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O R I G I N A L  A R T I C L E

INTRODUCTION

Diabetes mellitus (DM) is a heterogeneous metabolic 
disorder with alterations in carbohydrate, lipid and protein 
metabolism.[1] It results from shortage or lack of  insulin 
secretion or reduced sensitivity of  tissue to insulin, leading 
to overt hyperglycemia. Hyperglycemia-induced oxidative 
stress is a crucial etiological factor implicated in DM.[2] Based 
on growing interest in free-radical biology and the lack of  
effective therapy, the usefulness of  antioxidants in delaying 
DM-induced complications has been proposed. The 
antioxidants may mediate their effect by directly quenching 
ROS induced by streptozotocin (STZ) exposure or by 
chelating the catalytic metal ions responsible for initiating 
peroxidation reaction.[3] Several synthetic antioxidants, 
for example, butylated hydroxyl anisole and butylated 
hydroxyl toluene are available for commercial use, but 

safety is a major issue associated with these antioxidants.[4]  
Therefore, natural plant-based antioxidants hold the 
promise for protection against the toxic oxidizing agent.[5,6]  
A large number of  aromatic, spice and medicinal plants 
with antioxidant properties have been reported. Several 
studies carried out on some of  these plants have resulted 
in the development of  natural antioxidant formulations 
for food, cosmetic and other applications.[7,8]

Cassia sophera (CS) is a medicinally important plant 
belonging to family Caesalpiniaceae. Known as ‘Kasondi’, 
in ‘Hindi,’ the plant is an important drug used in Ayurvedic 
and Unani medicine. The plant is used as blood purifier, 
carminative, purgative, digestive and diaphoretic, as well 
as for treatment of  epilepsy, ascites, skin disorders, piles, 
jaundice, fever, articular pain and palpitation.[9,10] The plant 
is used as expectorant in asthma, inflammatory diseases, 
psoriasis, cough, arthritis, diabetes and convulsions of  
children, and as remedy for various skin aliments in folk 
medicine.[11] Recently the antidiabetic potential of  the plant 
has also been reported.[12] Although the mechanism of  
antidiabetic action of  CS or any of  its phytochemical is not 
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known, it may be partly due to an antioxidant mechanism 
and protection of  pancreatic cells. Hence the present 
study was planned to evaluate the antioxidant potential 
of  Aqueous Extract of  CS (AECS) in the liver, kidney, 
pancreas and testis of  diabetic Wistar rats. Liver and kidney 
function tests were also performed form serum to assess 
the possible protective role of  AECS in STZ-induced 
pancreatic damage and toxicity caused by hyperglycemia.

MATERIALS AND METHODS

Plant material
Dried seeds of  CS were obtained from local herbalists 
and authenticated with the help of  experts in Department 
of  Botany, Bundelkhand University, Jhansi. The seed 
sample was preserved in Department of  Biomedical 
Sciences, Bundelkhand University, under accession number  
BU/BMS/VS/2010/04. 

Animals
Wistar rats, weighing about 150–200 g, obtained from 
Indian Institute of  Toxicology Research, Lucknow, were 
reared in the animal house of  Bundelkhand University. 
The animals were kept for acclimatization for 15 days 
in the animal house at an ambient temperature of  25°C 
and 45–55% relative humidity, with 12-h dark and light 
cycles, and were fed pelleted diet and water ad libitum. The 
animal experimental protocols were in accordance with 
the recommendations of  the institutional animal ethical 
committee (BU/Pharma/IAEC/10/029).

Chemicals
Alkaline phosphate (ALP), aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), urea and creatinine 
were estimated by a Euro Diagnostics kit, Chennai, India 
and bilirubin by a Crest Biosystems kit, Chennai, India. 
All other biochemical estimations were performed using 
chemicals and reagents of  high purity.

Preparation of seed extract of CS
The dried seeds of  CS were pulverized in a grinder to obtain 
a coarse powder. A 100-g weight of  the powder was soaked 
overnight in 400 ml distilled water at room temperature with 
constant stirring using a mechanical stirrer. The extract was 
filtered with Whatman filter paper no. 01 and centrifuged at 
5000 rpm for 10 min to remove any residual material. The 
supernatant was lyophilized to obtain AECS.

Induction of diabetes
Diabetes was induced by a single intra-peritoneal injection 
of  a freshly prepared solution of  STZ (75 mg/kgbw, 
in 0.1 M citrate-buffered saline, pH 4.5). Fasting blood 
glucose was measured form the tail vein after 1 week for 
assessment of  the diabetic state of  the animals. Rats with 

a fasting blood glucose level of  approximately 250 mg/dl 
were used in this study.

Treatment schedule
Twenty-four rats were divided into four groups of  six each 
and treated with AECS (200 mg/kgbw) and the standard 
antidiabetic drug glibenclamide (10 mg/kgbw) for 28 
days as per given treatment schedule [Table 1]. AECS 
and glibenclamide were dissolved in distilled water and 
administered orally by gavaging.

Collection and processing of blood and tissue samples
After the 28th day (at the end of  the study) of  the treatment, 
the overnight fasted rats were sacrificed under mild ether 
anesthesia and blood was collected by heart puncture in 
vials for serum isolation for performing various liver and 
kidney function tests. The liver; kidneys; pancreas and testis 
were removed, washed with ice-cold saline, homogenized 
and used for biochemical estimations.

Liver function tests
ALP, AST and ALT were estimated by a Euro Diagnostics 
kit. Bilirubin was estimated by a Crest Biosystems kit.

Kidney function tests
Urea and creatinine estimation were estimated by the Euro 
Diagnostics kit methods.

Preparation of tissue homogenate
Tissues were homogenized with 10 times (w/v) 
homogenizing buffer (0.1 M phosphate buffer, pH 7.4 + 
150 mM KCl) and designated as 10% homogenate. Part 
of  the 10% homogenate was used for lipid peroxidation 
(LPO) and reduced glutathione (GSH) estimation, and the 
remaining part was centrifuged at 9000 rpm for 20 min  
to get a supernatant (S). The ‘S’ was used for enzyme 
estimations.

Biochemical and enzyme estimation
LPO was estimated by the method of  Ohkawa et al;[13] 
activity of  superoxide dismutase (SOD) was assayed by the 
method of  Kakkar et al;[14] catalase (CAT) was assayed by 
the method of  Sinha;[15] activity of  glutathione peroxidase 
(GPx) was estimated by the method of  Rotruck et al;[16] 
glutathione-S-transferase (GST) was estimated by the 
method of  Habig et al.;[17] glutathione reductase (GR) was 
estimated by the method of  by Calberg and Mannervik;[18] 
and GSH was assayed by the method of  Ellman.[19] Protein 

Table 1: Treatment schedule
Group A Control
Group B Untreated diabetic
Group C Glibenclamide-treated
Group D AECS–treated
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content in tissue homogenate was measured by the method 
of  Lowry et al.[20]

Statistical analysis
Results were expressed as mean ± SD. Data were subjected 
to one-way analysis of  variance. The treatment groups were 
compared with a control group using Dunnett’s test. All 
statistics were carried out using GraphPad InStat (v.3.06; 
GraphPad Software Inc., San Diego, CA, USA).

RESULTS

Liver function tests
Significant (P < 0.01) increase in ALP (51.32%), AST 
(74.73%), ALT (63.66%) and bilirubin (299.33%) was 
observed in the serum of  diabetic rats as compared with 
the control. Treatment of  diabetic rats with AECS resulted 
in a significant (P < 0.05) decrease in the activity of  ALP 
(33.49%) and bilirubin (57.85%), and a non-significant  
(P > 0.05) decrease in AST (40.11%) and ALT (38.36%) 
when compared with the diabetic control. Treatment 
of  diabetic rats with glibenclamide caused a significant 
(P < 0.05) reduction in the activity of  ALP, AST and 
ALT (33.38%, 38.85% and 37.97%, respectively), and a 
significant (P < 0.01) decrease in bilirubin (49.58%) as 
compared with the diabetic control [Table 2].

Kidney function test
Diabetic rats showed a significant increase (P < 0.01) in 
creatinine and urea (57.26%, 41.49%, respectively) as compared 
with the control. AECS treatment showed a non-significant  
(P > 0.05) decrease in creatinine (31.25%) and a significant 
(P < 0.05) decrease in urea (27.90%), whereas glibenclamide 
treatment showed a significant decrease (P < 0.05) in the 
level of  creatinine and urea (29.21%, 27.68% respectively) 
as compared with the untreated diabetic control [Table 3].

Lipid peroxidation
Diabetic rats showed a significant increase (P < 0.01) in the 
concentration of  LPO in different organs (liver 166.6%, 
kidney 84.5%, pancreas 271.2%, testis 188.4%) as compared 
with the control. Treatment of  diabetic rats with AECS 
significantly (P < 0.05) decreased LPO level in liver (57.19%) 
and kidney (44.17%), highly significant decreased (P < 0.01)  
the same in pancreas (45.88%), and non-significantly 

decrease (P > 0.05) it in testis (127.27%) as compared 
with the untreated diabetic control. Glibenclamide-treated 
animals showed a significant decrease (P < 0.01) in liver, 
kidney and pancreas (52.2%, 36.41%, 35.66%, respectively), 
and a non-significant decrease (P > 0.05) in testis (81.81%) 
as compared with the untreated diabetic control [Figure 1].

Enzymatic antioxidants
Various organs of  the diabetic rats showed a significant 
decrease (P < 0.01) in SOD (liver 32.19%, kidney 44.06%, 
pancreas 39.84%, testis 74.83%; Figure 2), CAT (liver 17.24%,  
kidney 28.24%, pancreas 28.34%, testis 18.58%; Figure 3),  
GPx (liver 42.60%, kidney 54.95%, pancreas 61.42%, 
testis 63.69%; Figure 4), GR (liver 90.55%, kidney 87.66%,  
pancreas 55.46%, testis 86.87%; Figure 5) and GST  
(liver 45.74%, kidney 68.29%, pancreas 75.80%, testis 50.94%;  
Figure 6) as compared with the control. Treatment of  
diabetic rats with AECS resulted in a non-significant 
increase (P > 0.05) in SOD in liver (40.32%), and a 
significant increase (P < 0.05) in kidney (72.33%), pancreas 
(58.76%) and testis (269.89%) [Figure 2]. CAT activity was 
non-significantly (P > 0.05) increased in liver and pancreas 
(19.71% and 36.53%), highly significantly (P < 0.01)  
increased in kidney (35.52%) and significantly (P < 0.05) 
increased in testis (19.02%) [Figure 3]. GPx activity was 
significantly increased (P < 0.05) in liver (71.64%) and 
kidney (107.39%), non-significantly (P > 0.05) increased 
in pancreas (155.40%), and highly significant increased 
(P < 0.01) in testis (158.19%) [Figure 4]. GR activity 
was significantly (P < 0.05) increased in liver (896.38%), 
non-significantly (P > 0.05) increased in kidney and testis 
(703.31%, 640.83%), and highly significantly increased 
(P < 0.01) in pancreas (110.34%) [Figure 5]. GST was 
significantly raised (P < 0.05) in liver and pancreas (64.70%, 
293.33%), highly significantly increased (P < 0.01) in kidney 
(153.84%), and non-significantly increased (P > 0.05) in 
testis (96.15%) [Figure 6] as compared with the diabetic 
rats. Glibenclamide-treated animals showed a significant 
increase (P < 0.05) in SOD levels in liver (32.79%), and a 
highly significant increase (P < 0.01) in kidney, pancreas and 
testis (44.06%, 39.84%, 74.83%, respectively) [Figure 2].  
CAT was significantly increased (P < 0.05) in liver and 
pancreas (19.18% and 32.69%), and highly significantly 
raised (P < 0.01) in kidney and testis (35.06% and 15.54%) 
[Figure 3]. GPx showed a highly significant increase (P < 0.01)  

Table 2: Effect of AECS and glibenclamide treatment on liver function markers
Groups ALP (U/l) AST (U/l) ALT (U/l) Bilirubin (mg/dl)
A 45.75 ± 0.20 56.04 ± 0.15 21.80 ± 0.14 0.30 ± 0.01
B 69.23 ± 0.15c 97.92 ± 3.97c 35.68 ± 0.18c 1.21 ± 0.017c

C 46.12 ± 0.19b 59.87 ± 0.97b 22.13 ± 0.18b 0.61 ± 0.014c

D 46.04 ± 0.21b 58.64 ± 1.10a 21.99 ± 0.18a 0.51 ± 0.016c

A - normal control, B - diabetic control, C - glibenclamide-treated, D - AECS-treated. a = p >0.05, b = p <0.05, c = p < 0.01 vs normal control. The data are expressed as mean ± 
SD for six rats each
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in liver, kidney and testis (32.70%, 85.92%, 142.21%, 
respectively), and a significant increase (P < 0.05) in 
pancreas (148.47%) [Figure 4]. GR was highly significantly 
raised (P < 0.01) in liver, pancreas and testis (819.49%, 
97.55%, 615%, respectively), and significantly increased 
(P < 0.05) in kidney (692.89%) [Figure 5]. GST was highly 
significantly increased (P < 0.01) in liver, kidney, pancreas 
(41.17%, 100%, 253.33%, respectively), and significantly 
raised (P < 0.05) in testis (80.76%) [Figure 6] as compared 
with the diabetic rats.

Non-enzymatic antioxidant
Reduced glutathione
Diabetic rats showed a significant reduction (P < 0.01) 
in GSH activity in liver (27.52%), kidney (37.29%), 
pancreas (64.82%) and testis (58.78%) as compared 
with the control. Treatment of  diabetic rats with 
AECS resulted in a non-significant increase (P > 0.05)  
in GSH levels in l iver (40%) and a significant 
increase (P < 0.05) in kidney (54.91%) and pancreas 
(175.89%), and a highly significant increase (P < 0.01)  
in testis (118.18%). Glibenclamide-treated animals 

Figure 2: Effect of AECS on SOD in liver, kidney, pancreas and testis 
A - normal control, B - diabetic control, C - glibenclamide-treated,  
D - AECS-treated. a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal 
control. The data are expressed as mean ± SD for six rats each

Figure 3: Effect of AECS on CAT in liver, kidney, pancreas and testis 
A - normal control, B - diabetic control, C - glibenclamide-treated,  
D - AECS-treated. a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal 
control. The data are expressed as mean ± SD for six rats each

Figure 4: Effect of AECS on GPx in liver, kidney, pancreas and testis 
A - normal control, B - diabetic control, C - glibenclamide-treated,  
D - AECS-treated. a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal 
control. The data are expressed as mean ± SD for six rats each

Figure 5: Effect of AECS on GR in liver, kidney, pancreas and testis 
A - normal control, B - diabetic control, C - glibenclamide-treated,  
D - AECS-treated. a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal 
control. The data are expressed as mean ± SD for six rats each

Figure 6: Effect of AECS on GST in liver, kidney, pancreas and testis 
A - normal control, B - diabetic control, C - glibenclamide-treated,  
D - AECS-treated. a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal 
control. The data are expressed as mean ± SD for six rats each

Figure 1: Effect of AECS on LPO in liver, kidney, pancreas and testis 
A - normal control, B - diabetic control, C - glibenclamide-treated,  
D - AECS-treated. a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal 
control. The data are expressed as mean ± SD for six rats each
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showed a significant increase (P < 0.05) in GSH levels 
in liver (25.16%), and a significant increase (P < 0.01) in 
kidney (37.29%), pancreas (64.82%) and testis (58.78%) as 
compared with the diabetic control [Figure 7].

Protein
Diabetic rats showed a significant decrease (P < 0.01) in 
the concentration of  protein in liver (40.87%), kidney 
(45.62%), pancreas (70.85%) and testis (70.85%) as 
compared with the control. Oral administration of  AECS 
to STZ-induced diabetic rats significantly increased 
protein level (P < 0.05) in liver (54.76%) and pancreas 

(223.95%), and showed a significant increase (P < 0.01) in 
kidney (65.09%), and a non-significant raise (P > 0.05) in 
testis (238.73%). Glibenclamide-treated animals showed a 
significant increase in protein level (P < 0.01) in liver, kidney 
and pancreas (29.58%, 50.98%, 204.79%, respectively), 
and significant increase (P < 0.05) in testis (232.43%) as 
compared to diabetic control [Figure 8].

DISCUSSION

The present study showed the antioxidant effect of  AECS in 
STZ-induced diabetic Wistar rats. STZ is a pancreatic toxin 
that induces diabetes by destroying pancreatic β-cells.[21]  
The cytotoxic effects of  STZ are dependent on DNA 
alkylation by site-specific action with DNA bases and by 
free-radical generation.[22]

In the present study, a significant increase in serum 
ALP was observed after administration of  STZ. The 
increased activity of  this enzyme may be by either STZ- or 
hyperglycemia-induced tissue damage. Rai et al.,[23] reported 
an increase in ALP activity after induction of  diabetes 
with STZ. In the present study, treatment with AECS and 
glibenclamide for 28 days showed a marked decrease in 
serum ALP activity. Decrease in ALP activity has been 
reported in Wattakaka volubilis-treated, alloxan-induced 
diabetic rats.[24] The activities of  serum AST and ALT were 
increased in diabetic rats as compared with their normal 
control. The increase in the activities of  AST and ALT 
in blood may be mainly due to leakage of  these enzymes 
from the hepatocytes into the blood stream,[25] indicating 
a hepatotoxic effect of  STZ. Treatment of  diabetic rats 
with AECS and glibenclamide resulted in a reduction of  
AST and ALT compared with diabetic rats, suggesting a 
protective role of  AECS in STZ-induced liver damage. 
Decrease in transaminases activity has been reported 
earlier on treatment with plant extracts.[26] Bilirubin is a 
breakdown product of  heme. It is a reducing species and 
hence a potential antioxidants. It may provide physiological 
defence against oxidative injury.[27,28] Our study showed an 
increase in the level of  serum bilirubin in diabetic rats as 
compared with the control. Increase in plasma bilirubin 
(hyper-bilirubenimia) may have resulted from decrease of  
liver uptake, conjugation or increased bilirubin production 
from hemolysis.[29] The AECS- and glibenclamide-treated 
rats showed a decrease in serum bilirubin compared with 
the diabetic control. The reduced level of  bilirubin may be 
due to reduced oxidative stress after AECS treatment and 
hepatoprotection. Similar decrease in bilirubin was also 
reported in Citrullus colocynthis administration.[30]

Severe renal damage is observed in DM due to abnormal 
glucose regulation, including elevated glucose and 

Figure 7: Effect of AECS on GSH in liver, kidney, pancreas and testis 
A - normal control, B - diabetic control, C - glibenclamide-treated,  
D - AECS-treated. a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal 
control. The data are expressed as mean ± SD for six rats each

Figure 8: Effect of AECS on protein in liver, kidney, pancreas and testis 
A - normal control, B - diabetic control, C - glibenclamide-treated,  
D - AECS-treated. a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal 
control. The data are expressed as mean ± SD for six rats each

Table 3: Effect of AECS and glibenclamide 
treatment on kidney function markers
Groups Creatinine (mg/dl) Urea (mg/dl)
A 0.468 ± 0.02 18.87 ± 0.10
B 0.736 ± 0.33c 26.70 ± 0.06c

C 0.521 ± 0.02b 19.31 ± 0.34b

D 0.506 ± 0.02a 19.25 ± 0.35b

A - normal control, B - diabetic control, C - glibenclamide-treated, D - AECS-treated. 
a = P > 0.05, b = P < 0.05, c = P < 0.01 vs normal control. The data are expressed as 
mean ± SD for six rats each
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glycosylated protein tissue levels, hemodynamic changes 
within the kidney tissue and increased oxidative stress.[31] 
In the present study, serum urea and creatinine levels were 
increased in untreated diabetic rats as compared with the 
diabetic control group. The level of  creatinine had reduced 
after 28 days of  treatment with AECS and glibenclamide. 
The level of  urea was also reduced on treatment with AECS 
and glibenclamide, compared with the diabetic rats. Our 
findings are in agreement with the result from Sphagneticola 
trilobata,[32] and from leaf  extracts of  Ruellia tuberosa L. and 
Dipteracanthus patulus (Jacq).[33]

Chronic hyperglycemia lowers antioxidant status and 
enhances lipids, inducing oxidative stress. The increase in 
oxygen free radicals in diabetes could be primarily due to 
increase in blood glucose levels, which upon auto-oxidation 
generates free radicals.[34] An elevated level of  lipid peroxides 
in the plasma of  STZ-induced diabetic rats has also been 
reported by Karpen et al.,[35] Insulin secretion is also 
closely associated with lipoxygenase-derived peroxides.[36]  
In the current study, the level of  LPO was increased in the 
liver, kidney, pancreas and testis of  STZ-induced diabetic 
rats. Administration of  AECS and glibenclamide to diabetic 
rats decreased the level of  LPO in these tissues.

SOD and CAT are the two major radical scavenging 
enzymes. SOD is the main enzymatic defence against the 
superoxide anion. This enzyme detoxifies the superoxide 
anion, thus converting it into H2O2 and water. CAT is a 
heme protein that catalyses the reduction of  hydrogen 
peroxides and protects tissues from hydroxyl radicals.[37] 
The activity of  SOD was lowered in diabetic rats, probably 
due to glycation of  the enzyme due to hyperglycemia. 
Kaleem et al.,[38] proposed that decrease in activities 
of  SOD and CAT in both liver and kidney during a 
diabetic state may be due to over-production of  reactive 
oxygen species in diabetic animals.[38] Administration of  
AECS and glibenclamide showed increase in SOD and 
CAT activity in liver, kidney, pancreas and testis. The 
phytochemicals present in AECS may either be scavenging 
the STZ metabolites or may be reducing oxidative stress 
by decreasing blood glucose. Increases in SOD activities 
in liver and kidney with Capparis aphylla,[39] and in pancreas 
by administration of  ellagic acid,[40] have been reported 
earlier. GPx, an enzyme with selenium, works together 
with GST in the metabolism of  H2O2 and organic 
hydroperoxides to non-toxic products at the expense 
of  GSH.[41] Reduced activities of  GPx may result from 
radical-induced inactivation and glycation of  the enzyme.[42]  
Reduced activity of  GPx in the liver, kidney, pancreas 
and testis of  diabetic rats has been observed in this study. 
Administration of  AECS and glibenclamide significantly 
increased GPx activity. Previously, oral administration of  
C. aphylla extracts and glibenclamide to STZ-treated rats 

showed increase in GPx level in liver and kidney.[39] GR is 
an enzyme that reduces glutathione disulfide (GSSG) to 
the sulfhydryl form GSH, which is an important cellular 
antioxidant. Administration of  AECS and glibenclamide 
to diabetic rats significantly increased the level of  GR in 
the liver, kidney, pancreas and testis of  diabetic rats. SOD, 
CAT and GPx are involved in the elimination of  H2O2. 
SOD converts the superoxide radical to H2O2, which is 
then acted upon by CAT and GPx. The functions of  all 
three enzymes are interconnected and a lowering of  their 
activities resulted in the accumulation of  lipid peroxides 
and increased oxidative stress in diabetic rats.

GST plays an important role in the detoxification 
and metabolism of  many xenobiotic and endobiotic 
compounds.[43] GST also has peroxidase and isomerase 
activity. It binds covalently with reactive metabolites formed 
from xenobiotics and non-covalently with lipophilic 
molecules, thereby offering protection against oxidative 
stress.[44] Induction of  diabetes by STZ in this study caused 
reduction in GST activity. The decrease may be due to 
suppression of  the mRNA of  GST by excessive free 
radicals.[45] AECS and glibenclamide treatment showed a 
significant increase in GST in liver, kidney, pancreas and 
testis. Increase in SOD and GST activity has been reported 
earlier by Trigonella foenum-graecum seed powder (TSP) in 
diabetic liver.[46]

Decline in GSH content in the liver, kidney, pancreas 
and testis of  the diabetic rats, and its normalization in 
AECS- and glibenclamide-treated animals, revealed the 
antioxidative potential of  CS. The decrease in GSH in 
diabetic rats may probably be due to its increased utilization 
by hepatocytes in an attempt to counteract the increased 
formation of  lipid peroxides on STZ exposure. GSH is a 
direct scavenger of  free radicals as well as a co-substrate  
for peroxide detoxification by GPx and GST.[6]  
STZ-induced diabetic rats showed a decrease in GSH 
possibly due to the destruction of  pancreatic β-cells by STZ, 
reinforcing the view that STZ induces diabetes through 
generation of  oxygen free radicals. Oral administration of  
AECS and glibenclamide significantly increased the level 
of  GSH in the tissues (liver, kidney, pancreas and testis) 
of  diabetic rats. This indicates that the extract can either 
increase the biosynthesis of  GSH or reduce oxidative 
stress, leading thereby to reduced conjugation of  GSH, 
or have both effects. Increase in GSH levels on treatment 
with Sphagneticola trilobata,[32] Cinnamomum tamala[47] and  
C. aphylla[39] have been reported earlier.

CONCLUSION

In the present study, AECS exhibited significant antioxidant 
activity in STZ-induced diabetic rats. The antidiabetic 
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activity of  AECS reported earlier may be partly due to 
its antioxidant and pancreatic β-cell-protecting activities.
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