
INTRODUCTION
Hyperglycemia is the primary symptom of diabetes, which a 
lack of insulin action can cause, decreased insulin production, 
or both. Diabetes is a complex endocrine and metabolic disease 
that can manifest in a variety of ways. Insulin dysfunction can 
arise from either a deficiency of pancreatic cells that secrete 
insulin (diabetes mellitus type 1 (T2DM)) or an insufficient 
response to insulin (T2DM). Both type 1 and type 2 diabetes 
expressed to insulin resistance. It observed that a prolonged 
state of hyperglycemia causes insulin resistance. Insulin 
resistance is the leading cause of diabetes in the world. The 
long-term health effects of hyperglycemia include damage and 
eventual failure of several organs, most notably the nerves, 
blood vessels, kidneys, eyes, and heart.1,2

Diabetes is currently becoming a serious concern on a 
global scale and a main cause of morbidity and death in the 
majority of countries. It is estimated that there are 382 million 
individuals who are affected by the disease, and 5.1 million 

people lost their lives to diabetes in 2013. According to statistics 
compiled by the World Health Organization (WHO), there was 
a huge increase in the number of diabetes patients from 1980 
to 2014; WHO estimated the possible increase of 592 million 
diabetes patients by 2035 in underdeveloped and developing 
countries.3,4 

Since the beginning of time, people have been trying to find 
cures for a wide variety of illnesses, including hyperglycemia, 
with the help of various medicinal herbs. WHO stated approx 
80% of diabetes patient in underdeveloped nations takes herbal 
medicines for the management of diabetes. The use of herbal 
medicines is enhanced due to their minimum toxicity, easy 
availability and cost-effectiveness. About one-quarter of all 
medications in today’s pharmacopeia are derived from natural 
substances once utilized in conventional medicine. Presently 
metformin is most widely used for the management of diabetes 
and it is first extracted from the Galega officinalis.5,6
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Individual plants do not contain enough active compounds to 
produce desired desirable and beneficial effects. Numerous 
plants are combined to a specific extent, which will have 
a greater beneficial effect and reduce the toxicity of the 
combination.5 Usage as a single medication or in combination 
with other treatments, the latter being known as polyherbal 
formulation. Science has found that when herbs of various 
strengths are mixed, the result may theoretically be more 
significant than whenever the plants are used individually and 
that the sum of their separate effects could theoretically be 
more significant than when the plants are used individually. 
Synergism is the term used to describe the phenomena of 
beneficial herb-herb interplay.

Polyherbal formulations enhance patient comfort by 
eliminating the requirement to take more than one distinct 
herbal drug simultaneously, resulting in greater consistency 
and curative impact. Compared to individual natural products, 
each benefit has contributed to the increased popularity of 
polyherbal formulation on the trade.7,8 Azadirachta indica, 
Tinospora cordifolia and Oscimum sanctum are medicinal 
plants used for centuries to heal hyperglycemia. Thus, it was 
intended to explore the anti-diabetic properties of a polyherbal 
formulation containing different ratios of A. indica leaves, T. 
cordifolia stem and O. sanctum leaves. Further also compared 
the therapeutic efficacy of a single plant with the polyherbal 
formulations.

MATERIAL AND METHODS
A. indica leaves, T. cordifolia stem and O. sanctum leaves were 
collected, and after cleaning plant’s parts were shade dried. The 
plant parts were further processed for the coarsely powdered 
and kept in an airtight container for experimental work.
Preparation of Polyherbal Formulations
Eight distinct polyherbal formulations (F1 to F8) were created 
by blending varying ratios of plant powders of A. indica leaves, 
T. cordifolia stem and O. sanctum leaves. Table 1 lists the 
constituents of various polyherbal formulations in varying 
proportions.

Decoction Preparation
The mixtures of 20 g of every composition with 150 mL of 
distilled water have been macerated for 24 hours at room 
temperature. Decoction was obtained by boiling for about 45 
minutes then filtering with muslin cloth, the macerated drug 
was left for 24 hours. Adjustments were made to the decoction’s 
content so that 20 g of mixture yielded 50 mL of decoction.7

Determination of Anti-diabetic Activity

Polyherbal Formulation’s Oral Glucose Tolerance Test 
The rats were fasted for 18 hours to pursue the oral glucose 
tolerance test. The rats were placed into ten groups for the 
experiment, and each group had six rats. Group I was named 
as a normal control, group II had glucose control rodents, and 
group III to group X were treated with F1 to F8, respectively, 
at the dose of 20 mL/kg body weight. 

The 2 g/kg of body weight of glucose was fed to the rodents 
of groups II to X. After 30 minutes, prepared formulation was 
administered to the diabetic rats. The blood was withdrawn 
from the rodents at 0, 30, and 90 minutes through the retro-
orbital sinus. After centrifuging the blood at 3000 rpm, the 
resulting plasma was utilized in conjunction with a glucose 
oxidase–peroxidase kit to determine glucose levels in the 
fasting plasma.9-11

Induction of Diabetes in Rats 
A virtually overnight starved adult rat weighing 170–220 g 
was used to develop non-insulin dependent diabetes mellitus 
(NIDDM). A single intraperitoneal injection of 60 mg/
kg streptozotocin and 15 minutes after administering 120 
mg/kg nicotinamide to develop NIDDM in these rats. The 
manifestation of increased glucose levels in blood serum, 
evaluated at 72 hours and again on day 7 after treatment, served 
as conclusive evidence that the individual in question had 
diabetes. The diagnostic cut-off for diabetes was determined 
to be a plasma glucose level in the fasting state that was greater 
than 126 mg/dL. More specifically, those mice that are being 
used in the trial have already been verified to have persistent 
NIDDM.
Anti-diabetic Activity of the Polyherbal Formulation
The rodents were divided into 10 groups of six rats each, for a 
total of 60 rats. The polyherbal formulation was given to the 
animals for 28 days. Group I referred to normal control given 
only drinking water, group II expressed as diabetic control 
rodents, group III to group X treated with F1 to F8 (20 mL/kg 
body weight) for 28 days.

Further, the blood glucose levels were measured on the 
1st, 7th, 14th, and 28th day after the extract administration. 
Throughout the study, the rodents were weighed on a 
regular basis, and the average difference in body mass was 
computed.13,14

Determination of Lipid Profile 
It was on day 28 that the biochemical variables were measured; 
afterward, the rats were sacrificed through spinal displacement. 

Table 1: Polyherbal formulations are composed of a variety of herbs

Formulations
Ratio

Azadirachta 
indica (leaves)

Tinospora 
cordifolia (stem)

Oscimum 
sanctum (leaves)

F1 100 - -
F2 - 100 -
F3 - - 100
F4 50 25 25
F5 25 50 25
F6 25 25 50
F7 50 40 10
F8 50 10 40



Novel Antidiabetic Polyherbal Formulation

IJDDT, Volume 12 Issue 4, October - December 2022 Page 1614

The glucose oxidase technique was used to quantify total 
cholesterol (CHL), triglycerides (TGL), low-density lipoprotein 
cholesterol (LDL), and high-density lipoprotein cholesterol 
(HDL) employing an auto-analyzer.12-14

Statistical Analysis
The findings of experimental data are presented as the average 
of six independent experiments with standard deviations 
(SEM). The statistically significant difference of the variations 
was observed was determined using a one-way analysis of 
variance (ANOVA) and Dunet’s test. A p-value of less than 
0.05 was deemed statistically significant in this study.

RESULTS AND DISCUSSIONS

Polyherbal Formulation’s Glucose Tolerance Effects
Sugar was administered to rats in all groups except the normal 
group to increase blood glucose levels. After 30 minutes, the 
blood glucose level was increased in the rats of II group to X 

group compared to the normal group (Table 2). A significant 
decrease in blood glucose level was observed in the group 
treated with the polyherbal formulation (F1 to F8) compared to 
the glucose control group. The polyherbal formulation showed 
the effectiveness of glucose tolerance in the following orders F7 
> F4 > F8 > F5 > F6 > F1 > F2 > F3. The F7 has higher glucose 
tolerance compared to the other herbal preparations. Also, F1 
to F3 were found to have lower glucose tolerance compared 
to the polyherbal formulations F3 to F8.
Effect on NIDDM of Polyherbal Formulation
The experimental animals from group II to group X were made 
diabetic by the administration of Streptozotocin (STZ). After 
administration for three days, the increase in blood glucose 
level confirmed the induction of diabetes in the rats. In the 
diabetic control rats, the blood glucose level was significantly 
increased on the 1st, 7th, 14th and 28th day compared to the 
normal control group (Table 3). It was also observed that the 
blood glucose level of the rats in the diabetic control group 
was subsequently elevated. When F1 to F8 were administered 
at a dose of 20 mL/kg body weight to the diabetic rats, a 
significant decrease in blood glucose level was observed at 
the end of the study compared to the diabetic control group. 
The polyherbal formulation showed an anti-diabetic effect in 
the following order F7 > F4 > F8 > F5 > F6 > F1 > F2 > F3. 
The F7 has higher anti-diabetic activity compared to the other 
polyherbal formulations. It was also found that F1 to F3 had 
lower anti-diabetic properties compared to the polyherbal 
formulations F3 to F8.
Antihyperlipidemic Activity 
Induction of diabetes in rats triggered a substantial rise in 
the CHL, TGL and LDL, and decreased HDL compared 
to the normal group. Conversely, the administration of 
polyherbal formulations (F1 to F8) to diabetic rats for 28th days 
significantly decreases in CHL, TGL, LDL, and increases in 
HDL compared to STZ induced diabetic control group (Table 4). 
The polyherbal formulation showed antihyperlipidemic activity 
in the following order F7 > F4 > F8 > F5 > F6 > F1 > F2 > F3. 

Table 2: Rat data on polyherbal formulations’ oral glucose tolerance

Groups
Glucose (mg/dL)
0 minutes 30 minutes 90 minutes

Group I: Normal 
Control

75.1 ± 4.87 77.2 ± 4.43 74.7 ± 3.57

Group II: Glucose 
control

76.5 ± 2.73 305.2 ± 3.62a 201.6 ± 2.18a

Group III: F1 76.3 ± 2.95 144.6 ± 2.83* 92.6 ± 4.37*
Group IV: F2 77.4 ± 3.21 151.2 ± 4.49* 95.1 ± 5.58*
Group V: F3 79.1 ± 4.42 163.5 ± 5.73* 99.7 ± 3.12*
Group VI: F4 73.4 ± 4.27 130.6 ± 3.28* 78.2 ± 4.23*
Group VII: F5 75.7 ± 5.91 138.7 ± 2.51* 86.7 ± 4.64*
Group VIII: F6 76.1 ± 3.52 141.3 ± 4.62* 90.3 ± 5.73*
Group IX: F7 79.6 ± 2.91 123.4 ± 3.78* 76.3 ± 4.41*

Group X: F8 74.8 ± 3.16 132.9 ± 5.26* 80.7 ± 2.52*

Outcomes are demonstrated as mean ± SEM (n=6); statistically 
difference at ap < 0.05 compared to Group I, and *p < 0.05 compared to 
Group II

Table 3: Anti-diabetic effect of polyherbal formulations in STZ-treated rodents

Groups
Blood sugar (mg/dL)
0 Day 7 Days 14 Days 28 Days

Group I: Normal Control 78.6 ± 4.18 81.4 ± 5.93 76.3 ± 5.27 77.2 ± 3.62
Group II: Diabetic control (STZ) 168.3 ± 5.31a 251.5 ± 3.29a 296.1 ± 4.64a 353.8 ± 2.13a

Group III: F1 173.5 ± 5.25 152.7 ± 4.81* 129.2 ± 5.39* 98.5 ± 2.72*
Group IV: F2 159.2 ± 6.71 159.1 ± 6.27* 138.1 ± 3.52* 107.4 ± 3.42*
Group V: F3 166.8 ± 3.45 165.3 ± 3.68* 143.9 ± 2.27* 115.2 ± 5.53*
Group VI: F4 161.7 ± 4.63 128.4 ± 4.41* 115.2 ± 4.15* 84.1 ± 4.22*
Group VII: F5 155.9 ± 5.52 142.7 ± 2.19* 126.2 ± 4.68* 93.6 ± 6.51*
Group VIII: F6 164.7 ± 4.24 149.3 ± 5.34* 128.7 ± 3.25* 95.1 ± 3.49*
Group IX: F7 169.2 ± 3.51 120.6 ± 4.12* 101.5 ± 5.92* 79.3 ± 5.38*
Group X: F8 148.3 ± 5.78 130.2 ± 5.52* 119.3 ± 4.17* 87.5 ± 3.82*

Findings are demonstrated as mean ± SEM (n=6); statistically difference at ap < 0.05 compared to Group I, and *p < 0.05 compared to Group II
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The F7 has higher antihyperlipidemic activity compared to 
the other polyherbal formulations. It was also found that F1 
to F3 had lower antihyperlipidemic activity compared to the 
polyherbal formulations F3 to F8. 
Body Weight of Rats 
Table 5 showed a substantial decreased in the body weight of 
the diabetic rats after induction of diabetes. While the body 
weight of rats recovered after administration of the polyherbal 
formulation (F1 to F8). 

The polyherbal formulations (F1 to F8) containing 
different proportion of A. indica leaves, T. cordifolia stem 
and O. sanctum leaves revealed substantial anti-diabetic and 
antihyperlipidemic activity against STZ-induced DM in rats. 

This investigation was performed to determine the impact 
on diabetic rats’ plasma glucose levels and lipid profiles of 
regular oral feeding of polyherbal formulations (F1 to F8) for 
a period of 28 days. For the purpose of causing hyperglycemia 
in rodents, streptozotocin was chosen as the agent to use. A 
well-established paradigm for generating type 1 diabetes, also 
known as diabetes dependent on insulin, is the administration 

of streptozotocin to animals. In the current research, 
streptozotocin was used to produce diabetes in rats, and these 
diabetic animals exhibited a considerable rise in sugar levels 
compared to the normal group rats. Following therapy with 
polyherbal formulations, the elevated levels of plasma glucose 
were brought down to a lower level (F1 to F8). The findings 
of present study are similar with the findings of others that 
demonstrated the substantial antihyperglycemic properties 
of polyherbal formulation in STZ induced diabetic rats.7-21 
Our findings are similar with the findings of other authors. 
It has been demonstrated that our discoveries can decrease 
blood sugar levels in diabetic animals. The hypoglycemic 
action of polyherbal formulations (F1 to F8) could be caused 
by increased insulin secretion from vestige pancreatic cells, 
or it could be caused by the preservation of functional cells 
from further deterioration, which allows these cells to remain 
active and continue to produce insulin. Significantly increased 
insulin level in diabetes treated rats, which provided evidence 
for this observation.22 Alternatively, the hypoglycemic action 
may be due to a combination of both of these mechanisms. 

Hyperlipidemia, commonly referred to as elevated CHL, 
TGL, and LDL levels, is identified consequence of DM. This 
condition is characterised by higher levels of CHL, TGL, 
and LDL. It is also well-documented that streptozotocin-
induced diabetic rats have elevated levels of both cholesterol 
and triglycerides in their blood. The induction of diabetes 
in rats resulted in alterations to the profile of lipoproteins 
and lipids in the rat’s serum, and these changes occurred 
simultaneously with increases in blood glucose levels in 
diabetic rats. These anomalies are induced by the action 
of insulin, which inhibits the lipolytic hormone’s ability to 
function properly on fat depots. Secondary problems from 
hypertryglyceridemia and hypercholesterolemia were caused 
by inactivation of the lipoprotein lipase enzyme, resulting 
from insulin insufficiency in diabetes conditions. β-Hydroxy 
β-methylglutaryl-CoA (HMG-CoA) reductase is a rate-limiting 
enzyme that participates in the metabolization of LDL and 
elevated cholesterol. On the other hand, dyslipidemia can be 
caused by a lack of insulin due to the inhibitory effect that 

Table 4: Biochemical parameters following administration of polyherbal formulations

Groups TGL (mg/dL) CHL (mg/dL) HDL (mg/dL) LDL (mg/dL)
Group I: Normal Control 69.4 ± 2.63 91.2 ± 5.21 85.6 ± 3.63 58.1 ± 3.14
Group II: Diabetic control (STZ) 273.4 ± 4.13a 221.5 ± 3.72a 15.2 ± 5.49a 182.9 ± 2.57a

Group III: F1 87.2 ± 3.28* 102.4 ± 2.41* 69.8 ± 3.75 74.1 ± 4.64*
Group IV: F2 85.1 ± 4.65* 106.9 ± 4.82* 67.1 ± 4.26* 75.3 ± 5.48*
Group V: F3 89.8 ± 2.32* 108.3 ± 6.18* 66.5 ± 5.59* 79.2 ± 3.92*
Group VI: F4 77.5 ± 3.16* 93.6 ± 5.56* 80.2 ± 6.71* 64.8 ± 4.34*
Group VII: F5 82.6 ± 5.73* 99.2 ± 4.39* 77.4 ± 4.37* 70.9 ± 3.23*
Group VIII: F6 84.5 ± 4.38* 100.1 ± 3.87* 76.1 ± 5.46* 72.7 ± 5.51*
Group IX: F7 75.1 ± 3.19* 89.2 ± 6.54* 83.4 ± 3.12* 62.5 ± 4.40*

Group X: F8 78.9 ± 2.92* 97.8 ± 4.29* 79.1 ± 5.77* 65.6 ± 3.61*

Findings are demonstrated as mean ± SEM (n=6); statistically difference at ap < 0.05 compared to Group I, and *p < 0.05 compared to Group II

Table 5: Variations in body weight of rodents using polyherbal 
formulations

Group
Body weight (gm)
Before 
induction

After 
induction After treatment

Group I: Normal 
Control 173.5 ± 2.74 182.7 ± 3.46 180.4 ± 2.53

Group II: Diabetic 
control (STZ) 181.2 ± 1.45 132.6 ± 2.28 93.3 ± 1.19

Group III: F1 188.6 ± 3.63 141.8 ± 4.53 179.2 ± 2.24
Group IV: F2 179.2 ± 2.72 145.3 ± 3.56 180.5 ± 4.37
Group V: F3 175.2 ± 3.18 139.8 ± 3.39 174.3 ± 2.58
Group VI: F4 180.9 ± 1.26 135.1 ± 2.68 176.2 ± 3.37
Group VII: F5 181.6 ± 4.37 140.2 ± 4.71 173.9 ± 4.23
Group VIII: F6 183.7 ± 2.54 136.9 ± 1.49 181.5 ± 3.51
Group IX: F7 182.5 ± 2.33 138.3 ± 4.82 178.2 ± 2.46
Group X: F8 178.3 ± 3.67 135.7 ± 2.16 174.9 ± 1.27
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insulin has on HMG-CoA reductase. Because glucose is 
used up more slowly in diabetics, a condition called diabetes-
induced hyperlipidemia is to blame for the excessive release 
of fat from adipose tissue.23 Treatment with a polyherbal 
formulation resulted in lower levels of cholesterol, triglyceride, 
and LDL, and higher levels of HDL, which is suggestive of 
the formulations’ potential ability to lower blood lipid levels 
(hypolipidemic activity).

The STZ-induced diabetes mellitus (DM) in rodents 
resulted in a significant reduction in body weight, which 
could be prevented or mitigated by treatment with polyherbal 
formulations. When compared to diabetic rats, diabetic rats 
that were given a polyherbal formulation saw an increment in 
their body weight after receiving the formulation. According 
to the current investigation results, therapy with polyherbal 
formulations had a beneficial effect on the maintenance of 
normal body weights in diabetic rats. Polyherbal formulation’s 
capacity to lower hyperglycemia may be responsible for their 
protective effect on the body weight of diabetic rats. STZ-
induced DM was characterized by substantial weight loss due 
to the loss or degradation of protein structure and the wasting 
of muscle in diabetes.24

CONCLUSIONS
The prepared polyherbal formulation, namely F1 to F8, 
incorporating different ratio of the A. indica leaves, T. 
cordifolia stem and O. sanctum leaves significantly reduced 
the blood glucose level in the diabetic rats and improved 
lipid profile. The findings suggested F7 having higher anti-
diabetic and antihyperlipidemic activity compared to other 
formulations. Further, the single plant-containing formulations 
(F1 to F3) showed lower anti-diabetic activity than the 
formulation that blended different plants (F4 to F8). The higher 
therapeutic efficacy of the polyherbal formulation is due to 
the synergistic effect of the different phytoconstituents in the 
different plant mixtures. This study has scope to illustrate the 
possible mechanism of anti-diabetic activity of this polyherbal 
formulation. 
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