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ABSTRACT
Objective: To evaluate antidiabetic, hypolipidemic and antioxidant activity of polyherbalformulation (PHF) aqueous extract in streptozotocinnicotinamide induced diabetes in rats.
Methods: Fasting blood glucose, lipid profiles, serum insulin and glycosylate haemoglobin (HbA1C) were determined in normal and streptozotocinnicotinamide induced diabetic rats after oral administration of the PHF for 45 d. Antioxidant enzymes superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH) and malondialdehyde (MDA) levels were evaluated in kidney and liver tissue. Histopathological changes in diabetic rat vital
organs were also observed after PHF treatment.
Results: Daily oral administration of PHF (200 and 400 mg/kg, b.w.) and metformin (5 mg/kg, b.w.) showed beneficial effects on blood glucose level
(P<0.001) and hyperlipidaemia due to diabetes. The PHF treatment also enhances serum insulin level and body weight of diabetic rats as compared to
diabetic control group. Furthermore, the PHF has favourable effects on histopathological studies, in streptozotocin-nicotinamide induced diabetes.
Antioxidant enzymes and GSH levels were found to be significantly increased and levels of MDA were decreased in treated diabetic animals.
Conclusion: PHF possesses antidiabetic, hypolipidemic and antioxidant properties. PHF has also showed favourable effect on histopathological
changes in streptozotocin-nicotinamide induced diabetic animals.
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INTRODUCTION
Diabetes mellitus (DM) comprises a group of common metabolic
disorders that share the phenotype of hyperglycaemia with
disturbance in carbohydrate, lipid and protein metabolism resulting
from impaired insulin secretion or insulin action [1]. DM is a major
challenge in worldwide healthcare systems and strongly associated
with several major health risk factors [2]. It can be seen as burden of
diabetes increasing worldwide and estimation suggest that their
number will be 366 million by 2030. Chronic hyperglycaemia is
consider as a major risk factor in the development of secondary
complications like cardiopathy, nephropathy, retinopathy and
neuropathy [3]. Four prominent theories have been proposed to
explain that how hyperglycaemia might lead to chronic
complications of DM and these are; advanced glycosylation end
products (AGEs), increase glucose metabolism via sorbitol pathway,
increase the formation of diacylglycerol leading to activation of
protein kinase (PKC) and elevated levels of blood glucose increase
the flux through the hexosamine pathway, which produces fructose6-phosphate, a substrate for O-linked glycosylation and
proteoglycan production [4]. In diabetes there is a state of increased
free radical production, which results from an imbalance between
the radical generating and radical scavenging systems leading to an
increased production of reactive oxygen species (ROS) including
superoxide radical (O2-), hydrogen peroxide (H2O2) and hydroxyl
radical (OH-). It may include not only the increased non-enzymatic
and auto-oxidation glycosylation but also involved in metabolic
stress which results from change in energy metabolism, levels of
inflammatory mediators and the status of antioxidant defences [5].
In spite of the availabilities of insulin and oral hypoglycaemic agents
from natural and synthetic sources, diabetes and its secondary
complications continue to be a major burden on world population
[6]. Many Indian medicinal plants are reported to be useful in
diabetes, which might provide new anti-diabetic drug and can

counter the costlier and availability of present day drugs in the rural
market [7]. India is a rich source of medicinal plants and in Ayurveda
and Siddha system of medicines, number of plant extracts have been
found to be useful to manage diabetes. The advantage of a traditional
medicinal plant is fewer side effects with multiple therapeutic action
due to the presence of different bioactive compounds. Following
world health organisation (WHO) has recommended that the
research on the beneficial uses of medicinal plants in the treatment of
DM have also gained momentum [8]. Moreover diet and spice
therapies become the major approaches recently for the management
of diabetes; and a significant amount of work has been carried out with
Momordica charantia Linn., Coccinia indica W. andA. and
Lagerstroemia speciosa Linn. All of these herbs possess significant
antidiabetic activity [9-11]; however their antioxidant activity in DM
has not been thoroughly studied. In this view point, the present study
has been taken up to determine the synergistic antidiabetic activity of
the combination of these plants and compare its potential in
streptozotocin-nicotinamide induced diabetic rats [12].
MATERIALS AND METHODS
Chemicals
Streptozotocin and nicotinamide (Sigma-Aldrich, USA), serum
insulin kit (Mercodia, Swedan), HbA1C kit (Accurex Biomedical PVT.
LTD. Maharashtra, India) and biochemical reagents for fasting blood
sugar, lipid profile and for kidney function markers were purchased
from Agapee diagnostics, India.
Animals
Healthy albino Wistar rats (200-250g) were procured from, a registered
breeder. Animals were housed at institutes animal house facility in
polypropylene cages and maintained under standard conditions (12 h
light/dark cycles, 22±2 °C and 55±5% relative humidity). They were fed
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with standard rat pellet diet and water ad libitum. The animals were
kept in accordance with committee for the purpose of control and
supervision of experimental animals (CPCSEA) guidelines for the care
and use of laboratory animals. The study protocol was approved by
institutional animal ethics committee (IAEC), KLE University’s College of
Pharmacy, Bengaluru (01/PA/2015).
Preparation of solutions
Test drug and metformin were dissolved in distilled water and
administered orally for experimental purpose. All the drugs were
freshly prepared each time before use.
Determination of acute oral toxicity
Acute oral toxicity of PHF was carried out according to organization for
economic cooperation and development (OECD) guidelines 425 by using
female albino Wistar rats (150-200g), which were maintained under
standard conditions. Animals were kept under fasting 12 h prior to the
experiment, water given ad libitum. Test drug was given to all animals in
a single dose of 2000 mg/kg by using a stomach tube and all the animals
were observed individually for signs of toxicity [13].
Animals observed for first four hours and thereafter for a total of 14 d.
Induction of diabetes and experimental design
Diabetes was induced in overnight fasted animals (deprived of food
16h but had been allow to free access to water) by a single
intraperitoneal (i. p.) injection of streptozotocin (STZ) dissolved in
citrate buffer (65 mg/kg, b.w.) 15 min after the i. p. administration of
110 mg/kg, b.w. of nicotinamide dissolved in normal saline.
Hyperglycaemia was confirmed by elevated glucose levels in plasma,
determined after 72 h injections of STZ. Animals with blood glucose
concentration more than 200 mg/dl were used for the study.
Diabetic animals were randomly divided into five groups containing
twelve in each group. All groups receive STZ except normal control
and the treatment protocol is as follows:
Group I–Normal control (saline treatment)
Group II–Positive control (STZ treatment)
Group III–Aqueous PHF (STZ+Dose I, 200 mg/kg, b.w.)
Group IV–Aqueous PHF (STZ+Dose II, 400 mg/kg, b.w.)
Group V–Standard group (STZ+Metformin, 5 mg/kg, b.w.)
The drugs were administered orally using an intragastric tube once
daily for 45 d, continuously. Body weight of animals was measured
throughout the experiment. At the end of the experiment, the
animals were fasted overnight and blood collected for various
biochemical estimations. The animals were then sacrificed (under
the influence of overdosed isoflurane anaesthesia). The kidney, liver
and pancreas were quickly excised, immediately rinsed in ice-cold
saline; a portion of the organs were fixed in 10% neutral buffered
formalin for histopathological study and the remaining portion were
stored for further biochemical estimations.
Biochemical parameters
Fasting blood glucose analysis was done using a commercially
available kit (Agapee Diagnostic, India). Serum insulin levels were
measured by the Elisa kit from Mercodia, Swedan. Glycosylated
haemoglobin (HbA1C %) was determined in EDTA-blood samples
using a commercial assay kit (Accurex Biomedical PVT. LTD.
Maharashtra, India). Blood samples were centrifuged at 7000 rpm
for 15 min at 4⸰ C to separate the serum. Serum creatinine, uric acid
and urea levels measured using the respective assay kits (Agapee
Diagnostic, India) using a semi-automatic biochemical analyzer
(RMS Biochemical Analyzer, Chandigarh, India).
Lipid profiles
The serum total cholesterol (TC), HDL-cholesterol (HDL-C) and
triglyceride (TG) were measured using the respective assay kits (Agapee
Diagnostic, India) using a semi-automatic biochemical analyzer. The
fraction of very low-density lipoproteins (VLDL-C) and low-density
lipoproteins (LDL-C) in the serum were calculated as follows-

VLDL =TG/5
LDL=Total cholesterol-TG/5-HDL
In vivo antioxidants
A 10% (w/v) homogenate of liver and kidney were prepared by
using Remi homogenizer at a speed of 10,000 rpm. The
homogenized tissue preparation was used to measure the levels of
antioxidant enzymes in liver and kidney tissues. GSH was estimated
according the method described by Pompella et al., CAT, SOD and
lipid peroxidation (MDA content) were measured according to the
method described by Sinha, Kakkar et al. and Ohkawa et al. [14-17].
Histopathological studies
At the end of the treatment, blood samples were collected (retro
orbital plexus) from all the animals of different groups and then
animals were sacrificed using mild anaesthesia (Isoflurane). The
pancreas, kidney and liver tissues were collected and fixed in neutral
formalin solution for 48 h, dehydrated by passing through graded
series of alcohol embedded in paraffin blocks and 4 µm thick
sections were prepared using a semi-automated rotator microtome.
Statistical analysis
All values are taken from mean±SEM. Graphpad prism version 5 was
used for statistical analysis. Results of this study were compared by
ANOVA, followed by Dunnett’s Multiple Comparison Test.
RESULTS
Acute oral toxicity test
Acute oral toxicity study of PHF was done according to OECD
guidelines for 425 and revealed the non-toxic nature of PHF at the
limit test dose of 2000 mg/kg b.w. p. o till the end of the study.
Effect of PHF and metformin on body weight in STZ induced
animals
The body weight of the diabetic rats showed a significant (P<0.001)
decrease after the administration of STZ-nicotinamide. The
treatment with PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and
metformin shows mild reduction in b.w. compared with diabetic
control rats [fig. 1].
Effect of PHF and metformin on blood glucose level, serum
insulin level and glycosylated haemoglobin level in STZ induced
animals
In the diabetic control rats, HbA1C level was significantly (P<0.001)
increased when compared to normal control rats. Diabetic rats
treated with PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and
metformin showed significant (P<0.001) reduction in HbA1C levels
as compared to diabetic control rats. In the diabetic control rats,
fasting blood glucose level was significantly (P<0.001) increased
when compared to normal control rats. Diabetic rats treated with
PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and metformin
showed significant (P<0.001) reduction in fasting blood glucose
levels as compared to diabetic control rats. In addition, the positive
control group animals showed significantly lower insulin levels. At
the end of 45 d of treatment, there was a decrease in blood glucose
treated with standard (metformin 5 mg/kg, b.w.) and PHF at two
different doses (200 and 400 mg/kg, b.w.) showed 42.78%, 49.75%
and 41.23% respectively decrease of glucose level [fig. 2] [table 1].
Effect of PHF on urine volume, serum creatinine, urea and uric
acid levels in STZ induced diabetic animals
In the diabetic control group, urine volume was significantly
(P<0.001) increased when compared to the normal control rats.
When diabetic rats treated with PHF (Dose-I, 200 mg/kg, Dose-II,
400 mg/kg) and metformin showed significant (P<0.001) reduction
in urine volume as compared to diabetic control rats.
Streptozotocin-nicotinamide injection caused a marked reduction in
renal function, as characterized by significant (P<0.001) increase in
serum creatinine, urea, and uric acid levels as compared to normal
control rats. Thus, these data suggest that a single i. p. injection of
STZ-nicotinamide impairs kidney functions. Treatment with PHF
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(Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and metformin showed a
significant (P<0.001) reduction in serum creatinine, uric acid and
urea levels as compared to diabetic control rats [table 2].
Effect of PHF on TC, TG, HDL, VLDL and LDL levels in STZ
induced diabetic animals
Diabetic control rats showed a significant (P<0.001) increase in the
levels of triglycerides, cholesterol, VLDL, LDL and a decrease in HDL
when compared with normal control group. The treatment of
diabetic rats with PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and
metformin showed (P<0.001) decrease in the levels of triglycerides,
cholesterol, VLDL, LDL and increase in HDL when compared with
diabetic control rats [table 3].
Effect of PHF on SOD, CAT, MDA, GSH levels in Kidney in STZ
induced diabetic animals
The content of MDA, the end product of lipid peroxidation and a
marker of oxidative stress was significantly (P<0.001) increased in
renal tissue of diabetic control rats as compared to non-diabetic rats.
There was a significant (P<0.001) decrease in the levels of GSH, an
endogenous antioxidant and antiperoxidative enzymes (SOD and CAT)
in renal tissue as compared to normal control group. The treatment of
diabetic rats with PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and
metformin showed a significant (P<0.001) decrease in the levels of
MDA as compared to diabetic control rats and showed a significant
(P<0.001) increase in SOD, CAT and GSH activities [table 4].

Fig. 1: Effect of PHF and metformin on body weight in STZ
induced diabetic animals, values are expressed as mean±SEM,
n=6, a= ***P<0.001when compared to normal control group, b=
***P<0.001when compared to positive control group

Effect of PHF on SOD, CAT, MDA and GSH levels in liver in STZ
induced diabetic animals
The results showed that compared with rats in the normal control
group, MDA levels in diabetic rats were significantly increased, while
SOD, CAT and GSH activity was significantly decreased at the end of
the study (P<0.001). The treatment of diabetic rats with PHF (DoseI, 200 mg/kg, Dose-II, 400 mg/kg) and metformin showed a
significant (P<0.001) decrease in the levels of MDA as compared to
diabetic control rats and showed a significant (P<0.001) increase in
SOD, CAT and GSH activities [table 4].

Fig. 2: Effect of PHF and metformin on fasting blood glucose levels
in STZ induced diabetic animals, Values are expressed as
mean±SEM, n=6, a= ***P<0.001when compared to normal control
group, b= ***P<0.001when compared to positive control group

Table 1: Effect of PHF on serum insulin and HbA1c levels in STZ induced diabetic animals
Groups
Normal
Positive control (STZ)
Standard Treatment (Metformin 5 mg/kg, b.w.)+STZ
Dose-I (200 mg/kg, b.w.)+STZ
Dose-II (400 mg/kg, b.w.)+STZ

Serum insulin (µU/ml)
31.06±0.514
12.02±0.506***a
26.72±0.381***b
21.22±0.125***b
25.17±0.319***b

Where, HbA1c-Glycosylate haemoglobin, values are expressed as mean±SEM, n=6.
***P<0.001, when compared to positive control group (b).

***P<0.001,

HbA1c (mg%)
4.275±0.049
8.375±0.096***a
6.105±0.080***b
7.325±0.056***b
6.613±0.064***b

when compared to normal control group (a) and

Table 2: Effect of PHF on serum creatinine, urea and uric acid levels in STZ induced diabetic animals
Groups
Normal
Positive control (STZ)
Standard treatment (Metformin 5 mg/kg, b.w.)+STZ
Dose-I (200 mg/kg, b.w.)+STZ
Dose-II (400 mg/kg, b.w.)+STZ

Serum creatinine (mg/dl)
0.465±0.921
1.917±0.092***a
0.870±0.023***b
1.357±0.046***b
1.247±0.061***b

Serum urea (mg/dl)
23.11±0.539
58.47±0.521***a
44.72±0.644***b
47.26±0.293***b
37.56±0.389***b

Serum uric acid (mg/dl)
1.715±0.015
4.108±0.021***a
2.427±0.022***b
3.277±0.018***b
2.735±0.012***b

Values are expressed as mean±SEM, n=6. ***P<0.001, when compared to normal control group (a) and ***P<0.001, when compared to positive control
group (b).
Table 3: Effect of PHF on TC, TG, HDL, VLDL and LDL levels in STZ induced diabetic animals
Groups
Normal
Positive control (STZ)
Standard (Metformin 5 mg/kg,
b.w.) +STZ
Dose-I (200 mg/kg, b.w.)+STZ
Dose-II (400 mg/kg, b.w.)+STZ

TC (mg/dl)
91.66±1.457
182.20±1.572***a
122.80±1.771***b

TG(mg/dl)
111.90±2.098
182.60±1.629***a
130.40±1.185***b

HDL(mg/dl)
35.79±0.337
25.78±0.859***a
33.02±0.485***b

VLDL(mg/dl)
22.37±0.419
36.52±0.325***a
26.07±0.236***b

LDL(mg/dl)
33.68±1.224
119.90±1.918***a
63.74±2.066***b

147.10±1.389***b
132.40±0.779***b

155.10±0.853***b
142.90±0.923***b

29.76±0.400***b
31.93±0.366***b

31.02±0.170***b
28.57±0.184***b

86.33±1.404***b
71.93±1.014***b

Where, TC-total cholesterol, TG-triglyceride, HDL-high density lipoprotein, VLDL-very low-density lipoprotein, LDL-low density lipoprotein, values are
expressed as mean±SEM, n=6. ***P<0.001, when compared to normal control group (a) and ***P<0.001, when compared to positive control group (b).
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Table 4: Effect of PHF on SOD, CAT, MDA, GSH levels in kidney and Liver in STZ induced diabetic animals
Groups

Organ

Normal

Kidney
Liver
Kidney
Liver
Kidney
Liver
Kidney
Liver
Kidney
Liver

Positive control (STZ)
Standard (Metformin 5 mg/kg,
b.w.)+STZ
Dose-I (200 mg/kg, b.w.)+STZ
Dose-II (400 mg/kg, b.w.)+STZ

SOD (U/mg
protein)
9.73±0.248
8.77±0.167
3.03±0.075***a
1.12±0.052***a
6.21±0.127***b
7.66±0.149***b
4.95±0.048***b
4.54±0.145***b
5.25±0.039***b
6.91±0.082***b

CAT (U/mg
protein)
55.15±0.481
59.00±0.107
25.40±1.201***a
26.70±0.114***a
48.58±0.427***b
54.64±0.218***b
42.77±0.431***b
45.98±0.166***b
46.01±0.428***b
53.07±0.280***b

MDA (nmoles/mg
protein)
1.13±0.050
1.27±0.113
6.17±0.075***a
14.25±0.294***a
2.04±0.051***b
2.51±0.127***b
2.97±0.071***b
4.06±0.093***b
2.19±0.034***b
3.02±0.058***b

GSH (nmoles/mg
protein)
16.97±0.103
38.93±0.173
9.08±0.190***a
17.98±0.234***a
14.21±0.196***b
37.01±0.346***b
12.00±0.077***b
33.11±0.179***b
13.18±0.115***b
35.44±0.160***b

Where, SOD-superoxide dismutase, CAT-catalase, MDA-malondialdehyde, GSH-glutathione, values are expressed as mean±SEM, n=6.
when compared to normal control group (a) and ***P<0.001, when compared to positive control group (b).

Histopathological studies of kidney, liver and pancreas
The tubules of the kidney showed some degenerative changes and
few blood vessels were congested with diabetic control rats as
compared to normal structural features of a control animal. In the
normal control group, the histopathological examination of kidney
tissue showed the normal appearance of glomeruli and tubules (long
arrow). Treatment with Dose-I 200 mg/kg (PHF) showed some
degenerative changes. However, treatment with Dose-II 400 mg/kg
and metformin showed intact architecture as compared to normal
group [fig. 3].
Section studied in positive control rats shows the liver parenchyma
having partially distorted architecture and there are seen focal areas
of necrosis (short arrow) with congested blood vessels as compared
to normal control group {[shows intact architecture] (long arrow)}.

***P<0.001,

Treatment with PHF (Dose-II, 400 mg/kg) shows the liver
parenchyma having intact architecture and the perivenular,
periportal and midzonal hepatocytes appear unremarkable. The
central veins and sinusoids appear unremarkable as compared to
positive control group [fig. 4].
Section studied shows in positive control rat that pancreatic lobules
separated by connective tissue septa. The centre of islet cells
consists of a quantitative decrease in small β-cells (long arrow)
(30%, compared to normal control, 70%), while the periphery
comprises of large α-cells (short arrow) (65%, compared to normal
control, 25%). Treatment with PHF (Dose-II, 400 mg/kg) shows
regeneration of β-cells (70%, compared to positive control group
30%), while the periphery comprises of large α-cells (25%,
compared to positive control group 65%) [fig. 5].

Fig. 3: Histopathology of kidney tissues from rats. (a) Normal control group, (b) Positive control group, (c) Standard (d) Dose-II 400
mg/kg (H and E 400×), Where, H and E-Hematoxylin and eosin

Fig. 4: Histopathology of pancreas from rats. (a) Normal control group, (b) Positive control group, (c) Standard (d) Dose-II 400 mg/kg
(HandE 400×), Where, H and E-Hematoxylin and eosin

Fig. 5: Histopathology of liver from rats. (a) Normal control group, (b) Positive control group, (c) Standard (d) Dose-II 400 mg/kg (H and E
400×), Where, H and E-Hematoxylin and eosin
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DISCUSSION
DM is a long-term disorder characterized by elevated blood glucose
level due to absolute or relative insulin deficiency [18]. The present
study was undertaken to evaluate antidiabetic, hypolipidemic and
antioxidant activities of PHF in normal rats, STZ-induced untreated
rats and treated diabetes rats with PHF and metformin.
STZ-induced hyperglycemia is a widely applied experimental model
because of the ability of STZ to selectively target and destroy insulinproducing
pancreatic
islet β-cells. The intraperitoneal
administration of STZ (65 mg/kg) partially damages the insulinsecreting pancreatic β-cells by breaking the DNA strand, which
results in increased blood glucose levels and decreased in
endogenous insulin release. Oral administration of PHF (200 and
400 mg/kg) resulted in significant reduction in fasting blood glucose
levels. The increased serum insulin levels in PHF treated STZdiabetic rats could be due to the protection of function β-cells from
further deterioration. Increased levels of insulin might help in
improving glycemic control in STZ-diabetic rats.
In our study, the body weight of STZ-induced untreated diabetic
group showed a significant decrease. Oral administration of PHF at a
dose of 400 mg/kg for 45 d showed an improvement in body weight
in comparison to diabetic control and rats treated with metformin.
The higher body weight of PHF treated rats might be due to their
improved glycemic control.

enhanced the normal appearance of glomeruli and tubules and also
showed intact architecture when compare to positive control rats
which showed degenerative changes and few blood vessels
congestion.
Histopathology studies of liver also revealed the protective effect of
PHF. Treatment with PHF showed the intact architecture of liver
parenchyma and the perivenular, periportal and midzonal
hepatocytes. The central veins and sinusoids appear unremarkably
normal compared to the positive control group which showed the
liver parenchyma partially distorted.
CONCLUSION
In conclusion, data from the present study states that the PHF has
potent antidiabetic, hypolipidemic and antioxidant activities.
Biochemical and histopathological results of study also revealed the
degree of protection offered by PHF to diabetic animals. Further
studies are required for bioactivity guided drug discovery to isolate
lead compounds, which may be responsible for these claimed
activities.
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