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e hypoglycemic effect of the methanolic and aqueous extracts of whole parts of Cassia �stula in both normoglycemic and
streptozotocin-nictotinamide induced Type 2 diabetic rats were investigated. Acute toxicity, oral glucose tolerance test and
glucose uptake in isolated rat hemidiaphragm were performed in normal rats. Diabetes was induced in Sprague Dawley rats
by the administration of streptozotocin-nictotinamide (50, 110mg/kg b.w., resp.) intraperitoneally. Different extracts of Cassia
was administered to diabetic rats at 250 and 500mg/kg doses for 21 days. Biochemical parameters like blood glucose, insulin,
glycosylated hemoglobin, lipid pro�le, and serummarker enzymes were determined.emethanolic extract of the bark and leaves
were show more effective in causing hypoglycemia in normoglycemic rats. Diabetic rats showed increased levels of glycosylated
hemoglobin, reduced levels of plasma insulin, were signi�cantly reverted to near normal a�er oral administration of the bark
and leaf methanolic extracts. Glucose uptake studies in isolated rat hemidiaphragm have shown enhanced peripheral utilization
of glucose. Chronic treatment of Cassia remarkably restored the normal status of the histopathological changes observed in the
selected tissues. Dose dependent anti-diabetic effects with the cohorts receiving the methanolic extract of bark followed by leaves
of Cassia was revealed.

1. Introduction

Diabetes mellitus (DM), caused by inherited and/or acquired
de�ciency or inadequate secretion of hormone insulin (type
I or insulin-dependent diabetes mellitus (IDDM)) or due to
a an inadequate response of target cells to insulin (type II or
noninsulin-dependent diabetes mellitus (NIDDM)), or by a
combination of these factors culminating in hyperglycemia is,
a disease as old as mankind [1]. Recent reports indicate DM
is today the world’s leading endocrine disorder, constituting
approximately six percent of the population, of which 90
percent is type II DM [1]. e currently available therapeutic
options, such as oral hypoglycemics and insulin, are not
always satisfactory in maintaining euglycemia and in avoid-
ing late stage DM complications. Additionally, the chronic
nature of the disease and the associated complications require
regular treatment and incur huge �nancial expenditure on
the family and the healthcare system. erefore, a need for

alternative drugs that are effective, inexpensive, affordable,
and safe to consume is being recognized.

One of the best approaches in identifying novel antidi-
abetic agents is to scienti�cally investigate the e�cacy of
medicinal plants recognized to be effective in the various
traditional system of medicine [2]. Cassia �stula Linn com-
monly known as “golden shower” and belonging to Legumi-
nosae family is one such plant reported to be effective as an
antidiabetic agent in the various folk systems of medicine [3].
e plants are fast growing small tree or tall shrubs and are
found growing throughout tropical countries of the world,
from West Indies to South Asia (India, iland, Malaysia,
Brunei Darussalam, Indonesia, Vietnam, and Philippines)
and from South Africa to Egypt [4]. Almost all parts of
the plants are of medicinal use in the various folk system
of medicine in Southeast Asia, and scienti�c studies have
validated many of the ethnomedicinal observations. Preclin-
ical studies have shown that the extract of �owers, leaves,
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T 1: Phytochemical studies of Cassia �stula extracts.

Extracts Gly Alk Fla Phe Sap Tan Ste Res
Bark methanol −ve +ve −ve +ve −ve +ve +ve −ve
Bark aqueous −ve +ve −ve +ve −ve +ve +ve −ve
Leaf methanol +ve −ve +ve −ve −ve −ve −ve −ve
Leaf aqueous +ve −ve +ve −ve −ve −ve −ve −ve
Flower methanol +ve +ve +ve +ve −ve −ve −ve −ve
Flower aqueous +ve +ve +ve +ve −ve −ve −ve −ve
Pod methanol +ve +ve −ve +ve +ve −ve −ve +ve
Pod aqueous +ve +ve −ve +ve +ve −ve −ve +ve
Gly: glycoside; Alk: alkaloid; Fla: �avonoid; Phe: phenol; Sap: saponin; Tan:
tannin; Ste: steroid; Res: resin.
+ve: present; −ve: absent.

bark, and pods, namely the ether extract of leaves possess
antibacterial activity against S. aureus and S. album [5]. Seeds
of CF are reported to have antibacterial [6], antitumour [7],
and antifertility effect [8] and four novel compounds has been
isolated [9]. e antioxidant effect of the crude extracts of
stem bark, leaves, �owers, and fruit pulp ofC. �stula has been
assessed [10].ough the hypoglycemic efficacy of leaves and
seeds of CF have been studied [11]. e methanol extract of
the stem of CF and catechins isolated from the extract are
shown to reduce the blood glucose levels in STZ-induced
DM rats [3]. Recently in milieu of these observations and to
validate the ethnomedical observations, for the �rst time the
present study was undertaken to evaluate the hypoglycemic
effects of the various parts of Cassia �stula (leaves, barks,
�owers, and pods) and extracts (aqueous and methanolic) in
both normal (nondiabetic) and type II DM rats (induced by
STZ-nictotinamide).

2. Materials andMethods

2.1. Plant Material. e leaves, barks, �owers, and pods of
Cassia �stula were together collected in 2007 and around
Bangalore district, India, in April and authenticated by
botanist, Dr. V. C. Subbanna, Gandhi Krishi Vignana Kendra,
Bangalore, India.

2.2. Preparation of Plant Extracts. e plant materials were
shade dried and pulverized inmechanical mill.e appropri-
ate dried powdered plant materials (1 kg) were successively
extracted with n-hexane, chloroform, and methanol (all
solvents were HPLC grade) by soxhlet apparatus and with
double distilled water (500mL each) by re�ux. e extracts
were evaporated to dryness with a rotary evaporator, under
reduced pressure at 40∘C. e extracts are as follows: bark
methanol extract (BME), bark aqueous extract (BAE), leaf
methanol extract (LME), leaf aqueous extract (LAE), �ower
methanol extract (FME), �ower aqueous extract (FAE),
pods methanolic extract (PME), and pods aqueous extract
(PAE). e extracts were stored at 4∘C and used for further
investigation.

2.3. Chemicals. Glucose and other biochemical parameters
kits were obtained from Randox Laboratories Ltd. (Co.

Antrim, UK). STZ and nicotinamide were purchased from
Sigma Chemicals Co. (St. Louis, MO, USA). Standard
drug glibenclamide (1.0mg/kg. b.wt) pure samples were pro-
cured from Biocon Pvt. Ltd., Bangalore, India. e drugs
and reagents were reconstituted in sterile double distilled
water.

2.4. Animals. e study was conducted on Sprague Dawley
(SD) rats, �ve to six weeks of age, weighing 200–250 g,
which were housed in colony cages (three rats per cage) at
an ambient temperature of 25 ± 2∘C with 12 h light and
12 h dark cycle. e rats were fed standard diets and water
ad libitum. e animals were allowed to acclimatize to the
laboratory environment for 1 week. All procedures complied
with the standards for the care and use of animal subjects as
stated in the guidelines laid by Institutional Animal Ethical
Committee (IAEC), University of Malaya, Kuala Lumpur
(FAR/07/12/2007/MRM(R).

2.5. Acute Toxicity Study. e acute oral toxicity study was
carried out in accordance to the guidelines set by the
Organisation for Economic Co-operation and Development
(OECD) 423 [12]. Sprague Dawley rats were fasted for
overnight and administered range of concentration (50 to
5000mgkg−1) of the methanolic and aqueous extracts. e
animals were observed continuously for the �rst two hours,
followed by once every hour up to 6 h for any changes in
behavioral, neurological, and autonomic pro�les and aer 24
and 72 h to identify lethality.

2.6. Effect of CF Extract on Serum Glucose Levels of Normal
Fasted Rats. e fasting blood sugar level of each animal was
determined aer overnight fasting for 18 h. Normoglycemic
rats were divided into eighteen experimental groups (𝑛𝑛 𝑛
6 per group). e �rst group of animals was given saline
through oral intubation and served as control. Group II was
given glibenclamide (2.5mgkg−1), taken as standard. Group
III–XVIII was given an aqueous and methanolic suspension
of CF extracts (leaf, �ower, bark, and pods) orally at a dose
of 250 and 500mgkg−1, respectively. e blood samples were
collected from the tail vein just prior to and at 1, 2, 4, and 8 h
aer the extract. Serum glucose was measured by GOD/POD
enzymatic method [13].

2.7. Determination of the Oral Glucose Tolerance Test (OGTT)
in Normal Rats. OGTT experiment was performed as
explained by Bonner-Weir [14].e normal rats were divided
into 18 groups (𝑛𝑛 𝑛 6𝑛 and were fasted overnight (18 h). e
next day the rats were administered either drinking water
or glibenclamide (2.5mgkg−1 used as the standard drug) or
250 and 500mgkg−1 of the extracts. Glucose (2 gkg−1) was
administered 30min aer the feeding of the extract. Blood
waswithdrawn from the tail vein under ether inhalation anes-
thesia at 240min of glucose administration and estimated
using biochemical kits in a semiautoanalyser STATFAX3300.
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T 2: Effect of oral administration ofmethanolic and aqueous extracts of�assia �stu�a Linn bark, leaves, �ower, and pods on blood glucose
concentration in normal rats.

Experimental group Blood glucose concentration (mg/dL)
0 h 1 h 2 h 4 h 8 h

Normal control 85.3 ± 2.4 84.0 ± 2.4 86.3 ± 2.1 82.3 ± 3.5 79.8 ± 3.4
Glibenclamide (2.5mg/kg) 87.3 ± 2.6 79.7 ± 3.4 70.2 ± 1.4c 61.0 ± 3.1c 56.0 ± 2.0c

BME 250mg/kg 85.7 ± 3.2 84.5 ± 2.4 80.8 ± 3.4 76.3 ± 1.7 70.3 ± 3.3
BAE 250mg/kg 85.3 ± 2.6 82.0 ± 2.0 80.0 ± 2.4 76.7 ± 2.8 71.0 ± 3.1
BME 500mg/kg 86.7 ± 2.7 80.0 ± 3.0 73.7 ± 3.9a 68.0 ± 1.5b 62.3 ± 2.1b

BAE 500mg/kg 87.8 ± 2.8 84.8 ± 3.7 81.0 ± 3.2 76.5 ± 3.2 70.7 ± 2.5
LME 250mg/kg 81.3 ± 1.7 80.0 ± 3.0 78.3 ± 2.7 75.0 ± 2.8 70.5 ± 3.9
LAE 250mg/kg 82.3 ± 3.3 80.3 ± 3.3 78.7 ± 3.1 75.5 ± 1.9 71.7 ± 2.4
LME 500mg/kg 84.1 ± 2.5 80.0 ± 3.0 76.2 ± 3.4 71.5 ± 3.1a 65.3 ± 2.0b

LAE 500mg/kg 86.0 ± 3.6 83.3 ± 2.5 81.5 ± 2.6 76.3 ± 2.7 70.2 ± 3.2
FME 250mg/kg 87.1 ± 2.7 84.7 ± 3.4 82.0 ± 2.0 75.8 ± 2.5 71.3 ± 2.4
FAE 250mg/kg 82.5 ± 2.8 83.3 ± 2.7 79.2 ± 2.1 76.2 ± 1.2 70.2 ± 2.2
FME 500mg/kg 80.0 ± 1.5 79.2 ± 2.7 78.4 ± 4.8 74.7 ± 2.1 73.5 ± 2.7
FAE 500mg/kg 86.2 ± 2.5 84.8 ± 3.8 83.3 ± 3.5 79.0 ± 3.2 74.0 ± 2.7
PME 250mg/kg 85.8 ± 3.5 83.3 ± 1.1 83.7 ± 1.8 80.3 ± 3.3 85.7 ± 3.2
PAE 250mg/kg 84.0 ± 2.7 83.3 ± 3.3 82.9 ± 3.2 79.0 ± 2.1 85.7 ± 3.2
PME 500mg/kg 83.3 ± 2.7 80.2 ± 3.4 79.3 ± 1.9 76.0 ± 2.7 85.7 ± 3.2
PAE 500mg/kg 82.0 ± 2.5 80.3 ± 1.3 78.3 ± 2.6 76.3 ± 2.2 85.7 ± 3.2
Values are mean ± SEM (𝑛𝑛 𝑛 6). 𝑃𝑃 value: a<0.05, b<0.01, c<0.001 as compared with normal control group (by one-way ANOVA followed by Dunnett’s multiple
comparison test).

T 3: Effect of repeated administration of methanolic and aqueous extracts of bark, leaf, and �ower of �assia �stu�a on glucose level in
STZ-nicotinamide induced diabetic animals.

Experimental group
Blood glucose concentration (mg/dL)

Initial concentration Diabetic rats
0 7 14 21

Normal control 76.58 ± 1.5 75.26 ± 1.82 74.43 ± 1.74 76.59 ± 1.8 77.46 ± 1.74
Diabetic control 84.5 ± 1.8 216.3 ± 3.7 218.4 ± 4.20 214.5 ± 4.20 218.2 ± 6.21
Glibenclamide 80.4 ± 2.6 213.7 ± 4.1 175.5 ± 5.05b 155.5 ± 5.04c 146.1 ± 5.71c

BME 250mg/kg 76.7 ± 2.3 216 ± 3.8 200.6 ± 4.51 186.6 ± 4.64b 185.7 ± 4.64b

BAE 250mg/kg 77.5 ± 1.8 213 ± 4.0 208.7 ± 4.29 199.5 ± 4.34 191.5 ± 4.26a

BME 500mg/kg 76.9 ± 1.6 213.2 ± 4.2 193.8 ± 3.90a 169.4 ± 3.89c 158.9 ± 3.89c

BAE 500mg/kg 82.8 ± 3.4 214.5 ± 4.1 205.7 ± 6.06 190.8 ± 5.83b 189.7 ± 5.79a

LME 250mg/kg 77.7 ± 3.1 213.7 ± 3.1 207.9 ± 8.60 194.7 ± 4.64a 189.7 ± 4.65a

LAE 250mg/kg 76.6 ± 2.3 214.2 ± 4.9 212.1 ± 5.13 198.5 ± 4.66 190.6 ± 4.65a

LME 500mg/kg 75.6 ± 3.2 217.8 ± 3.0 198.5 ± 5.71 177.6 ± 5.69c 168.6 ± 5.68c

LAE 500mg/kg 77.9 ± 1.2 215.3 ± 4.5 209.4 ± 4.07 201 ± 3.52 194.9 ± 3.61
FME 250mg/kg 84.2 ± 2.6 212 ± 3.0 213.1 ± 8.62 204.2 ± 5.01 196.2 ± 5.01
FAE 250mg/kg 79.2 ± 2.2 210.5 ± 5.0 214 ± 10.11 205.2 ± 4.61 197.7 ± 6.07
FME 500mg/kg 78.4 ± 2.6 219.8 ± 3.8 208.5 ± 4.94 198.4 ± 4.98 191.4 ± 4.97
FAE 500mg/kg 81.8 ± 2.6 221.3 ± 0.7 210.9 ± 4.92 204.9 ± 5.05 197.8 ± 5.05
Values are mean ± SEM (𝑛𝑛 𝑛 6).
𝑃𝑃 value: a<0.05, b<0.01, c<0.001 as compared with diabetic control group (by one-way ANOVA followed by Dunnett’s multiple comparison test).

2.8. ��a�uation �. �stu�a ��t�acts on �a�ious �a�a�ete�s in
Type II DM Rats

2.8.1. Induction of NIDDM. e rats were fasted overnight
and were administered freshly prepared STZ solution
(50mg/kg body weight dissolved in cold citrate buffer, pH
4.5) intraperitoneally (i.p.). Fieen minutes aer the i.p.

administration, STZ, 110mgkg−1 body weight of nictoti-
namide (dissolved in saline) was given to the same rats
by i.p. DM was identi�ed by polydipsia, polyuria, and by
measuring nonfasting plasma glucose levels. Animals with
postprandial glycemia over 200–250mgkg−1, 7 days aer
STZ administration, were considered diabetic. Whole blood
was collected from the tail vein of the rats. Control rats
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T 4: Effect of methanolic and aqueous bark, leaf, and �ower
extracts of Cassia �stula on serum insulin and glycosylated hemo-
globin (whole blood) in diabetic rats.

Experimental group Insulin (IU/mL) Glycosylated
hemoglobin (%)

Normal control 130.5 ± 3.6 3.1 ± 0.1
Diabetic control 90.5 ± 2.1 9.0 ± 0.2
Glibenclamide 118.2 ± 3.6c 4.8 ± 0.2c

BME 250mg/kg 103.5 ± 4.6 8.0 ± 0.2b

BAE 250mg/kg 98.3 ± 3.4 8.4 ± 0.2
BME 500mg/kg 116.8 ± 3.4c 5.3 ± 0.1c

BAE 500mg/kg 100.7 ± 2.9 8.1 ± 0.2a

LME 250mg/kg 104.8 ± 3.5a 8.1 ± 0.2a

LAE 250mg/kg 98.2 ± 3.5 8.5 ± 0.3
LME 500mg/kg 114.5 ± 2.0c 5.9 ± 0.2c

LAE 500mg/kg 99.3 ± 2.9 8.3 ± 0.1
FME 250mg/kg 98.5 ± 4.7 8.4 ± 0.2
FAE 250mg/kg 93.3 ± 2.8 8.5 ± 0.3
FME 500mg/kg 103.2 ± 3.0 8.3 ± 0.1
FAE 500mg/kg 95.8 ± 4.6 8.4 ± 0.2
Values are mean ± SEM (𝑛𝑛 𝑛 𝑛).
𝑃𝑃 value: a<0.05, b<0.01, c<0.001 as compared with diabetic control group (by
one-way ANOVA followed by Dunnett’s multiple comparison test).

received only buffer. Animals, which did not develop more
than 200mgdL−1 glucose levels, were rejected [15, 16].

2.8.2. Experimental Design and Treatment Schedule. e
effect of the extracts was studied in STZ-nictotinamide
induced diabetic rats or 21 days. e rats (𝑛𝑛 𝑛 𝑛 per group)
were divided into 15 groups: group 1: normal rats treated
with vehicle alone; group 2: diabetic control treated with STZ
solution (50mgkg−1 body weight dissolved in cold citrate
buffer, pH 4.5) intraperitoneally (i.p.) + 110mg/kg body
weight of nictotinamide, i.p. (dissolved in saline); group
3: diabetic rats treated p.o. (oral route) with glibenclamide
(Biocon. Pvt. Ltd., India); group 4 and 5 diabetic rats were
administered 250mgkg−1 of Bark methanolic and aqueous
extracts respectively; groups 6 and 7 diabetic rats were
administered 500mgkg−1 of bark methanolic and aqueous
extracts, respectively; groups 8 and 9 diabetic rats were
administered 250mgkg−1 of leaf methanolic and aqueous
extracts, respectively; groups 10 and 11 diabetic rats were
administered 500mg/kg of leaf methanolic and aqueous
extracts, respectively; groups 12 and 13 diabetic rats were
administered 250 mgkg−1 of �ower methanolic and aqueous
extracts, respectively; groups 14 and 15 diabetic rats were
administered 500 mgkg−1 of �ower methanolic and aqueous
extracts, respectively. e saline, standard drug, and extracts
were administered p.o. to respective groups for 21 days.

Blood samples were collected from the tail vein at 0,7th,
14th, and 21st days and quanti�ed for the blood glucose
levels. On day 21, the fasted animals were euthanized under
overdose of ketamine. e blood was collected by cardiac

puncture and processed for estimating the levels of glyco-
sylated hemoglobin (HbA1c) by ion exchange chromatog-
raphy [17] and insulin by ELISA assay [18]. e serum
was separated by centrifugation and analyzed for serum
biochemical parameters, that is, aspartate transaminase
(AST), alanine transaminase (ALT), alkaline phosphatase
(ALP), total cholesterol (TC), triglycerides (TG), high density
lipoprotein (HDL), and non-HDL using biochemical kits in
a semiautoanalyser-STAT FAX 3300.

2.8.3. Total ProteinContent. eprotein contents of 10% liver
homogenateswere determined by using Lowry’smethod [19].

2.8.4. Lipid Peroxidation. iobarbituric acid reactive sub-
stances (TBARS) in homogenate were estimated by using
standard method [20]. Brie�y, 500 𝜇𝜇L of sample (10%
liver homogenate) was incubated with 300𝜇𝜇L of 15%
trichloroacetic acid (TCA), 300 𝜇𝜇L of 0.375% thiobarbituric
acid (TBA), and 300 𝜇𝜇L of 5N hydrochloric acid (HCl) at
95∘C for 15min; the mixture was cooled and centrifuged and
the absorbance of the supernatant was measured at 532 nm
against appropriate blank. e amount of lipid peroxidation
was determined by using l = 1.56 × 105M−1 cm−1 and
expressed as nM of (malonaldehyde) MDA/mg of protein
[21].

2.8.5. Histopathological Studies. At the end of the experimen-
tal period, the animals were sacri�ced by cervical dislocation.
e pancreas samples �xed for 48 h in 10% formalin saline
were dehydrated by passing successfully in different mixture
of ethyl alcohol-water, cleaned in xylene, and embedded
in paraffin. Sections of pancreas were prepared and, then,
stained with hematoxylin and eosin dye (H&E), which
mounted in neutral deparaffinated xylene (DPX)medium for
microscopic observation.

2.9. Effect of Aqueous and Methanolic Bark, Leaf, and
Flower Extracts of CF on Glucose Utilization in the Rat-
Hemidiaphragm Assay In Vitro. Albino rats of either sex
were maintained on a standard pellet diet and water ad
libitum and fasted overnight. e animals were sacri�ced
by decapitation and diaphragms were taken out quickly
avoiding trauma and divided into two halves. e hemidi-
aphragms were then rinsed in cold Tyrode solution (without
glucose) to remove any blood clots and were placed in a
small conical �asks containing 2mL Tyrode solution with
2000mg/L glucose and incubated for 30min at 37∘C in an
atmosphere of 95% O2 + 5% CO2 with shaking at 140 cycles
per min. Four sets of experiments were performed [22].
e animals were killed by decapitation and diaphragms
were exposed to group I: tyrode solution with glucose
(2000mg/L) only and served as control. Group II: tyrode
solution with glucose (2000mgL−1) + insulin (0.25 IU/mL).
Group III: tyrode solution with glucose (2000mgL−1) bark
methanol extract of CF (25mg/mL). Group IV: tyrode solu-
tion with glucose (2000mgL−1) + insulin (0.25 IUmL−1) +
bark methanol extract of CF (25mgmL−1). Group V: tyrode
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T 5: Effect of methanolic and a�ueous bark, leaf, and �ower extracts of Cassia �stula on serum Lipid pro�le in diabetic rats.

Group TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) Non-HDL-C (mg/dL)
Normal control 59.96 ± 1.84 81.23 ± 4.15 32.2 ± 1.4 27.7 ± 3.04
Diabetic control 108.7 ± 3.91 170.1 ± 3.60 22.3 ± 0.7 86.4 ± 4.20
Glibenclamide (2.5mg/kg) 67.74 ± 3.34c 84.03 ± 2.20c 29.9 ± 1.1c 37.9 ± 3.07c

BME 250mg/kg 84.54 ± 6.47c 131 ± 2.92c 26.8 ± 1.1 58.2 ± 6.22c

BAE 250mg/kg 96.16 ± 2.60 158.6 ± 2.94 24.9 ± 0.5 71.3 ± 2.15a

BME 500mg/kg 74.32 ± 2.34c 90.41 ± 3.07c 28.3 ± 0.8b 46 ± 2.35c

BAE 500mg/kg 90.24 ± 1.61b 156.4 ± 3.19a 25.8 ± 1.4 64.5 ± 2.84c

LME 250mg/kg 94.45 ± 2.46a 157.3 ± 1.81a 24.7 ± 1.1 69.8 ± 2.53a

LAE 250mg/kg 101.4 ± 3.36 160.2 ± 3.33 24.1 ± 1.1 77.3 ± 4.13
LME 500mg/kg 78.25 ± 3.40c 96.13 ± 2.51c 27.2 ± 0.9a 51 ± 3.50c

LAE 500mg/kg 98.74 ± 3.11 159.2 ± 2.3 25.2 ± 1.6 73.5 ± 2.23
FME 250mg/kg 101.8 ± 4.26 160 ± 3.34 24.4 ± 1.2 77.3 ± 5.05
FAE 250mg/kg 103.5 ± 2.59 161.9 ± 1.90 23.6 ± 0.6 80 ± 2.15
FME 500mg/kg 97.29 ± 3.36 153.9 ± 3.86b 26.2 ± 1.5 71 ± 3.74a

FAE 500mg/kg 100.5 ± 3.77 160.4 ± 2.99 24.9 ± 1.3 75.6 ± 3.29
Values are mean ± SEM (𝑛𝑛 𝑛 6).
𝑃𝑃 value: a<0.05, b<0.01, c<0.001 as compared with diabetic control group (by one-way ANOVA followed by Dunnett’s multiple comparison test).

T 6: Effect of methanolic and a�ueous bark, leaf, and �ower extracts of Cassia �stula on serum hepatic enzymes in diabetic rats.

Group AST (IU) ALT (IU) ALP (IU)
Normal control 99.25 ± 5.28 30.05 ± 1.35 74.6 ± 3.53
Diabetic control 128.4 ± 4.52 44.23 ± 1.70 132.8 ± 2.69
Glibenclamide (2.5mg/kg) 96.82 ± 2.66c 34.11 ± 2.31b 80.68 ± 4.16c

BME 250mg/kg 110.1 ± 4.86 37.6 ± 3.17 94.53 ± 2.74c

BAE 250mg/kg 119.5 ± 5.84 38.25 ± 2.62 112.6 ± 3.17b

BME 500mg/kg 100.8 ± 3.61b 34.56 ± 1.26a 85.43 ± 2.93c

BAE 500mg/kg 119.8 ± 5.84 37.18 ± 2.50 96.25 ± 3.34c

LME 250mg/kg 122.9 ± 5.93 38.79 ± 1.54 100.1 ± 4.05c

LAE 250mg/kg 122.1 ± 5.27 40.53 ± 1.25 123.1 ± 3.15
LME 500mg/kg 117.5 ± 5.84 35.85 ± 2.54a 89.27 ± 3.03c

LAE 500mg/kg 121.1 ± 4.18 39.22 ± 1.49 118.1 ± 2.79a

FME 250mg/kg 124 ± 4.87 39.14 ± 2.62 125.7 ± 3.57
FAE 250mg/kg 124.3 ± 4.79 40.7 ± 1.27 126.4 ± 2.98
FME 500mg/kg 120.4 ± 5.39 38.13 ± 1.40 108.4 ± 5.32c

FAE 500mg/kg 122.5 ± 5.84 39.52 ± 1.13 122.9 ± 3.38
Values are mean ± SEM (𝑛𝑛 𝑛 6).
𝑃𝑃 value: a<0.05, b<0.01, c<0.001 as compared with diabetic control group (by one-way ANOVA followed by Dunnett’s multiple comparison test).

solution with glucose (2000mgL−1) leaf methanol extract of
CF (25mgmL−1). Group VI: tyrode solution with glucose
(2000mgL−1) + insulin (0.25 IUmL−1)+ leafmethanol extract
of CF (25 mgmL−1). Group VII: tyrode solution with glucose
(2000mgL−1) �ower methanol extract of CF (25mgmL−1).
Group VIII: tyrode solution with glucose (2000mgL−1) +
insulin (0.25 IUmL−1) + �ower methanol extract of CF
(25mgmL−1). Following incubation, the hemidiaphragms
were taken out and weighed. e glucose content of the
incubated medium was measured by GOD/POD, enzymatic
method. Glucose uptake was calculated as the difference
between the initial and �nal glucose content in the incubation
medium.

2.10. Statistical Analysis. Statistical analysis was performed
usingGraphPadPrism soware packageVersion 5.0.e val-
ues were analyzed by one-way analysis of variance (ANOVA)
followed by Dunnett’s multiple comparison test.

3. Results

3.1. Phytochemical Evaluation of Extracts. e detailed stud-
ies of plant constituents for various extracts have been
depicted in Table 1. Bark extracts show the presence of
alkaloids, polyphenols, tannins, and some steroidal com-
pounds whereas leaf extracts show the presence of high
amount of glycosides and �avonoids. Similarly the �ower
and pods extracts show the presence of glycoside, alkaloids,
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T 7: Effect of methanolic bark, leaf and, �ower extract of Cassia �stula on glucose uptake by isolated rat hemidiaphragm in vitro assay
on normal rats.

Group Incubation medium Glucose up take
(mg/g per 30min)

1 Tyrode solution with glucose (2000mg/L) control group 4.83 ± 0.32
2 Tyrode solution with glucose (2000mg/L) + insulin (0.25 IU/mL) 8.73 ± 0.4b

3 Tyrode solution with glucose (2000mg/L) + bark methanolic extract of C. �stula (25mg/mL) 6.15 ± 0.21a

4 Tyrode solution with glucose (2000mg/L) + insulin (0.25 IU/mL) + bark methanolic extract of C. �stula
(25mg/mL) 13.66 ± 0.21b

5 Tyrode solution with glucose (2000mg/L) + leaf methanolic extract of C. �stula (25mg/mL) 5.64 ± 0.33

6 Tyrode solution with glucose (2000mg/L) + insulin (0.25 IU/mL) + leaf methanolic extract of C. �stula
(25mg/mL) 11.69 ± 0.42b

7 Tyrode solution with glucose (2000mg/L) + �ower methanolic extract of C. �stula (25mg/mL) 5.14 ± 0.24

8 Tyrode solution with glucose (2000mg/L) + insulin (0.25 IU/mL) + �ower methanolic extract of C. �stula
(25mg/mL) 9.20 ± 0.13b

Values are mean ± SEM (𝑛𝑛 𝑛 4).
𝑃𝑃 values: a<0.01, b<0.001, as compared with control group (by one-way ANOVA followed by Dunnett’s multiple comparison test).

�avonoids, some phenolic compounds, and along with all
these constituents some resinous matters, respectively.

3.2. Acute Toxicity Study. e acute toxicity studies showed
that the oral administration of the extracts did not cause
death in the highest dose of 5 g kg−1 bw. e behavioral,
neurological, and autonomic responses of the treated rats
were all normal indicating it to be safe.

3.3. Evaluation of the Hypoglycemic Effects in Normoglycemic
Rats. e hypoglycemic effects of the various extracts were
evaluated in the fasting normoglycemic animals by adminis-
tering either 250 or 500mgkg−1 (corresponding to 1/10th and
1/20th of themaximum tested dose) and estimating the blood
glucose levels at 1, 2, 4, and 8 h aer treatment. e results
showed that only BME 500mgkg−1 had shown signi�cant
hypoglycemic effect at 2 h (𝑃𝑃 < 0.05), 4 h (𝑃𝑃 < 0.01) and
8 h (𝑃𝑃 < 0.01) followed by LME 500mg/kg which has shown
hypoglycemic effect starting from the 4th h (𝑃𝑃 < 0.05)
to the 8th h (𝑃𝑃 < 0.01), as shown in Table 2. However,
the hypoglycemic effects of both these extracts were not
as effective as glibenclamide which has shown signi�cant
hypoglycemic effect starting from the 2nd h to the 8th h
(𝑃𝑃 < 0.001).

3.4. OGTT in Normal Rats. Figure 1 shows that both the
doses of BME (250 and 500mgkg−1) have signi�cantly
reduced glucose AUC similar to that of standard drug
glibenclamide (𝑃𝑃 < 0.001); whereas only higher dose of
LME 500mgkg−1 has signi�cantly reduced glucose AUC (𝑃𝑃 <
0.05).

In both the above two experiments involving normal rats
only bark and leafmethanolic extracts have shown signi�cant
hypoglycemic effect. ere was also a trend towards decrease
in glucose value of FME and aqueous extracts of bark and leaf
whereas none of the extracts and doses of pods have shown
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F 1: Effect of bark, leaf, �ower, and pods aqueous and
methanolic extracts ofC. �stula on glucose AUCduringOGTT. Bars
represent mean values ± SEM (𝑛𝑛 𝑛 6). 𝑃𝑃 values: 𝑎𝑎 < 0.05, 𝑐𝑐 < 0.001,
as compared with normal control (by one-way ANOVA followed by
Dunnetts multiple comparison test).

any hypoglycemic effect therefore they are not included in
further studies.

3.5. Evaluation CF Extracts on Various Parameters in Type
II DM Rats. Chronic administration of different extracts
of CF has revealed the fact that BME at 500mgkg−1 has
started exhibiting the antihyperglycemic effect from 7th day
onwards reaching the maximum bene�cial effect on 21st day.
LME at 500mgkg−1 has started showing antihyperglycemic
effect on 14th day onwards (Table 3). Antihyperglycemic
effect exhibited by these two groups is similar to that of
standard drug glibenclamide (𝑃𝑃 < 0.001). Similarly both
BME and LME have signi�cantly reduced the glycosylated
haemoglobin level and increased the serum insulin level;
however higher dose has shown better signi�cance level
similar to that of standard drug (𝑃𝑃 < 0.001) demonstrating
the increased beta cell activity (Table 4). As chronic hyper-
glycemia is known to alter the levels of serum lipid pro�le
by enhancing the levels of TC, non-HDL-C, and TG, with a
concomitant decrease in the levels of HDL, we have observed



Journal of Chemistry 7

increase in lipid pro�le level in DM control group whereas
BME and LME 500mgkg−1 have shown improvement in lipid
pro�le compared with DM control group (Table 5). Studies
also have showed that the administration of BME and LME
500mgkg−1 caused a maximum reduction in the levels of
liver damage enzymes AST, ALT, and ALP (Table 6). BME
and LME 500mgkg−1 by decreasing the level of MDA have
demonstrated the antioxidant potential of CF (Figure 2). e
result was supported by histopathological evidence, in which,
compared to DM control, BME has shown both increase
in number of islets in beta cells and islets size (Figure 3).
Normal control (Figure 3(a)), diabetic control (Figure 3(b)),
glibenclamide (Figure 3(c)), and bark methanolic extract
500mg/kg b.wt. (Figure 3(d)) show mild reduction in beta
cells and decrease in the number of islets.

3.6. Effect of Methanolic Bark, Leaf, and Flower Extract on
Glucose Uptake in the Rat-Hemidiaphragm Assay In Vitro.
e effects of the methanolic extracts of bark, leaf, and
�owers on the glucose uptake by isolated rat hemidiaphragm
are shown in Table 7. In the absence of insulin only BME
500mgkg−1 has signi�cantly enhanced the glucose uptake
(𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). Furthermore all three extractswere observed to be
effective in enhancing the uptake of glucose in the presence of
insulin signi�cantly (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃1) and were found to be more
effective than insulin alone or the extracts alone.

4. Discussion

NIDDM is recognized to be a common and seriousmetabolic
disorder throughout the world. Although, oral hypoglycemic
agents/insulin are the mainstay of treatment of DM and are
effective in controlling hyperglycemia, they have prominent
side effects and fail to signi�cantly alter the course DM com-
plications [23]. e management efforts of hyperglycemia
and the associated complications are labor intensive and
challenging to both patients and the physicians. Furthermore,
the economic burden associatedwithDM is severe to both the
patient and the society [24].

Medicinal plants used in the various alternative and
complementary systems of medicine are known to play
an important role in the management of DM especially
in developing countries where primary care facilities are
compromised. In the present study, BME and LME at
500mgkg−1 have exhibited signi�cant hypoglycemic prop-
erty in normoglycemic rats. Similarly chronic administration
of methanolic extracts of bark and leaf at 500mgkg−1 for 21
days signi�cantly reduced glucose concentration in ST� �
nicotinamide-induced diabetic rats. Both these groups have
showed a comparable activity with glibenclamide-treated
groups (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃1) which is a standard antidiabetic drug
that stimulates insulin secretion from beta cells of islets
of Langerhans. erefore the present study result indicates
insulin stimulating property of the extract. e result also
satis�es the earlier reports revealed by the researchers [25,
26]. It is also important to note that the typical characteristic
of diabetes is the increase of serum glycosylated protein such
as glycosylated hemoglobin (HbA1C), which is a parameter
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F 2: Effect of on TBARS formation in rats under diabetes con-
dition treated with bark, leaf, and �ower aqueous and methanolic
extracts of C. �stula. Bars represent mean values ± SEM (𝑛𝑛 𝑛 𝑛). P
values: 𝑥𝑥 𝑃 𝑃𝑃𝑃𝑃, 𝑧𝑧 𝑃 𝑃𝑃𝑃𝑃1, as compared with diabetic control (by
one-way ANOVA followed by Dunnetts multiple comparison test).

for glycemic control where glucose or other reducing sugars
react with the amino residues of proteins to form Amadori
products–HbA1C. Animals treated with 500mgkg−1 of BME
and LMEhave signi�cantly decreased theHbA1C level which
could be due to an improvement in insulin secretion from
remnant pancreatic beta cells in diabetic rats [27]. Further
the extract treated cohorts were observed to have shown
statistically signi�cant increase in serum insulin compared
to DM controls. Histopathological observations also revealed
that when compared to the DM control the cohorts receiv-
ing the extract had adequate number of islets and beta
cells and less pyknotic nuclei and dark nuclei. In milieu
of all these observations it can be hypothesized that the
methanolic extract of both leaf and bark brings about its anti-
hyperglycemic action by possibly potentiating secretion of
insulin from 𝛽𝛽-cell of islets.

Insulin resistance is a major concern in the etiology of
type II DM. Earlier literature revealed catechin could be
developed into potential oral hypoglycemic drug because it
possesses a potential agonist characteristic that is capable
of activating insulin receptor and peroxisome proliferator-
activated receptor gamma [28]. We can conclude that the
estimation of glucose content in rat hemidiaphragm model
indicated that BME 500mgkg−1 alone has increased the
glucose uptake even in the absence of insulin suggesting its
hypoglycemic potential. However, in the presence of insulin,
the methanolic extracts of the bark, leaves, and �owers
were also effective. It was reported that Cassia �stula (L)
�ower extract also has antioxidant defense in streptozotocin-
induced diabetic rats [29] which was correlated with our
study. e best effects were observed for the bark followed
by leaves and �ower and were better than insulin alone.
e in vitro study of glucose utilization by isolated rat
hemidiaphragm proposes that these extracts in combination
with insulin potentiate its activity and enhance the utilization
of glucose thereby being effective as an antidiabetic agent in
type II DM.

In association to the chronic hyperglycemia, it has
been known that hyperlipidemia and oxidative stress are
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F 3: Histopathological features of the pancreases in the different cohorts.

pronounced in DM [30–32]. An atherogenic lipid pro�le
characterized by elevated TGs and low levels of HDL-C are
important contributors to insulin resistance and a risk factor
for cardiovascular complications leading to 65% of death in
patients with type II DM. erefore an ideal anti-diabetic
drug should have anti-hyperlipidemic effect in addition to
antihyperglycemic activity. In the present study a marked
increase in serum TC and TGs levels was observed in DM
rats, and this observation was in agreement to earlier obser-
vations [33, 34]. Administration of the various extracts and
glibenclamide reduced the levels of serum TC and TG and
increased the levels of HDL-C.e best effects were observed
with the 500mgkg−1 of the BME and LME. Similar results
have been explained earlier by Nirmala et al. [35]. ey have
reported that effect of hexane extract ofC����� ������ barks on
blood glucose and lipid pro�le in streptozotocin diabetic rats.
us, it is reasonable to conclude that methanolic extracts of
bark and leaf of CF could modulate blood lipid abnormalities
in addition to antidiabetic activity. e similar report was
revealed by Pitchai and Manikkam [28].

DM is one of the pathological processes known to be
related to an unbalanced production of ROS, such as hydroxyl

radicals (HO•), superoxide anions (O2
−•), and H2O2. ere-

fore, cells must be protected from this oxidative injury
by antioxidant enzymes [36]. Free radicals and oxidative
stress have long been implicated in eliciting complications
of the DM condition. DM causes hypercholesterolemia.
Hypercholesterolemia in turn is responsible for oxidative
stress. It was reported that hypercholesterolaemia leads to
increased production of OFR which exert their cytotoxic
effect by causing LPO [37]. Its also known that LDL as such
is not atherogenic it is the oxidized LDL which is athero-
genic. Enhanced oxidative stress may depress the antioxidant
defenses leading to exaggerated level of oxidized LDL and
increased level of LPO. In the present study BME and LME
500mgkg−1 have decreased LPO more signi�cantly thereby
exhibited the antioxidant potential of CF.

DM ismultifactorial in its pathogenesis and loss of insulin
effect leads to glycogenolysis and ketogenesis, which then
cumulatively lead to abnormalities in the liver function [38].
Elevation of transaminases three times the upper limits of
ALT and AST enzymes indicates the liver damage induced
by DM as also reported by Prince et al [39]. ese observa-
tions were also replicated in our study in the DM cohorts.
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Administering the extracts especially BME 500mgkg−1 has
produced signi�cant bene�cial effect in all the liver marker
enzymes tested indicating their hepatoprotective effects.

e �rst probable anti-diabetic mechanism of action of
the CF plant extract could be linked to increase in plasma
insulin. ough the exact mechanism of action of the extract
is not known, it could be due to increased pancreatic secretion
of insulin from existing beta cells as shown in the biochemical
tests, namely, glucose, HbA1C, and insulin. Second likely
mechanism is increased binding of insulin to insulin receptor
thereby increasing the uptake of glucose by CF extracts
as demonstrated in rat hemidiaphragm experiment. ird
mechanism could be antioxidant property as exerted by
decreasing the lipid peroxidation in the present study. Previ-
ous studies have conclusively shown that the phytochemicals
epicatechin, �avanoids, proanthocyanidins, and kaempferol
possess hypoglycemic effects. It is well known that certain
�avonoids exhibit hypoglycemic activity and pancreas beta
cell regeneration ability. us the signi�cant anti-diabetic
effect of BME and LME may be due to the presence of more
than one antihyperglycemic principle and their synergic
properties [40, 41]. It was also observed that among the
extracts tested the methanolic extract of the bark and leaves
was the most effective. Our observations are in agreement
to that of Daisy et al. [42], who have also observed that the
methanol extract of Tinospora cordifolia stem was effective
in reducing the blood glucose levels in STZ-induced type I
DM in rats. Together both these observations indicate that
the methanolic extract is effective in inducing hypoglycemic
effects in both type I and II DM.erefore all these observa-
tions clearly validate our experimental observations.

5. Conclusion

Data accrued from the present study clearly indicate that
the methanolic extract of the bark and leaves at 500mgkg−1
dose exhibited signi�cant antihyperglycemic and antilipi-
demic activity than at low dose (250mgkg−1) in the STZ-
nictotinamide-induced DM rats. ese extracts also showed
improvement in parameters glycosylated hemoglobin and
insulin pro�le as well as regeneration of beta cells of pancreas
and so might be of value in DM treatment. erefore,
further investigation is necessary to determine the exact
phytoconstituent(s) responsible for anti-DM effect.
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