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Effect of aqueous and ethanol extracts of Cassia auriculata L. flowers on diabetes
using alloxan induced diabetic rats
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Abstract

In the present study the antidiabetic potential of aqueous and ethanol extract of Cassia auriculata L. flowers was assessed in
alloxan-induced diabetic rats. The phytochemical screening and antioxidant activity were made in these extracts. Antidiabetic
agents (Flavonoids and phenolic acids) and free radical scavenging activity in water-soluble fraction of the ethanol extract
was higher compared to that of aqueous extract. Diabetic rats showed increase in blood glucose (p<0.01) and decrease in
plasma insulin (p<0.01) levels after 48 hrs of alloxan administration. The oral administration of water-soluble fraction of the
ethanol extract at a dose of 0.25 and 0.5g/kg of body of weight, for 30 days exhibited a significant (p<0.001) reduction in the
blood glucose level and a remarkable increase in plasma insulin level compared to the aqueous extract-treated rats and
diabetic control. The level of serum triglycerides and total cholesterol were significantly (p<0.01) increased in diabetic rats.
The marker enzymes of liver toxicity such as serum alanine transaminase (ALT), serum aspartate transaminase (AST), serum
acid phosphatase (ACP), and serum alkaline phosphatase (ALP) were elevated significantly (p<0.01) in diabetic control. The
liver glycogen and glycogen synthase levels were also increased significantly (p<0.01) in alloxan-induced diabetic rats. In
addition changes in the body weight and food intake were also analyzed in diabetic and the extracts-treated rats. Treatment
with water soluble fraction of ethanol extract and aqueous extract of C. auriculata flowers restored the above altered
parameters significantly in diabetic animals. The water soluble fraction of the ethanol extract showed a more efficient
antihyperglycemic effect compared to the aqueous extract.
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Introduction antidiabetic efficacy. C. auriculata (family: Cesalpinaceae)
Diabetes mellitus is a metabolic disorder featured by is a common plant in Asia, profoundly used in Ayurvedic
hyperglycemia and alterations in carbohydrate, fat and medicine as a tonic, astringent and as a remedy for diabetes,
protein metabolism associated with absolute or relative conjunctivitis and opthalmia.® It is one of the principle
deficiency of insulin secretion and /or insulin action.' It is constituents of ‘Avaarai panchaga chooranam’- an Indian
one of the oldest diseases affecting millions of people all herbal formulation used in the treatment of diabetes to
over the world.> Although numerous oral hypoglycemic control the blood sugar level.” The antidiabetic activity of
drugs exist alongside insulin, still there is no promising aqueous extract of C. auriculata flowers has been
therapy to cure diabetes.” Over the last few decades the documented previously.® Our in vitro studies revealed that
reputation of herbal remedies has increased globally due to the water-soluble fraction of ethanol extract has more
its therapeutic efficacy and safety. Herbal drugs are widely antioxidant potential than aqueous extract of C. auriculata
prescribed today despite the fact that their biologically flowers i.e. the potential of scavenging the free radicals by
active compounds are unknown, due to its minimal adverse water-soluble fraction of ethanol extract has more efficient
effects and low costs.” In recent years, numerous traditional than the aqueous extract. It is known that free radicals
medicinal plants were tested for their antidiabetic potential formation is elevated in diabetes and its complications.” In
in the experimental animals.’ In the present investigation, view of the above consideration, the present study was
Cassia auriculata L. flowers were tested for their designed to investigate the comparative antidiabetic efficacy

of aqueous and ethanol extracts of C. auriculata flowers in
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Materials and Methods
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Plant Biotechnology Division, Department of C. auriculata flowers were freshly collected from the
Biotechnology, Bharathiar University, Coimbatore — 46, gardens of M.LE.T Arts and Science College,
Tamilnadu, India.email — clonehakkim@yahoo.co.in, Tiruchirappalli, Tamilnadu, India. The plant was identified
Ph - +091-44-25584292, and authenticated in Botanical Survey of India, Southern
Fax: 091-422-2422 387 Circle, Coimbatore, Tamilnadu, India. A voucher specimen
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(No.156) was deposited in the Department of Biochemistry,
M.LE.T Arts and Science College, Tiruchirappalli,
Tamilnadu.

Preparation of plant extract and quantification of
Phytochemicals

The C. auriculata flowers were shade-dried at room
temperature for seven days and the dried flowers were
powdered in a dry grinder. 100 g of powdered C. auriculata
flowers was packed in a Soxhlet apparatus and extracted
twice with 95 % ethanol. The aqueous extract was prepared
separately using 100 g powdered C. auriculata flowers
extracted with water by the method of continuous hot
extraction at 60°C for 6 hr.* The extracts were concentrated
under reduced pressure in the Buchi Rotavapour R-114 and
it was finally evaporated to dryness. The yield of ethanol
and aqueous extracts were 60 % and 53 %, respectively.
The residue was suspended in water and used for further
study. The phytochemical screening was made in these
extracts by the method of Das and Bhattacharjee.'” The
flavonoids were extracted according to the methods of
Harborne'' and Markham.'? Phenolic acids were extracted
according to the methods of Bate-Smith'® and Ibrahim and
Towers."" The flavonoids and phenolic acids were
quantitatively estimated according to the method of Swain
and Hillis."

In vitro DPPH radical scavenging activity of extracts

The ability of the extracts to scavenge DPPH radicals was
assessed.'® Briefly 50 pl aliquot of the extract was mixed
with 450 pl Tris-HCI buffer (50 mmol/l, pH 7.4) and 1.0 ml
DPPH (2, 2-diphenyl-2-picrylhydrazyl) (Himedia, India)
(0.1 mmol/l, in methanol). After a 30 min reaction period,
the resultant absorbance was recorded
spectrophotometrically (Shimadzu, Japan) at 515 nm. The
control was performed in the absence of extract and
percentage of inhibition was calculated from the following
equation.

Percentage of inhibition = [(AbS (contro) - (Abs sample
(extract)) / (AbS (control))] X 100

Animals

Male albino wistar rats weighing 180-200gm were used for
the present study. The animals were housed in the
Department of Animal Science, Bharathidasan University,
Tiruchirapalli, Tamilnadu, India. The study was approved
by the ethical committee, Bharathidasan University. All
animals were fed with standard pellet diet (Gold Mohur lat
feed; Ms Hindustan lever Ltd, Mumbeai, India) and water ad
libitum.

Acute toxicity studies

Healthy adult male albino rats were starved overnight and
divided into seven groups (n = 7) and were orally fed with
water soluble fraction of ethanol extract and aqueous extract
at a dose levels of 100, 500, 1000, and 3000 mg/kg of body
weight.'” The rats were observed continuously for 2h for
behavioral, neurological and autonomic profiles and after 24
and 72hrs for any lethality.'®
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Induction of experimental diabetes

Rats were induced diabetes by the administration of single
intraperitoneal dose of alloxan monohydrate (150 mg/kg)."”
Two days after alloxan injection, rats screened for diabetes
having glycosuria and hyperglycemia with blood glucose
level of 300 — 400 mg/dl was taken for the study. All
animals were allowed free access to water and pellet diet
and maintained at room temperature in plastic cages.

Experimental Design

In the present investigation, a total of 42 rats (36 diabetic
surviving rats and 6 normal rats) were taken and divided
into seven groups of 6 rats each.

Group I: Normal untreated rats

Group II: Diabetic control rats

Group III: Diabetic rats given aqueous extract of C.
auriculata flowers (0.25 g/kg body weight).

Group IV: Diabetic rats given aqueous extract of C.
auriculata flowers (0.5 g/kg body weight).

Group V: Diabetic rats given water soluble fraction of
ethanol extract of C. auriculata flowers (0.25 g/kg body
weight).

Group VI: Diabetic rats given water soluble fraction of
ethanol extract of C. auriculata flowers (0.5 g/kg body
weight).

Group VII: Diabetic rats given reference drug glibenclamide
(600 pg/kg of body weight). °

Biochemical Analysis

The animals were sacrificed at the end of the experimental
period of 30 days by decapitation. Blood was collected in
tubes containing potassium oxalate and sodium fluoride
solution for the estimation of blood glucose. Plasma was
separated for assay of insulin. For the serum analysis, the
blood was collected in separate tubes and centrifuged at
2000 rpm for 10 min. Blood glucose was measured by the
O-toluidine method.”’ Glucose levels were expressed as
mg/dl. The plasma insulin level was assayed by Enzyme
Linked Immunosorbant Assay (ELISA) kit using human
insulin as a standard.® Serum Triglycerides levels ** and
Total cholesterol levels.”” Serum AST and ALT was
measured colorimetrically by utilizing the method of Mohun
and Cook.** Serum alkaline phosphatase was measured by
hydrolyzed phenol antipyrine method.”> Serum acid
phosphatase levels,”® Liver glycogen levels,”’ Glycogen
synthase levels,” changes in body weight and food intake
were assessed in the diabetic animals treated with extracts
and compared with other groups.

Statistical Analysis

The data were analyzed using Student’s t — test statistical
methods. For the statistical tests a p values of less than 0.01,
0.05 and 0.001 was taken as significant.

Results

The phytochemical screening of aqueous and water-soluble
fraction of ethanol extract of C. auriculata flowers revealed
the  presence of  flavonoids, phenolic acids,
sterods/triterpenoids, alkaloids, tannins and anthocyanins.
The flavonoid content of aqueous and water soluble fraction
of ethanol extract were 7.93 and 13.21 mg/100 g of dry
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Figure 1: Antioxidant activity of aqueous and ethanol
extract of C. auriculata flowers

Data were presented as mean = SD of each three replicates

** - represents statistical significance Vs aqueous extract of C.
auriculata flowers (p<0.05)

weight of the flower powder whereas, the phenolic acid
content of aqueous and water soluble fraction of ethanol
extract was 12.52 and 16.32 mg/100 g of dry weight of the
flower powder respectively. Free radical scavenging activity
of both water soluble fraction of ethanol extract and
aqueous extract of C. auriculata flowers are depicted in
Fig.1. Acute toxicity studies revealed the non-toxic nature
of the ethanol extract of C. auriculata flowers. The
intraperitonial injection of alloxan monohydrate 150 mg/kg
of body weight to rats resulted in loss of body weight
significantly from 206 £ 9.8 to 154 + 13.6 (p <0.01) and
increased food intake from 14.53 £ 0.7 to 18.62 + 0.6 (p
<0.01). The diabetic rats fed with aqueous extract showed
increase body weight and decrease the food intake
significantly at a dose of 0.25g (198 £ 18.3 and 17.7 £ 0.5, p
<0.05) and 0.50 g (208 £ 10.3 and 17.2 £ 0.6, p < 0.05) per
body wt. than diabetic control rats whereas, the diabetic rats
fed with water soluble fraction of ethanol extract showed
increase body weight and decrease the food intake more
significantly at a dose of 0.25g (205 £ 16.2 and 16.2 £ 0.4, p
<0.001) and 0.50 g (214 £ 12.7 and 15.59 £ 0.7, p < 0.001)
per body wt. than aqueous extract treated rats (Table 1). The
alloxan diabetic rats elicited significant rise in blood
glucose from 88.4 £ 30.2 to 320.2 £ 10.6 (p < 0.01) and a
significant decrease in plasma insulin level from 16.3 £ 1.0
to 4.3 £ 0.9 (p <0.01). On the contrary, the diabetic rats fed
with aqueous extract exhibited decrease blood glucose and
increase the plasma insulin significantly at a dose of 0.25g
(176.1 + 15.3 and 10.4 + 0.7, p <0.05) and 0.50 g (158.6 +
17.2and 13.4 £ 0.6, p < 0.05) per body wt. than diabetic
control rats whereas, the diabetic rats fed with water soluble
fraction of ethanol extract showed decrease blood glucose
and increase the plasma insulin more significantly at a dose
0f 0.25g (142.3 £10.2 and 12.1 £ 0.4, p <0.001) and 0.50 g
(113.3 £ 11.3 and 14.2 £ 0.5, p < 0.001) per body wt. than
aqueous extract treated rats (Table 2). In diabetic animals
serum triglycerides increased from 43.5 £ 3.6 to 64.8 + 1.4
(p <0.01) and total cholesterol was also elevated from 73.0
+ 1.5 t0 99.0 £ 4.1(p < 0.01). Significant decline of both
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triglycerides and total cholesterol level was observed in the
diabetic rats fed with aqueous (p<0.05) and water soluble
fraction of ethanol extract (p<0.001) for 30 days at a dose of
0.25 and 0.50 g per body weight (Table 3). The diabetic rats
showed significantly increased level of AST from 6.3 £ 0.2
to 244 £ 0.1 (p <0.01) and level of ALT from 7.4 £ 0.1 to
18.2 £ 0.2 (p < 0.01). Diabetic animals fed with aqueous
extract exhibited decreased AST and ALT significantly at a
dose of 0.25g (18.4 + 0.3 and 15.2 £ 0.4, p <0.05) and 0.50
g (163 £0.2 and 13.4 £ 1.2, p < 0.05) per body wt. than
diabetic control rats whereas, the diabetic rats fed with
water soluble fraction of ethanol extract showed decreased
AST and ALT significantly at a dose of 0.25g (16.0 £ 0.2
and 12.8 + 1.4, p <0.001) and 0.50 g (152 £ 0.3 and 11.4
1.3, p < 0.001) per body wt. than aqueous extract treated
rats (Table 4). Significantly elevated level of ACP (from 3.6
+04to 7.2 %08, p<0.01) and ALP (from 2.4 £ 0.72 to
22.8 £ 0.8, p < 0.01) were observed in the diabetic rats. The
administration of aqueous extract to diabetic rats at a dose
of 0.25 and 0.50 g / body wt. showed reduction in ACP (6.4
+0.7and 5.6 + 1.4, p <0.05) and ALP (17.4 + 1.4 and 14.6
+ 1.3, P < 0.05) levels whereas, the diabetic rats fed with
water soluble fraction of ethanol extract showed increased
ACP and ALP levels significantly at a dose of 0.25g (5.2 £
1.7 and 14.1 £ 0.9, p <0.001) and 0.50 g (4.2 £ 1.5 and 13.4
+ 1.2, p <0.001) per body wt. than aqueous extract treated
rats (Table 5). A significant reduction in the level of liver
glycogen (3.9 £ 0.6 to 1.6 £ 0.1, p < 0.01) and glycogen
synthase (from 3.4 £ 0.2 to 1.0 £ 0.1, p < 0.01) were in
alloxan induced diabetic rats. Diabetic rats fed with aqueous
extract exhibited increased liver glycogen and glycogen
synthase significantly at a dose of 0.25g (1.7+ 0.3 and 1.9 =
0.3, p <0.05) and 0.50 g (2.0 £ 0.2 and 2.4 + 0.1, p < 0.05)
per body wt. than diabetic control rats whereas, the diabetic
rats fed with water soluble fraction of ethanol extract
showed increased AST and ALT significantly at a dose of
0.25g (2.3 +0.1 and 2.7 + 0.4, p <0.001) and 0.50 g (2.7 +
0.3 and 3.1 £ 0.3, p < 0.001) per body wt. than aqueous
extract treated rats (Table 6).

Discussion

The use of traditional medicine and medicinal plants in most
developing countries, as a normative basis for the
maintenance of good health was widely observed.”” Over 50
% of currently available drugs are derivatives of plant.”” The
present study was undertaken to assess the
antihyperglycemic activity of ethanol extract of C.
auriculata flowers. Previously it was reported that different
parts of C. auriculata plant have antidiabetic efficacy.’’
This has been further supported by Latha and Pari using
aqueous extract of C. auriculata flowers.® The preliminary
investigation in our laboratory showed that water soluble
fraction of ethanol extract of C. auriculata flowers has a
potent antioxidant activity than the aqueous extract of the
same. Under normal physiological conditions, a wide range
of antioxidant defenses protect the body from the adverse
effects of free radicals produced in vivo ** but free radicals
are generated more in diabetes.*> The water soluble fraction
of ethanol extract showed increased scavenging activity
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Table 1: Effect of aqueous and ethanol extract of C auriculata flowers on body weight and food intake levels in diabetic rats.

Group Body weight (g) Food intake (g/day)
Normal control 206+9.8 14.53 £ 0.7
Diabetic control 154 + 13.6* 18.62 £ 0.6*
Aqueous extract (0.25g/kg of body wt.) 198 £ 18.3%* 17.7 £ 0.5%*
Aqueous extract (0.5g/kg of body wt.) 208 +10.3** 17.2 £ 0.6 **
Ethanol extract (0.25g/kg of body wt.) 205 £ 16.2%** 16.2 £ 0.4%**
Ethanol extract (0.5g/kg of body wt.) 214 £ 12.7%** 15.59 £ 0.7***
Glibenclamide (600ug/kg of body wt.) 207 £ 13.4%* 16.27 £ 0.5%*

Values are given as mean £ S.D (n = 7), * - represents statistical significance Vs normal control (p<0.01), ** — represents statistical
significance Vs diabetic control (p<0.05), *** - represents statistical significance Vs aqueous extract treated rats and diabetic control
(p<0.001).

Table 2: Effect of aqueous and ethanol extract of C. auriculata flowers on Blood Glucose and Plasma Insulin levels in
diabetic rats.

Group Blood Glucose (mg/dl) Plasma Insulin (uU/ml)
Normal control 88.4£30.2 16.3£1.0
Diabetic control 320.2 £ 10.6* 4.3 £0.9*%
Aqueous extract (0.25g/kg of body wt.) 176.1 £ 15.3** 10.4 £ 0.7**
Aqueous extract (0.5g/kg of body wt.) 158.6 £ 17.2%* 13.4 £ 0.6**
Ethanol extract (0.25g/kg of body wt.) 142.3 £10.2%** 12.1 £0.4%**
Ethanol extract (0.5g/kg of body wt.) 113.3 £ 11.3%** 14.2 £ 0.5%**
Glibenclamide (600pg/kg of body wt.) 127.4 £ 14.2%* 12.7 £ 0.6%*

Values are given as mean + S.D (n =7), * - represents statistical significance Vs normal control (p<0.01), ** — represents statistical
significance Vs diabetic control (p<0.05), *** - represents statistical significance Vs aqueous extract treated rats and diabetic control
(p<0.001)

Table 3: Effect of aqueous and ethanol extract of C. auriculata flowers on serum triglycerides and total cholesterol levels in
diabetic rats

Group Triglycerides (mg/dl) Total cholesterol (mg /dl)
Normal control 43.5+3.6 73.0+1.5

Diabetic control 64.8 £ 1.4* 99.0 £4.1*
Aqueous extract (0.25g/kg of body wt.) 59.1 £1.8%* 92.3 £3.2%*
Aqueous extract (0.5g/kg of body wt.) 53.6 £2.6%* 84.2 £ 2.2%*
Ethanol extract (0.25g/kg of body wt.) 51.3 £2.3%%* 81.2 £ 2.7%%*
Ethanol extract (0.5g/kg of body wt.) 48.2 £ 2. 4%%* 76.3 £3.1%%*
Glibenclamide (600pg/kg of body wt.) 59.3 £ 1.7%* 91.3 £ 1.4%*

Values are given as mean £ S.D (n = 7), * - represents statistical significance Vs normal control (p<0.01), ** — represents statistical
significance Vs diabetic control (p<0.05), *** - represents statistical significance Vs aqueous extract treated rats and diabetic, control
(p<0.001)

Table 4: Effect of aqueous and ethanol extract of C. auriculata flowers on Serum AST and ALT levels in diabetic rats

Group AST (IU/L) ALT (IU/L)
Normal control 6.3+0.2 74%0.1
Diabetic control 24.4+0.1* 18.2 £0.2%
Aqueous extract (0.25g/kg of body wt.) 18.4 £ 0.3%* 15.2 £ 0.4%*
Aqueous extract (0.5g/kg of body wt.) 16.3 £ 0.2** 13.4 £ 1.2%*
Ethanol extract (0.25g/kg of body wt.) 16.0 £ 0.2%** 12.8 £ 1.4%**
Ethanol extract (0.5g/kg of body wt.) 15.2 £0.3 *** 11.4 £ 1.3%**
Glibenclamide (600pg/kg of body wt.) 17.1 £ 0.4** 14.7 £ 1.1%*

Values are given as mean + S.D (n = 7), * represents statistical significance Vs normal control (p<0.01), ** represents statistical
significance Vs diabetic control (p<0.05), *** represents statistical significance Vs aqueous extract treated rats and diabetic control
(p<0.001)
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Table 5: Effect of aqueous and ethanol extract of C. auriculata flowers on serum ACP and ALP levels diabetic rats

Group ACP (KAUnit)
Normal control 3.6£04
Diabetic control 7.2£0.8%
Aqueous extract (0.25g/kg of body wt.) 6.4 £0.7%*
Aqueous extract (0.5g/kg of body wt.) 5.6 £ 1.4%%*
Ethanol extract (0.25g/kg of body wt.) 5.2 £ 1.7%%*
Ethanol extract (0.5g/kg of body wt.) 4.2 £ 1.5 #*x*
Glibenclamide (600pg/kg of body wt.) 5.4 £0.6%*

ALP (KAUnit)

24+0.72
22.8+0.8*
17.4 £ 1.4%*
14.6 £ 1.3%*
14.1 £ 0.9%**
13.4 £ 1.2%**
12.7 £ 1.2%*

Values are given as mean + S.D (n =7), * - represents statistical significance Vs normal control (p<0.01), ** — represents statistical
significance Vs diabetic control (p<0.05), *** - represents statistical significance Vs aqueous extract treated rats and diabetic control

(p<0.001), KAU — Karmen Unit

Table 6: Effect of aqueous and ethanol extract of C. auriculata flowers on liver glycogen and glycogen synthase levels in

diabetic rats

Group Liver Glycogen (mg/kg)
Normal control 39+£0.6
Diabetic control 1.6 £0.1%*
Aqueous extract (0.25g/kg of body wt.) 1.7 +£0.3%*
Aqueous extract (0.5g/kg of body wt.) 2.0+ 0.2%*
Ethanol extract (0.25g/kg of body wt.) 2.3 £ 0.1%**
Ethanol extract (0.5g/kg of body wt.) 2.7£0.3 #**
Glibenclamide (600ug/kg of body wt.) 2.3+0.2%*

Glycogen Synthase
(Unit/mg of protein/min)

34102

1.0+0.1*

1.9 +£0.3%*
24 +0.1%*
2.7 £ 0.4%**
3.1 £0.3%**
2.9 +0.2%*

Values are given as mean + S.D (n =7), * - represents statistical significance Vs normal control (p<0.01), ** — represents statistical
significance Vs diabetic control (p<0.05), *** - represents statistical significance Vs aqueous extract treated rats and diabetic control

(p<0.001)

against free radicals than aqueous extract. It may be due to
abundant presence of antioxidant active principles in water
soluble fraction of ethanol extract than aqueous extract. This
result provoked us to focus on the antidiabetic effect of
ethanol extract of C. auriculata flowers. Several authors
reported that flavonoids, sterols/terpenoids, phenolic acids
are known to be bioactive antidiabetic principles.**
Flavonoids are known to regenerate the damaged beta cells
in the alloxan diabetic rats.*® Phenolics are found to be
effective antihyperglycemic agents.”’” In the present study,
the phytochemical content of water soluble fraction of
ethanol extract of C. auriculata flowers clearly points out
the abundant presence of flavonoids and phenolic acids than
aqueous extract. It denotes that the antidiabetic effect of
ethanol extract of C. auriculata flowers may be due to the
presence of more than one antihyperglycemic principles and
their synergistic effects.

In the diabetic state, the body weight is reduced whereas
food intake is increased and this recovers during the
exposure of hypoglycemic treatment.”® In this study, a
reduced level of body weight and elevated level of food
intake were observed in alloxan induced diabetic rats. The
administration of water-soluble fraction of ethanol extract
restored these levels significantly (p value <0.001) towards
the normal control than the aqueous extract treated rats at
the same level of doses. In all diabetic patients, treatment
should aim to lower blood glucose to near normal level.”
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The present investigation fulfills this statement by
producing a significant (p value <0.001) fall in blood
glucose levels in water soluble fraction of ethanol extract
administered alloxan diabetic rats than the aqueous extract
(p<0.05) treated rats. Earlier report states that insulin
deficiency occurs in alloxan induced diabetic rats leading to
alterations in the carbohydrate metabolism such as elevated
blood glucose and reduced level of insulin.*’ In our study, it
was observed that water soluble fraction of ethanol extract
reversed these effects in diabetic animals. The possible
mechanism by which water soluble fraction of ethanol
extract brings about its antihyperglycemic action may be by
induction of pancreatic insulin secretion from f cells of
islets of Langerhans or due to enhanced transport of blood
glucose to peripheral tissue. This was clearly evidenced
from the data with significant (p value <0.001) increase in
plasma insulin level of diabetic rats treated with water
soluble fraction of ethanol extract than the aqueous extract
(p<0.05) treated rats. In this study, the marked increase in
serum triglycerides and cholesterol levels observed in
diabetic rats agree with the findings of Nikkila and Kekki. *'
The most common lipid abnormalities in diabetes are
hypertriglyceridemia and hypercholesterolemia.**
Administration of the water soluble fraction of ethanol
extract to the alloxan induced diabetic rats significantly (p
value < 0.001) restored these parameters than the aqueous
extract (p<0.05) treated rats. The observed hypolipidemic
effect may be because of decreased cholesterogenesis and
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fatty acid synthesis because of extract supplementation to
the diabetic animals. Significant lowering of total
cholesterol and triglycerides is a very desirable biochemical
state for prevention of diabetes and its complications. **

The serum AST and ALT levels increase as a result of
metabolic changes in the liver, such as administration of
toxin, cirrhosis of the liver, hepatitis and liver cancer
including diabetes.** Similarly in the present study, it was
observed that the levels of serum AST and ALT in alloxan
induced diabetic rats were elevated. It may be due to leaking
out of enzymes from the tissues and migrating into the
circulation by the adverse effect of alloxan.” AST and ALT
were used as markers to assess the extent of liver damage in
streptozotocin induced diabetic rats.*® In this study, the
administration of water soluble fraction of ethanol extract to
alloxan-induced diabetic rats reduces AST and ALT levels
(p value <0.001) efficiently than aqueous extract treated
rats. In addition to the assessment of AST and ALT levels
during diabetes, the measurement of enzymatic activities of
phosphatases such as acid phosphatase (ACP) and alkaline
phosphatase (ALP) is of clinical and toxicological
importance as changes in their activities are indicative of
tissue damage by toxicants.*’ In our study, serum ACP and
ALP increased considerably in alloxan induced diabetic
rats. Elevated level of these enzymes in diabetes may be due
to extensive damage to liver in the experimental animals by
alloxan. Treatment with water soluble fraction of ethanol
extract in alloxan-induced diabetic rats produces a more
significant (p value <0.001) decline in these levels than the
aqueous extract treated rats. From the present observation, it
was evident that water soluble fraction of ethanol extract
protects the adverse effects of lipid peroxide mediated tissue
damage in alloxan induced diabetic rats.

In diabetes, the glycogen content of the skeletal muscles and
liver, markedly depleted ** and the reduced level of hepatic
glycogen is due to inadequate insulin secretion, which
results in the inactivation of glycogen synthatase system.*
In a similar way, in the present study decreased levels of
glycogen and glycogen synthase were observed in diabetic
control rats. It may be due to insufficient secretion of insulin
in the diabetic state as stated earlier. It was reported that the
treatment with insulin favours the accumulation of glycogen
and its content rises to 300% of normal level within 24hr
and this inordinate restoration of glycogen may account for
up to 60 % of dry liver weight in diabetic animals.” In
accordance to this, our study also showed significantly (p
value <0.001) elevated levels of liver glycogen and
glycogen synthase in the water-soluble fraction of ethanol
extract administered diabetic rats than the aqueous extract
(p<0.05) treated rats. This may be due to activation of
glycogen synthatase system by the modulatory effects of
constituents of water-soluble fraction of ethanol extract
through induction of insulin secretion.

In conclusion, although numerous medicinal plants have
been reported to possess antihyperglycemic activity, C.
auriculata is gaining much importance in diabetic control as
it has been used as a traditional medicine (Avaarai panchaga
chooranam) for diabetes. The preliminary investigation on
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the antidiabetic efficacy of ethanol extract of C. auriculata
flowers will be significant to proceed further in this path for
the isolation of active principles responsible for antidiabetic
activity. The present study emphasizes that the ethanol
extract has more antidiabetic effect than aqueous extract and
it contains potent and safe antihyperglycemic principles
unlike synthetic drugs. Further studies will be carried out to
elucidate the exact mechanism of action of water soluble
fraction of ethanol extract of C. auriculata flowers on
diabetes and its antiperoxidative effect.

References

1. Kameswara Rao B, Renuka Sudarshan P, Raja Sekar
MD, et al.. Antidiabetic activity of Terminalia pallida
fruit in alloxan induced diabetic rats. J Ethnopharmacol
2003; 85: 169 - 172.

Andallu B. Control of hyperglycemic and retardation of
cataract by mulberry (Morus indica. L) leaves in
streptozotocin diabetic rats. Ind J Exp Biol 2002; 40:
791 —1795.

Sumana G, Suryawanshi SA. Effect of Vinca rosea
extracts in treatment of alloxan diabetes in male albino
rats. Ind J Exp Biol 2001; 39, 748 — 758.

Valiathan, MS. Healing plants. Curr Sci 1998; 75: 1122
—1126.

Srivastava Y, Bhat HV, Verma Y, Venkaidh K.
Antidiabetic and adaptogenic properties of Momodica
charantia extract; An experimental and clinical
evaluation. Phytother Res 1993; 7: 285.

Joshi SG. Cesalpinaceaec. Text book of medicinal
plants. Oxford and IBH Publishing; 2000: pp.119.
Brahmachari HB, Augsti KT. Hypoglycemic agents
from indigenous plants. J Pharmacol 1961; 13: 381.
Latha M, Pari L. Effect of Cassia auriculata flowers on
Blood Sugar Levels, Serum Tissue Lipids in
Streptozotocin Diabetic rats. Singapore Med J 2002;
43: 617- 621.

Gray AM, Abdel - Wahab YH, Flatt PR. The traditional
plant treatment, Sambuscus nigra (elder) exhibits
insulin-like and insulin releasing actions in vitro. J Nutr
2000; 130: 15-20.

Das AK, Bhattacharjee AK. A systematic approach to
phytochemical screening. Tropical Science XII; 1970:
pp 54- 58.

Harborne JB. Phytochemical Methods. Chapman &
Hall, London; 1973.

Markham KR. Techniques of Flavonoid Identification.
Academic Press, London; 1982.

Bate-Smith EC. Plant phenolics in foods. In: Fairbairn,
JW. (Ed.), Pharmacology of Plant Phenolics.
Academic press, New York; 1959: pp 33-149.

Ibrahim RK, Towers GHN. The Identification of Plant
Phenolics by Paper Chromatography. Academic Press,
New York; 1960: pp 133-149.

Swain T, Hillis WE. The quantitative analysis of
phenolic constituents of Prunus domestica. J Science
Food Agri 1959; 10: 63 - 68.

Gyamfi MA, Yonamine M, Aniya Y. Free-radical
scavenging action of medicinal herbs from Ghana:

10.

11.

12.

13.

14.

15.

16.



Effect of aqueous and ethanol extracts of Cassia auriculata L. flowers

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Thonningia sanguinea on experimentally-induced liver
injuries. General Pharmacol 1999; 32: 661 - 667.

Ghosh MN. Toxicity studies. In: Fundamentals of
Experimental pharmacology. Scientific Book Agency,
Calcutta; 1984: pp 153 — 158.

Turner MA. Screening Methods in Pharmacology.
Academic press, New York; 1965: pp 26.

Nagappa AN, Thakurdesai PA, Venkat Rao N, Jiwan
Singh. Antidiabetic activity of Terminalia catappa Linn
fruits. J Ethnopharmacol 2003; 88: 45- 50.

Pari L, Uma Maheshwari J. Antihyperglycemic activity
of Musa Sapentium flower: Effect on lipid peroxidation
in alloxan diabetic rats. Phytother Res 2000; 14: 1-3.
Sasaki T, Matsy S, Sonae A. Effect of acetic acid
concentration on the colour reaction in the O-toluidine
boric acid method for blood glucose estimation.
Rinshbo kagaku 1972; 1: 346- 353.

Foster LB, Dunn RT. Stable reagents for determination
of serum triglycerides by colorimetric hantzsch
condensation method. Clin Chem 1973; 19: 338-340.
Zlatkis A, Zak B, Bogle GJ. A method for
determination of serum cholesterol. J Clin Med 1953;
41:486- 492.

Mohun AF, Cook 1JY. Journal of Clinical Pathology
1957; 10: 394.

King EJ, Armstrong AR. Canad Med Asso J 1934; 31:
376.

King EJ, Haslewood GAD, Delory GE, Beall D. Lancet
1942; 1: 207.

Nicholas V, The determination of glycogen in liver and
muscle by the use of anthrone reagent. Ind J Biol Chem
1956; 220: 583.

Thomas JA, Schlender KK, Larner. Anal Biochem
1968; 25: 486.

Bhattaram VA, Ceraefe M, Koshlset C, Vest M,
Deundorf H. Pharmaco kinetics and bioavailability of
herbal medicinal products. Phytomedicine 2002; 9
(Suppl III): 1-36.

Jia W, Gao WY, Xia PG. Antidiabetic drugs of plant
origin used in China: Compositions. Pharmacology and
hypoglycemic mechanisms. Zhongguo Zhong Yao Za
Zhi 2003; 28: 108-113.

Shrotri DS, Meena Kelkar, Deshmukeh, VK, Aiman R.
Investigations of the hypoglycemic properties of Vinca
rosea, Cassia auriculata and Eugenia jambolana. Ind J
Med Res 1963; 51: 464- 467.

Halliwell B, Gutteridge JM. Role of free radicals and
catalytic metal ion in human disease; an overview.
Meth in Enzymol 1990; 186: 1- 85.

Jain SK, Kannan K, Lim G. Ketosis (acetoacetate) can
generate oxygen radicals and cause increased lipid
peroxidation and growth inhibition in human
endothelial cells. Free Rad Biol Med 1998; 25: 1083-
1088.

Oliver — Bever B. Medicinal plants in tropical West

Africa, Cambridge University press, London; 1986: pp
245 -267.

106

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Atta-Ur-Rhemann, Khurshid Zaman. Medicinal plants
with hypoglycemic activity. J Ethnopharmacol 1989;
26: 1-55.

Chakravarthy BK, Gupta S, Gambir SS, Gode KD.
Pancreatic beta cell regeneration. A novel antidiabetic
mechanism of Pterocarpus marsupium Roxb. Ind J
Pharmacol 1980; 12, 123-127.

Manickam M, Ramanathan M, Farboodinay Jahromi
MA, Chansouria JPN, Ray AB. Antihyperglycemic
activity of phenolics from Pterocarpus marsupium. J
Nat Prod 1997; 60: 609-610.

Furuse M, Kimura C, Mabayo RT, Takashi H,
Oicumura J. Dietary sorbose prevents and improves
hyperglycemia genetically in diabetic mice. J Nutr
1993; 123: 59 - 65.

American Diabetes Association. Clinical practice
recommendation. Diabetes Care. 1997; 20 (suppl.1):
S1-S70.

Levine R, Goldstein M, Klein S, Huddeston B. J Biol
Chem 1949; 179: 985.

Nikkila EA, Kekki M. Plasma transport kinetics in
diabetes mellitus. Metabolism 1973; 22: 1.

Khan BA, Abraham A, Leelamma S. Hypoglycemic
action of Murraya koenigii (curry leaf), Brassica
juncea (mustard); mechanism of action. Ind J Biochem
and Biophy 1995; 32: 106 —108.

Luc G, Fruchart JC. Oxidation of lipoproteins and
atherosclerosis. American J Clin Nutr 1991; 53: 2065—
2095.

Chalasani N, Aljadhey H, Kesterson J, Murray MD,
Hall SD. Patients with elevated liver enzymes are not
act high risk for statin hepatotoxicity. Gastroentero
2004; 126: 1287 — 1292.

Stanely P, Mainzen Prince P, Venugopal Menon.
Hypoglycemic and other related actions of Tinospora
cordifolia roots in alloxan induced diabetic rats. J
Ethnopharmacol 1999; 70: 9-15.

Hye-Jin Hwang, Sang — Woo kim, Jong — Min lim, Ji —
Hoon joo, Hyun — oh kim, Hyun — Mi kim, Jong — Won
yun. Hypoglycemic effect of crude
epoxypolysaccharides produced by a medicinal
mushroom Phellinus baumii in Streptozotocin induced
diabetic rats. Life sci 2005; 76: 3069-3080.

Som Nath Singh, Praveen Vats, Shoba Suri, Radhey
Shyam, Kumaria MML, Ranganathan S, Sridharan K.
Effect of an antidiabetic extract of Catharanthus roseus
on enzymic activities in Streptozotocin induced diabetic
rats. J Ethnopharmacol 2001; 76: 269-277.

Grover JC, Vats V, Rathi SS. Antihyperglycemic
effects of Eujenia jambolana and Tinospora cordifolia
in experimental diabetes and their effects on key
metabolic  enzymes involved in carbohydrate
metabolism. J Ethnopharmacol 2000; 3: 461- 470.
Sumana, G, Suryawashi SA. Effect of Vinca rosea
extracts in treatment of alloxan diabetes in male albino
rats. Ind J Exp Biol 2001; 39: 748 -758.

Anderson JW. Alteration in metabolic fate of glucose in
the liver of diabetic animals. American J Clin Nutr
1974; 27: 746 -755.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


