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ABSTRACT

The aim of the present study was to evaluate the antihyperglycemic and antilipidperoxidative effects of ethanolic
seed extract of Tephrosia purpurea (TpEt) in streptozotocin induced diabetic rats. Hyperglycemia associated
with an altered hexokinase and glucose 6 phosphatase activities, elevated lipid peroxidation, disturbed enzymatic
and non-enzymatic antioxidants status were observed in streptozotocin induced diabetic rats. Oral administration
of “TpEt” at a dose of 300mg/kg bw showed significant antihyperglcemic and antilipidperoxidative effects as
well as increased the activities of enzymatic antioxidants and levels of non enzymatic antioxidants. We also
noticed that the antihyperglycemic effect of plant drug (TpEt) was comparable to that of the reference drug
glibenclamide. Our results clearly indicate that “TpEt” has potent antihyperglycemic and antilipidperoxidative
effects in streptozotocin induced diabetic rats and therefore further studies are warranted to isolate and
characterize the bioactive antidiabetic principles from “TpEt”.
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INTRODUCTION

Diabetes mellitus, a leading non communicable disease with
multiple etiologies, affects more than 100 million people
worldwide and is considered as one of the five leading causes
of death in the world (1). The World Health Organization
(WHO) reported that 300 million peoples would suffer from
diabetes mellitus by the year 2025 (2). India is one of the
leading countries for the number of people with diabetes
mellitus and it is estimated that diabetes affects approximately
57 million people by the year 2025 in India (3). Diabetes
mellitus is characterized by an increased concentration of
blood glucose due to derangement in carbohydrates
metabolism and defective secretion of insulin. These metabolic
disturbances result in acute and long-term diabetic
complications, which are responsible for premature death and
disability (4).
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Several studies have proposed the mechanism for the role of
free radicals in the pathogenesis of various diseases including
diabetes mellitus (5). However, an array of non-enzymatic
antioxidants [vitamin E, vitamin C and reduced glutathione
(GSH)] and enzymatic antioxidants [superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GSHPX)]
defense mechanism are involved in the protection of free
radicals induced oxidative damage. Oxygen free radicals are
formed disproportionately in diabetes by glucose oxidation,
non-enzymatic glycation of proteins and the subsequent
oxidative degradation of glycated proteins (6). Recent reports
indicate that diabetic complications are associated with
overproduction of free radicals and accumulation of lipid
peroxidation by-products (7). Enhanced oxidative stress has
been well documented in both experimental and human
diabetes mellitus (8).

Many herbal medicines as single agents or in different oral
formulations have been recommended for diabetes mellitus
due to the fact that they are less toxic than oral hypoglycemic
agents such as sulfonylureas, metformin etc (9,10). Tephrosia
purpurea (Linn.) pers, is a polymorphic, much-branched sub-
erect perennial herb, popularly known as “Sarapunkha” in
Sanskrit, “Purpule tephrosia” in English and “Kattukkolincai”
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in Tamil. Different parts of T.purpurea have been used for
diabetes mellitus in Ayurvedic and Siddha medicine. It is
considered beneficial for liver, spleen and kidney disorders
(11, 12). Experimental studies have demonstrated its antiulcer
and hepatoprotective effects (13, 14). To our best knowledge,
there were no scientific data on antihyperglycemic and antilipid
peroxidative effects of T. Purpurea seeds in experimental
diabetes mellitus. Hence, the present study was designed to
evaluate antihyperglycemic and antilipidperoxidative effects
of T.purpureaseeds in streptozotocin induced diabetic rats.

MATERIALS AND METHODS

Drugs and chemicals : Streptozotocin was purchased from
Sigma Aldrich Chemicals, Pvt., Ltd., Bangalore. All other
chemicals and reagents used were of analytical grade.

Plant material : Seeds of Tephrosia purpurea were collected
in and around chidambaram, Tamilnadu and it was botanically
authenticated. A voucher specimen (AU05102) was deposited
in the Department of Botany, Annamalai University,
Annamalainagar, Tamilnadu.

Preparation of plant extract : The ethanolic extract of
Tephrosia purpurea seeds was prepared according to the
method of Hossain et al (15). 500 g of Tephrosia purpurea
seeds were dried, powdered and then soaked in 1500 ml of
95% of ethanol over night. After filtration, the residue obtained
was again resuspended in equal volume of 95% ethanol for
48 hrs and filtered again. The above two filtrates were mixed
and the solvent was evaporated in a rotavapour at 40-500C
under reduced pressure. A 20% semisolid light greenish yellow
material obtained was stored at 0-49C until used. A known
volume of the residual extract is suspended in distilled water
and was orally administered to the animals during the
experimental period.

Animals : Albino wistar male rats 7 to 8 weeks old and
weighing150-200g were used for the present study. The
animals were obtained from Central animal house, Rajah
Muthiah Institute of Health Sciences, Annamalai University,
India and were maintained in the central animal house with
12 hlightand 12 h dark cycles. The animals were randomized
into control and experimental groups and housed 4 or 5 in
polypropylene cages. Standard pellets obtained from Mysore
Snack Feed Ltd, Mysore, India, were used as a basal diet
during the experiment. The control and experimental animals
were provided food and drinking water ad libitum.

Induction of diabetes mellitus : Diabetes mellitus was
induced in wistar rats by single intraperitoneal injection of
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streptozotocin (50mg/kg) dissolved in 0.1M-citrate buffer (pH
4.5) after overnight fasting for 12 h [16]. The diabetes was
assessed by determining the blood glucose concentration
within 48 hours after injection of streptozotocin. The rats with
blood glucose level above 250 mg/dl were selected for the
experimental studies

Experimental design : In the experiment a total number of
24 rats (18 diabetic rats, 6 normal rats) were used. The rats
were divided into 4 groups of six each.

Group | : Control rats

Group Il . Diabetic control (streptozotocin 50mg/kg bw
i.p)

Group Il : Diabetic rats receiving “TpEt” (300 mg/kg bw
orally)

Group IV . Diabetic rats receiving glibenclamide (600 ug/
kg bw orally)

After the experimental period, all animals were sacrificed by
cervical dislocation and biochemical studies were conducted
on blood, plasma, erythrocytes, erythrocyte membranes and
liver of control and experimental animals in each group.

Isolation of the Erythrocyte Membranes : The erythrocyte
membrane was isolated according to the procedure of Dodge
et al., (17) with a change in buffer according to Quist (18).
The packed cells remaining after the removal of plasma were
washed thrice with isotonic tris-HCI buffer, pH 7.4. Hemolysis
was performed by pipetting out the washed suspension of red
blood cells into polypropylene centrifuge tubes containing
hypotonic tris-HCI buffer, pH 7.2. Ghosts were sedimented by
using a high-speed refrigerated centrifuge at 20,0009 for 40
minutes. The hemolysate was decanted carefully and the ghost
button was resuspended by swirling. Sufficient buffer of the
same strength was added to reconstitute the original volume.
The ratio of the cells to washing solution was approximately
1:3 by volume. The same procedure was repeated for three
times until membrane become colorless or pale pink. The
pellets of erythrocyte were resuspended in a known volume
of 0.1 M tris-HCI buffer, pH 7.2. Aliquots from this preparation
were used for biochemical estimation.

Preparation of Erythrocyte Haemolysate : After plasma
separation, the buffy coat was removed and the packed cells
were washed thrice with physiological saline. A known volume
of erythrocytes was lysed with hypotonic phosphate buffer at
pH 7.4. The hemolysate was separated by centrifugation at
10,000 rpm for 15 min at 20 °C.
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Biochemical estimation : Blood glucose was determined by
the method of Sasaki et al., (19) using O-toluidine reagent.
Hexokinase activity was assayed by the method of Brandstrup
et al (20). The method is based on the phosphorylation of
glucose by the enzyme hexokinase (tissue homogenate) and
the residual glucose in the supernatant was determined by
the method of Sasaki et al (19). Glucose-6-phosphatase was
assayed according to the method of Koida and Oda (21). The
method is based on the estimation of inorganic phosphorus
liberated from the glucose-6-phosphate present in the
incubation mixture (glucose-6-phosphate, tissue homogenate
and malic acid buffer). The liberated inorganic phosphorus
was estimated by the method of Fiske and Subbarow (22).

TBARS in plasma was assayed by the method of Yagi (23).
Plasma was deproteinised with 10% phosphotungstic acid and
the precipitate was treated with thiobarbituric acid at 90°C for
1 hour. After cooling, 5.0ml of n-butanol was added and the
mixture was shaken vigorously and centrifuged at 1000g for
15 minutes. The pink colour formed gives a measure of the
thiobarbituric acid reactive substances (TBARS). TBARS in
erythrocytes and erythrocyte membranes were assayed
according to the method of Donnan (24). The erythrocytes
and erythrocyte membranes were deproteinized with 10% TCA
and then treated with TBA. The above mixture was heated in
a boiling water bath for 15 minutes. It was cooled at room
temperature and pink color that developed was measured at
535nm.

The activity of glutathione peroxidase was estimated according
to the method of Rotruck et al (25). The enzyme preparation
was allowed to react with H,O, in the presence of reduced
glutathione for a specified time period, and then the remaining
reduced glutathione content was assayed by the method of
Beutler and Kelley (26). Superoxide dismutase (SOD) activity
was assayed by the method of Kakkar et al(27). The assay of
superoxide dismutase was based on the inhibition of formation
of NADH-phenazine methosulphate nitroblue tetrazolium
formazan. The colour formed at the end of the reaction was
extracted into butanol layer and measured at 520nm. Catalase
activity was assayed using the method of Sinha (28). The
method is based on the utilization of H,O, by the enzyme.
The color developed was read at 620nm.

Reduced glutathione was measured according to the method
of Beutler and Kelley (26). The technique involved in protein
precipitation by meta phosphoric acid and spectrophotometric
assay at 412nnm of the yellow derivative obtained by the
reaction of supernatant with 5, 5’-dithio-bis-2-nitrobenzoic acid
(DTNB). Vitamin E was estimated by the method of Desai

(29) based on the classical Emmerie Engle reaction. The lipid
residue obtained using redistilled ethanol and petroleum ether
was redissolved in absolute ethanol. To this solution, ferric
chloride, orthophosphoric acid and bathophenanthroline
reagents were added. Vitamin E present in the lipid residue
reduces ferric ion to ferrous ions and forms a pink colored
complex with bathophenanthroline orthophosphoric acid.
Absorption due to the pink complex was measured at 536nm.
Ascorbic acid level was estimated by the method of Omaye et
al(30). Copper to form dehydroascorbic acid and diketoglutaric
acid oxidizes ascorbic acid. These products when treated with
2, 4-dinitrophenylhydrazine (DNPH) form the derivatives bis-
2,4-dinitrophenylhydrazone which undergoes rearrangement
to form a product with an absorption maximum at 520nm.

Statistical Analysis : The data are expressed as mean =+
SD. Statistical comparisons were performed by one way
analysis of variance (ANOVA) followed by Student’s t test.
The results were considered statistically significant if the p
values were 0.05 or less.

RESULTS

Table 1 shows the level of blood glucose in control and
experimental animals in each group. The level of blood glucose
was significantly increased in streptozotocin alone treated rats
(Group Il) as compared to control animals (Group I). However,
the level of blood glucose was returned to near normal
concentrations in diabetic rats treated with “TpEt” and
glibenclamide. “TpEt” showed comparable effect to that of
glibenclamide.

Table 1 : Blood Glucose level in control and
experimental animals in each group

Groups Blood Glucose (mg/dl)
Control 78.5+6.8
Diabetic control 283.2+14.22
Diabetic + alc TpEt (300 mg/kg bw) 105.6+ 8.52P
Diabetic + glibenclamide (600 ug/kg bw) 115.3+10.5ab¢

Values are given as mean + SD (n= 6 rats).

a- significantly different from control animals 8p<0.001

b- significantly different from diabetic control Pp<0.001

c-as compared to diabetic +alc TpEt treated rats ®p-not significant

Table 2 indicates the activities of hexokinase and glucose-6-
phosphatase in the liver of control and experimental animals
in each group. A significant decrease in hexokinase and
increase in glucose-6-phosphatase activities were noticed in
the liver of diabetic animals as compared to control animals.
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Oral administration of “TpEt” to diabetic animals revert back
the enzyme activities to near normal concentrations.

Table 2 : Activities of hexokinase and glucose-6-phosphatase
in the liver of control and experimental animals in each group

Table 3 : Levels of TBARS in plasma, erythrocytes and erythrocyte
membranes of control and experimental animals in each group

Groups Plasma Erythrocyte Erythrocytes
(nmol/ml) membranes | (pmol/mg Hb)
(nmol/mg
protein)
Normal 1.9+0.18 0.35 + 0.04 0.65+0. 08
Diabetic control 3.1+ 0.212 0.85+0.072 | 0.94+0. 072
Diabetic + alc 2.2+ 0.1628°0 | 0.56 +0.052° | 0.71x0.05P

TpEt (300mg/kg
bw)

Diabetic+
glibenclamide

2.5+ 0.242b%

0.61 + 0.032b°c

0.77+0. 062D

Groups Hexokinase Glucose-6-
(U* /mg protein) phosphatase
(U ** / mg protein)
Normal 0.27+0.03 2.65 +0.08
Diabetic control 0.12+0.022 3.85+ 0.122
Diabetic + alc TpEt 0.23 +0.02P 3.04 +0.11a"
(300mg/kg bw)
Diabetic+glibenclamide 0.20 + 0.018°Pc 3.28 + 0.092b°C
(600ug/kg bw)

Values are given as mean + SD (n= 6 rats)

a-significantly different from control animals 2p<0.001, 2°p<0.01,
a'p<0.05

b-significantly different from diabetic control Pp<0.001

c-significantly different from diabetic +alc TpEt treated rats ®p<0.01,
°p<0.05

U*- Micromoles of glucose phosporylated/ h

U** - Micromoles Pi liberated/min

Table 3 shows the level of plasma, erythrocytes and erythrocyte
membranes TBARS in control and experimental animals in
each group. The levels of TBARS were significantly increased
in diabetic animals as compared to control animals. The levels
of TBARS were significantly reduced in diabetic animals
treated with “TpEt”.

Table 4 & 5 show the levels of non-enzymatic antioxidants
and activities of enzymatic antioxidants in plasma and
erythrocytes respectively in control and experimental animals
in each group. The levels of non-enzymatic antioxidants and
activities of enzymatic antioxidants were decreased in diabetic

(600ug/kg bw)

Values are given as mean + SD (n= 6 rats)

a-significantly different from control animals @p<0.001, 2p<0.01, @p<0.05
b-significantly different from diabetic control Pp<0.001

c-significantly different from diabetic +alc TpEt treated rats “°p<0.05

animals as compared to control animals. However, oral
administration of “TpEt” at a dose of 300mg/kg bw revert back
the levels of non-enzymatic antioxidants and activities of
enzymatic antioxidants to near normal range in diabetic
animals.

DISCUSSION

Diabetes mellitus is a life threatening metabolic disorder and
it is estimated that its annual incidence rate will continue to
increase in the future worldwide. Hyperglycemia, the primary
clinical manifestation of diabetes mellitus, is associated with
the development of micro and macro vascular diabetic
complications (31). In the present study, TBARS levels were
significantly increased and antioxidants were decreased in

Table 4 : Enzymatic antioxidants and non- enzymatic antioxidants in the plasma of control and experimental animals in each group

Groups GSHPx (U*/l) Vitamin C (mg/dl) Vitamin E (mg/dl) Reduced Glutathione
(mgy/dl)

Control 132.6+11.5 2.1£0.10 1.42+0.07 27.4%2.3

Diabetic control 96.5 + 10.82 1.2+0.072 0.85+0.062 16.5+1.82

Diabetic + alc TpEt 128.3 + 8.52°P 1.95+0.082"P 1.24+0.072P 23.4+2.1P

(300 mg/kg bw)

Diabetic + glibenclamide 121.4 + 7.9ab% 1.85+0.092b 1.1220.052b°c 20.3+1.5P

(600ug/kg bw)

Values are given mean + SD (n=6 rats)

U"Micromoles of glutathione utilized / min

a-significantly different from control animals 2p<0.001, @ p<0.05

b-significantly different from diabetic control Pp<0.001

c-significantly different from diabetic +alc TpEt treated rats °p<0.05
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Table 5 : Enzymatic antioxidants and non- enzymatic antioxidants in erythrocytes and erythrocyte membranes

of control and experimental animals in each group

Groups SOD (U¥mg Hb) Catalase (Ub/mg Hb) | GSHPx (U%g Hb) Vitamin E in Reduced
erythrocyte Glutathione
membranes (mg/dl)

(ug/ mg protein)

Control 5.52 + 0.63 1235+ 12.8 13.2+1.56 1.05+0.09 38.5+2.9

Diabetic control 3.59 +0.292 82.16 + 7.82 7.5+ 1.012 0.62:0.062 24.3+2.12

Diabetic + alc TpEt 4.85 +0. 323"b 114.2+10.4b 10.2+0 .828°b 0.86+0.062°P 34.2+3.13b

(300 mg/kg bw)

Diabetic + glibenclamide 4.55 +0 .413°bC 105.1 + 9.7a"bc 9.2+ 0.72a°%bc 0.81+0.042bc 32.5+3.4a°%hc

(600ug/kg bw)

Values are given mean + SD (n=6 rats)

a-significantly different from control animals 8p<0.001, 8°p<0.01, @'p<0.05

b-significantly different from diabetic control Pp<0.001
c-as compared to diabetic +alc TpEt treated rats ®p-not significant

Ua- The amount of enzyme required to inhibit 50% NBT reduction, UP- Micromoles of H,0, utilized/ min, US- Micromoles of glutathione utilized / min

diabetic rats. Reactive oxygen species induced oxidative
damage has been implicated in the pathogenesis of several
disorders including diabetes mellitus (32). Streptozotocin
damages pancreatic b—cells possibly by generating excess
reactive oxygen species, and thus widely used for the induction
of experimental diabetes mellitus. Streptozotocin generated
lipidperoxidation and DNA breaks in pancreatic islet cells have
been demonstrated (33). Prakasam et al (34) have reported
an elevated lipid peroxidation and lowered antioxidants in
streptozotocin induced diabetes mellitus.

Measurement of plasma TBARS help to assess the extent of
tissue damage (35). Elevated plasma TBARS observed in the
diabetic rats can therefore be related to overproduction of lipid
peroxidation byproducts and diffusion from damaged
pancreatic tissues. The major pathological consequence of
free radical induced membrane lipid peroxidation includes
increased membrane rigidity, decreased cellular deformability,
reduced erythrocyte survival, and lipid fluidity (36). Hunt et a/
(87) reported that glucose oxidation in the presence of
transition metals result in excessive generations of reactive
oxygen species, which in turn affect biomembrane structure
and function by mediating lipid peroxidation process.
Enhanced TBARS and declined antioxidants observed in the
erythrocytes of diabetic rats can therefore be attributed to
increased biomembrane lipidperoxidation process and thereby
contributing to alterations in antioxidants status.

Vitamin E is one of the most important free radical scavenging
chain-breaking antioxidant within biomembrane (38). Reduced
glutathione, a major endogenous antioxidant, plays a crucial
role in the antioxidant defense (39). Vitamin C, a major extra

cellular non-enzymatic antioxidant, has crucial role in
scavenging several reactive oxygen species. Enzymatic
antioxidants (SOD, CAT, GSHPx) form the first line of
antioxidant defense mechanism to protect the organism from
ROS mediated oxidative damage (40). Several studies have
demonstrated lowered non-enzymatic antioxidant levels and
enzymatic antioxidant activities in streptozotocin induced
diabetic rats (41, 42). Our results lend credibility to these
observations.

In the present study, orally administered “TpEt” to diabetic
rats at dose of 300 mg/kg bw for 45 days showed significant
antihyperglycemic and antilipid peroxidative effects as well
as improved antioxidant defense mechanism. The
antihyperglycemic activity of “TpEt” is probably due to
stimulation of insulin secretion from remnant pancreatic
[— cells, which in turn enhance glucose utilization by peripheral
tissues of diabetic rats. The observed increase in hexokinase
activity and decrease in glucose-6-phosphatase activity in
diabetic rats treated with “TpEt” suggest its stimulatory effects
on glycolysis and inhibitory action on gluconeogenesis in
diabetes mellitus. The observed increase in antioxidant status
and decline in TBARS concentration in “TpEt” treated diabetic
rats suggests its potent antilipidperoxidative and antioxidative
effects. Furthermore the plant drug was found to be as effective
as that of the reference drug glibenclamide. Further studies
are therefore needed to isolate and characterize the bioactive
antidiabetic principles from T.purpurea seeds.
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