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ABSTRACT
Objectives: The present study was carried out to investigate the antidiabetic and hypolipidemic efficacy of active fractions (chloroform fraction of
95 % ethanolic extract and butanol fraction of aqueous extract) of J.gossypifolia L.(stem) by measuring the status of blood glucose, serum insulin,
carbohydrate metabolizing enzymes, lipid levels, renal and hepatic function markers of diabetic rats.
Methods: Chloroform fraction of 95% ethanolic extract and butanol fraction of aqueous extract of J.gossypifolia L. (stem) were administered to
diabetic groups daily up to 15 days. Biochemical parameters notably fasting blood glucose, oral glucose tolerance, serum lipid profile, renal and
hepatic function markers and enzymatic activities of carbohydrate metabolism were assessed.
Results: In single dose study, chloroform fraction of 95% ethanolic extract and butanol fraction of aqueous extract of J.gossypifolia L.(stem),
significantly declined blood glucose levels of diabetic rats while in multiple dose studies, chloroform fraction of 95% ethanolic extract restored the
elevated blood glucose profile, serum lipid level, renal and hepatic function markers to nearly normal level when compared with untreated group,
however, butanol fraction of the aqueous extract did not show any marked effect.
Conclusion: The present study thus concludes that the antidiabetic efficacy of chloroform fractions of the 95 % ethanolic extract of J.gossypifolia
L.(stem) have favourable effect in bringing down the severity of hyperglycemia, hyperlipidemia,, modulating effect on carbohydrate metabolizing
enzymes, decline the increased level of renal and hepatic function markers and also improving glucose tolerance activity.
Keywords: Antidiabetic activity, Diabetes mellitus, Jatropha gossypifolia L., High fructose high fat diet fed Low-dosed STZ treated-rats, Neonatal STZ
treated rats, Carbohydrate metabolizing enzymes.
Abbreviations: STZ- Streptozotocin, SEM- standard error mean, AUC- area under curve, n-STZ- Neonatally Streptozotocin induced diabetic rats, SD
strain-Sprague Dawley strain, FBG-fasting blood glucose, OGTT-oral glucose tolerance test, LDL low-density lipoprotein and HDL high-density
lipoprotein, TG-Triglycerides, TC-Total Cholesterol.

INTRODUCTION
Diabetes mellitus is a multifactorial disorder affecting carbohydrate,
fat and protein metabolism resulting from increased hepatic glucose
production, diminished insulin secretion and impaired insulin
action. India continues to be the ‘Diabetic Capital’ of the world with
50.8 million diabetics and increasing their prevalence without any
plateau.
Insulin resistance and impaired insulin secretion lead to
hyperglycemia, hyperlipidemia and to an increase in hepatic glucose
[1-2]. The chronic hyperglycemia and abnormalities in serum lipids
of diabetes is associated with long-term damage, dysfunction and
failure of various organs, especially the eyes, kidneys, nerves, heart
and blood vessels [3-5]. The epidemic spread of type 2 diabetes and
identification of new therapeutic avenues in the treatment of all
pathological aspects of this disorder remain a major challenge for
current biomedical research. Although wide varieties of
pharmacological drugs are being used for T2DM treatment but due
to addition to their adverse effects, drug treatments are not always
satisfactory in maintaining normal level of blood glucose and
avoiding late stage diabetic consequences [6,7], this leads to
increasing demand for natural products with antidiabetic activity
and less side effects [8,9].
The plant part selected for the present study is J.gossypifolia L. stem
(Family: Euphorbiaceae) and was procured from Purba Midinapur,
West Bengal. It is a bushy, gregarious shrub, up to 1.8m height. The
field data of this plant is entered in Botany Division collection
register vide serial number 8403. The plant has traditional uses such
as emetic, emmengogue, blood purifier, anti-coagulant, antibacterial,
anticancer, antiulcer [10-12]. The plant is known to possess various
medicinal and pesticidal properties. However, no work has been
done to assess the antidiabetic effect of J.gossypifolia L. stem in So
this study aimed to evaluate the potential of the active fractions of

J.gossypifolia L. stem on blood glucose, lipid profile, renal and hepatic
function markers and insulin in rat model of fructose-induced
insulin resistance, STZ treated rats and n-STZ treated rats and its
modifying effect on carbohydrate metabolizing enzyme activities.
MATERIALS AND METHODS
Chemicals and Reagents
Metformin and STZ were purchased from Sigma Aldrich Co., USA.
One touch glucometer and glucostrips was purchased from Roche
Diagnostics India Ltd. All other chemicals unless otherwise
mentioned were obtained from SRL, Mumbai.
Preparation of solvent extractions of J. gossypifolia stem
The stem of J.gossypifolia L. were cut into strands, shade dried and
pulverized to a fine powder with the aid of an electric blender and
extracted many times with 95% ethanol by percolation method
allowed standing for 24 hours with occasional shaking using Soxhlet
apparatus. Each percolate w ere collected , pooled, filtered and
concentrated under vacuum to dryness using rotavapor at 40-45 0C.
This extract is termed as 95% ethanolic extract. In the same manner
the crude powder was extracted with 50% ethanol and distilled
water, respectively and 50% ethanolic and aqueous extracts
prepared.
Fractionation of 95% ethanolic, 50% ethanolic and aqueous
extracts of J.gossypifolia stem
The 95% ethanolic, 50% ethanolic and aqueous extracts were
further fractioned using column chromatography with solvents of
increasing polarity viz. hexane, chloroform, butanol and water to
obtain the respective fractions. Each extract was dried well and
triturated with hexane and then concentrated under reduced pressure at
40°C.The insoluble portion was fractionated by chloroform and
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concentrated under reduced pressure. Residue obtained after triturating
with chloroform was then suspended in distilled water and then
fractionated with butanol saturated with water. Butanol soluble fraction
was concentrated under vacuum at 50 °C. Water soluble fraction was also
concentrated under vacuum at 45-50°C and finally dried under vacuum
to get the final fractions.
Procurement and Selection of Animals
Male albino rats of Sprague Dawley strain (8 to 10 weeks of age:
body weight range 160 ± 20 g) were procured from National
Laboratory Animal Centre (NLAC) of the Institute. Research on
animals was conducted in accordance with the guidelines of the
committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA) formed by the Government of
India in 1964. Rats were housed in groups of five in polypropylene
cages under controlled standard environmental conditions of
temperature, humidity, air changes and 12 hr light-dark cycles. Prior
to commencement of the experiment, all the rats were acclimatized
to the new environmental condition for a period of one week. During
the experimental period the rats were kept in a well ventilated
animal house at room temperature of 25°C and were supplied with
standard pellets and fresh drinking water.
Induction of diabetes
A solution of STZ (60 mg/kg) in 100 mM citrate buffer (acidified
saline solution), pH 4.5 was prepared and calculated amount of the
fresh solution was immediately injected intraperitoneally to
overnight fasted rats. After 48 hours when the diabetic state must
have stabilised, the animals with blood glucose above 300 mg/dl
were taken for the study. Blood glucose level measurements were
always done by glucostrips (Roche) [13].
Single dose effect
Improvement on oral glucose tolerance of normal rats
The overnight fasted rats showing blood glucose level between 60 to
80 mg/dl was measured by glucometer using glucostrips were
selected, divided into groups each consisted of five animals. Rats of
experimental group were administered the suspension of the test
sample orally prepared in 1.0 % gum acacia (vehicle) at pre-selected
dose levels i.e. 250 mg/kg body weight in the case of extracts and
100 mg/kg in case of fractions. The standard antidiabetic drug i.e.
Metformin was administered at 100 mg/kg dose levels. Animals of
control group were given an equal amount of 1.0 % gum acacia and
termed as sham treated control. An oral sucrose load of 10g/kg body
weight was given to each animal exactly after 30 min post
administration of the test sample/vehicle. Blood glucose of each rat
was again determined from the tail vein at 30, 60, 90 and 120 min
post administration of sucrose by glucostrips. The animals were kept
unfed throughout the experiment [14].
Blood glucose lowering effect of STZ induced diabetic rats
The STZ-induced diabetic animals having their blood glucose level
between 300 to 400 mg/dl were separated, randomized into groups
each consisted of five animals each and sham treated control group
received orally vehicle (1.0% gum acacia). Rats of experimental
groups were orally administered suspension of the desired test
samples and standard antidiabetic drug Metformin, respectively. The
blood glucose levels of each rat were measured at 0, 30, 60, 90, 120,
180, 240 and 300 min post administration of test
sample/vehicle/standard antidiabetic drug. Food but not water was
withheld from the cages during 0 to 300 min [15].
Multiple dose effect
Antidiabetic, hypolipidemic and protective effect on renal and
hepatic function markers of STZ-induced diabetic rats
STZ-induced diabetic rats were showing stable or increasing blood
glucose level (between 250-350mg/dl) after 7 days were screened
and finally selected and randomized into groups of 5 animals in
each. One group was considered as sham treated control group
while the others as experimental groups. The test sample i.e.
chloroform fraction of 95% ethanolic extract and butanol fraction of

aqueous extract of J.gossypifolia stem and standard drug Metformin
was administered to experimental groups, respectively at a dose of
100mg/kg body weight daily for 15 consecutive days. Fasting blood
glucose levels, OGTT, lipid, renal and hepatic functions parameters
were followed at preselected time intervals. At the end of
experiment, the blood was withdrawn from jugular vein, serum
separated and estimated for total lipid profiles and renal and hepatic
function markers [16].
Oral Glucose Tolerance Test
For the oral glucose tolerance test, glucose (3.0 g/kg,) was
administered to rats that had been fasted for 16 h. Blood samples
were collected from a tail vein at 0, 30, 60, 90 and 120 min. The
results of OGTT are expressed as integrated area under the curve
over the 2 h after glucose administration [17].
Antidiabetic, hypolipidemic and protective effect on renal and
hepatic function markers of high fructose-high fat fed-low
dosed STZ-induced diabetic rats
Male rats weighing 160–200 g were used in the study. For
induction of type 2 diabetes, the rats were fed with high fructose
high fat diet (diet containing: 60 % fructose, 21 % casein, 13 %
saturated fat, 1.0 % salt mixture, and trace amount vital minerals
and vitamins) for 6 weeks. After this period blood was withdrawn
from the retro-orbital plexus of each rat for the estimation of the
lipid profiles. The rats showing their serum triglyceride ≥ 300
mg/dl and total-cholesterol ≥ 150 mg/dl were considered as
hyperlipidemic. These hyperlipidemic rats were injected STZ
intraperitoneally at the dose of 45mg/kg [18]. Two days after
injection, these STZ-treated hyperlipidemic rats were fasted and
fasting blood glucose levels were estimated; rats having glucose
levels ≥280 mg/dl were considered diabetic and taken for further
studies. The rats were fed with high fructose diet throughout the
experiment. These were divided into four groups. The rats of
Group I were treated with 1.0 % gum acacia, Group II were treated
with chloroform fractions of 95% ethanolic extract of J.
gossypifolia at 100 mg/kg b.w, Group III was treated with butanol
fraction of aqueous extract at 100mg/kg b.w. Group IV was treated
with standard drug Metformin at 100mg/kg b.w.. The treatments
were continued for 15 consecutive days. The oral glucose
tolerance of each animal was followed on day 7 and 14
respectively whereas the serum lipid profiles, renal and hepatic
profile were followed on day 8 and 15 post treatment [19].
Effect of oral glucose tolerance
streptozotocin treated diabetic rats

test

on

Neonatally-

Healthy SD rats were kept for breeding. The animals were
maintained in a temperature and humidity regulated room. To
induce type 2 diabetes, STZ (90 mg/kg, i.p.) was administered to
2-day-old male pups [20]. The pups were weaned when 4 weeks
old and selected for screening by oral glucose tolerance test with
glucose level ≥ 200 mg/dl at 2 h also in accordance with the
type-II diabetic model. 8 weeks after the STZ injection and rats
were considered to be diabetic and later included in the
research. The animals were fed with laboratory pellet and water
ad libitum. These rats were divided into three groups each
consisted of 5 animals. The animals of Group I received vehicle
i.e.1% gum acacia every day, whereas animals of Group II and III
were treated with test sample i.e. chloroform fractions of 95%
ethanolic extract of J.gossypifolia stem and standard antidiabetic
drug Metformin at 100 mg/kg b.w, respectively for 14 days. The
fasting blood glucose level and OGTT post glucose load of each
rat was performed at selected time intervals i.e. on day 0, 7 and
14 post treatment. Each group of animals was treated daily over
14 days orally [21].
Blood biochemical examination of serum lipids and insulin
levels
Total cholesterol, Total triglycerides, LDL-cholesterol, HDLcholesterol, AST, ALT, Creatinine, Total Bilirubin, urea and uric acid
in serum of each animal were measured on an automated analyzer
(Cobas-Integra 400) employing the respective assay kits and
instructions as provided by the manufacturer. Serum insulin level
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was measured employing the kit and instructions as provided by
Mercodia (Uppsala Sweden).

by the addition of 50 µl p-nitrophenyl-a- D-glucopyranoside (1 M)
and increase in absorbance was recorded at 405 nm.

Enzymatic Analysis

Statistical Analysis

At the end of the experiment, animals were sacrificed after an
overnight starvation and livers were quickly excised for activity
determination of key enzymes of carbohydrate metabolism. A 10%
homogenate of each was prepared in 150 mM KCl (w/v) using Potter
Elevejhem glass homogenizer fitted with Teflon pestle. The
homogenates were centrifuged at 3000 rpm for 15 min at 4°C;
supernatant was stored and used as enzyme source. Protein content
of the supernatant was determined by the method of Lowry et al.
[22] using bovine serum albumin as the standard.

Each biochemical parameter was expressed as Mean ± SD. Quantitative
glucose tolerance of each animal was calculated by AUC method
(Prism Software). The average fall in AUC of experimental group
compared to control group was termed as % activity. Analysis of
statistical significance of differences in measurements between
samples was done by using Dunnett’s test following one way ANOVA.
It is denoted by p values. Statistically Significance difference was set at
following levels * represents p< 0.05, ** represents p< 0.01 and ***
represents p< 0.001.

Glucose-6-phosphatase

RESULTS

Glucose-6-phosphatase activity was measured according to the
method of Hubscher and West [23]. The 1.0 mL assay system
contained 0.3 M citrate buffer (pH 6.0), 28 mM EDTA, 14 mM NaF,
200 mM glucose-6-phosphate and appropriate amount of enzyme
protein. Tubes were incubated at 37°C for 30 min after which the
reaction was terminated by addition of 1.0 ml of 10% TCA.
Estimation of inorganic phosphate (Pi) in protein-free supernatant
was done according to the method of Taussky and Shorr [24].

Effect of crude powder, 95% ethanolic, 50% ethanolic and
aqueous extracts of J.gossypifolia stem and standard drug
metformin on the improvement of glucose tolerance post
sucrose load in normal rats and blood glucose lowering on STZinduced diabetic rats

Glycogen Phosphorylase
Glycogen phosphorylase activity was measured according to the
method of Barthet et al. [25]. The 1.0 ml assay mixture contained 0.2
ml mixture A [glycogen 57 mg, glucose-1-phosphate 188 mg, NaF 42
mg and 5' AMP (4 mM) in 10 ml distilled water] and 0.1 ml mixture
B, enzyme protein. Tubes were incubated at 37°C for 30 min after
which the reaction was terminated by addition of 0.1 ml of 10%
TCA; 0.4 ml sodium acetate (100 mM) was then added to prevent the
spontaneous hydrolysis of glucose-1-phosphate present in the
reaction mixture. Estimation of inorganic phosphate in protein-free
supernatant was done according to the method of Taussky and
Shorr.
Alpha –glucosidase
This was done according to a slight modification of the procedure
reported by Cogoli et al.[26] 100µl of the purified α -glucosidase (0.1
mg/ml) were added to the assay system containing 100µl of 67 mM
phosphate buffer (pH 6.8) and 25µl of glutathione (1.0 mg ml) and
the volume was made 1 ml by using 775 µl of TDW. The reaction
mixture was incubated at room temperature for 10 min with the 10
µl test sample (100 lM) dissolved 100% DMSO. Reaction was started

Table 1 presents the average blood glucose profile of crude powder,
95% ethanolic, aqueous and 50 % ethanolic extracts of J.gossypifolia
stem on the improvement of oral glucose tolerance post sucrose load
in normal rats. Crude powder of J.gossypifolia stem produced 10.5%
improvement. Out of 3 extracts the 95% ethanolic extract and
aqueous extract showed significant reduction on OSTT to the tune of
26.2% (p<0.01) and 26.5% (p<0.01) while the standard antidiabetic
drug Metformin showed improvement on OSTT by 27.3% (p<0.01)
at 100 mg/kg in normal rats.
The mean blood glucose concentration of control and crude powder,
95% ethanolic extract, 50% ethanolic extract and aqueous extract of
J.gossypifolia stem on STZ-induced diabetic rats are shown in table 1.
The results obtained from the variance analysis showed that crude
powder of J.gossypifolia stem produced 14.8%(p<0.05) lowering
whereas among the three extracts i.e., 95% ethanolic, 50% ethanolic
and aqueous extracts prepared from the crude powder of
J.gossypifolia stem, only 95% ethanolic extract and aqueous extract
significantly inhibited the postprandial rise in blood glucose level of
STZ-induced diabetic rats and the average antihyperglycemic
activity of the 95% ethanolic extract and aqueous extracts inhibited
the rise in postprandial hyperglycemia to the tune of 18.0 %(p<0.01)
and 15.5% (p<0.05)respectively during the period 0-300 min. The
standard drug Metformin showed 23.3(p < 0.01) blood glucose
inhibition effect after 5 h intervals.

Table 1: Effect of crude powder, 95% ethanolic, 50% ethanolic and aqueous extracts of J.gossypifolia stem and standard drug metformin
on the improvement of glucose tolerance post sucrose load in normal rats and blood glucose lowering on STZ-induced diabetic rats
Test Samples
Control
Crude Powder
95% Ethanolic extract
50% Ethanolic extract
Aqueous extract
Metformin

Dose
(mg/kg)
250
250
250
250
100

% Activity
Normoglycemic rats (0-120min AUC)
14979±105
13356±280 (10.5)
11082±422 (26.2**)
14454±401 (3.50)
11000±239 (26.5**)
10887±427 (27.3**)

STZ induced diabetic rats (0-300 min AUC)
130134±2146
110844±4527 (14.8*)
106581±2037 (18.0**)
113091±1931 (12.8)
109866±2742 (15.5*)
99684±2244 (23.3**)

Values are mean ±S.E. of three independent experiments.
Effect of fractions of 95% ethanolic, 50% ethanolic and aqueous
extracts of crude powder of J.gossypifolia stem on the
improvement of glucose tolerance post sucrose load in normal
rats and blood glucose lowering on STZ-induced diabetic rats
All the extracts were fractionated and were subjected to
antihyperglycemic studies at dose level of 100mg/kg on oral glucose
tolerance post sucrose load in normoglycemic rats (Table2). Based
on the result, those fractions which found active in normoglycemic
rat model i.e. chloroform fraction of 95% ethanolic extract,
chloroform and butanol fractions of aqueous extract and butanol
and aqueous fractions of 50% ethanolic extract showed 19.6 %
(p<0.01), 13.4% (p<0.05), 15.9% (p<0.05),18.5% (p<0.01) and 10.0

% (p<0.05) improvement on glucose tolerance post sucrose load in
normal rats were further confirmed for their antihyperglycemic
potential in STZ induced diabetic rats.
Table 2 also shows the antihyperglycemic activity profile of different
fractions of plant J. gossypifolia at 100 mg/kg of dose on STZ induced
diabetic rats as per the standardized procedure. Out of which
chloroform fraction of 95% ethanolic extract, butanol fractions of
aqueous extract and aqueous fraction of 50% ethanol extract
showed significant antihyperglycemic potential. An average
antihyperglycemic effect were calculated to be around 21.5 %
(p<0.01), 20.4 % (p<0.01) and 23.6 % (p<0.01) during 300min
respectively on STZ induced diabetic rats.
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Table 2: Effect of fractions of 95% ethanolic, 50% ethanolic and aqueous extracts of crude powder of J.gossypifolia stem on the
improvement of glucose tolerance post sucrose load in normal rats and blood glucose lowering on STZ-induced diabetic rats
S. No.

Extract

Fractions

1

95% Ethanolic

2

Aqueous

3

50% Ethanolic

Control
Hexane
Chloroform
Butanol
Aqueous
Control
Hexane
Chloroform
Butanol
Aqueous
Control
Hexane
Chloroform
Butanol
Aqueous

% Activity
Normoglycaemic rats (0-120min AUC)
14844±547
13386±207 (10.9)
11942±247 (19.6 **)
13410±318 (9.71)
13208±174 (7.45)
14844±547
14586±206 ( 1.65)
12848±221 ( 13.4*)
12472±247 (15.9*)
14318±239 ( 3.62)
14898±518
14054±213 (5.56)
13296±286 (9.71)
12140±216 (18.5 **)
13336±107 (10.0 *)

STZ induced diabetic rats (0-300 min AUC)
134360 ±1120
116880 ±1379 ( 13.0)
105466 ±2819 (21.5**)
ND
ND
ND
113900±2818 (15.2)
106880±2352 (20.4**)
ND
ND
ND
115120 ±2325 (14.3)
102530 ±3114 (23.6**)

Values are mean ±S.E. of three independent experiments. ND-Not done

Antidiabetic, hypolipidemic and protective effects on renal and
hepatic function markers of STZ-induced diabetic rats
Table-3 represents the effect of long term treatment with chloroform
fraction of 95% ethanolic extract and butanol fractions of aqueous
extract of J.gossypifolia stem and standard drug metformin on fasting
blood glucose level, improvement on OGTT, serum insulin and lipid
levels of STZ-induced diabetic rats.
Effect on FBG and OGTT of STZ treated diabetic rats
The FBG got decreased by 24.9, 30.1 % on day7 and 30.3, 17.2 % on
day 14 post treatment of chloroform fraction of 95% ethanolic
extract and butanol fraction of aqueous extract of J. gossypifolia stem

respectively whereas standard drug metformin decreased FBG by
20.0% after day 7 and 43.9% after day 14whereas when the area
under the curve was compared between groups, the chloroform
fraction of 95% ethanolic extract showed a significant fall of 27.0%
(p< 0.01) and 36.6% (p<0.01) and metformin showed 32.1%
(p<0.01) and 42.8% (p<0.001) improvement in glucose tolerance on
7th and 14th day respectively as compared to that in the control
group. Whereas butanol fraction of aqueous extract caused mild
decline in blood glucose levels (table-3).
Effect on serum- insulin level of STZ treated diabetic rats
The serum insulin levels in the chloroform fraction of 95% ethanolic
extracts of J.gossypifolia stem treated groups were also increased.

Table 3: Effect of chloroform fraction of 95% ethanolic extracts and butanol fraction of aqueous extract of J.gossypifolia stem and
standard drug metformin on fasting blood glucose, improvement in OGTT, serum insulin level and Lipid profile of STZ induced diabetic
rats
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Changes in lipid level of STZ treated diabetic rats
It was intended to assess the effect of long term treatment on
associated abnormal lipid profile in STZ induced diabetic rats. The
effect of repeated oral administration of chloroform fraction of 95%
ethanolic extract and butanol fraction of aqueous extract of J.
gossypifolia stem on abnormal lipid profile in STZ rats were
estimated before and after 8 and 15 days of treatment is shown in
Table 3. The elevated levels of TG, TC, and LDL cholesterol were
brought down significantly after 8 and 15 days treatment period. A
fall of 8.24 %, 11.3 % on day 8 and 15.8% and 18.6% on day 15 in TG
level whereas 12.5 %, 14.5% on day 8 and 18.8% and 26.6% on day
15 in TC level of chloroform fraction of 95% ethanolic extract of J.
gossypifolia stem and standard drug metformin treated group
respectively. LDL cholesterol to be calculated around 16.2%, 20.6%
on day 8 and 21.9% and 43.7% were observed on day 15 of
chloroform fraction of 95% ethanolic extract of J. gossypifolia stem
and standard drug metformin treated diabetic rats respectively.
There was also increase of 16.5%, 22.3% on day8 and 41.0% and
43.4% on day 15 in HDL cholesterol of chloroform fraction of 95%
ethanolic extract of J. gossypifolia stem and standard drug metformin
treated diabetic rats respectively. While no significant reduction in

lipid level was observed in butanol fraction of aqueous extractstreated diabetic rats.
Biochemical parameter level restoration of STZ treated diabetic
rats
In order to examine the effect of chloroform fraction of 95%
ethanolic extract and butanol fraction of aqueous extract of
J.gossypifolia stem supplementation on the regulation of
biochemical parameters of the diabetic rats, serum ALT, AST and
T-bil levels were determined to evaluate the hepatic functions,
while uric acid, creatinine and urea concentrations were studied
to assess the renal functions (Table 4). Treatment with
chloroform of fraction 95% ethanolic extract of J.gossypifolia
stem and metformin caused marked decreased on Serum urea,
uric acid and creatinine levels in STZ-diabetic rats when
compared to the control rats whereas efficacy of the effect of
chloroform fraction of the 95% ethanolic extract of J.gossypifolia
stem on hepatic markers caused an improvement in AST, ALT
and bilirubin levels in the diabetic rats. Similar effects were
observed with metformin, but they were less in magnitude when
compared with those of butanol fraction of aqueous extracts.

Table 4: Effect of chloroform fraction of 95% ethanolic extracts and butanol fraction of aqueous extract of J.gossypifolia stem and
standard drug metformin on hepatic and renal function markers of STZ-induced diabetic rats

Antidiabetic, hypolipidemic and protective effects on renal and
hepatic function markers of High fructose high fat diet fed-low
dosed STZ-induced diabetic rats (HFD-STZ)
Table 5 represents the effect of repeated oral administration of
chloroform fraction of 95% ethanolic extract and butanol fractions of
aqueous extract of J.gossypifolia stem on fasting blood glucose (FBG),
glucose tolerance, serum insulin level and lipid profile of high fructose
high fat diet fed low dosed STZ-induced diabetic rats for 15 consecutive
days.

by 21.9% and 26.7% respectively and chloroform fraction of 95%
ethanolic extract also decreased the postprandial blood glucose level by
12.3% on day 7 and 21.0% on day 14 but butanol fractions of aqueous
extract of J.gossypifolia decreased blood glucose by 13.7 on day 7 but
showed very mild decreased i.e. 6.39% on day 14 as compared to that
in the high-fructose high-fat fed control group while standard drug
Metformin decreased both pre-prandial and postprandial blood
glucose level by caused 30.1% improvement after 7 day and 22.7%
improvement after 14 day and. 15.0% on day 7 and 22.6 % on day 14
respectively (table 5).

Effect on FBG and OGTT of HFD-STZ treated diabetic rats

Effect on serum insulin level HFD-STZ treated diabetic rats

The chloroform fraction of 95% ethanolic extract and butanol fractions
of aqueous extract of J.gossypifolia stem significantly decreased preprandial blood glucose level on 7th, by 15.4,% and 20.8% and 14th day

Chloroform fraction of 95% ethanolic extract and butanol fractions of
aqueous extract of J.gossypifolia stem treatment did not caused any
marked decrease in the serum insulin level.
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Lipid profile changes in HFD- STZ treated diabetic rats
Abnormalities in lipid profile are one of the most common
complications in diabetes mellitus. High fructose high fat diet fed
-low dosed Streptozotocin-induced diabetic rats showed elevated
serum cholesterol, triglycerides and LDL-C levels and lowered
HDL-cholesterol level (Table 5). The various parameters of blood

lipid profile of severely diabetic rats were estimated before and
after 8 and 15 days of treatment. Treatment with chloroform
fraction of 95% ethanolic extract of J. gossypifolia stem
declined their serum triglycerides, cholesterol and LDL levels
by around 27.7% , 17.9 % and 16.2% respectively, and
increased the level of HDL around 28.5% on day 15 th post
treatment.

Table 5: Effect of chloroform fraction of 95% ethanolic extracts and butanol fraction of aqueous extract of J.gossypifolia stem and
Standard drug Metformin on FBG, improvement in OGTT, serum insulin level and lipid profile of high fructose high fat diet fed -low dosed
STZ induced diabetic rats

Table 6: Effect of chloroform fraction of 95% ethanolic extracts and butanol fraction of aqueous extract of J.gossypifolia stem and
standard drug metformin on hepatic and renal functions level of high fructose high fat diet fed-low dosed STZ induced diabetic rats
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Biochemical parameter level restoration of HFD-STZ treated
diabetic rats

Effect on improvement in glucose tolerance on neonatalStreptozotocin induced diabetic rats

Table 6 presents the effect of chloroform fraction of 95% ethanolic
extract and butanol fraction of aqueous extract of J.gossypifolia stem
on renal and hepatic functions levels in serum of high fructose high
fat diet fed–low dosed STZ induced diabetic rats. Kidney damage
during diabetes was evaluated by the following markers in serum:
serum creatinine, urea and uric acid were measured to demonstrate
renal function in serum of the HFD-STZ group. Treatment with
chloroform fraction of 95% ethanolic extract of J.gossypifolia stem
and Metformin caused marked decreased on Serum urea, uric acid
and creatinine levels whereas diabetic rats also showed elevated
activities of hepatic (T-BIL, AST and ALT) functional markers. In the
15 days of treatment. Treatment with chloroform fraction of 95%
ethanolic extract of J. gossypifolia stem declined their serum
triglycerides, cholesterol and LDL levels by around 27.7% , 17.9 %
and 16.2% respectively, and increased the level of HDL around
28.5% on day 15th post treatment.fraction of 95% ethanolic extract
treated group. Similar effects were observed with metformin. But
there were no significant changed in renal and hepatic markers in
butanol fraction of aqueous extract treated group.

Effect on FBG and OGTT of n-STZ treated rats
n- STZ-induced diabetic rats showed abnormal glucose tolerance
after 8 weeks. Table 7 presents prolonged treatment of chloroform
fraction of 95% ethanolic extract of J.gossypifolia stem and
standard drug Metformin (100mg/kg/d) in neonatally-STZ
induced diabetic rats on 7 th and 14th days post treatment.
Chloroform fraction of 95%ethanolic extracts did not cause any
significant effect on FBG of day 7 but significant antihyperglycemic
activity was found after 14 days of treatment in diabetic rats. It
produced 18.3% (P < 0.05) fall in FBG levels compared to the
initial FBG levels prior to the treatment. Metformin produced
29.9% decrease on day 14 on FBG levels in diabetic rats. The
chloroform fraction treated group showed improvement on OGTT
i.e., 21.7% (p<0.01) on day 7 and around 33.9% (p <0.001) on day
14 whereas metformin showed improvement on OGTT to the tune
of around 27.5% (p<0.001) on day 7 and 29.5% (p <0.001) on day
14th day, respectively, as compared to that of the sham treated
control group.

Table 7: Effect of chloroform fraction of 95% ethanolic extracts of J.gossypifolia stem and standard drug metformin on fasting blood
glucose and improvement in OGTT on n- STZ induced diabetic rats
Group
Sham treated Control
(1.0 % gum acacia)
95% Eth-Chloroform fraction
treated (100 mg/kg)
Metformin Treated
(100 mg/kg)

Fasting blood glucose
Day 0
Day 7
245.7±19.9 241.2±5.7
230.2±246
247.2±10.1

Day 14
227.2±17.2

247.2±19.0
(2.48)
230.2±24.0
(4.56)

185.5±28.1*
(18.3)
159.2±28.1 **
(29.9)

Oral Glucose tolerance (0-120 min AUC)
Day 0
Day 7
Day 14
49891.3±2123 51158±2210
54383±1487
45709±2358
43845.3±2154

40035±2631 **
(21.7)
37043±1511***
(27.5)

35906±2806***
(33.9)
38340±2526***
(29.5)

Table 8: Effect of chloroform fraction of 95% ethanolic extracts and butanol fraction of aqueous extract of J.gossypifolia stem and
Standard drugs on some key regulatory enzymes of glucose homeostasis
Group
Eth-Chloroform fraction treated (100 µg/ml)
Aqs-Butanol fraction treated (100 µg/ml)
Acarbose(25 µg/ml)
Sodium-ortho-vanadate treated (25 µg/ml)

% Inhibition
α Glucosidase
80.6***
53.4***
68.0***
-

Effect on some key regulatory enzymes of Carbohydrate
metabolism
Table-8 shows the percent inhibitory activity of chloroform
fraction of 95% ethanolic extract and butanol fraction of
aqueous extract of J.gossypifolia stem and standard drug
Acarbose on α-glucosidase enzyme, result showed the inhibitory
effect of Chloroform fraction of 95% ethanolic extract and
butanol fraction of aqueous extract of J.gossypifolia stem around
80.6% and 53.4% respectively at the concentration of 100 µg/ml
compared to the acarbose which showed around 68% inhibition
on alpha-glucosidase at the concentration of 25µg/ml. Table 8
also shows the inhibitory effect of Chloroform fraction of 95%
ethanolic extract and Butanol fraction of aqueous extract of J.
gossypifolia stem on Glucose-6-phosphatase and Glycogen
phosphorylase. Chloroform fraction of 95% ethanolic extract of
J.gossypifolia stem inhibited glucose 6-phosphatase enzyme
significantly to the extent of 32.5% and 12.1% respectively while
the standard drug sodium ortho-vanadate inhibited to the extent
of 49% and % inhibition for enzyme Glycogen phosphorylase for
Chloroform fraction of 95% ethanolic extract and Butanol
fraction of aqueous extract of J.gossypifolia stem calculated to be
around 19.5% and 13.8% respectively.
DISCUSSION
The pathogenesis of diabetes mellitus and the possibility of its
management by existing therapeutic agents without any side effects

Glucose-6-phosphatase
32.5**
12.1
49.0**

Glycogen phosphorylase
19.5*
13.8
-

have stimulated great interest in recent years. The present study
was undertaken to investigate the anti-diabetic and hypolipidemic
effects of stem of J.gossypifolia in diabetic rat’s model with the aim to
find out the active fractions have an insulin-like rapid onset of action
to the moderate to severe diabetic state.
Antihyperglycemic
activity
assessed
in
sucrose-loaded
normoglycemic rat model which is usually due to insulin
secretogogues, insulin sensitizing, insulin mimetic activities, etc. In
the present study we have investigated the efficacy of the plant
extracts and fractions of J. gossypifolia stem on normoglycemic rats.
95% Ethanolic extract and its chloroform fraction and aqueous
extract and its butanol fraction of J.gossypifolia stem were found
effective with significant lowering in blood glucose level as
evidenced from the fact the extracts/fractions probably have insulin
secretaceous activity as its compares with that of Metformin, which
is insulin secretaceous[27].
STZ induced hyperglycaemic has been described as a useful
experimental model to study the activity of hypoglycemic agents. It
is the confirmatory animal model for the screening of antidiabetic
compounds for type 1 diabetes mellitus. STZ selectively destroys the
pancreatic insulin secreting β-cells, leaving less active cells and
results in Type I Diabetes mellitus and produces hyperglycemia [28,
29]. Single dose treatment of 95% ethanolic extract and chloroform
fraction of 95% ethanolic extract and aqueous extract and its
butanol fraction of J.gossypifolia stem were tested for
antihyperglycemic activity and found effective with significant
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lowering in blood glucose level to STZ induced diabetic rats and
significantly improve the glucose tolerance more than that of
standard drug Metformin showed. However, it was expected that the
hypoglycaemia principle in 95% ethanol extracts of J.gossypifolia
stem can act indirectly by stimulating the release of insulin into the
bloodstream.
As STZ destructs the beta cells resulting in insufficient insulin
secretion causing diabetes[30]. It is widely accepted animal model
and reported to resemble human hyperglycemic non ketotic
diabetes mellitus [31] and this was evident from marked depletion
of serum insulin levels in STZ treated group which ultimately led
to hyperglycemia condition. It could be envisaged that the
chloroform fraction of 95% ethanolic extract of J. gossypifolia was
found to improve glucose tolerance significantly and markedly
elevates the serum insulin level of diabetic rats and may contain
some biomolecule that may sensitize the insulin receptor to
insulin or stimulates the β-cells of islets of langerhans to release
insulin which may finally lead to improvement of carbohydrate
metabolizing enzymes towards the re-establishment of normal
blood glucose level.
The disturbances in metabolisms together with oxidative stress
are likely to affect hepatic and renal functions as serum enzymes
such as AST and ALT were used in the evaluation of hepatic
damage have been related with increased gluconeogenesis and
ketogenesis [32] and elevated levels of serum urea and creatinine
were observed in diabetic rats, which are considered as significant
markers of renal dysfunction[33]. Oral administration of
chloroform fraction of 95% ethanolic extract in diabetic rats
resulted in reduction in the activities of these enzymes in serum
compared to the diabetic untreated group. It indicates the
prevention of renal and hepatic damage in diabetic rats.
Chloroform fraction of 95% ethanolic extract of J. gossypifolia also
significantly reduced the TC, TG, LDL-C levels with an increase of
HDL-C in treated diabetic rats compared to untreated diabetic rats
and this may be due to the insulinotropic effect or insulin
secretagogue activity of this fraction.
In High fructose-high fat diet fed- low dose STZ model can be used
to develop obese diabetic rats that mimic human diabetes in terms
of obesity and impaired insulin sensitivity which plays a pivotal
role in the development of diabetes. They are fed with a High
fructose high-fat diet for 6 weeks and then injected with STZ (45
mg/kg).Before STZ injection; rats fed with high fructose fat diet,
have increasing prevalence of obesity, diabetes mellitus, and nonalcoholic fatty liver disease characterized by an impaired glucose
tolerance test. Fructose-induced insulin resistant states are
commonly characterized by a profound metabolic dyslipidemia,
which appears to result from hepatic and intestinal
overproduction of atherogenic lipoprotein particles. A high flux of
fructose to the liver, perturbs glucose metabolism and glucose
uptake pathways, and leads to a significantly enhanced rate of
lipogenesis and triglyceride synthesis, resulting in high flux of
glycerol and acyl portions of triglyceride molecules from fructose
catabolism, creating the known dyslipedemic profile and cause
insulin resistance[34]. STZ injection elevates glucose, insulin, lipid
concentrations. Fructose fed fat-fed-STZ rats are not insulin
deficient compared to normal diet-fed rats but display
hyperglycemia associated with reduced insulin stimulated
adipocyte glucose clearance. These rats exhibit hyperinsulinemia,
hyperglycemia and obesity [35].
Insulin resistance and compensatory hyperinsulinaemia have been
shown to predict the development of type 2 diabetes. Hence,
measurements of biochemical parameters are necessary to
prevent cardiac complications in diabetes condition. In this study,
chloroform fraction of 95% ethanolic extract of J. gossypifolia stem
showed significant reduction in TC, TG, LDL levels and increased
level of HDL in type 2 diabetic model rats. Our study was also
focused to know the protective activity of chloroform fraction of
95% ethanolic extract and butanol fraction of aqueous extract of J.
gossypifolia stem against hepatic and renal damage caused by
diabetes. In diabetic rats, administration of chloroform fraction of
95% ethanolic extract at the doses of 100mg/kg and Metformin
significantly (p<0.01) brought back the activities of these renal
and hepatic markers to near normal levels.

The neonatal-STZ treated rats are suitable model of type II
diabetes as it exhibiting the various stages of Type 2 diabetes
mellitus such as impaired glucose tolerance and hyperglycemia.
The n-STZ rat exhibit slightly lowered serum insulin, slightly
elevated plasma glucose levels and lowered pancreatic insulin
content [36]. The b cells in the n-STZ rats bear a resemblance to
the insulin secretory characteristics found in Type 2 diabetic
patients. After 14 days of treatment with chloroform fraction of
95% ethanolic extract of J. gossypifolia stem improved glycemic
control. These data indicate that one of the putative mechanisms
of the antidiabetic action of chloroform fraction of 95% ethanolic
extracts is the induction of glucose-inducible insulin secretion in
diabetic rats.
We have confirmed the enzymatic activity of chloroform fraction
of 95% ethanolic extract and butanol fraction of aqueous extract of
J.gossypifolia stem affects the activities of key enzymes in the liver
of STZ induced diabetic rats. These enzymes include the
gluconeogenic enzyme glucose-6-phosphatase, glycogenic enzyme
glycogen phosphorylases and carbohydrate digesting enzymes α glucosidase which played a very important role in homeostasis
regulation of blood glucose levels. Whereas the gluconeogenic
enzyme glucose- 6-phosphatase is a crucial enzyme of glucose
homeostasis because it catalyses the ultimate biochemical reaction
of both glycogenolysis and Gluconeogenesis [37]. These seem to be
the consequence of the high glucose- 6- phosphatase activities and
this increased activity may be due to insulin insufficiency in a
diabetic state [38,39]. In Chloroform fraction of 95% ethanolic
extract and butanol fraction of aqueous extract of J.gossypifolia
stem and sodium ortho vanadate treated rats, the activity of
glucose-6-phosphatase were found to be decreased and it may be
due inhibition of gluconeogenesis [40] While inhibition of hepatic
glycogen phosphorylase is a promising treatment for attenuating
hyperglycemia in Type 2 diabetes. The oral administration of
Chloroform fraction of 95% ethanolic extract and butanol fraction
of aqueous extract of J.gossypifolia stem was significantly
decreasing enzymes activities in STZ-induced diabetic rats by
inhibiting glycogenolysis , that improve glycemic control, based on
patients with hepatic glycogen storage diseases, where episodic
hypoglycemia is observed [41,42].
The inhibition of α-glucosidase enzymes involved in the digestion
of carbohydrates. Dietary polysaccharides are hydrolysed by alpha
glucosidase enzymes to produce glucose and other
monosaccharide and are absorbed through the small intestine into
the hepatic portal vein. This results in elevation of the
postprandial blood glucose level; it can be an important target in
the management of blood glucose level. The inhibitors of αglucosidase, in consequence, could retard the use of carbohydrates
to suppress the postprandial hyperglycemia. α-glucosidase
inhibitors like acarbose is known to reduce postprandial
hyperglycemia by interfering with the digestion of dietary
carbohydrates [43, 44]
CONCLUSION
In conclusion, the present study demonstrated that chloroform
fraction of 95% ethanolic extract of J. gossypifolia stem, is a
valuable candidate for the search of antidiabetic ingredients from
natural sources and as a possible candidate in the treatment of
type 2 diabetes associated with hyperlipidemia.
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