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Effect of Pongamia pinnata flowers on blood glucose and
oxidative stress in alloxan induced diabetic rats

Diabetes mellitus is a major metabolic syndrome
characterized by derangement in carbohydrate metabolism
associated with defect in insulin secretion or action. Alloxan
is widely used to induce diabetes mellitus in experimental
animals, owing to its ability to destroy the B-cells of pancreas
possibly by generating excess reactive oxygen species.'!! Free
radical-mediated biomembrane lipid peroxidation has been
implicated in the pathogenesis of many pathological conditions
including diabetes mellitus and its complications.
Overproduction of lipid peroxidation by-products and
insufficient antioxidant potential have been reported in both
experimental and human diabetes mellitus.”?

Medicinal plants and their bioactive constituents are used
for the treatment of diabetes mellitus throughout the world,
especially in countries where access to the conventional
treatment of diabetes mellitus is inadequate. A few side effects
associated with the use of insulin (hypoglycemia) and oral
hypoglycemic agents prompted us to search new bioactive
principles from antidiabetic plants used in traditional
medicine. Although several medicinal plants have gained
importance for the treatment of diabetes mellitus, many
remain to be scientifically investigated. Pongamia pinnata
(Linn) Pierre is a medium-sized glabrous tree popularly
known as Karanja in Hindi, Indian beech in English, and
Pongam in Tamil. P pinnata is an important medicinal plant
chiefly found in tidal forests of India and has been largely
used in the traditional Indian system of medicine (ayurveda)
for bronchitis, whooping cough, rheumatic arthritis, and
diabetes.® Despite its prominence in ayurvedic medicine,
there is a dearth of scientific data on its antihyperglycemic
and antilipidperoxidative effects in diabetes mellitus. Thus,
the present study was focused on the antihyperglycemic and
antilipidperoxidative activities of aqueous extract of P. pinnata
flowers (PpFAet) in alloxan-induced diabetic rats.

Albino Wistar male rats (7-8 week old, weighing 150-200
g) were used in the present study and housed in the Central
Animal House with 12 h light/dark cycle. Standard pellet
(Mysore Snack Feed Ltd, Mysore, India) was used as a basal
diet during the experiment. The control and experimental
animals were provided food and water ad libitum. The
Institutional Animal Ethics Committee of the Annamalai
University, Annamalai Nagar, India, approved the experimental
design. A total of 30 rats were divided into 5 groups of 6 each
and treated as follows.

Group I—control (2 ml distilled water, orally).

Group [I—diabetic control (alloxan, 150 mg/kg, i.p).

Group llI—diabetic + PpFAet (300 mg/kg, orally).

Group IV—diabetic+ glibenclamide (600 ng/kg, orally).

Group V—PpFAet + distilled water (300 mg/kg, orally).
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The diabetic condition was assessed by determining the
blood glucose concentration 3 and 5 days after alloxan
treatment. The rats with blood glucose level above 260 mg/dl
and urinary sugar (+++) were selected for study (Groups
II-1V). The dose (300 mg/kg, orally) was standardized after a
pilot study with different doses of the PpFAet extract to assess
the antihyperglycemic and antilipidperoxidative effects in
alloxan-induced diabetic rats. After the experimental period,
all animals were sacrificed by cervical dislocation and
biochemical studies conducted in blood, plasma, and liver
samples using colorimetric methods. Plasma insulin was
assayed by ELISA method using Boehinger Mannheim Gmbh
kit. The data are expressed as mean=SD. Statistical
comparisons were performed by one-way anova followed by
Dunnett’s test. The results were considered statistically
significant if P<0.05.

A significant decrease in the level of blood glucose and
glucose-6-phosphatase activity and a significant increase in
the plasma insulin level and hexokinase activity were noted at
the end of the experimental period in diabetic rats treated
with PpFAet (300 mg/kg, orally). PpFAet also significantly
reduced the thiobarbituric acid-reactive substances (TBARS)
level and enhanced the antioxidants status in induced diabetic
rats after 45 days of treatment. PpFAet showed
antihyperglycemic and antilipidperoxidative effects in a
manner similar to that of the reference drug glibenclamide in
alloxan-induced diabetic rats. [Table 1]

Diabetes mellitus is a chronic metabolic disorder
characterized by hyperglycemia associated with several other
factors including dyslipidemia, which are involved in the
development of micro- and macrovascular complications. In
the present study, the orally administered PpFAet (300 mg/
orally) to diabetic rats showed a significant antihyperglycemic
activity as well as significantly increased the plasma insulin
level. The extract also normalized the activities of glucose-6-
phosphatase and hexokinase in diabetic rats. Any defect in
insulin and glucagon secretion brings about changes in
glucose homeostasis and activities of key enzymes of glucose
metabolism. Decreased hexokinase activity and increased
glucose-6-phosphatase activity in diabetic rats is probably
owing to insulin deficiency. Enhanced hexokinase activity and
decreased glucose-6-phosphatase activity in PpFAet-treated
diabetic rats, therefore, suggest its stimulatory effects on
insulin secretion from remnant pancreatic B-cells, which in
turn promotes greater utilization of blood glucose by the liver,
muscle, and adipose tissues of diabetic rats.

Lipid peroxide-mediated tissue damage has been
demonstrated in diabetes mellitus. Several studies indicated
that the alloxan-induced diabetes mellitus involves the



Table 1

Effect of Pongamia pinnata on blood glucose, urine sugar, plasma insulin, hexokinase, glucose-6-phosphatase, plasma TBARS and antioxidant status

soD CAT GPx Vitamin C GSH
(U/ml) (UE/m) (mg/di)

Hexokinase Glucose-6- TBARS
(Us/ml)

Plasma
insulin (uU/l) (U*/g protein) phosphatase

Urine

Fasting blood

Groups

(mg/dl)

(nM/ml)

sugar

glucose (mg/dl)

(U8/mg protein)

1.72 £ 0.15> 29.8 +1.9°

139.5 + 12.2°

4.84 + 0.31% 0.75 % 0.05°

16.20 £1.1° 160.5 + 10.5° 3.55 + 0.25* 1.64 + 0.12°

Nil

85.3 + 5.20°

Control

+++ 8.25 £0.65% 95,5 + 8.1¢ 6.25 +0.40® 2.94 + 0.15% 3.35 + 0.26% 0.50 + 0.04% 105.5 + 8.6 0.63+0.052 17.4 +1.32

290.4 + 15.602

Diabetic control

25.5 +1.53

4.62 + 0.29° 0.68 + 0.03*® 134.5 + 7.5° 1.51+0.13°

14.40 £0.9° 150.2 + 11.2° 3.86 + 0.21° 1.88 + 0.1

Nil

90.8 + 6.40°

Diabetic + PpFAet
(300 mg/kg, bw)

1.36 £ 0.123> 22.0 £1.72b4

4.30 £0.322> 1.95 *+ 0.162> 4.50 + 0.38° 0.64 + 0.05** 130.2 + 8.2

144.6 + 9.2°

Nil 12.80 +0.8%

102.5 + 7.80%b

Diabetic +

glibenclamide

(600 pg/kg, bw)

1.68 +0.1»¢ 30.2 +1.8%7

1.68 + 0.14%9 4,91 + 0.28> 0.81 + 0.07>¢ 140.5 + 9.2

16.35 +1.2%¢ 164.3 + 10.4* 3.50 + 0.50°

Nil

82.2 + 5.90%¢

PpFAet +

distilled water

(300 mg/kg, bw)

One-way
ANOVA

4,25

4,25

4,25

4,25

4,25

4,25

4,25

4,25

4,25

4,25

116.69 54.86

<0.05

16.83
<0.05

30.23 45.42
<0.05

<0.05

119.72
<0.05

39.70 49.78

<0.05

56.69
<0.05

493.87
<0.05

df

<0.05

<0.05

Values are mean+SD. n=6 in each group. PpFAet - aqueous extract of Pongamia pinnata flowers; +++ indicates more than 1% sugar; A - pmoles of glucose phosphorylated per minute; B - pmoles of inorganic

phosphorus liberated per minute; C - the amount of enzyme required to inhibit 50% NBT reduction; D - micromoles of H,0O, utilized per second; E - pmoles of glutathione utilized per minute; SOD - superoxide

dismutase; CAT - catalase; GPx

- glutathione peroxidase.

2P<0.05 significantly different from Group |, ®P<0.05 significantly different from Group II,

¢ P<0.05 significantly different from Group IlI, ¢ P<0.05 significantly different from Group IV.
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degeneration of islet B-cells by accumulation of
cytotoxic free radicals such as superoxides.!"! The
chronic hyperglycemia in diabetes mellitus
enhances the production of ROS owing to glucose
auto-oxidation, protein glycation, and glyco-
oxidation, which in turn cause severe tissue
damage.!"!

Several studies have shown a decrease in
nonenzymatic antioxidants (vitamin C and
glutathione) and lowered activities of enzymatic
antioxidants (superoxide dismutase, catalase, and
glutathione peroxidase) in the plasma of alloxan-
induced diabetic rats.®" Qur results lend credibility
to these observations. The observed increase in
enzymatic antioxidants activities and decline in lipid
peroxide concentration in PpFAet-treated rats
suggest its potent antilipid-peroxidative and
antioxidant effects in diabetic rats.

PpFAet not only reduced the blood glucose level
and lipid peroxides, but also enhanced the status of
antioxidants to an extent similar to that of the
reference drug glibenclamide in alloxan-induced
diabetic rats. Further studies are warranted to isolate
and characterize the antidiabetic principle from the
PpFAet.
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