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This study was designed to examine the antioxidant defense by ethanolic extract of Embelia ribes on streptozotocin-(40 mg/kg,
intravenously, single-injection) induced diabetes in Wistar rats. Forty days of oral feeding the extract (100 mg/kg and 200 mg/kg)
to diabetic rats resulted in significant (P < .01) decrease in blood glucose, blood glycosylated haemoglobin, serum lactate dehydro-
genase, creatine kinase, and increase in blood glutathione levels as compared to pathogenic diabetic rats. Further, the extract also
significantly (P < .01) decreased the pancreatic thiobarbituric acid-reactive substances (TBARS) levels and significantly (P < .01)
increased the superoxide dismutase, catalase, and glutathione levels as compared to above levels in pancreatic tissue of pathogenic
diabetic rats. The islets were shrunken in diabetic rats in comparison to normal rats. In the drug-treated diabetic rats, there was
expansion of islets. The results of test drug were comparable to gliclazide (25 mg/kg, daily), a standard antihyperglycemic agent.
The study concludes that Embelia ribes enhances the antioxidant defense against reactive oxygen species produced under hyper-
glycemic condition and this protects β-cells against loss, and exhibit antidiabetic property.

Copyright © 2007 Uma Bhandari et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. INTRODUCTION

Diabetes mellitus, a global public health problem, is now
emerging as a pandemic and by the year 2025, three quar-
ters of the world’s 300 million adults with diabetes will be in
nonindustrialized countries, and almost a third in India and
China alone [1].

Increased free radical generation and oxidative stress are
hypothesized to play an important role in pathogenesis of
diabetes and its late complications [2]. Possible sources of
oxidative stress and damage to proteins in diabetes include
free radicals generated by auto-oxidation reactions of sug-
ars and sugars adducts to proteins and by auto-oxidation of
unsaturated lipids in plasma and membrane proteins. The
oxidative stress may be amplified by a continuing cycle of
metabolic stress, tissue damage, and cell death, leading to in-
creased free radical production and compromised free radi-
cal inhibitory and scavenger systems, which further exacer-
bate the oxidative stress [3]. Indeed, there is widespread ac-
ceptance of possible role of reactive oxygen species (ROS)
generated as a result of hyperglycaemia in causing many of
the secondary complications of diabetes such as nephropa-
thy, retinopathy, neuropathy [4], and cardiomyopathy [5].
Glycation reaction in diabetes occurs in various tissues in-
cluding β-cells [6, 7]. The activity of antioxidant enzymes

such as superoxide dismutase, catalase, and glutathione per-
oxidase, which is low in islet cells when compared to other
tissues, becomes further worsened under diabetic conditions
[8]. Further, the presence of higher glucose or glycated pro-
tein concentration enhances lipid peroxidation [9], and fur-
thermore lipid peroxides may increase the extent of advanced
glycation end products [10].

The pharmacotherapy of diabetes has recently undergone
unprecedented expansion. However, the challenge is to op-
timize glycaemic control with minimum number of medi-
cation while taking into consideration the cost of the ther-
apy, adverse effect profiles, ease of administration, and the
urgency for blood sugar normalization.

Recent awareness of therapeutic potential of several tra-
ditionally used plants has opened a new dimension for
the study and research of medicinal plants. In traditional
medicine, several Indian medicinal plants or their extracts
have been used to treat diabetes [11].

Embelia ribes burm (family, Myrsinaceae) known com-
monly as vidanga is widely distributed throughout India. It
is highly esteemed in Ayurveda as a powerful anthelmintic
[12] and also an important ingredient of a number of
formulations [13, 14]. Ayurveda also describes vidanga as
pungent and cures flatulence and colic. In a preliminary
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study, Tripathi [15] reported the antihyperglycemic activ-
ity of decoction of the E. ribes fruits in glucose-fed albino
rabbits. Further, Bhandari et al. [16] reported the poten-
tial of ethanolic extract of Embelia ribes in diabetic dys-
lipidemia and protection from lipid peroxidation in tis-
sues in streptozotocin-induced diabetes in rats (20 days’
study).

The present study is a further attempt in this direction. In
the present study, the effect of 40 days’ chronic oral treatment
with ethanolic extract of E. ribes (100 mg/kg and 200 mg/kg)
on the basal level of some key serum and tissue antioxidants
was investigated in streptozotocin-induced oxidative damage
in rats.

2. MATERIAL AND METHODS

2.1. Preparation of the extract

Dried E. ribes fruits, 200 g, were purchased locally from a gro-
cery shop in New Delhi (in India, it is commonly available)
and authenticated by Dr. M. P. Sharma, Taxonomist, Depart-
ment of Botany of our Institute. A voucher specimen was re-
tained in the department (UB# 04).

The fruits were Soxhlet extracted with 90% ethanol for 72
hours. The solvent was removed under reduced pressure to
give a dried extract, 7.5% yield w/w (with respect to the crude
material), and two doses equivalent to 100 mg and 200 mg
of the crude drug per kilogram body weight were calculated,
and suspended in 1%v/v tween 80 solution for the experi-
ment.

2.2. Experimental induction of diabetes

The study was approved by Institutional Animal Ethics Com-
mittee (IAEC) (Registration no. and Date of Registration:
173/CPCSEA (Committee for the Purpose of Control and
Supervision of Experiments on Animals), Government of In-
dia, dated 28th January, 2000).

Wistar rats of either sex (150 to 200 g) were obtained
from the central animal house facility of Hamdard Univer-
sity, New Delhi. They were maintained under standard labo-
ratory conditions at 25± 2◦C, relative humidity (50± 15%)
and normal photoperiod (12-hour light-dark cycle) were
used for the experiment. Commercial pellet diet (MFD, by
Nav Maharastra Chakan Oil Mills Ltd., New Delhi, India)
and water were provided ad libitum.

After fasting 18 hours, the rats were injected intra-
venously through tail vein with a single dose of 40 mg/kg
STZ (Sigma, St. Louis, Mo, USA), freshly dissolved in cit-
rate buffer (pH 4.5). After injection, the rats had free access
to food and water and were given 5% glucose solution to
drink overnight to counter hypoglycaemic shock. Diabetes
in rats were observed by moderate polydipsia and marked
polyuria.

After 3 days, the fasting blood glucose levels were deter-
mined by orthotoluidine method [17]. The rats showing fast-
ing blood glucose more than 200 mg/dL were considered di-
abetic and were selected for the experimentation [18].

2.3. Experimental design

Normal and diabetic rats (n = 10 each) were randomly di-
vided into 5 groups of 10 rats each as follows:

(I) group 1: control rats given 1 mL of vehicle (1% tween
80) alone for 40 days;

(II) group 2: pathogenic diabetic rats (STZ treated only);
(III) group 3: STZ + ethanolic E. ribes extract treated

(100 mg/kg);
(IV) group 4: STZ + ethanolic E. ribes extract treated

(200 mg/kg);
(V) group 5: STZ + gliclazide treated (25 mg/kg), a refer-

ence drug.

The test drug and reference standard drugs were fed
orally for 40 days. Groups 1 and 2 rats received 1% tween
80 solution orally once a day for 40 days.

The experiment was terminated at the end of 40 days and
the animals were fasted overnight.

2.4. Blood collection and biochemical
estimations in serum

On 41st day, fasting blood samples were collected from the
tail vein of all the groups of rats. Whole blood was col-
lected for estimation of blood glucose [17], glycosylated
hemoglobin (HbA1C) [19], and glutathione [20] levels.

Serum was separated for estimation of specific serum
marker enzymes, namely, lactate dehydrogenase (LDH) [21,
22] and creatine kinase (CK) [23]. STZ-induced oxidative
stress in diabetes is also a predictor of cardiac damage. Since
LDH and CK are specific cardiac marker enzymes, increased
serum LDH and CK levels were considered as marker of ox-
idative stress-induced cardiac damage.

2.5. Biochemical estimation in pancreatic tissue

After blood collection, all the animals were sacrificed and
pancreas was dissected out. Tissue was washed with ice-
cold saline, weighed and minced; 10% homogenate was
prepared in 0.15 M ice-cold KCl for TBARS (thiobarbi-
turic acid-reactive substances), a marker for lipid per-
oxidation [24] and protein estimation [25]; in 0.02 M
EDTA for glutathione estimation [26]; and in phosphate
buffer (pH 7.4) for superoxide dismutase (SOD) [27]
and catalase estimations [28] using a Teflon tissue ho-
mogenizer. Decrease in levels of endogenous antioxidants
with rise in TBARS levels was considered as oxidative
stress.

2.6. Histological section of the pancreas

Pancreatic tissue was fixed in 10% formalin, routinely pro-
cessed and embedded in paraffin wax. Paraffin sections
(5 μm) were cut on glass slides and stained with hematoxylin
and eosin (H and E) and were examined under a light micro-
scope by a pathologist blinded to the groups studied.
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Table 1: Effect of ethanolic extract of Embelia ribes (ER) on whole blood glucose, whole blood glycosylated hemoglobin (HbA1c), blood
glutathione (GSH), serum creatine kinase (CK), serum lactate dehydrogenase (LDH) in albino rats (n = 8).

Groups
Parameters

Blood glucose
(mg/dL)

Whole blood
HbA1c(%)

Blood GSH (mg/dL) Serum CK (IU/L) Serum LDH (IU/L)

I (Normal healthy control) 69.3± 0.78 5.055± 0.249 3.205± 0.074 60.74± 3.1 191.11± 7.40

II (STZ treated, i.e.,
pathogenic control)

344± 11.34∗ 18.50± 0.611∗ 1.115± 0.077∗ 235.35± 4.81∗ 477.17± 34.86∗

III (STZ ± ER-100 mg/kg) 104.7± 1.84# 13.58± 0.239# 2.69± 0.2205# 183.13± 7.9# 375.5± 23.92@

IV (STZ ± ER-200 mg/kg) 87.7± 1.84# 11.62± 0.554# 4.147± 0.225# 71.85± 84# 273.84± 26.47#

V (STZ ± gliclazide-25 mg/kg) 79.05± 1.261# 8.81± 0.647# 2.082± 0.336 79.84± 4.42# 315.0± 0.31#

∗P < .01, as compared to group I (ANOVA followed by Dunnett’s t test).
#P < .01, as compared to group II (ANOVA followed by Dunnett’s t test).
@P < .05, as compared to group I (ANOVA followed by Dunnett’s t test).

Table 2: Effect of ethanolic extract of Embelia ribes (ER) on lipid peroxides (TBARS), catalase (CAT), superoxide dismutase (SOD), and
glutathione (GSH) levels in pancreatic tissue of albino rats (n = 8).

Groups
Parameters

TBARS (nmol
MDA/mg protein)

SOD (IU/mg
protein)

CAT (nmol H2O2-consumed/
min/mg protein)

GSH (μmol of phosphorus
liberated/min/mg protein)

I (Normal healthy control) 0.469 + 0.046 3.92 + 0.075 4.80 + 0.089 56.26 + 2.860

II (STZ treated, i.e.,
pathogenic control)

6.802 + 0.895∗ 0.162 + 0.030∗ 0.323 + 0.010∗ 17.35 + 5.020

III (STZ ± ER-100 mg/kg) 3.78 + 0.833# 3.937 + 0.263# 2.767 + 0.770 34.20 + 3.500@

IV (STZ ± ER-200 mg/kg) 0.488 + 0.065# 2.236 + 0.066# 4.67 + 0.901# 39.20 + 1.070#

V (STZ ± gliclazide-25 mg/kg) 2.159 + 0.401# 3.62 + 0.475# 4.66 + 1.320# 46.1 + 2.400#

∗P < .01, as compared to group I (ANOVA followed by Dunnett’s t test).
#P < .01, as compared to group II (ANOVA followed by Dunnett’s t test).
@P < .05, as compared to group I (ANOVA followed by Dunnett’s t test).

2.7. Statistical analysis

Statistical analysis was carried out using GraphPad Prism
3.0 (GraphPad software: San Diego, Calif). All data were ex-
pressed as mean± SEM. Groups of data were compared with
an analysis of variance followed by Dunnett’s t test. Values
were considered statistically significant, when P < .01.

3. RESULTS

Table 1 shows the levels of blood glucose and glycated
hemoglobin in normal and experimental rats. The levels of
glucose and glycated hemoglobin were elevated significantly
in the group 2 diabetic control rats. After treatment with
ethanolic extract of E. ribes, the levels of glucose and glycated
hemoglobin were significantly lowered in both doses. Fur-
ther, Table 1 shows the levels of serum marker antioxidant
enzymes (LDH, CK and glutathione). The levels of blood
glutathione in diabetic rats (group II) were significantly low-
ered (P < .01) when compared with those in normal control
rats of group 1. Treatment with ethanolic E. ribes (100 mg/kg
and 200 mg/kg) for 40 days significantly restored the blood

GSH levels as compared to group II rats. Gliclazide treatment
did not show any significant increase in blood GSH levels
when compared to group 2.

Furthermore, the levels of other marker enzymes, that
is, LDH and CK were significantly increased in group 2 di-
abetic rats. However, the test drug treatment for 40 days
significantly reduced the levels of LDH (P < .05 with
100 mg/kg, i.e., group 3; P < .01 with 200 mg/kg, i.e., group
4) when compared to pathogenic diabetic rats.

Similarly, the administration of ethanolic extract of E.
ribes significantly reduced (P < .01) the serum CK levels in
both doses when compared to pathogenic diabetic control
rats and the results were comparable to gliclazide treatment
(group 5).

Table 2 presents the activities of the antioxidant en-
zymes in the pancreatic tissues in the control as well test
drug-treated animals. Significant reduction in the activity
of SOD in pancreas of diabetic animals (group 2) was
observed in comparison to normal rats, that is, group 1.
Diabetic rats treated with ethanolic extract of E. ribes
(100 mg/kg and 200 mg/kg) showed normal enzymatic
activity.
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Catalase activity was significantly (P < .01) decreased in
diabetic animals as compared to normal control rats, that is,
group 1. The levels were significantly (P < .01) increased
with ethanolic extract of E. ribes (in a dose of 200 mg/kg).

Total glutathione activity was reduced by 69.13% in pan-
creatic tissue of diabetic rats as compared to normal con-
trol animals. The levels were significantly (P < .01) in-
creased with ethanolic extract of Embelia ribes (in a dose of
200 mg/kg).

3.1. Histopathological examination

Figures 1–5 depict the islet cells of the pancreas of rat in dif-
ferent groups. Figure 1 shows globules of acini with normal
islet cells. The atrophy of islets cells with inflammatory infil-
trate with edema was observed in group 2 diabetic rats when
compared to group 1 control rats. Treatment of diabetic rats
with the test drug in group 3 showed islet cells with congested
acinis. However, group 4 treatment showed normal pancre-
atic cells, and gliclazide treatment in group 5 showed moder-
ate expansion of islets cells.

4. DISCUSSION

The islet β-cells are susceptible to damage caused by oxygen-
free radicals [29] since the antioxidant defense system is
weak under diabetic condition [30]. The levels of antiox-
idant defense system are altered in STZ-induced diabetic
rats, which is in good correlation with the present obser-
vation [31]. Nonprotein thiols like glutathione are one of
the important primary defenses that counteract the oxida-
tive stress. We observed lower levels of serum glutathione in
STZ diabetic rats, which is in consistent with earlier reports
[31, 32]. The observed decrease may be due to utilization
of nonprotein thiols by increased oxygen-free radicals pro-
duced in hyperglycemic conditions associated with diabetes
mellitus.

Increased serum CPK and LDH levels in diabetic rats in-
dicate cardiac muscular damage [33]. Similar increase in the
activity of these two enzymes in serum of the STZ diabetic
rats was observed in the present study. The quantity of en-
zyme released from the damaged tissue is a measure of the
number of necrotic cells [34].

Further, STZ-treatment in animals decreased the ac-
tivity of marker enzymes in pancreatic tissue. SOD is an
important defense enzyme which catalyzes the dismutation
of superoxide radicals [35]. Catalase is a hemoprotein which
catalyzes the reduction of hydrogen peroxides and protects
the tissues from highly reactive hydroxyl radicals [36]. There-
fore, reduction in the activity of these enzymes (SOD, CAT)
results in a number of deleterious effects due to the accu-
mulation of superoxide anion radicals and hydrogen perox-
ides. Lipid peroxidation is one of the characteristic features of
chronic diabetes [37]. In the present study, a marked increase
in the concentration of TBARS was observed in the pancre-
atic tissue of diabetic rats. Higher levels of lipid peroxides
and low SOD and CAT activity indicate an oxidative stress
condition.

Figure 1: Typical photomicrograph of the pancreas of normal con-
trol rats (group 1), H and E × 10 shows normal islets.

Figure 2: Typical photomicrograph of the pancreas of pathogenic
diabetic (STZ only) control rats (group 2), H and E × 10 shows
shrunken islets.

Figure 3: Typical photomicrograph of the pancreas of STZ + Em-
belia ribes (100 mg/kg) treated rats (group 3), H and E × 10 shows
congested acinis.

Figure 4: Typical photomicrograph of the pancreas of STZ + Em-
belia ribes (200 mg/kg) treated rats (group 4), H and E × 10 shows
normal pancreatic islets.
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Figure 5: Typical photomicrograph of the pancreas of STZ +
gliclazide-treated rats (group 5), H and E × 10 shows moderate ex-
pansion of islets.

The ethanolic extract of Embelia ribes produced a marked
decrease in blood glucose levels at 100 mg/kg and 200 mg/kg
body weight in STZ-diabetic rats after 40 days treatment. The
antidiabetic effect of Embelia ribes may be due to increased
release of insulin from the existing β-cells of pancreas similar
to that observed after gliclazide administration.

Treatment of diabetic rats with the ethanolic extract of
Embelia ribes significantly increased the levels of nonprotein
thiols in serum as well as in pancreatic tissues of rats as com-
pared to pathogenic diabetic rats. It has been reported by
Sreepriya and Bali [38] while studying liver cancer protect-
ing effect of Embelin, a constituent of Embelia ribes in rats,
that Embelin significantly scavenges free radicals; and re-
sulting in hepatic glutathione antioxidant defense decreases
lipid peroxidation and minimizes the histological (liver) al-
terations induced by N-nitrosodiethylamine (200 mg/kg, sin-
gle intraperitoneal (IP) injection) and phenobarbital (0.05%
in drinking water) fed orally for 13 weeks [38]. In our study,
we also observed significant (P < .01) increase in levels of
blood glutathione, as well as pancreatic levels of glutathione
in diabetic rats when treated with ethanolic extracts of Em-
belia ribes. Further, the activities of SOD and CAT were also
increased in the pancreatic tissues of test drug-treated dia-
betic animals. The antioxidant activity of the test drug might
have been due to the inhibition of glycation of the antioxi-
dant enzymes SOD and CAT. Glucose which forms Schiff ’s
base with proteins has been reported to have high affinity
for proteins especially those containing transition metal ions
[39]. Increased glycated Cu-Zn-SOD has been reported in di-
abetes. A study on curcumin (active principle of rhizome of
Curcuma longa) has shown that curcumin inhibits advanced
glycation end products in STZ diabetes in rats [40]. In the
present study too, we observed a decrease in the glycated
hemoglobin in rats treated with the ethanolic extract of Em-
belia ribes which is not reported earlier. Since the level of gly-
cosylated hemoglobin has been shown to provide an index of
blood glucose concentration during the previous 1-2-month
period, it is being used increasingly in the clinical manage-
ment of diabetes [41].

Furthermore, there was a significant attenuation of
serum LDH and creatine kinase levels with the test drug
treatment indicating the cardioprotective effect of ethanolic
extract of Embelia ribes.

In the Embelia ribes 200 mg/kg dose, significant protec-
tion against STZ-induced oxidative stress was observed. The
treatment showed normal pancreatic β-cells (Figure 4). The
protection might have been mediated through an Embelia
ribes-induced increase in basal pancreatic SOD and catalase
activities.

Hence, we conclude that the ethanolic extract of Embe-
lia ribes offers protection of β-cells against reactive oxygen
species-mediated damage by enhancing cellular antioxidant
defense and reducing hyperglycaemia in chemically induced
diabetes.
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[7] Y. Tajiri, C. Möller, and V. Grill, “Long term effects of
aminoguanidine on insulin release and biosynthesis: evidence
that the formation of advanced glycosylation end products in-
hibits β cell function,” Endocrinology, vol. 138, no. 1, pp. 273–
280, 1997.

[8] M. Kawamura, J. W. Heinecke, and A. Chait, “Pathophysiolog-
ical concentrations of glucose promote oxidative modification
of low density lipoprotein by a superoxide-dependent path-
way,” Journal of Clinical Investigation, vol. 94, no. 2, pp. 771–
778, 1994.

[9] M. Hicks, L. Delbridge, D. K. Yue, and T. S. Reeve, “Increase
in crosslinking of nonenzymatically glycosylated collagen in-
duced by products of lipid peroxidation,” Archives of Biochem-
istry and Biophysics, vol. 268, no. 1, pp. 249–254, 1989.

[10] M. Tiedge, S. Lortz, J. Drinkgern, and S. Lenzen, “Relation be-
tween antioxidant enzyme gene expression and antioxidative
defense status of insulin-producing cells,” Diabetes, vol. 46,
no. 11, pp. 1733–1742, 1997.

[11] M. S. Akhtar and M. R. Ali, “Study of anti diabetic effect
of a compound medicinal plant prescription in normal and
diabetic rabbits,” Journal of the Pakistan Medical Association,
vol. 34, no. 8, pp. 239–244, 1984.



6 Experimental Diabetes Research

[12] P. Hördegen, J. Cabaret, H. Hertzberg, W. Langhans, and V.
Maurer, “In vitro screening of six anthelmintic plant products
against larval Haemonchus contortus with a modified methyl-
thiazolyl-tetrazolium reduction assay,” Journal of Ethnophar-
macology, vol. 108, no. 1, pp. 85–89, 2006.

[13] V. N. Pandey, in Pharmacological Investigation of Cer-
tain Medicinal Plants and Compound Formulations Used in
Ayurveda and Siddha, pp. 370–376, Central Council for Re-
search in Ayurveda and Siddha, Yugantar Press, New Delhi,
India, 1st edition, 1996.

[14] M. R. Vaidya Arya, “Sthaulya Cikitsa (treatment of obesity),”
in A Compendium of Ayurvedic Medicine, Principles and Prac-
tice, pp. 335–339, Sri Satyaguru Publication. A division of In-
dian Book Centre, New Delhi, India, 1999.

[15] S. N. Tripathi, “Screening of hypoglycemic action in certain
indigenous drugs,” Journal of Research in Indian Medicine, Yoga
and Homeopathy, vol. 14, pp. 159–169, 1979.

[16] U. Bhandari, R. Kanojia, and K. K. Pillai, “Effect of ethanolic
extract of Embelia ribes on dyslipidemia in diabetic rats,” In-
ternational Journal of Experimental Diabetes Research, vol. 3,
no. 3, pp. 159–162, 2002.

[17] A. Hyavarina and E. Nikkita, “Specific determination of blood
glucose with ortho-toluidine,” Clinica Chimica Acta, vol. 7, pp.
140–143, 1962.

[18] X.-F. Zhang and B. K.-H. Tan, “Antihyperglycaemic and anti-
oxidant properties of Andrographis paniculata in normal and
diabetic rats,” Clinical and Experimental Pharmacology and
Physiology, vol. 27, no. 5-6, pp. 358–363, 2000.

[19] L. A. Trivalli, P. H. Ranney, and H. T. Lai, “Glycated
haemoglobin estimation,” The New England Journal of
Medicine, vol. 284, pp. 353–354, 1971.

[20] E. Beutler, O. Duron, and B. M. Kelly, “Improved method for
the determination of blood glutathione,” The Journal of Labo-
ratory and Clinical Medicine, vol. 61, pp. 882–888, 1963.

[21] H. U. Bergmeyer and E. Bernt, “Lactate dehydrogenase UV-
assay with pyruvate kinase and NADH,” in Methods of Enzy-
matic Analysis, H. U. Bergmeyer, Ed., pp. 574–579, Acadmic
Press, London, UK, 2nd edition, 1974.

[22] S. R. Lum and G. Gambino, “A comparision of serum as hep-
arinised plasma for routine chemistry tests,” American Journal
of Clinical Pathology, vol. 61, pp. 108–112, 1974.

[23] C. G. Guglielmo, T. Piersma, and T. D. Williams, “A sport-
physiological perspective on bird migration: evidence for
flight-induced muscle damage,” The Journal of Experimental
Biology, vol. 204, no. 15, pp. 2683–2690, 2001.

[24] H. Ohkawa, N. Ohishi, and K. Yagi, “Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction,” Analytical
Biochemistry, vol. 95, no. 2, pp. 351–358, 1979.

[25] O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J. Ran-
dall, “Protein measurement with the folin phenol reagent,”
The Journal of Biological Chemistry, vol. 193, no. 1, pp. 265–
275, 1951.

[26] J. Sedlak and R. H. Lindsay, “Estimation of total, protein-
bound, and nonprotein sulfhydryl groups in tissue with Ell-
man’s reagent,” Analytical Biochemistry, vol. 25, no. 1, pp. 192–
205, 1968.

[27] S. L. Marklund, “Pyrogallol oxidation,” in Handbook of Meth-
ods for Oxygen Radical Research, R. Greenwald, Ed., pp. 243–
247, CRC Press, Boca Raton, Fla, USA, 1985.

[28] A. Clairborne, “Catalase activity,” in Handbook of Methods
for Oxygen Radical Research, R. Greenwald, Ed., pp. 283–284,
CRC Press, Boca Raton, Fla, USA, 1985.

[29] K. C. Gorray, D. Sorresso, S. A. Moak, J. Maimon, R. A.
Greenwald, and B. S. Schneider, “Comparison of superoxide

dismutase activities in isolated rat and guinea pig islets of
Langerhans,” Hormone and Metabolic Research, vol. 25, no. 12,
pp. 649–650, 1993.

[30] K. Grankvist, S. Marklund, and I. B. Taljedal, “Superoxide
dismutase is a prophylactic against alloxan diabetes,” Nature,
vol. 294, no. 5837, pp. 158–160, 1981.

[31] P. S. M. Prince and V. P. Menon, “Effect of Syzigium cumini
in plasma antioxidants on alloxan-induced diabetes in rats,”
Journal of Clinical Biochemistry and Nutrition, vol. 25, no. 2,
pp. 81–86, 1998.

[32] S.-H. Ihm, H. J. Yoo, S. W. Park, and J. H. Ihm, “Effect
of aminoguanidine on lipid peroxidation in streptozotocin-
induced diabetic rats,” Metabolism, vol. 48, no. 9, pp. 1141–
1145, 1999.

[33] H. H. Hagar, “Folic acid and vitamin B12 supplementation
attenuates isoprenaline-induced myocardial infarction in ex-
perimental hyperhomocysteinemic rats,” Pharmacological Re-
search, vol. 46, no. 3, pp. 213–219, 2002.

[34] T. S. Manjula, A. Geetha, and C. S. Devi, “Effect of aspirin on
isoproterenol induced myocardial infarction—a pilot study,”
Indian Journal of Biochemistry and Biophysics, vol. 29, no. 4,
pp. 378–379, 1992.

[35] J. M. McCord, B. B. Keele Jr., and I. Fridovich, “An enzyme-
based theory of obligate anaerobiosis: the physiological func-
tion of superoxide dismutase,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 68,
no. 5, pp. 1024–1027, 1971.

[36] R. N. Chopra, I. C. Chopra, K. L. Handa, and L. D. Kapur,
“Medicinal plants in diabetes,” in Indegenous Drugs of India,
P. Gupta, Ed., pp. 314–319, Dhur and Sons, Calcutta, India,
2nd edition, 1958.

[37] M. A. Satheesh and L. Pari, “Antioxidant effect of Boehavia
diffusa L. in tissues of alloxau - induced diabetic rats,” Indian
Journal of Experimental Biology, vol. 42, pp. 982–992, 2004.

[38] M. Sreepriya and G. Bali, “Effects of administration of
Embelin and Curcumin on lipid peroxidation, hepatic
glutathione antioxidant defense and hematopoietic system
during N-nitrosodiethylamine/phenobarbital-induced hepa-
tocarcinogenesis in Wistar rats,” Molecular and Cellular Bio-
chemistry, vol. 284, no. 1-2, pp. 49–55, 2006.

[39] G. B. Sajithlal, P. Chithra, and G. Chandrakasan, “Effect of cur-
cumin on the advanced glycation and cross-linking of collagen
in diabetic rats,” Biochemical Pharmacology, vol. 56, no. 12, pp.
1607–1614, 1998.

[40] N. Taniguchi, H. Kaneto, M. Asahi, et al., “Involvement of gly-
cation and oxidative stress in diabetic macroangiopathy,” Dia-
betes, vol. 45, supplement 3, pp. S81–S83, 1996.

[41] M. J. Haller, M. S. Stalvey, and J. H. Silverstein, “Predictors
of control of diabetes: monitoring may be the key,” Journal of
Pediatrics, vol. 144, no. 5, pp. 660–661, 2004.

AUTHOR CONTACT INFORMATION

Uma Bhandari: Department of Pharmacology, Faculty of Phar-
macy, Hamdard University, New Delhi 110062, India; uma bora@
hotmail.com

Neeti Jain: Department of Pharmacology, Faculty of Pharmacy,
Hamdard University, New Delhi 110062, India; neeetijain1@rediff-
mail.com

K. K. Pillai: Department of Pharmacology, Faculty of Pharmacy,
Hamdard University, New Delhi 110062, India; kkpillai20101950@
rediffmail.com

mailto:uma_bora@hotmail.com
mailto:uma_bora@hotmail.com
mailto:neeetijain1@rediffmail.com
mailto:neeetijain1@rediffmail.com
mailto:kkpillai20101950@rediffmail.com
mailto:kkpillai20101950@rediffmail.com

	Introduction
	MATERIAL AND METHODS
	Preparation of the extract
	Experimental induction of diabetes
	Experimental design
	Blood collection and biochemicalestimations in serum
	Biochemical estimation in pancreatic tissue
	Histological section of the pancreas
	Statistical analysis

	RESULTS
	Histopathological examination

	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES
	Author Contact Information

