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Hepatic anti-oxidants in streptozotocin induced diabetic rats on long term
treatment with Gymnema sylvestre
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Abstract
Ability of some of plants to control hyperglycaemia has captured scientific interest worldwide towards
better understanding of the underlying mechanism. The present study was conducted to evaluate the effect
of a standardized hydro alcoholic leaf extract of Gymnema sylvestre on random blood glucose (RBG),
serum insulin, plasma glycated haemoglobin (HbA1c) and liver vitamin C, reduced glutathione (GSH),
protein thiols (PT), thiobarbituric acid reactive substances (TBARS) and carbonyl proteins (CP) in long
standing experimentally induced diabetes mellitus with glibenclamide (Glb) as standard. Streptozotocin
(STZ) induced diabetic wistar rats of either sex were treated with two oral doses of Gymnema sylvestre
extract, 2.5 and 1g/kg body wt /day for a period of 16 weeks. Increase in the levels of vitamin C, GSH, PT
and decreased TBARS and CP in liver was observed on treatment with Gymnema sylvestre (p≤ 0.05). A
decrease in RBG (45% and 33%) and plasma HbA1c (p≤ 0.05) with increased serum insulin (p≤ 0.05) was
also observed in diabetic rats on treatment. The effect of Gymnema sylvestre on tissue antioxidants is
possibly due to reduction in blood glucose level in diabetic rats, which is an additional benefit for this plant
towards becoming a drug of choice in controlling chronic diabetes mellitus.
© International Journal of A J Institute of Medical Sciences. All rights reserved.
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1. Introduction

progression of diabetes and its complications.
Increased generation of reactive oxygen species
and/or decrease in antioxidant defense potential
might be the causes for oxidative stress in cells
and tissues.4 Nonenzymatic glycation and lipid
peroxidation have been estimated to play an
important role in the progression of diabetic
complications such as atherosclerosis,
neuropathy, nephropathy, retinopathy and

Oxidative stress is currently suggested to play a
major role in the development of diabetes
mellitus.1 On the contrary, there is growing
evidence that excess generation of highly
reactive free radicals, largely due to
hyperglycaemia, causes oxidative stress, which
further exacerbates the development and
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activity.12,13 Anti-oxidant effect of hydro alcoholic
leaf extract of Gymnema sylvestre has been
shown by previous workers in-vitro.14,15 It was
also suggested that the anti-oxidant property
might be due to the presence of acidic
compounds, flavonoids, phenols, saponins,
tannis (phenolic compounds) and triterpenoids
found in the preliminary phytochemical
screening.15 In the present study, the anti-oxidant
effect of a standardized hydroalcoholic leaf
extract of Gymnema sylvestre was evaluated in
hepatocytes of streptozotocin (STZ) induced
diabetic rats on treatment for a period of 16
weeks. The results obtained with Gymnema
sylvestre were compared with glibenclamide
(Glb), a known anti-hyperglycaemic drug.

5

cataractogenesis. Since numerous studies
demonstrated that oxidative stress, mediated
mainly by hyperglycaemia-induced generation of
free radicals, contributes to the development and
progression of diabetes and related contributions,
it became clear that ameliorating oxidative stress
through treatment with antioxidants might be an
effective strategy for reducing diabetic
2
complications.
Free radicals are generated as by-products of
normal cellular metabolism; however, several
conditions are known to disturb the balance
between reactive oxygen species (ROS)
production and cellular defense mechanisms.
This imbalance can result in cell dysfunction and
destruction resulting in tissue injury. The increase
in the level of ROS in diabetes could be due to
their increased production and/ or decreased
destruction by nonenzymic and enzymic
antioxidants.6 The ROS generated in turn leads to
tissue damage, with lipid peroxidation,
inactivation of proteins, and protein glycation as
intermediate mechanisms for its complications
such as retinopathy, nephropathy, and coronary
heart disease. Therefore, recently, interest has
focused on plant-based natural antioxidants such
as tannins, polyphenols and flavonoids to reduce
the negative effect of oxidative stress and free
radicals in diabetic patients and to prevent the
destruction of β-cells and thus diabetic
7,8
complications.

2. Materials and methods
Ethical clearance for the study was obtained from
the Institutional Animal Ethics Committee
(IAEC), Kasturba Medical College, Manipal
University, Mangalore. Required quantity of
Gymnema sylvestre extract was availed from a
leading herbal research driven company.
Gravimetric phytochemical analysis report of
Gymnema sylvestre certified that the active
principle, gymnemic acids content was > 10.0
%w/w. The powder was dissolved in 0.5%
carboxy methyl cellulose to prepare a solution of
this extract and fed orally. Present study was
conducted using Albino rats of Wistar strain of
either sex, weighing 100 ± 10g. The normal
laboratory pellet diet and water was given ad
libitum (at one's pleasure). Rats were
acclimatized to the laboratory conditions for at
least 1 week prior to the experiment. Single dose
of STZ, 50mg/Kg body weight, in cold citrate
buffer (0.1M) of pH 4.0 was injected
intraperitoneally, after 18-20 hours fasting for
16
inducing Diabetes mellitus. The rats were
monitored for 72 hours to ensure survivability.
Only those rats which showed Random Blood
Glucose (RBG) of 350mg/dl or more at day
1were taken for the study. RBG was checked
with ACCU-CHEK active blood glucose

Gymnema sylvestre also known as Madhunashini
is a woody climber, belonging to the family
Asclepiadaceae, common in central and southern
India. The first scientific confirmation of usage of
Gymnema sylvestre in human diabetics came
almost a century back when it was demonstrated
that the leaves of this plant reduce urine glucose
in diabetics.9 The leaf extract of Gymnema
sylvestre was known to contain anti-diabetic and
anti-atherogenic principle.10,11 Gymnemic acid
present in the leaves was found to be the active
principle responsible for anti-hyperglycaemic
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monitor, using disposable strips.

Insulin levels were determined by ELISA using
anti-rat insulin antibodies (LINCO Research, 6
Research Park Dr. St. Charles, Missouri 63304
USA). Estimation of HbA1c was done by
turbidimetric inhibition immunoassay (TINIA).
18
Vitamin C was estimated by reaction with 2,4dinitrophenyl hydrazine (DNPH), which was
measured spectrophotometrically at 520nm.
GSH was estimated by the reaction with 5,5′dithio nitrobenzoic acid (DTNB), by the method
of Beutler et al., the yellow colour was measured
at 412 nm.19 TBARS were measured by the
method of Stocks and Dormandy, the pink
chromogen was read at 532nm. CP was estimated
by the reaction with DNPH and was read at 365
20,21
nm. PT was estimated by the reaction with
DTNB and the yellow colour developed was read
22
a t 4 1 2 n m . S y s t r o n i c s U V- Vi s i b l e
Spectrophotometer 117 was used for manual
estimations. All the chemicals used were reagent
grade.

Acute toxicity studies were conducted for the
17
plant extracts. Wistar rats of either sex, weighing
100 ± 10g were selected for the study. Thirty
animals, fasted overnight, were divided in to 5
groups, each consisting of six animals. Plant
extract was administered in 0.5% carboxymethyl
cellulose in different doses consisting of 5, 10, 20,
25 and 30g/kg body weight for Gymnema
sylvestre extract. The animals were observed
continuously for 2 hours, then intermittently once
in every 2 hours and then at the end of 24 hours to
note the number of deaths. In general, 1/10th of the
maximum tolerance dose is chosen for the plant
extracts. 25g/kg was found to be safe for
Gymnema sylvestre extract, so 1/10th of these
doses, i.e., 2.5g/kg were selected. Since it is
always better to use the smallest possible dose
with maximum benefits, 1g/kg was selected as
the second dose.

All grouped data were evaluated statistically
with SPSS 17 software (SPSS, Chicago, IL,
USA). All results were expressed as the mean ±
SD for eight animals in each group. Comparison
of various parameters was done using KruskalWallis test, p-value ≤ 0.05 was considered
statistically significant.

The duration of the study was 16 weeks. Rats
were divided into five groups of eight rats each.
Group 1- Normal control.
Group 2- STZ-induced diabetic control.
Group 3- Diabetic rats fed Gymnema sylvestre
extract at a dose of 2.5g/kg body weight.
Group 4- Diabetic rats fed Gymnema sylvestre
extract at a dose of 1.0g/kg body weight.
Group 5- Diabetic rats fed Glb (500 µg/kg) in
aqueous solution.

3. Results
Treatment with Gymnema sylvestre extract
brought down the RBG. A comparison of RBG at
the end of 16th week with that of day-1 is given in
table-1. Diabetic rats which received higher dose
of GSE showed 45% decrease, where as lower
dose showed a decrease of 33% in RBG as
compared with that of day-1. The decrease in
RBG by Glb was 29%. A significant decrease in
HbA1c and increase in serum insulin were
observed in rats which received the plant extract
when compared to diabetic control (Table 1).
Treatment with Glb also showed similar results
to that of Gymnema sylvestre.

At the end of 16 weeks, RBG was checked. After
overnight fast, the rats were sacrificed with high
dose of ether. Blood was drawn immediately by
cardiac puncture. Serum was used for estimation
of insulin, while EDTA blood was used for
estimation of HbA1c. The liver was dissected out,
weighed, homogenized in 10 volumes of 0.9%
normal saline and used for estimation of vitamin
C, reduced glutathione (GSH), protein thiols
(PT), thiobarbituric acid reactive substances
(TBARS) and carbonyl proteins (CP).
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Table 1: Levels of RBG, insulin and HbA1c in control and experimental groups of rats

RBG ( mg/dl)
Day-1

End of 16 week

Insulin (ng/ml) at the
end of 16 weeks

Group-1

103.88±4.76

97.25± 2.25

0.64 ± 0.13

3.66 ± 0.17

Group-2

531.25±32.44

529.38±24.78

0.14 ± 0.03*

7.84±0.32*

Group-3

483.13 ±19.94

265.75 ±58.47

0.60±0.08 †

6.78±0.73†

Group-4

464.50 ±31.38

309.25±58.48

0.35±0.09 †

6.93±0.36†

Group-5

436.25±23.06

310.88±76.37

0.53 ± 0.05†

7.09±0.64†

(n=8)

th

HbA1c (%)at the
end of 16 weeks

*p ≤ 0.05 compared to normal control, †p ≤ 0.05 compared to diabetic control.

diabetic controls compared to normal control
group. Upon treatment with Gymnema sylvestre,
a dose dependent increase in vitamin C, GSH and
PT and a decrease in TBARS and CP were
observed, which was significant compared to
diabetic control. Treatment with Glb also
improved these parameters, where statistical
significance was achieved only by GSH, PT and
TBARS (Table 2).

(Group-1: Normal control; Group-2: Diabetic
control; Group-3: Diabetic rats treated with
Gymnmema sylvestre extract at a dose of
2.5g/kg/day; Group-4: Diabetic rats treated with
Gymnmema sylvestre extract at a dose of
1g/kg/day; Group-5: Diabetic rats treated with
glibenclamide at a dose of 500µg/kg/day)
A significantly decreased vitamin C, GSH and PT
with increased TBARS and CP were observed in

Table 2: Levels of vitamin C, GSH, PT, MDA and CP in liver of control and experimental
groups at the end of 16 weeks

(n=8)

Vitamin C (µg/g
tissue)

GSH (µg/g
tissue)

PT(µmoles/mg
protein)

MDA(µmoles/
g tissue)

CP(mU/mg
protein)

Group-1

188.13±35.14

627.0±179.77

79.49±11.07

13.03±1.31

1.33±0.34

Group-2

86.75±13.77*

279.63±32.96*

35.76±2.02*

24.2±2.21*

1.96±0.19*

Group-3

123.88±24.06†

424.25±44.41†

61.46±18.71†

16.00±1.76†

1.83±0.31

Group-4

111.13±17.4†

307.38±43.15

59.64±7.02†

22.2±3.67

2.36±0.47

Group-5

101.75±14.65

431.25±70.93†

68.06±17.22†

18.81±4.05†

2.14±0.52

*p ≤ 0.05 compared to normal control, † p ≤ 0.05 compared to diabetic control.
(Group-1: Normal control; Group-2: Diabetic control; Group-3: Diabetic rats treated with Gymnmema sylvestre
extract at a dose of 2.5g/kg/day; Group-4: Diabetic rats treated with Gymnmema sylvestre extract at a dose of
1g/kg/day; Group-5: Diabetic rats treated with glibenclamide at a dose of 500µg/kg/day)
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4. Discussion

adds to the existing knowledge, where antioxidant activity was retained for a sustained
period of 16 weeks.

An improvement in the glycaemic status of
diabetic rats was appreciated on treatment with
Gymnema sylvestre extract which was indicated
by decreased RBG and plasma HbA1c with
increased serum insulin levels. The antihyperglycaemic effect of Gymnema sylvestre has
23,24
been established earlier by several workers.
Gymnemic acid present in Gymnema sylvestre
was found to be responsible for anti
25,26
hyperglycaemic activity. On this basis, it may
be said that the gymnemic acid present in
Gymnema sylvestre extract used in the present
study produced anti hyperglycemic effect.
Gymnema sylvestre was also found to cause
23
regeneration of endocrine pancreas . Increased
insulin level in rats which received the plant
extract is possibly due to this effect. Decrease in
HbA1c confirms the anti hyperglycaemic effect
of Gymnema sylvestre and the effect lasted for a
sustained period of 16 weeks. Numerous studies
have revealed lowered anti-oxidant and enhanced
peroxidative status in diabetes mellitus.27 The
present study also is in agreement with this
finding, where the levels of anti oxidants vitamin
C, GSH and PT were decreased and those of
oxidants TBARS and CP were increased in
diabetic control. Treatment with Gymnema
sylvetre extract partially normalised this
imbalance which was indicated by an improved
anti-oxidants and decreased oxidants in the
treated groups. In-vitro anti-oxidant activity of
Gymnema sylvestre was demonstrated by
previous workers.14,15,28 Earlier studies showed
anti-oxidant effect of Gymnema sylvetre in STZ
diabetic rats, indicated by increased TBARS and
superoxide dismutase.29,30 Anti-oxidant activity of
a polyherbal formula containing Gymnema
sylvestre was observed by Patel et al.31 Srividya et
al. claimed Gymnema sylvestre to have a
hepatoprotective role, and it is possible that the
capacity of this plant to increase anti- oxidants in
hepatocytes might have protected the hepatic
peroxidative damage.32 The present study thus

It was also suggested that the anti-oxidant effect
of the plant extracts is due to the presence of
acidic compounds, flavonoids, phenols,
saponins, tannis (phenolic compounds) and
15
triterpenoids present in them. As Gymnema
sylvestre contains gymnemic acid, it is possible
that this principle has acted in protecting the
tissue from oxidative damage. In conclusion, the
effect of Gymnema sylvestre on tissue
antioxidants is possibly due to reduction in blood
glucose level in diabetic rats, which prevented
excessive formation of free radicals through
various biochemical pathways or on the other
hand, the anti oxidant effect of Gymnema
sylvestre might have controlled chronic
hyperglycaemia.33 This mechanism has to be
elicited further for better understanding of the
mechanism of action of Gymnema sylvestre. On
either way, Gymnema sylvestre has a dual benefit
for treating chronic hyperglycaemia.
5. Limitations
While the estimation of parameters like HbA1c
and insulin were performed by latest and
sensitive methods, those used for estimation of
anti-oxidants were older but established
methods. However, the results of the study can be
ascertained by sensitive assays by further
research.
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