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ABSTRACT
The aqueous extract of A. indica leaf and bark have been evaluated for their antioxidant potential in alloxan diabetic rats and compared with insulin
treatment. The oral effective dose of A. indica leaf extract (AILE) and bark extract (AIBE) was given once daily for 21days to diabetic rats. At the end
of the experimental period, the effect was studied on the activity of antioxidant enzymes and membrane lipid peroxidation in different fractions of
cardiac and skeletal muscle. Tissues were analyzed for oxidative stress induced DNA damage and change in PKC-β2 content. Quantitative HPLC
analysis of azadirachtin was done in AILE and AIBE. Diabetic rats showed high blood glucose (p<0.01), increased level of MDA (p<0.05) and a
significant alteration in the activity of antioxidant enzymes. Alloxan induced oxidative stress caused DNA fragmentation and alteration in PKC-β2
protein content. Treatment with insulin AILE and AIBE restored the above altered parameters close to the control ones. Both, AILE and AIBE were
found significantly effective in reducing hyperglycemia induced oxidative stress in heart and skeletal muscle of alloxan induced diabetic rats.
Keywords: Alloxan diabetes, Oxidative stress, Antioxidant enzymes, PKC-β2 protein.
INTRODUCTION
Diabetes mellitus is a metabolic disorder characterized by
hyperglycemia and insufficiency of secretion or action of
endogenous insulin. Experimental and clinical evidence indicates
that oxidative stress is involved in both the pathogenesis and the
complications of diabetes mellitus.1 Oxidative stress has been
implicated in the destruction of pancreatic cells and could largely
contribute to the oxidant tissue damage associated with chronic
hyperglycemia. Diabetes is usually accompanied by increased
production of free radicals or impaired antioxidant defenses. Under
normal physiological conditions, there is a critical balance in the
generation of oxygen free radicals and antioxidant defense systems
used by organisms to deactivate and protect themselves against free
radical toxicity.2 Impairment in the oxidant/antioxidant equilibrium
in favor of the former provokes a situation of oxidative stress and
generally results from overproduction of reactive oxygen species
(ROS).3,4 Mechanisms by which increased oxidative stress is involved
in the diabetic complications are partly known, including activation
of transcription factors, advanced glycated end products (AGEs), and
protein kinase C.5

Oxidative stress is known to be a component of molecular and
cellular tissue damage mechanisms in a wide spectrum of human
diseases.6 While exogenous insulin and other medications can
control many aspects of diabetes, numerous complications affecting
the vascular system, kidney, retina, lens, peripheral nerves, and skin
are common and are extremely costly in terms of longevity and
quality of life. Various hypoglycemic drugs are also being used for
the treatment but their use is restricted by their limited action and
accompanying side effects. During the last five decades, considerable
progress has been achieved regarding the biological activity and
medicinal application of Azadiracta indica A Juss (Neem). Neem bark
and leaf extracts have been therapeutically used in ayurveda as a
folk medicine to control leprosy, intestinal helminthiasis, respiratory
disorders and constipation and also as a general health promoter.7
There are several reports which suggest the hypoglycemic potential
of A. indica.8,9 The present study explores the hypoglycemic and
antioxidant potential of A. indica leaf extract and bark extract,
evaluates their effect on altered level of antioxidant enzymes and
other related parameters in the alloxan-diabetic rat muscles and
compared with insulin treatment.
MATERIAL AND METHODS

Healthy leaves and bark of A. indica were collected from the
university campus. Extracts were prepared by following the method
of Bandyopadhyay et al.10

Leaf Extract: One kg of freshly collected, shade dried, powdered
leaves of A. indica were ground in 4 liters of distilled water and
allowed to soak overnight at room temperature. The suspension was
then centrifuged at 5000 rpm for 20 min and filtered through
Whatman No.1 filter paper. The filtrate was lyophilized to yield 12.9
gm of dry powder and stored at −20oC. A measured amount of the
extract was dissolved in distilled water at a suitable concentration
prior to experiment.

Bark Extract: Air dried bark from a full grown Neem tree, devoid of
external hard wood was cut into small pieces and 100 gm was
soaked overnight in one liter distilled water at room temperature
with occasional shaking. After filtration, the brown red extract was
oC. A
lyophilized to yield 3.7 gm of dry powder and stored−20
at
required concentration of powder was prepared in distilled water
prior to experiment.
Treatment of Animals

Healthy female rats of Wistar strain (2-3 months old) weighing
between 180-210 gm were selected for the study. All animals were
kept at 25-30oC and 45-55% relative humidity, acclimatized with
standard chow and water ad libitum throughout the study under 12
hr light – 12 hr dark cycle. The animals were carefully monitored
and experimental protocols were in accordance with the
recommendations of the Institutional Animal Ethical Committee.

Diabetes was induced by single subcutaneous injection of alloxan
monohydrate (15 mg /100 g body weight) dissolved in a freshly
prepared 0.154M sodium acetate buffer (pH 4.5).11 Each animal was
then given 2U of insulin for next 7 days to reduce mortality. Control
animals received only the vehicle. The rats with fasting glucose level
above 360 mg/dl were considered diabetic and grouped as Normal
Control (N), Diabetic untreated (D), Insulin treated diabetic group
(D+I) (received intraperitoneal injection of 2 units of protamine-zinc
insulin once daily), A. indica Leaf Extract treated diabetic group
(D+AILE) (500 gm/Kg body weight), A. indica Bark Extract treated
diabetic group (D+AIBE) (100 mg/Kg body weight).
Alloxan monohydrate, Insulin and glutathione reductase were
purchased from Sigma and other chemicals and reagents used were
of analytical grade.

Both control and experimental groups were kept separately in
individual cages. The experimental groups, D+AILE and D+AIBE,
received orally an aqueous solution of the lyophilized powder of
AILE (500 gm/Kg body wt.) and AIBE (100 mg/Kg body wt.)
respectively by intragastric tube. Insulin treated diabetic group
received 2U of insulin once daily and the control group received
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vehicle only. The treatment was given for 21 days. For each dose, the
required amount of the lyophilized powder calculated from the body
weight of the animal was weighed, dissolved in distilled water at
suitable concentration so that the desired amount for each dose can
be administered in 0.5 ml to each animal. Effective dosages were
selected from the literature and after doing pilot studies.
Antioxidant enzymes

At the end of the experiment, rats were sacrificed by cervical
dislocation. The tissues were rapidly excised and washed with
chilled normal saline. The 10% (w/v) tissue homogenate was
prepared in 0.25 M Sucrose, 0.02 M Triethanolamine hydrochloride
buffer, pH 7.4 containing 0.12 M Dithiothreitol (DTT). Homogenates
were then centrifuged at 1000×g for 10 min to remove nuclei and
cell debris. The supernatant was again centrifuged at 12,000xg for
40 min to obtain cytosolic fraction of the tissue. All the procedures
were carried out at 4oC. The tissue cytosolic fraction was used for
determination of enzymes activities.

The activity of Superoxide dismutase (SOD) was measured by the
method of Marklund et al with some modification, an assay based on
the ability of SOD to inhibit the autoxidation of pyrogallol by 50%.12
The change in absorbance of assay mixture was monitored at 420
nm for 3 min at 25oC against blank. One unit of enzyme activity is
defined as the amount of enzyme that causes 50% maximal
inhibition of pyrogallol autoxidation. The assay of catalase was
performed by following the method of Aebi.13 One unit of enzyme
activity is defined as the amount of enzyme required to decompose
1µmol of H 2 O 2 . Change in absorbance was monitored at 240 nm at
25oC. The activity of Glutathione peroxidase (GPx) was measured by
using a coupled enzyme assay as described by Lawrence and Burk.14
The decrease in absorbance was monitored at 25oC at 340 nm. One
unit of enzyme activity is defined as 1 µmol of NADPH
oxidized/min/mg protein. The Glutathione reductase (GR) activity
was measured in the soluble tissue extracts by the modified method
of Erden et al.15 One unit of enzyme activity is defined as 1 µmol of
NADPH oxidized/min/mg protein. The decrease in absorbance was
monitored at 25oC at 340 nm.
Lipid peroxidation

The level of lipid peroxidation was assessed by measuring the
formed malondialdehyde (MDA), an end product of fatty acid
peroxidation, by using thiobarbituric acid reactive substance
(TBARS) method.16 The 10% tissue homogenate was centrifuged at
1000xg for 10 min and deproteinized with half volume of 20%
trichloroacetic acid (TCA). Precipitated proteins were removed by
centrifugation. The supernatant in 10 mM Potassium phosphate
buffer (pH 7.4) was incubated at 80oC for 15 min in water bath with
0.53% Thiobarbituric acid in glacial acetic acid and centrifuged. The
concentration
of
MDA-TBA
complex
was
determined
spectrophotometrically at 532 nm against blank.
Glycemic Index

Blood glucose was determined by using Glucose-kit from Span
Diagnostics India, which quantitatively estimates D-glucose, the
form that is present in blood plasma. Glycosylated hemoglobin
(GHbA1c) was estimated by Ion Exchange Resin method using kit
purchased from Aristha Pharmaceuticals, India. Soluble protein was
determined by method of Bradford using BSA as standard.17
Degradation of genomic DNA

For isolation of genomic DNA, liver tissues were rapidly excised and
washed with chilled normal saline. The tissues were blotted dry and
minced well with sterile scissors. Tissues were treated with 5ml of
digestion buffer and 50µl of proteinase K. The phenol method was
used to isolate the DNA samples.18 Equal volume of Tris EDTA (TE)saturated phenol was added to an aqueous DNA sample. The upper
aqueous layer was carefully removed avoiding the phenol interface
and subjected to two ether extractions to remove residual phenol.
DNA was concentrated by ethanol precipitation.18 The quantity of
isolated DNA was checked by adding 5µl of DNA sample to 1ml of
distilled water and the optical density was read at 260 nm against
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water as described by Ausubel.19 Isolated DNA samples from control
and different experimental groups were separated and analyzed by
horizontal gel electrophoresis as described by Nagata.20
Western blot analysis

Membrane fractions from heart and skeletal muscle were prepared
by following the method of Wakasaki et al.21 1g of frozen tissue was
minced well and homogenized (1/10, w/v) in homogenization buffer
(20mM Tris-HCl pH 7.5, 2mM EDTA, 1mM phenylmethylsulfonyl
fluoride, 1mM DTT, 0.3M sucrose and 25µg/ml leupeptin) at 4oC.
The homogenate was centrifuged at 1000xg for 10 min at 4oC and
supernatant was ultracentrifuged at 190,000xg for 60 min at 4oC to
obtain total membrane fraction. The membrane pellets were
resuspended in homogenization buffer and the total membrane
protein content were measured by following the method of
Bradford.17

Western blot analysis was done by following the method described
by Towbin and Gordon.22 Total membrane fractions (30µg each lane)
were subjected to SDS-PAGE on 7% polyacrylamide gel and resolved
proteins were transferred to PVDF membrane. After transfer the
membranes were blocked in 5% fat free milk and incubated with a
1:500 dilution of isoform β2 specific anti-PKC antibody. The antigenantibody complexes were detected with HRP-conjugated secondary
antibody using DAB as the coloring reaction. Quantification was
performed by densitometery after scanning the blots. Isoform β2
specific anti-PKC antibody and HRP-conjugated anti-rabbit
secondary antibody were purchased from Sigma Aldrich.
HPLC analysis

To compare the chemical profile of the extracts, quantitative HPLC
analysis of azadirachtin was done.23 An HPLC system (UV-2075 Plus,
JASCO, Japan) with two gradient pump systems (PU-2080, JASCO)
were used for the analysis. The separation was performed on a C-18
column (Thermoscientific, Dim (mm) 250x 4.6, ODS Hypersir). HPLC
conditions were as follows: Solvent A (water) and Solvent B
(acetonitrile), gradient elution was used as A: 0-10 min, 30-40%; B:
10-15 min, 40-45%; A: 20-25 min 50-60%. Flow rate of mobile
phase solution was 1.0 ml/min and detection was at 217nm. 10µl of
each sample was injected in to the HPLC machine.
Statistical analysis

All values were calculated as mean ± SEM. The ANOVA test followed
by Dunnet Multiple comparison test was employed for statistical
comparison between control and various groups. Significance was
considered at p<0.05.
RESULTS AND DISCUSSION

The present study explored the effect of experimental diabetes on
different parameters related to antioxidant defense system in
skeletal and cardiac muscle, and whether the treatment with AILE
and AIBE can restore the alterations occurred due to hyperglycemia
induced oxidative stress.

All the diabetic animals showed characteristic symptoms of
glycosuria, polydipsia, polyphagia and reduced rate of growth. The
changes in body weight were observed in all experimental groups
and results are presented in Table 1. After 21 days of diabetes
induction, body weight was significantly reduced in the diabetic
group (p<0.01). Insulin, AILE and AIBE treatment for 21 days
resulted in significant increase in body weight when compared to
the diabetic rats. Alloxan induced diabetic rats showed marked
hyperglycemia with almost 3-fold higher blood glucose
concentration when compared to the control values (Table 1). All
the diabetic treated groups showed reduced hyperglycemia, AILE
and AIBE were found significantly (P<0.05) effective in lowering the
blood glucose levels in diabetic rats. Glycosylated hemoglobin,
measured as % of HbA1c, was significantly increased (p<0.05) in
untreated diabetic animals when compared with healthy controls
(Table 1). Though, the decrease of HbA1c was observed in all the
diabetic treated groups, treatment was more effective in AILE
treated group.
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Table 1: Changes in body weight and glycemic index of control, diabetic and diabetic treated rats
Parameters
C
D
D+I
Body weight (g)
188.3 ± 11.0
91.6 ± 9.3b
165 ± 9.1
Fasting plasma glucose (mg/dl)
85.5 ± 5.6
296.0 ± 13.4a
101.7 ± 10.1
Glycated Hemoglobin (% GHb1Ac)
5.4 ± 0.27
10.1 ± 0.35b
7.3 ± 0.34
Each value is the mean ± SEM of five separate experiments. P values are shown as bp<0.05, ap<0.01 vs. control.
In diabetes, the persistence of hyperglycemia has been reported to
cause increased production of oxygen free radicals through autooxidation and non-enzymatic glycation. If the diabetic state is
associated with a generalized increase in tissue oxidative stress it
might be reflected in the changes in tissue antioxidant system.
Therefore, the activities of some major antioxidant enzymes were
measured in control and experimental rats. Diabetic rats showed
altered levels of the antioxidant enzymes in skeletal and cardiac
muscle (Fig. 1 and 2). Under normal physiological condition there is

D+AILE
155 ± 15
114.3 ± 11.9b
7.7 ± 0.24

D+AIBE
136± 18.4
142.1 ± 8.2b
8.4 ± 0.16

a critical balance in the generation of oxygen free radicals and its
antioxidant defense systems used by organism to deactivate and
protect themselves against free radical toxicity.24

Impairment in the oxidant /antioxidant equilibrium in favor of the
former provokes a situation of oxidative stress which is known to be
a component of molecular and cellular tissue damage mechanisms in
wide spectrum of human diseases and contributes substantially to
the pathogenesis of diabetic complications.6

Fig. 1: Changes in Antioxidant enzyme activities in control, diabetic and diabetic treated rats in cytosolic fraction of skeletal muscle
Results are expressed as mean ± SEM of three separate experiments and compred with control values. *p<0.05. Enzyme activities are given as- SOD,
Catalase: U/mg protein; GPx, GR : mU/mg protein

Fig. 2: Changes in Antioxidant enzymes in control, diabetic and diabetic treated rats in cytosolic fraction of cardiac muscle
Results are expressed as mean ± SEM of three separate experiments and compred with control values. *p<0.05. Enzyme activities are given as- SOD,
Catalase: U/mg protein; GPx, GR : mU/mg protein.
473
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In skeletal muscle SOD, catalase, GPx and GR activity significantly
(p<0.05) decreased in diabetic rats (Fig. 1). However, the heart
tissue exhibit different susceptibility to oxidative stress. The
increased activity of SOD, catalase, GPx and GR were observed in
diabetic rats which are in agreement with the earlier published
data.16 This increase may be a manifestation of and adaptive
response to compensate for the increased oxidative stress.
Treatment with insulin, AILE and AIBE restored the altered
levels of SOD, catalase, GPx and GR close to their normal values
in heart and skeletal muscle of diabetic rats. The efficacy of AILE
and AIBE treatment was found comparable to the insulin
treatment. All the enzyme activities are expressed as per
milligram protein and therefore, represent true changes under
these conditions.
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Hyperglycemia has been shown to generate free radicals from autooxidation of glucose, formation of advanced glycated end products
(AGEs) and increased polyol pathway with concomitant increase in
cellular lipid peroxidation and damage of cellular membranes.5 In
the present study the formation of malonaldihyde (MDA), a product
of lipid peroxidation, was significantly increased in diabetic heart
and skeletal muscle tissues (p<0.05) (Table 2). The results are in
agreement with earlier published data of Mohamad et al.23 This
increased lipid peroxides formation during diabetes disturbs the
anatomical integrity of the membrane leading to the inhibition of
several membrane bound enzymes.26 The results revealed a sharp
decreased level of MDA in diabetic rats treated with insulin, AILE
and AIBE when compared to untreated diabetic rats indicating the
efficacy of treatment.

Table 2: Changes in MDA levels in control, diabetic and diabetic treated rats in blood plasma and cytosolic fraction of liver and kidney
C
D
D+I
Heart cytosolic fraction (nmol MDA/mg protein)
0.79 ± 0.05
2.08 ± 0.24b
0.89 ± 0.12
Skeletal muscle cytosolic fraction (nmol MDA/mg protein)
0.68 ± 0.07
2.16 ± 0.51b
0.75 ± 0.03
Each value is the mean ± SEM of three separate experiments. P values are shown as bp<0.05 vs. control.
The decrease in antioxidant enzymes leads to the accumulation
of ROS during diabetes. One of the important fallbacks of
oxidative stress is increased H 2 O 2 production. It has already
been reported that during vascular conditions such as
atherosclerosis, circulating macrophages release large amounts
of H 2 O 2. Apoptosis that occurs as a result of this increased H 2 O 2
contributes towards these pathologies.27 DNA fragmentation is

D+AISE
1.07 ± 0.09
1.12 ± 0.21

D+AIBE
0.96 ± 0.07
0.99 ± 0.08

one of the morphological changes during diabetes. Agarose gel
electrophoresis of genomic DNA isolated from control animals
showed no evidence of DNA fragmentation (Fig. 3). In contrast,
genomic DNA isolated from diabetic rats showed smear pattern,
which is characteristic of random DNA fragmentation.20
Treatment with insulin, AILE and AIBE prevented genomic DNA
degradation.

Fig. 3: Agarose gel electrophoresis of genomic DNA isolated from control, diabetic and diabetic rats treated with insulin, AILE and AIBE

Hyperglycemia may activate PKC isoforms indirectly through both ligation of AGE receptors and increased activity of polyol pathway by increasing
ROS.28 In diabetic state increased level of PKC-β2 protein was observed in cardiac and skeletal muscle tissues (Fig. 4 and 5 respectively). However
exogenous supplement of insulin to diabetic rats considerably ameliorated the augmented levels of PKC-β2 in heart and skeletal muscle. Treatment
with AILE and AIBE reverted the levels back to euglycemic condition as demonstrated by immunoblots of heart and skeletal muscle. This could
primarily be due to subsequent lowering of blood glucose levels which reduces the oxidant levels.
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Fig. 4: Changes in PKC β2 protein levels in the cardiac muscle membrane fraction of control, diabetic and diabetic treated rats. (a)
Representative picture of three separate experiment. *p<0.05.

.

Fig. 5: Changes in PKC β2 protein levels in the skeletal muscle membrane fraction of control, diabetic and diabetic treated rats. (a)
Representative picture of three separate experiment. *p<0.05.

In the study done by Priyadarsini et al,29 azadirachtin (a limonoid)
exhibited concentration-dependent anti-radical scavenging activity.
The quantitative analysis of azadirachtin content in AILE and AIBE
were performed using HPLC and representative chromatograms are
shown in Figure 6. Azadirachtin in solvent was identified by
matching retention time and spectra with standard and quantitative

data was calculated on the basis of peak area of the compound. The
aqueous extract of leaf (AILE) and bark (AIBE) showed 41µg/ml and
57µg/ml of azadirachtin content, respectively. Previous studies also
reported the presence of azadirachtin in A. indica leaf and bark.23,30
However, little variation may be due to the origin, genetic or
geographical factors.30
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Fig. 6: HPLC result of A. indica extracts showing azadirachtin. (A) Standard azadirachtin with retention time 12.09 min. Arrows denotes
the chromatogram of azadirachtin in AILE (B) and AIBE (C).
CONCLUSION
The present study concludes the antioxidant potential of A. indica
leaf and bark extract that can be exploited for a potential
antidiabetic drug. In diabetic condition, the function of insulin
system is suppressed which leads to hyperglycemia, and this
sustained increase in blood glucose caused antioxidant damage to
tissues. Treatment with A. indica was found effective in improving
the antioxidant status in cardiac and skeletal muscle. Further studies
are needed to ascertain which photochemical fraction is the most
efficacious in the treatment of diabetes and, development of potent
antidiabetic formulation from the same.
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