed extract (SCE).
 A high fat diet or high sucrose diet 
followed by low dose Streptozotocin has been used 
by several research groups to induce diabetes in 
Wistar rats that closely mimic the human T2DM 
symptoms.7-9 However, these studies failed to 
conclusively demonstrate the impact of beta 

cell function in these diabetic rats. Based on our 
pilot studies, we were able to induce a diabetic 
state that closely resembles the human T2DM 
symptoms with an increased IR and reduced beta 
cell function with a high fat feeding for 12 weeks 
followed by an intraperitoneal administration of 
low dose Streptozotocin (35 mg/kg body weight) 
in Wistar albino rats. The same model was used for 
evaluating the in vivo antidiabetic activity of SCE 
preparations. 

MATERIALS AND METHODS

Chemicals
 All the chemicals and reagents used in 
this study were purchased from Sigma Aldrich 
Inc (St Louis, MO, USA). L6 cells procured from 
ATCC [CL-173], á- MEM & Insulin from Sigma, 
Horse serum & Antimycotic from Invitrogen, 
DMEM from GIBCO, BSA, and Insulin from GE 
Amersham, UK.
Plant material
 The standardized hydro-ethanolic extract 
of SCE was procured from Natural remedies, 
Bangalore (Batch number; FSCEX/2015090001). 
The extract was standardized to contain polyphenols 
(29.4% by spectrophotometry) and ellagic acid (2.8 
% by high performance liquid chromatography). 
The levels of heavy metal content, microbial 
counts, aflatoxin, and residual solvents were in 
compliance with British Pharmacopeia (BP) /
United states pharmacopoeia standards (USP) (data 
on file).
Acute toxicity studies
 The SCE was assessed for the acute 
toxicity study in albino Wistar rats according to 
ICH guidelines.10 
In-vivo evaluation for anti-diabetic activity-
Induction of diabetes
 Induction of diabetes in rats was carried 
out based on the method followed by Srinivasan et 
al., which was modified.7, 11 The rats were divided 
into normal and high-fat diet (HFD) groups. The 
normal group received normal chow diet, whereas 
the others were put on HFD. The HFD consisted 
of Vanaspati ghee and coconut oil, the contents of 
which are shown in Table1. The two were mixed 
in a proportion of 3:1 and administered at a dose 
of 3ml/kg body weight orally per day for 12 
weeks. After 12 weeks, the animals on HFD were 
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fasted and given the freshly prepared solution of 
Streptozotocin (STZ, 35mg/kg, procured from 
Sigma Aldrich Lot #WXBC726V) in citrate buffer 
with pH 4.5 by intraperitoneal route. The animals 
were administered 10% glucose and 1% saline 
in the water on 1st day and 5% glucose and 1% 
saline in water for the next two consecutive days 
to prevent sudden hypoglycemic shock.12 The 
animals were observed for one week post diabetic 
induction for the stabilization of glucose levels. 
The blood samples were collected on the eighth 
day following STZ injection through retro-orbital 
puncture for fasting blood glucose (FBG), serum 
insulin and lipid profiles. The animals qualified as 
diabetic with FBG above 200mg/dl were selected 
and used for the study.
Determination of diabetic profile
 FBG (Contour TS Clinical Glucose meter), 
serum insulin (ELISA kit from KINESISDx, LA, 
USA (catalogue number: K11-0708, Lot number: 
RI0118) and, Serum lipids ((Agappe diagnostics 
Ltd. Ernakulum, India) namely cholesterol (TC), 
triglycerides (TG), high-density lipoprotein (HDL) 
and low-density lipoprotein (LDL) were estimated 
using the procedure outlined in commercial kits.
 Insulin resistance (IR) and b cell function: 
Caculation of IR and b cell function was done 

using the  homeostasis model assessment method 
(HOMA) .13  The following equations were used:                                                              
IR (HOMA-IR) = [Fasting glucose (mM) × Fasting 
insulin (µIU/ml)] / 22.5
b Cell function (HOMA- B) = [20 × Fasting insulin 
(µIU/ml)] / [Fasting glucose (mM) “ 3.5].
Experimental design
 The animals were randomly divided into 
six groups, as illustrated below. 
Group I: Normal control group, animals on 
a normal diet that received the vehicle 0.5% 
carboxymethylcellulose (CMC), in water. 
Group II: Diabetic control group, high fat diet 
+STZ that received only CMC, 
Group III: Pioglitazone group, diabetic animals 
treated with pioglitazone 10 mg/kg body weight 
in CMC 
Group IV, V, VI: SCE groups, diabetic animals 
treated with SCE at doses of 100,200 and 400 mg 
per kg daily dose in CMC 
Administration of drugs
 The 100, 200, 400 mg/kg doses of SCE 
extracts and standard drug pioglitazone (10/
kg) were prepared as a suspension using 0.5% 
carboxymethylcellulose (CMC) as a vehicle and 
administered by oral gavage for 21 days. The 

Table 1. Composition of high fat diet administered to Wistar albino rats in addition 
to the standard chow

Components Indian Vanaspati Coconut Oil 

ratio Three parts One part
Percentage (%) of trans fatty (TFA) acid >20% 9 %
Percentage (%) saturated fatty acid (SFA) > 60% 90 %

Table 2. Effect of SCE  on fasting blood glucose and serum insulin levels in long term high fat diet and low 
dose Streptozotocin induced Type 2DM in Wistar albino rats .The values are expressed as mean± standard 

deviation (n=6).*p<0.01 and **p<0.05 compared to the diabetic control

 Study Group Fasting blood  Fasting blood  Serum insulin  Serum insulin 
  glucose (mg/dl) glucose(mg/dl) before treatment (m IU/L)  
  before treatment Day 21 after  (m IU/L) Day 21 after 
   treatment  treatment

I Normal Control 73.5 ± 12.5 78.33 ± 6.53 14.35±3.05 16.28±4.49
II Diabetic control 419.50 ± 131.38 414.83 ± 129.16 6.47± 4.14 7.13± 3.74
III SCE 100mg/kg 268.83 ± 63.87 98.00 ± 24.69* 6.47±4.26 8.90±1.27 **
IV SCE 200mg/kg 306.17 ± 108.69 96.00 ± 8.32* 7.99±5.15 12.00± 1.57**
V SCE 400mg/kg 332.17 ± 128.12 235.50 ± 121.10* 7.55± 4.84 12.50± 3.41*
VI Pioglitazone, 10mg/kg 293.00 ± 143.46 121.50 ± 53.10* 6.80± 2.55 15.70± 5.40**
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normal control and diabetic control group received 
the vehicle only.
Statistical analysis
 The differences between the control and 
the treatment groups in these experiments were 
tested for significance using one-way ANOVA, 
and the individual comparisons were obtained by 
Mann Whitney Test. A p value of less than 0.05 
was considered significant.

RESULTS

Acute toxicity study
 SCE  was well-tolerated and found to be 
safe up to an oral dose of 2000 mg/kg. There were 
no changes in body weight, food /water intake 
observed, and no clinical or histopathological 
abnormalities were found during the investigation 
(data on file). Hence, from the acute toxicity study 
results, it was considered safe to administer the 
SCE extract up to doses of 2000mg/kg. 

Effect of SCE on fasting blood glucose and 
serum insulin levels
 The 100mg/kg and 200mg/kg dose group 
of SCE showed a significant reduction in FBG 
levels, and the effect was comparable to standard 
drug pioglitazone (Table 2). However, at a dose of 
400 mg/kg SCE has shown only moderate activity. 
All the treatment groups improved serum insulin 
levels significantly as compared to diabetic control, 
and pioglitazone had the best effect in enhancing 
the serum insulin levels (Table 2).
Effect of SCE on HOMA IR and HOMA- B
 The effect of SCE and pioglitazone 
on HOMA IR and HOMA B are presented in  
Table 3. HOMA B levels were significantly 
increased at 100, 200 mg/kg doses of SCE, and 
10 mg/kg pioglitazone compared to the diabetic 
control group(p<0.05). The HOMA IR levels were 
significantly reduced in the 100 mg/kg, 200mg/
kg of SCE group but not significantly in the 
Pioglitazone group. 400mg/kg dose of SCE did not 
show significant change with concerning to both 
of these parameters.

Fig. 1. Effect of SCE on long term high fat diet and low dose Streptozotocin induced Type-2DM on serum 
triglycerides, cholesterol, HDL, and LDL level. The values are expressed as mean± standard deviation (n=6). 

Day zero refers to the day after induction before initiating the treatment. And day 21 refers to 21 days after the 
treatment. *p<0.05 compared to normal control**p<0.05 compared to diabetic control
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Table 3. Effect of SCE on HOMA IR & HOMA B in long term high fat diet and low dose 
Streptozotocin induced Type 2 DM in Wistar albino rats. The values are expressed as 

Mean ± Standard deviation (n=6). *P<0.01, **P<0.05 and # P=0.25 to 0.5 compared to 
Diabetic control

 Study Group HOMA IR  HOMA IR  HOMA B HOMA B 
  Before  Day 21  Before   Day 21 
  Treatment  after treatment  treatment after treatment

I Normal Control 2.61 ± 0.70 3.14 ± 0.81 68.15±18.93 72.08±23.10
II Diabetic control 6.15 ± 3.46 6.95 ± 3.81 6.62± 3.17 8.61± 3.82
III SCE 100mg/kg 4.51 ± 3.30 1.92 ± 0.45* 5.19±6.34 33.46±4.85 **
IV SCE 200mg/kg 5.85 ± 3.70 2.85 ± 0.46* 6.76±6.98 41.72± 6.44**
V SCE 400mg/kg 7.14 ± 6.70 6.64 ± 2.47# 4.51± 3.04 23.23± 20.30*
VI Pioglitazone, 10mg/kg 4.41 ± 1.07 4.72 ± 2.80# 6.89± 6.23 52.15± 37.04*

Effect of SCE on lipid profile 
 The diabetic group showed a significant 
increase in TG, TC, HDL and LDL levels across 
five groups on day 0 compared to normal control 
animals indicating the effectiveness of high fat diet-
low dose STZ model mimicking Type 2 diabetic 
conditions (Figure 1). The results showed that upon 
21 days of treatment, there was a dose-dependent 
decrease in TG, CHL, HDL and LDL across SCE 
treated as well as the pioglitazone group compared 
to the diabetic control group. The results were 
statistically significant in the 400 mg/kg group only.

DISCUSSION

 The current study demonstrated that 
the hydro-ethanolic seed extract of Syzygium 
cumini (SCE) reduced FBG, improved insulin 
sensitivity and beta-cell function in HFD low dose 
Streptozotocin-induced diabetic rat model. Our 
study appears to be the first one to demonstrate the 
effect of hydro-ethanolic seed extract of Syzygium 
cumini on closely simulating a model of human 
Type 2DM.  
 Administration of low dose Streptozotocin 
(35mg/kg) to 12-week high fat diet-fed rats caused 
b-cell dysfunction and insufficient production of 
insulin, insulin resistance and thus the elevation of 
fasting blood glucose level. We were successful in 
the induction of diabetes as the animals showed an 
elevated level of fasting blood glucose level, high 
HOMA IR, decreased HOMA B and increased lipid 
profile. The standard drug pioglitazone ameliorated 
all the parameters, further demonstrating that it was 
a working model for type 2 diabetes. 

 SCE decreased the fasting glucose level 
significantly at doses of 100 mg/kg and 200 mg/kg 
and only moderately at 400 mg/kg. The observed 
mild effects at 400mg/kg dose could be either due 
to low absorption of active constituents presents 
in the SCE extract or due to saturation of insulin 
release at a higher amount.
 SCE showed significant improvement 
in increasing the serum insulin concentration 
at a dose-dependent fashion. The standard 
drug pioglitazone demonstrated a similar effect 
in improving serum insulin compared to the 
diabetic control group. This effect has also been 
substantiated with our in vitro studies on RIN-5F 
cells (data on file). The positive impact of SCE 
in improving serum insulin concentration may be 
probably due to regeneration of damaged b cells 
of the pancreas which is supported with higher 
HOMA- B index (beta-cell function) exhibited by 
SCE at 100 and 200 mg/kg doses, and pioglitazone 
10mg/kg compared to diabetic control group rats. 
Similar results were observed by Singh et al. who 
demonstrated the pancreatic beta-cell regenerative 
activity of ethanolic extract of Syzygium cumini 
seeds in alloxan-induced diabetic rats based on 
histopathological observations.14 

 Streptozotocin and HFD combination 
induces a state of inflammatory response due 
to oxidative damage to the tissue.15 A study by 
Borges et al. reported that the aqueous extract 
SC exhibits potent antioxidant activity against in 
vitro oxidative systems by showing effectiveness 
as scavengers of DPPH (2,2-diphenyl-2-
picrylhydrazyl hydrate), NO (Nitrous oxide) and 
H2O2 (hydrogen peroxide), reductive ability Fe+3 
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to Fe+2, thiol peroxidase-like activity that mimic 
the properties of glutathione peroxidase (GPx) 
and overall activity was comparable to gallic acid 
(100uM).16 Therefore, it appears that SCE could 
have also prevented the oxidative damage caused 
by Streptozotocin.
 A reduced HOMA IR index observed 
with diabetic rats treated with SCE extracts at both 
100 and 200 mg/kg doses may be due to improved 
insulin sensitivity and peripheral glucose uptake. 
Our in vitro studies on L6 myoblast cells have 
also indicated that there is a direct effect of SCE 
on glucose uptake by the skeletal muscle cells 
(data on file). Nadig .P et al. have also observed 
that SCE at 200 mg/kg body weight upregulated 
the GLUT4 receptors in the rat diaphragm muscle 
as compared to the diabetic controls.17 Activation 
of Peroxisome proliferator-activated receptors 
gamma (PPARγ) enhances insulin sensitization. It 
thus promotes glucose metabolism by increasing 
the expression of the glucose transporter GLUT4 
.18 Sharma B et al. reported that the aqueous seed 
extract of Eugenia jambolana (Syzygium cumini) 
significantly stimulated PPARγ. 9 This finding 
supports the evidence that glucose uptake effect of 
SCE may be due to activation of PPARγ mechanism 
leading to increased glucose uptake. The study by 
Sharma, et al. also demonstrated a significant dose-
dependent antidiabetic activity with aqueous seed 
extract at doses of 100,200 and 400 mg/kg of rat 
body weight with a maximum effect at 400 mg/kg. 
Our study showed significant activity at half the 
dose, indicating that SCE could be more potent 
than aqueous extract. 
 Type 2 DM generally leads to an increased 
rate of lipid peroxidation of biological membranes 
and cell injury due to prolonged hyperglycemia 
which is manifested with diabetic control rats of 
the present study with increased lipid profiles.19 
Treatment of diabetic rats with SCE extract at 400 
mg/kg dose and pioglitazone at 10mg/kg shown 
promise in lowering the lipid profile compared to 
the diabetic control group, and it could be due to 
antioxidant properties associated with SCE extract. 
However, the lower doses of SCE extract had 
minimal effect on lowering of lipid profile. The 
mechanisms for this effect need to be explored, 
although, at this stage, it appears to be due to its 
antioxidant effect, particularly on the liver. The 

lipid-lowering effect may also be unrelated to the 
antidiabetic potential.
 The study validated the traditional use 
of Syzygium cumini SCE appears to be effective 
in both reducing the insulin resistance as well 
as increasing the pancreatic beta-cell function in 
vivo. However, it was observed that SCE has more 
pronounced activity as insulin secretagogue than 
insulin sensitizer. The effects were observed at an 
effective dose lower than the aqueous seed extract 
as observed by the previous researchers. Further 
exploration can be carried out to identify the exact 
molecular mechanisms of action.
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