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1. Introduction

ABSTRACT

Objective: To investigate the hypoglycemic, hypolipidemic and antioxidant activities of
aqueous extract of Terminalia paniculata bark (AETPB) in streptozotocin (STZ)—induced diabetic
rats. Methods: Acute toxicity was studied in rats after the oral administration of AETPB to
determine the dose to assess hypoglycemic activity. In rats, diabetes was induced by injection
of STZ (60 mg/kg, i.p.) and diabetes was confirmed 72 h after induction, and then allowed for
14 days to stabilize blood glucose level. In diabetic rats, AETPB was orally given for 28 days
and its effect on blood glucose and body weight was determined on a weekly basis. At the
end of the experimental day, fasting blood sample was collected to estimate the haemoglobin
(Hb), glycosylated haemoglobin (HbAlc), serum creatinine, urea, serum glutamate—pyruvate
transaminase (SGPT), serum glutamate—oxaloacetate transaminase (SGOT) and insulin levels.
The liver and kidney were collected to determine antioxidants levels in diabetic rats. Results:
Oral administration of AETPB did not exhibit toxicity and death at a dose of 2000 mg/kg. AETPB
treated diabetic rats significantly (P<0.001, P<0.01 and P<0.05) reduced elevated blood glucose,
HbAlc, creatinine, urea, SGPT and SGOT levels when compared with diabetic control rats. The
body weight, Hb, insulin and total protein levels were significantly (P<0.001, P<0.01 and P<0.05)
increased in diabetic rats treated with AETPB compared to diabetic control rats. In diabetic rats,
AETPB treatment significantly reversed abnormal status of antioxidants and lipid profile levels
towards near normal levels compared to diabetic control rats. Conclusions: Present study results
confirm that AETPB possesses significant hypoglycemic, hypolipidemic and antioxidant activities
in diabetic condition.

complications. Moreover, the alterations of lipoproteins
metabolism are involved to the pathogenesis of the

Diabetes mellitus is an endocrine metabolic disorder
characterized by hyperglycemia, altered lipids,
carbohydrates, proteins metabolism and it increases risk
of cardiovascular diseases complicationsl!l. The two forms
of diabetes, type 1 and 2, differ in their basic mechanisms
of development and in physiologic characteristics such
as associations with obesity, age, and insulin. But, both
types of the diabetes share the common characteristics
of hyperglycemia, microvascular and macrovascular
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cardiovascular disease in both forms of diabetes in a similar
wayl2l. Also, diabetes is usually accompanied by increased
generation of free radicals or impaired antioxidant defenses.
Oxidative stress is also responsible for the development and
progression of diabetes and its complications are reported
by Maritim et all3]. Diabetes has a considerable impact
on the health, life style, life expectancy of patients and
its related complications are major healthcare problems.
Currently, diabetes is controlled by handful of available
drugs such as oral hypoglycemic agents and insulin,
but they have their own limitations. Traditionally, many
herbal medicines and medicinal plants have been used
for the treatment of diabetes as an alternative medicinel4.
Presence of various phytoconstituents in medicinal plants
is thought to act on a different series of targets by multiple
modes and mechanisms. Hence, plants have the potential
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to impart therapeutic effect in complicated disorders like
diabetes and its complicationsl5l. Screening of medicinal
plants is one of the alternative and valid approaches in the
drug development process because they contain diverse
phytoconstituents which may give new drug leads and may
be effective and safe in diabetes. In India, traditionally
numbers of plants are used to manage the diabetic
conditions and their active principles were isolated but few
plants have been scientifically studied.

Terminalia paniculata (T. paniculata) Roth (Combretaceae)
is a large deciduous tree distributed in western and eastern
Ghats, in the semi—evergreen and moist deciduous forests
of India. The bark is astringent, bitter, cooling and useful
in vitiated conditions of kapha and pitta, cough, bronchitis,
strangury, diabetes, skin diseases, leprosy conditionf6l. In
India, it is traditionally used in the treatment of diabetes
and up—to—date literature survey revealed that there is no
scientific documentation to claim its efficacy in diabetes.
Hence, the present investigation was aimed to study the
hypoglycemic, hypolipidemic and free radical scavenging
properties of the aqueous extract of T. paniculata bark
(AETPB) in streptozotocin (STZ)-induced diabetic rats. The
preliminary phytochemical analysis of AETPB showed
the presence of carbohydrate, tannins and phenolic
compoundsl7l.

2. Materials and methods
2.1. Plant material and extraction

T. paniculata Roth. (Combretaceae) bark was collected
from Annaimalai hills, Coimbatore, Tamil Nadu, India.
The specimen was authenticated at Botanical Survey of
India (BSI), Coimbatore (BSI/SRC/5/23/09—10/Tech.—813). The
separated barks were shade dried, powdered and 100 g of
bark powder was soaked in distilled water for 12 h. On the
next day, plant material was boiled for 30 min and filtered.
This aqueous extract was concentrated, transferred to air—
tight glass container and sealed. The container was stored at
(2—8 C) until the completion of pharmacological studies and
yield of the extract was 119 (w/w).

2.2. Experimental animals

Female Wistar rats (150—180 g) were used to assess acute
toxicity and male Wistar rats (150-200 g) were used to evaluate
anti—diabetic activity. All animals were housed in standard
laboratory conditions [temperature (222 ‘C) and humidity
45+5)% with 12 h day: 12 h night cycle]. The standard
laboratory diet was provided to the animals and they were
allowed to drink water ad libitum. Studies were carried out
after the approval of Institutional Animal Ethical Committee
in accordance with institutional ethical guidelines for the
care of laboratory animals of KMCH College of Pharmacy,
Coimbatore, India (approval no. KMCRET/Ph.D/5/09).
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2.3. Chemicals

The estimation of biochemical parameters was carried
out using commercially available kits (Primal Healthcare
Limited, Lab Diagnostic Division, Mumbai, India). STZ and
other chemicals were procured from Himedia Laboratories,
Mumbai, India.

2.4. Acute toxicity study

Acute oral toxicity study was performed as per
Organization for Economic Cooperation and Development
guidelines 423 (acute toxic classic method)8l. After the
oral administration of AETPB (2000 mg/kg), animals were
observed individually at least once during the first 30 min,
periodically during the first 24 h, with special attention given
during the first 4 h, and daily thereafter, they were observed
for a total of 14 days for toxicity determination.

2.5. Induction of experimental diabetes in rats

STZ was dissolved in freshly prepared 0.1 M cold citrate
buffer (pH 4.5) and administered by intraperitoneal route
60 mg/kg) to the overnight fasted ratsl9l. After 6 h of STZ
injection, rats were received 5% dextrose solution for
the next 24 h to prevent STZ induced fatal hypoglycemia
as a result of massive pancreatic insulin release after
its administrationl(10l. Diabetes was confirmed 72 h after
induction by measurement of tail vein blood glucose levels
using glucose meter (Glucocard™ 01-mini, Arkray Factory,
Inc., Japan) by glucose oxidase—peroxidase method using
strips. Diabetic rats were kept 14 days under standard
laboratory condition for the stabilization of blood glucose
levelsl9l. After 14 days induction of diabetes, blood glucose
was again determined and animals with a blood glucose
level greater than 250 mg/dL were selected for the study.

2.6. Experimental design for antidiabetic activity

The rats were divided into five groups with six rats in
each group. Group 1: normal control rats received propylene
glycol (5 mL/kg); group 2: STZ—induced diabetic rats were
treated with propylene glycol (5 mL/kg); group 3: STZ-
induced diabetic rats were treated with AETPB (100 mg/kg);
group 4: STZ-induced diabetic rats were treated with AETPB
(200 mg/kg); group 5: STZ-induced diabetic rats were treated
with glibenclamide (5 mg/kg)11]. The vehicle, AETPB and
glibenclamide were administered orally to its respective
group animals for 28 days. AETPB was dissolved in water and
glibenclamide was suspended in propylene glycol just prior
to the oral administration of dose throughout the treatment
period. The fasting blood glucose level and body weight
were estimated every week (0, 7, 14, 21 and 28 day). At the
end of the fourth week, vehicle, AETPB and glibenclamide
were administered to the overnight fasted animals and after
1 h treatment all animals were anaesthetized with ketamine
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(100 mg/kg, i.p.). Blood sample was collected through
retro—orbital plexus puncture and kept in with or without
disodium ethylene diamine tetra acetate for the biochemical
parameters estimation.

2.7. Estimation of biochemical parameters

The haemoglobin (Hb) and glycosylated haemoglobin
(HbA1c) were estimated using whole blood by commercially
available kits. The serum insulin was determined by
radioimmunoassay method. The serum lipid profiles such
as high density lipoprotein (HDL), total cholesterol (TC)
and triglycerides (TG) were estimated using commercially
available kits. The serum low density lipoprotein (LDL) and
very low density lipoprotein (VLDL) levels were calculated
using Friedewald formula: VLDL = TG / 5; LDL = TC -
(HDL + VLDL). The serum total protein, creatinine, urea,
serum glutamate—pyruvate transaminase (SGPT) and serum
glutamate—oxaloacetate transaminase (SGOT) levels were
analyzed by commercial kits specific for the test. All
above biochemical parameters were estimated using semi—
autoanalyzer (Photometer 5010y,,, Germany).

2.8. Determination of antioxidant levels

In all group animals, liver and kidney were collected
after the scarification and washed immediately with ice
cold saline to remove blood. The antioxidants, superoxide
dismutase (SOD), glutathione peroxidase (GPx), catalase
(CAT), reduced glutathione (GSH) and lipid peroxidation by
measuring thiobarbituric acid reactive substances (TBARS)
were determined in liver and kidneyl12].

2.9. Statistical analysis

Table 1

All the data expressed as mean+SEM were evaluated
by one—way analysis of variance (ANOVA), followed by
Dunnett’s test for multiple comparisons using prism
Graphpad version 5.0 and values of P<0.05 were considered
as statistically significant.

3. Results
3.1. Acute toxicity study

In rats, oral administration of AETPB at a dose of 2000 mg/kg
did not produce any signs of toxicity and no animals were died
up to 14 days. Tt showed that AETPB was nontoxic in rats up
to an oral dose of 2000 mg/kg bw. Therefore, investigation of
hypoglycemic activity was carried out using 100 and 200 mg/kg
dose levels.

3.2. Effect of AETPB on blood glucose and body weight

The blood glucose levels were significantly (P<0.001)
increased after the administration of STZ compared to the
normal control rats. The oral treatment of AETPB 100
and 200 mg/kg and glibenclamide (5 mg/kg) decreased
significantly (P<0.001) blood glucose level of the diabetic rats
compared to diabetic control rats (Table 1). Administration of
STZ significantly (P<0.001) reduced body weight in diabetic
rats compared to normal control rats (Figure 1). In diabetic
rats, treatment of both doses of AETPB and glibenclamide
significantly (P<0.01 and P<0.001) increased body weight
compared to diabetic control rats.

3.3. Effect of AETPB on Hb, HbA Ic and serum insulin levels

Induction of diabetes significantly (£<0.001) increased

Hypoglycemic activity of AETPB in STZ—induced diabetic rats (mean+SEM) (n=6).

Blood glucose (mg/dL)

Treatments Dose (mg/kg) 14 day of STZ injection 1 week 2 week 3 week 4 week
Normal control CMC (5 ml/kg) 56.162.52 65.33+1.78 57.00+1.52 69.332.33 66.16-2.70
Diabetic control CMC (5 ml/kg) 388.83+6.41" 369.67:4.72" 397.83+5.70" 380.67+5.13" 395.50+4.76"
AETPB 100 379.00£8.71" 139.50%3.29" 118.17%3.66" 106.50%2.71" 89.332.84"
AETPB 200 370.8355.95" 157.17+3.73" 129.50+2.37" 114.67+3.78" 97.83%1.70"
Glibenclamide 5 402.00£6.01°" 272.8346.22" 131.67%£3.23 95.83+2.93" 81.33+2.67"

*: P<0.001 diabetic control compared with control group; *: P<0.001 AETPB 100, 200 mg/kg and glibenclamide 5 mg/kg compared with diabetic

control group; CMC: carboxymethylcellulose.

Table 2

Effect of AETPB on Hb, HbA1c, serum insulin in STZ—induced diabetic rats (mean+SEM) (n=6).

Treatments Dose (mg/kg) Hb (g/dL) HbA1c (%) Serum insulin (# [U/mL)
Normal control CMC (5 mL/kg) 14.05-0.20 6.3210.06 2.07+0.04
Diabetic control CMC (5 ml/kg) 7.85+0.22" 11.16£0.31" 0.56%0.01"
AETPB 100 12.87+0.12" 9.73+0.19" 0.820.02"
AETPB 200 13.02:£0.10" 9.880.22° 1.480.04"
Glibenclamide 5 13.60£0.16" 8.23%0.25" 1.910.05"

*: P<0.001 diabetic control compared with control group; *: P<0.001 AETPB 100, 200 mg/kg and glibenclamide 5 mg/kg compared with diabetic
control group; “: P< 0.01 AETPB 200 mg/kg compared with diabetic control group; CMC: carboxymethylcellulose.
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Table 3
Effect of AETPB on serum biochemical parameters in STZ—induced diabetic rats (mean+SEM) (n=6).
Treatments Dose (mg/kg) SGOT (U/L) SGPT (U/L) Total protein (g/dL) Creatinine (mg/dL) Urea (g/dL)
Normal control CMC (5 mL/kg) 150.48+2.01 60.00£1.52 7.95+0.13 0.530.02 38.36+1.11
Diabetic control CMC (5 ml/kg) 256.83+4.38" 164.67+3.86" 6.38+0.12" 0.78%+0.03" 130.23%2.73"
AETPB 100 175.17+2.91" 127.33%2.07" 7.12£0.20° 0.55+0.02" 61.60%1.39"
AETPB 200 163.33£2.36™ 105.00%4.12" 7.010.14' 0.60+0.02" 68.07+2.01"
Glibenclamide 5 156.50+3.23" 90.50+2.10"" 7.73+0.15" 0.510.01” 56.72+1.72"

*: P<0.001 diabetic control compared with control group; "s P<0.001 AETPB 100, 200 lmg/kg and glibenclamide 5 mg/kg compared with diabetic
control group; : P<0.05 AETPB 200 mg/kg compared with AETPB 100 mg/kg group; “: P<0.001 AETPB 200 mg/kg and glibenclamide 5 mg/kg
compared with AETPB 100 mg/kg group; : P<0.01 AETPB 100 mg/kg compared with diabetic control group; : P<0.05 AETPB 200 mg/kg compared

with diabetic control group; CMC: carboxymethylcellulose.

Table 4

Hypolipidemic activity of AETPB in STZ-induced diabetic rats (mean-SEM) (n=6).

Serum lipid profile (mg/dL)

Treatments Dose (mg/kg)

TC TG HDL DL VLD
Normal control CMC (5 mL/kg) 103.13+2.39 112.23+2.17 49.60+1.86 31.0240.81 22.45+0.43
Diabetic control CMC (5 mL/kg) 154.50+3.82" 160.404.13" 36.13+£1.02° 87.72+2.25" 30.82+0.64"
AETPB 100 114.77+3.05" 129.73+2.71" 41.4810.92° 47.37+1.95" 25.94+0.54"
AETPB 200 120.57+2.81" 133.40%3.41" 42.85+1.61° 53.03+2.14" 26.68+0.40"
Glibenclamide 5 108.10+3.62" 122.63+2.88" 46.881.50" 36.69+1.41" 24.52+0.58"

*: P<0.001 diabetic control compared with control group; ": P<0.001 AETPB 100 and 200 mg/kg, glibenclamide 5 mg/kg compared with diabetic
control group; “: P<0.05 AETPB 100 and 200 mg/kg compared with diabetic control group; CMC: carboxymethylcellulose.

Table 5

Antioxidant activity of AETPB on liver and kidney in STZ—induced diabetic rats (mean+SEM) (n=6).

Organs Treatments Dose (mg/kg) SOD (U/mg protein)

GPx (+gof GSH utilized/ CAT (M of H,0,/ GSH (#g of GSH/ TBARS (#M of MDA
min/mg protein)

min/mg protein) mg protein) /min/mg protein)

Liver  Normal control CMC (5 mL/kg) 114.94%2.39 33.420.95 31.47+0.84 242.30%3.51 3.9740.09
Diabetic control CMC (5 mL/kg) 82.55+1.74" 25.1340.42° 23.8340.33" 212.47+1.37" 7.40£0.15"
AETPB 100 99.43+2.23" 30.48+0.93" 28.210.56" 239.70+3.11" 4.2940.13"
AETPB 200 104.51+3.18" 28.44+0.45" 26.81+0.50° 237.4343.08" 4.5340.14"
Glibenclamide 5 108.67+3.66" 31.02+0.66" 30.38%0.66" 245.8612.34" 4.2440.10"
Kidney Normal control CMC (5 mL/kg) 149.79+2.08 32.64+0.98 29.90+0.66 333.96+5.62 5.080.08
Diabetic control CMC (5 mL/kg) 118.62+1.35" 25.89+0.71" 21.34+0.85" 302.19+3.15" 7.28+0.13"
AETPB 100 134.0023.46° 29.0474-0.68" 27.780.46" 325.73%5.01° 5.95+0.23"
AETPB 200 130.09+3.95" 30.021.01° 28.62+0.69" 327.3846.38° 5.44+0.11"
Glibenclamide 5 145.91+2.94" 31.53+1.17" 28.58+0.54" 332.62%3.61" 5.3140.17"

*: P<0.001 diabetic control compared to control group; ": P<0.001 AETPB 100 am% 200 mg/kg, glibenclamide 5 mg/kg compared to diabetic control
group; “: P<0.01 AETPB 100 and 200 mg/kg compared to diabetic control group; “: P<0.05 AETPB 200 mg/kg compared to diabetic control group; ™

No significance; CMC: carboxymethylcellulose.

the level of HbAlc, but decreased the level of Hb and
serum insulin compared to normal control rats. In diabetic
rats, treatment of AETPB 100 and 200 mg/kg dose and
glibenclamide significantly (P<0.001 and P<0.01) reduced
elevated HbAlc levels and increased Hb and serum insulin
levels towards normal levels compared to diabetic control
rats (Table 2). Although, in diabetic rats, administration of
AETPB 200 mg/kg showed some higher efficacy than AETPB
100 mg/kg but failed to show statistical significance.

3.4. Effect of AETPB on creatinine, total protein, SGOT,
SGPT and urea levels

Table 3 represented the efficacy of AETPB on serum SGOT,
SGPT, total protein, creatinine and urea in diabetic rats. The
above biochemical parameters were significantly (P<0.001)
altered in STZ-induced diabetic rats compared to normal
control rats. In diabetic rats, administration of both doses
of AETPB and glibenclamide significantly (P<0.001, P<0.01

and P<0.05) reduced SGOT, SGPT, creatinine and urea levels
compared to diabetic control rats. The AETPB 200 mg/kg
treatment showed significantly (P<0.05 and P<0.001) higher
reduction of SGOT, SGPT levels compared to AETPB 100 mg/kg
dose. Administration of AETPB and glibenclamide showed
significant (P<0.001, P<0.01 and P<0.05) increases in total
protein levels compared to diabetic control rats.

3.5. Effect of AETPB on lipid profiles

In STZ-induced diabetic rats, TC, TG, LDL, and VLDL
levels were increased and HDL level was decreased
significantly (P<0.001) compared to normal control rats. In
diabetic rats, administration of AETPB 100 and 200 mg/kg
dose showed significant (P<0.001) reduction in elevated TC,
TG, LDL and VLDL levels compared to diabetic control rats.
Also, a significantly (P<0.05) increased level of HDL was
observed in diabetic rats treated with both doses of AETPB
and glibenclamide compared to diabetic control rats (Table 4.
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Figure 1. Effect of AETPB on body weight in STZ~induced diabetic
rats.
All data are expressed in mean+SEM (n=6).

*: P<0.001 diabetic control, AETPB 100, 200 mg/kg and glibenclamide
5 mg/kg compared with normal control group; ’: P<0.01 AETPB 100 mg/kg
compared with diabetic control group; “: P<0.001 AETPB 100, 200 mg/kg
and glibenclamide 5 mg/kg compared with diabetic control group; ns:
No significance.
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3.6. Antioxidant activity of AKTPB

The antioxidant activity of AETPB in liver and kidney
was studied in diabetic rats and the data were given in
Table 5. After the induction of diabetes by STZ, significantly
(P<0.001) decreased levels of SOD, CAT, GPx, reduced
GSH and increased level of TBARS in liver and kidney
were observed compared to normal control rats. These
altered above antioxidant levels were reversed significantly
(P<0.001, P<0.01 and P<0.05) to near normal levels after
the administration of AETPB 100 and 200 mg/kg dose and
glibenclamide 5 mg/kg dose compared to diabetic control
rats.

4. Discussion

STZ [2—deoxy—2—(3-methyl-3—nitrosoureido)—
glucopyranose]| is commonly used to induce experimental
diabetes in animals(13l. STZ—induced diabetes may be
due to vitiate glucose oxidation and reduction of insulin
biosynthesis and secretion. The toxicity of STZ is due to
DNA alkylation of its methyl nitrosourea moiety mainly at
0° position of guaninel14l. The transfer of methyl group from
STZ to the DNA molecule causes damage which results in
fragmentation of DNA and functional defects of the beta
cells. Moreover, STZ is potential to act as an intracellular
nitric oxide (NO) donor and generates reactive oxygen
species (ROS). The synergistic action of both NO and
ROS may also contribute to DNA fragmentation and other
deleterious changes caused by STZI151. In our study, elevated
blood glucose level and decreased insulin level were
observed in STZ-induced diabetic rats and it may be due
to above stated mechanism of STZ. Oral administration of
AETPB 100, 200 mg/kg and glibenclamide to the diabetic rats
significantly reduced blood glucose level from the first week
to the fourth week compared to diabetic control rats. Also,
the decreased insulin levels were noticed in diabetic rats
compared to normal control rats which directly support and
represent STZ-mediated beta cell destruction or damage.
In diabetic rats, treatment of AETPB and glibenclamide
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increased the insulin level compared to diabetic control
rats. Hence, the hypoglycemic activity of AETPB may be
due to its protective action against STZ-mediated damage
to the pancreatic beta cells and also possibly because of
regeneration of damaged beta cell or increased insulin
release or secretion.

Muscle wasting is an unintentional loss of body weight
due to accelerated muscle proteolysis, resulting in loss of
body cell mass. Insulin is an important regulator of protein
synthesis and proteolysis in skeletal muscle. Insulin
resistance or deficiency produces impaired muscle protein
turnover and muscle wasting. The uncontrolled diabetes
is associated with severe muscle wasting/16l. In this study,
STZ—induced diabetic rats showed severe weight loss and
decreased serum protein level compared to normal control
rats. AETPB and glibenclamide administration in diabetic
rats prevented the body weight loss and showed gaining
in the body weight as well as increase in serum protein
level compared to diabetic control rats. The above effect
in diabetic rats may be due to its preventive action on
pancreatic beta cells destruction by STZ which improves
insulin levels, stabilization of blood glucose in diabetic rats
and thereby inhibition of muscle wasting and increase in
serum protein level were obtained.

HbAlc is the product of non—enzymatic reaction between
glucose and free amino groups of Hb (glycosylation)17]. It
is a marker of evaluation of long—term glycemic control in
diabetic patients and predicts risks for the development
and/or progression of diabetic complications[!8]. Previous
studies were reported that 10% stable reduction in HbAlc
determines a 35% risk reduction for retinopathy, a 25%—44%
risk reduction for nephropathy and a 30% risk reduction
for neuropathyl191. Our study results showed that increased
level of HbAlc and decreased Hb level were observed in
diabetic rats compared to normal control rats which indicate
the occurrence of glycosylation in diabetic rats due to
hyperglycemia. Administration of AETPB and glibenclamide
to the diabetic rats significantly reduced HbAlc levels and
increased Hb levels compared to diabetic control rats. This
action represents that AETPB has an ability to prevent the
development of diabetes associated complications.

STZ utilizes low—-affinity glucose transporter 2 in the
plasma membrane and is selectively accumulated in
pancreatic beta cells and also it damages other organs which
can express this transporter, particularly kidney and liver15].
In STZ—-induced diabetic rats, elevated levels of SGPT and
SGOT were observed and it may be due to STZ mediated
liver damages which may cause leakage of above enzymes
into the bloodi20l. Kidney is playing a key role to remove
the metabolic waste such as creatinine and urea from body,
thereby helping to maintain body homeostasis of above
substances. The persistent hyperglycemia, haemodynamic
changes within the kidney tissue and free radical generation
mediated stress in diabetes produce renal dysfunction
which results in elevation of urea and creatinine levels in
bloodi21-23]. In the present study, elevated levels of SGOT,
SGPT, urea and creatinine suggested the occurrence of liver
and kidney damages after the administration of STZ to the
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rats compared to normal control rats. Administration of
AETPB and glibenclamide to the diabetic rats significantly
reduced the SGOT, SGPT, creatinine and urea levels which
represent the preventive action of AETPB on liver and
kidney damages in diabetic condition.

Hyperglycemia is an important contributor for the
cardiovascular diseases (CVD) risk. The animal studies
revealed that hyperglycemia produces glycation and
peroxidation of proteins which cause damage to the arterial
walls(24l. The prevalence of all forms of CVD is 2-8 folds
higher in diabetic person compared to non—diabetic person.
The accelerated coronary heart disease (CHD) has emerged
as a leading cause of morbidity and mortality in diabetic
patients in the worldwidel25l. Both type 1 and 2 diabetes are
independent risk factors for CHDI26]. The vascular diseases
occurred in diabetes due to disturbance in lipoprotein
metabolism which causes acceleration of atherosclerosisi27l.
In diabetic condition, increased levels of TC, TG and
reduced level of HDL along with altered composition of
LDL particles were commonly reportedi28]. In the present
study, administration of STZ showed alteration of normal
lipid profiles such as increased TC, TG, LDL and VLDL
levels as well as decreased HDL level compared to normal
control rats. These altered lipid profiles were reversed to
near normal level after the treatment of both doses of AETPB
and glibenclamide in STZ-induced diabetic rats. This lipid
lowering action may be due to proper stabilization of glucose
level and increase in insulin level after the administration of
AETPB which may normalize the disturbed lipid metabolism
in diabetic rats. Therefore, hypolipidemic effect of AETPB in
diabetic rats supports its ability to prevent the CVD diseases
associated with diabetes.

It is well established that free radicals derived from oxygen
have been implicated in the pathophysiology of diabetes
mellitus and other diseases(29l. A number of studies revealed
that oxidative stress plays a major role in the development,
progression of diabetes and its related complications[30-39].
In diabetic state, free radical generation may occur via
increased glycolysis, intercellular activation of polyol
pathway, auto—oxidation of glucose and non—enzymatic
protein glycationl40l. Moreover, drastic reduction of in vivo
antioxidant enzymes level in various tissues was reported
in diabetic condition4!l. In our study, decreased levels of
liver and kidney SOD, CAT, GPx, GSH as well as increased
level of TBARS were observed in STZ—induced diabetic rats
compared to normal control rats. The reduction of above
enzymes directly reflects the oxidative stress in diabetic rats
and these enzyme level changes may be due to generation of
free radicals by polyol pathway, auto—oxidation of glucose,
glycosylation in hyperglycemic condition as well as STZ
mediated generation of ROS by its NO donor property to
the intracellular molecules. In the present study, increased
SOD, CAT, GSH and GPx levels as well as reduced TBARS
level were noticed in diabetic rats after the administration of
both doses of AETPB and glibenclamide in liver and kidney.
The above action represents the antioxidant property of
AETPB in diabetic condition and hence, AETPB possesses
a potential to reduce or prevent the diabetic micro and
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macrovascular complications. The presence of tannins and
phenolic compounds in AETPB may be responsible for the
hypoglycemic, hypolipidemic and antioxidant activities in
diabetic rats.

Our study data confirm that AETPB possesses blood
glucose lowering action in diabetic condition. Moreover,
it has hypolipidemic and antioxidant activities in diabetic
state, therefore it has an ability to prevent diabetic
complications. Hence, above findings have given scientific
evidence to the traditional use of T. paniculata bark in the
treatment of diabetes.
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