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ABSTRACT: Amla, Arjuna, Gudmar, Guduchi, and Ginger have been usually
used in the traditional system of medicine for the treatment of diabetes. The aim
of the present study to evaluate antihyperglycemic activity of polyherbal and
allopolyherbal formulation on Streptozotocin-Nicotinamide (STZ-NA) induced
type-2 diabetes rats. All the extracts of herbs used for the present study were
obtained by supercritical fluid extraction. The Oral glucose tolerance test
(OGTT) and anti-hyperglycemic activities were performed on STZ-NA-induced
diabetic rats. The effects of metformin, PHF, and allopolyherbal formulation
(APHF) on plasma insulin, hemoglobin, liver glycogen, and glycated
hemoglobin (HbA1c) were analyzed. Statistical analysis was done by using oneway ANOVA followed by Dunnett’s multiple comparison tests. The OGTT of
metformin, PHF, and APHF showed increased glucose tolerance. Single-dose
anti-hyperglycemic activity of metformin, PHF, and APHF showed a significant
(P<0.01) decrease in blood glucose level (BGL) in diabetic rats at 1st, 3rd, 5th, and
7th h. Multiple doses anti-hyperglycemic activity of metformin, PHF, and APHF
showed significantly (P<0.01) reduction of BGL in diabetic rats after 14th, 21st,
and 28th days of treatment. After treatment with metformin, PHF, and APHF for
28 days, there was a significant (P<0.01) decrease in HbA1c and a significant
(P<0.01) increase in plasma insulin, hemoglobin, and liver glycogen levels in
treated diabetic rats. Histopathology of the pancreas in treated groups showed
the protection of β-cells of the pancreas. It is concluded that the simultaneous
administration of polyherbal formulation and allopathic drugs increased the
therapeutic effect, reduced dose and reduced side effects.

INTRODUCTION: Diabetes mellitus (DM) is a
chronic endocrine metabolic disorder was characterized by chronic hyperglycemia, polyuria, polydipsia, polyphagia, emaciation, and weakness due
to the disturbance in carbohydrate, fat and
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protein metabolism associated with an absolute or
relative deficiency in insulin secretion and/or
insulin action 1. The disorder can be classified into
type 1 DM and type 2 DM.
The latter accounts for more than 90% of all
diabetes cases and is caused mainly by peripheral
insulin resistance and impaired insulin secretion
and largely the result of excess body weight and
physical inactivity 2. The total number of people
with diabetes will be projected to rise from 171
million in 2000 to 366 million in 2030 3. WHO also
projects that 9% of adults in the world suffer from
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diabetes and this disease will be the 7th leading
cause of death in 2030. According to recent data,
62.4 million Indians have been reported to have
diabetes, and the figures are expected to reach 87
million by the year 2030 4. Treatment with
sulfonylureas, biguanides, and insulin possesses
undesirable side effects, so the management of
diabetes without side effects is yet a challenge to
the medical system. There is just an increasing
demand to use natural products with anti-diabetic
activity. Plants are useful sources for the
development of antidiabetic drugs 5.
The concept of polyherbalism has been highlighted
in Sharangdhar Samhita, Ayurvedic literature
dating back to 1300 AD. When combining multiple
herbs in a particular ratio, it will give a better
therapeutic effect and reduce the toxicity 6. The
PHF enhances therapeutic action and reduces the
concentrations of single herbs, thereby reducing
adverse events. In the modern era, herbal
formulations have gained greater importance than
ever before, mainly due to their efficacy and easy
availability as well as fewer side effects as
compared to synthetic drugs 7.
WHO also estimated that 80% of the world’s
people still rely mainly on traditional medicines for
their health care. The subcontinent of India is wellknown to be one of the major biodiversity centers
with about 45,000 plant species 8. Plenty of herbs
have been reported to possess antidiabetic effects.
Many of these herbs have been demonstrated to
have hypoglycemic effects in animal studies or
clinical trials. Also, a number of them, such as
Amla (Emblica officinalis) 9-11, Gudmar (Gymnema
sylvestre) 12, 13, Arjuna (Terminalia arjuna) 14, 15,
Guduchi (Tinospora cordifolia) 16, 17 and Ginger
(Zingiber officinale) 18, 19 are well-known herbs
available throughout India.
They are widely used for the treatment of various
diseases, including diabetes and diabetic
complications. These herbs have been proven
scientifically for their anti-hyperglycemic, antihyperlipidemic, anti-oxidant, nephroprotective,
cardio-protective activities and etc. They have
different mechanisms of action, therefore, selected
for the proposed study. All the extracts of herbs
used for the present study were produced by
supercritical fluid extraction (SFE) by a
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supercritical fluid such as CO2 and co-solvent
ethanol. The CO2 extracts are pure, highly
powerful,
broad-spectrum,
and
extremely
concentrated. The SFE is utilized on a large scale
for the extraction of some food grade and essential
oils and pharmaceutical products from plants 20.
The SFE allows the processing of plant material at
low temperatures, hence limiting thermal
degradation and prevent the use of toxic solvents 21.
The antidiabetic activity of these individual herbs is
well known, but the synergistic or combined effects
are unclear. The aim of the present study is to
prepare a polyherbal formulation of CO2 extract
and evaluate its antihyperglycemic activity in the
STZ-NA-induced diabetic rats, and to check PHF
treatment could have a synergistic effect with
metformin. The metformin is the most common
drugs and routinely used in the treatment of types 2
DM, so selected for the present study.
MATERIALS AND METHODS:
Drugs and Chemicals: Streptozotocin (STZ) was
procured from Chemvenio, LIC, Gulbarga,
Karnataka, Nicotinamide (NA) was procured from
SDS Neutraceuticals, Karad and Metformin tablet
was procured from USV Pharma, Mumbai. GODPOD Kit was procured from Span Diagnostics,
Surat, Glucometer was procured from Accu-Check,
Roche Diagnostics India, Pvt Ltd. All other
chemicals used in this study were of analytical
grade.
Holistic Extracts: All the extracts were obtained
by supercritical fluid extraction, and they are
procured from Nisarga Biotech Pvt. Ltd, Satara,
Maharashtra, as a gift sample.
Experimental Animals: Albino Wistar rats of
either sex weighing 180-200 g ± 20 were procured
from Shri Venkateshwara Enterprises, Banglore.
All animals were maintained under standard
laboratory conditions of temperature (22 ± 2 °C)
and humidity 50 ± 15% with 12 h a day and 12
hours night cycle. Rats had free access to water and
rodent pellet diet (Hindustan Lever Ltd, Bangalore,
India). Animals were acclimatized to laboratory
conditions one week prior to initiation of
experiments. The experimental protocol has been
approved by the Institutional Animal Ethics
Committee of the Satara College of Pharmacy,
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Satara (protocol approval No. is SCOP/IAEC/201112/38), and all the animal experiments were carried
out according to CPCSEA guidelines 22.
Preparation of Polyherbal Formulation: The
polyherbal formulation was prepared by mixing
five holistic extracts by taking equal quantity and
adding 1% CMC solution as a surfactant,
continuously triturating till uniform suspension was
formed. The quality of the finished product was
evaluated as per the WHO guidelines for the
quality control of herbal materials.
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The STZ was dissolved in citrate buffer (pH 4.5),
and NA was dissolved in normal saline.
Hyperglycemia was confirmed by the elevated
glucose levels in plasma, determined at 72 h and
then on day 7 after injection. The rats found with
permanent types 2 DM, and blood glucose
concentration more than 250 mg/dl was used for
the study 24-28.
Experimental Design for Hypoglycemic Study:
In the experiment, a total of 36 healthy rats were
used. The albino Wistar rats were divided into six
groups (n=6). They are as follows.

Supercritical Fluid Extraction: The supercritical
fluid extraction was done by CO2 and co-solvent
ethanol; in supercritical CO2 extraction, the critical
temperature was 31.1 °C and pressure 73.8 bar. The
holistic extracts were prepared by holistic blending
technology; in this technology, high-quality organic
CO2 extracts, raw herb, and silica were mixed
together in the right proportion to produce a blend
of the herb, and this blend is known as a holistic
extract. The obtained extracts were pure, potent,
and finest quality blend in a powder form 20, 21.

Group I: Healthy rats treated with vehicle (1%
CMC solution, 10 ml/kg, p.o.),

Acute Oral Toxicity of Polyherbal Formulation:
Acute oral toxicity of the polyherbal formulation
(PHF) was carried out as per the revised OECD
guidelines 423. The principle involves a stepwise
procedure with the use of a minimum number of
animals per step to obtain sufficient information on
the acute toxicity of the test substance to enable its
classification.

Group V: Healthy rats treated with polyherbal
formulation (400 mg/kg/day, p.o.)

Healthy albino Wistar female rats (3 animals/dose)
were used for the experiment. Overnight fasted rats
were orally fed with a polyherbal formulation in
increasing dose levels of 5, 50, 300, and 2000
mg/kg body weight, respectively. The animals were
observed for their behavioral (alertness,
restlessness,
irritability,
and
fearfulness),
neurological (spontaneous activity, reactivity, touch
response, pain response, and gait), and autonomic
(defecation and urination) profiles continuously for
24 h. After a period of 24 h, the animals were
observed for 14 days for mortality 23.
Induction of Types 2 DM: Type 2 DM was
induced in overnight fasted adult albino Wistar rats
by a single intraperitoneal injection of 65 mg/kg
streptozotocin (STZ) 15 min after the i.p.
administration of 110 mg/kg of nicotinamide (NA).

Group II: Healthy rats treated with Metformin
(200 mg/kg/day, p.o.)
Group III: Healthy rats treated with polyherbal
formulation (100 mg/kg/day, p.o.)
Group IV: Healthy rats treated with polyherbal
formulation (200 mg/kg/day, p.o.)

Group VI: Healthy rats treated with
Allopolyherbal formulation (Metformin 100 mg/kg
+ polyherbal formulation (100 mg/kg/day, p.o.)
Experimental Design for OGTT and Antihyperglycemic Study: In the experiment, a total of
42 rats (36 diabetic rats, 6 healthy rats) were used.
The albino Wistar rats were divided into seven
different groups of six animals, each as follows.
Group I: Healthy rats treated with vehicle (1%
CMC solution, 10 ml/kg/day, p.o.)
Group II: Diabetic rats treated with vehicle (1%
CMC solution, 10 ml/kg/day, p.o.)
Group III: Diabetic rats treated with Metformin
(200 mg/kg/day, p.o.)
Group IV: Diabetic rats treated with polyherbal
formulation (100 mg/kg/day, p.o.)
Group V: Diabetic rats treated with polyherbal
formulation (200 mg/kg/day, p.o.)
Group VI: Diabetic rats treated with polyherbal
formulation (400 mg/kg/day, p.o.)
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Group VII: Diabetic rats treated with
Allopolyherbal formulation (Metformin 100 mg/kg
+ polyherbal formulation (100 mg/kg/day, p.o.)
OGTT in Diabetic Fasted Rats: The OGTT was
performed on STZ-NA-induced diabetic fasted rats.
Diabetic rats were divided into seven groups (n=6).
The animals fasted overnight before commencing
the experiment. All rats were loaded with 2.5 g/kg,
p.o., D-glucose solution (S.D. Fine-Chem. Ltd,
Mumbai) after 30 min. of drug administration. The
blood samples were obtained by the tail tip cutting
method at just prior to drug administration and at
30, 60, 90, and 120 min after glucose loading. The
BGL was measured by using the Accu-Check
glucometer.
Acute and Sub-acute Anti-hyperglycemic Study:
The oral anti-hyperglycemic activity of the PHF
(100, 200 and 400 mg/kg), APHF (200 mg/kg), and
metformin was screened against STZ (65mg/kg;
i.p.) and NA (110mg/kg; i.p.) induced diabetes
mellitus in rats. In an acute study, blood samples
were obtained at 0, 1st, 2nd, 3rd, 5th, 7th, and 24th h.
after treatment. Whereas in the sub-acute study, the
PHF, APHF, and metformin were administered
once a day for 28 consecutive days, and the effect
of the PHF, APHF, and metformin on BGL were
studied at 7th, 14th, 21st, and 28th day treatment.
Biochemical Investigation: The treatments were
given once daily to the respective group of animals
for 28 days. At the end of the experiment, 12 h
fasted rats were sacrificed by ether anesthesia. The
blood samples were used to analyze blood glucose,
insulin, hemoglobin, Glycated hemoglobin. All the
assay procedures were carried out in accordance
with the kit protocol.
Estimation of Insulin: The serum insulin level
was assayed by enzyme-linked immunosorbent
assay kit (Abcam, USA). Standards and samples
were pipetted into the wells, and the insulin present
in a sample is bound to the wells by the
immobilized antibody. The wells were again
washed, then a tetramethylbenzidine (TMB)
substrate solution was added to the wells, and color
is developed in proportion to the amount of insulin
bound. The stop solution changes the color from
blue to yellow; the intensity of the color is directly
proportional to the amount of insulin present in a
sample. The absorbance was measured at 450 nm.
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Estimation of Hemoglobin: The serum
hemoglobin level was assayed by using an enzymelinked immunosorbent assay kit (BioAsaay System,
U.S.A.). The hemoglobin assay kit is based on an
improved Triton/NaOH method, in which the
hemoglobin is converted into a uniform colored
end product. The intensity of the color is directly
proportional to hemoglobin concentration in the
sample. The absorbance was measured at 450 nm.
Estimation Liver Glycogen: At the end of the
experiment, 12 h fasted rats were sacrificed by
ether anesthesia. Liver tissue (10 mg) was collected
and rapidly homogenized with 100 μl ice-cold
glycogen hydrolysis buffer for 10 min on ice. The
homogenized tissue was centrifuged at 12000 rpm
for 5 min, and then the supernatant was collected.
After that, 1-50 μl samples were added into a 96
well plate. Subsequently, volume was adjusted to
50 μl per well with a glycogen hydrolysis buffer.
The liver glycogen level was assayed by enzymelinked immunosorbent assay kit (Abcam, USA).
In this assay, glycogen is hydrolyzed into glucose,
which is oxidized to form an intermediate, which
reduces a colorless probe to a colored product. The
intensity of the color is directly proportional to the
liver glycogen concentration in the tissue sample.
The absorbance was measured at 450 nm. The
amount of glycogen in the tissue sample was
expressed in milligrams of glucose per gram tissue.
Estimation Glycated Hemoglobin: Glycated
hemoglobin was estimated by the method of
Sudhakar and Pattabiraman 29.
Histopathological Study: After completion of
treatment, the rats were sacrificed by ether
anesthesia, immediately blood samples of
experimental rats were collected by cardiac
puncture. The whole pancreas was quickly
dissected out and washed immediately with saline.
The collected pancreas was fixed in an individual
container in a 10% formalin solution; after that,
pancreatic tissue was dehydrated by various solvent
and then embedded into the paraffin block.
Sections of 5 μm thickness were cut and air-dried,
then stained with hematoxylin and eosin (H and E)
stain. Pancreatic tissues from all groups were
subjected to histopathological examination 30.
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Statistical Analysis: The results were expressed as
mean ± S.E.M. Statistical difference was tested by
using a one-way analysis of variance (ANOVA)
followed by Dunnett’s multiple comparison tests. A
difference in the mean P-value <0.05 was
considered as statistically significant.
RESULTS: Acute oral toxicity of PHF: The acute
oral toxicity of PHF was carried out according to
423-OECD guidelines. According to these
guidelines and by limit dose study, the lethal dose
(LD50) of the present study was found more than
2000 mg/kg, so its therapeutic dose was 200 mg/kg.
The therapeutic dose is 1/10th of the lethal dose, the
LD50 was 2000 mg/kg, and thus, the therapeutic
dose of PHF was 200 mg/kg. The present study was
carried out at three dose levels, a lower dose (100
mg/kg/day), middle dose (200 mg/kg/day), and a
higher dose (400 mg/kg/day). Selected doses were
used for all further studies.
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Effect of Single Dose of Metformin, PHF and
APHF on BGL in Normal Fasted Rats:
Administration of a single dose of PHF-A (100
mg/kg), PHF-B (200 mg/kg), PHF-C 400 mg/kg)
and (APHF 200 mg/kg) was not showing the
significant hypoglycemic effect on normal fasted
rats, when compared with a healthy control group.
Whereas the administration of metformin showed a
significant effect at 3 h (P<0.05), 5 h (P<0.01), and
7 h (P<0.01) and APHF only showed a significant
(P<0.05) effect at 7 h. The % decrease in the BGL
at 5h after treatment with metformin, PHF-A, PHFB, PHF-C and APHF treated group when compared
with 0 min BGL were found 6.02, 18.61, 7.02,
10.67, 11.53 and 12.90 respectively. However, the
maximum reduction occurs in the metformintreated group as compared to other treated groups
Fig. 1.

Effect of Single Dose of Metformin, PHF and APHF on BGL in Normal Fasted Rats:

FIG. 1: EFFECT OF SINGLE DOSE OF METFORMIN, PHF AND APHF ON BGL IN NORMAL FASTED RATS:
Values are expressed as Mean ± SEM (n = 6) in each group. Where, c = p<0.05, b = p<0.01, a = p<0.001, PHF = polyherbal
formulation, APHF (allopolyherbal formulation) = PHF 100 mg/kg + metformin 100 mg/kg and BGl= blood glucose level

Effect of Metformin, PHF and APHF on OGTT
in STZ-NA-induced Diabetic Fasted Rats: The
BGL in the healthy control rats was elevated to a
maximum value at 30 min after the glucose load
and declined to near basal levels at 90 min,
whereas, in STZ-NA-induced diabetic rats, the
peak increase in blood glucose level was noticed
even after 60 min and remained high over the next
60 min. Administration of metformin, PHF-A,
PHF-B, PHF-C, and APHF to diabetic rats
exhibited significantly (p < 0.01) decrease in blood

glucose level at 30, 60, 90, and 120 min when
compared with untreated diabetic rats. The %
increase in the BGL at 60 min after glucose load in
the diabetic control, metformin, PHF-A, PHF-B,
PHF-C, and APHF treated group when compared
with 0 min BGL were found 28.20, 19.66, 23.79,
20.53, 18.28 and 16.30 respectively.
However, the maximum reduction of BGL occurs
in APHF treated rats as compared to other rats at
different time interval Fig. 2.
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Effect of Metformin, PHF, and APHF on OGTT
in STZ-NA-induced Diabetic Fasted Rats:

FIG. 2: EFFECT OF METFORMIN, PHF AND APHF ON
OGTT IN STZ-NA-INDUCED DIABETIC FASTED RATS:
Values are expressed as Mean ± SEM (n = 6) in each group.
Where, c = P<0.05, b = P<0.01, a = P<0.001, PHF = Polyherbal
formulation, APHF (Allopolyherbal formulation) = PHF 100
mg/kg + Metformin 100 mg/kg and BGL= blood glucose level.

Effect of a single dose of metformin, PHF, and
APHF on BGL in STZ-NA-induced Diabetic
Fasted Rat: The STZ-NA-induced diabetic rats
showed a markedly higher BGL than that of
healthy control rats, whereas a single dose
treatment of Metformin, PHF-A, PHF-B, PHF-C,
and APHF group were exhibiting a significant antihyperglycemic effect (P<0.01) at 1 h, 3 h, 5 h and 7
h.
The % decrease in the BGL at 5 h after treatment
with metformin, PHF-A, PHF-B, PHF-C, and
APHF treated group when compared with 0 min
BGL were found 36.75, 30.52, 32.88, 35.50, and
40.64 respectively. However, the maximum
reduction occurs in APHF treated group at 1 h, 3 h,
5 h, and 7 h. as compared to other treated groups
Fig. 3.

FIG. 3: EFFECT OF SINGLE DOSE OF METFORMIN,
PHF AND APHF ON BGL IN STZ-NA-INDUCED
DIABETIC FASTED RAT: Values are expressed as Mean ±
SEM (n = 6) in each group. Where, c = P<0.05, b = P<0.01, a =
P<0.001, PHF = Polyherbal formulation and APHF
(Allopolyherbal formulation) = PHF 100 mg/kg + Metformin
100 mg/kg and BGL= blood glucose level
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Effect of Multiple Doses of Metformin, PHF,
and APHF on BGL in STZ-NA-induced Diabetic
Fasted Rat: After daily administration of the
metformin, PHF-A, PHF-B, PHF-C, and APHF for
28 days significantly decreased BGL in diabetic
rats compared to untreated diabetic rats. Treatment
with metformin, PHF-A, PHF-B, PHF-C, and
APHF significantly (P<0.01) reduced BGL by
61.64%, 52.30%, 58.05%, 62.39%, 65.13%,
respectively when compared with the diabetic
control group. BGL was measured randomly on 0,
7th, 14th, 21st, and 28th days of study. BGL in
diabetic rats was raised nearly to 2.5–3.0-fold as
compared to healthy control rats. The raised levels
of BGL declined sharply after oral administration
of PHF-A, PHF-B, PHF-C, and APHF. When
comparisons were made between ‘0’ day and 28th
day of treated groups, there was a highly
statistically significant (P < 0.01) reduction in
blood glucose levels. As far as the relative efficacy
is concerned, polyherbal formulation (400 mg/kg
b.wt.) and allopolyherbal formulation (200 mg/kg
b.wt.) produced more significant anti-hyperglycemic activity than metformin Fig. 4.

FIG. 4: EFFECT OF MULTIPLE DOSES OF
METFORMIN, PHF AND APHF ON BGL IN STZ-NAINDUCED DIABETIC FASTED RAT: Values are expressed
as Mean ± SEM (n = 6) in each group. Where, c = P<0.05,
b=P<0.01, a = P<0.001, PHF = Polyherbal formulation, APHF
(Allopolyherbal formulation) = PHF 100 mg/kg + Metformin
100 mg/kg and BGL= blood glucose level

Effect of Multiple Doses of Metformin, PHF and
APHF on Glycated Hemoglobin, Insulin,
Hemoglobin, and HbA1c in STZ-NA-induced
Diabetic Fasted Rat: After daily administration of
the metformin, PHF-A, PHF-B, PHF-C, and APHF
for 28 days significantly (P<0.01) decrease in the
glycated hemoglobin level, whereas plasma insulin
and hemoglobin levels, were significantly (P<0.01)
increased in diabetic rats when compared with
diabetic control rats.
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Administration of metformin, PHF-A, PHF-B,
PHF-C, and APHF tends to bring these parameters
towards near normal. The liver glycogen levels of

FIG. 5: EFFECT OF MULTIPLE DOSES OF
METFORMIN, PHF AND APHF ON INSULIN,
HEMOGLOBIN AND LIVER GLYCOGEN IN STZ-NAINDUCED DIABETIC FASTED RAT: Values are
expressed as Mean ± SEM (n=6) in each group. Where, c =
P<0.05, b = P<0.01, a = P<0.001, PHF = Polyherbal
formulation and APHF (Allopolyherbal formulation) = PHF
100 mg/kg + Metformin 100 mg/kg
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diabetic rats were significantly lower than those in
healthy rats, and they were increased significantly
(P<0.01) after the treatment in Fig. 5 and 6.

FIG. 6: EFFECT OF MULTIPLE DOSES OF
METFORMIN, PHF AND APHF ON GLYCATED
HEMOGLOBIN IN STZ-NA-INDUCED DIABETIC
FASTED RAT. Values are expressed as Mean ± SEM (n =
6) in each group. Where, c = P<0.05, b = P<0.01, a =
P<0.001. PHF = Polyherbal formulation and APHF
(Allopolyherbal formulation) = PHF 100 mg/kg + Metformin
100 mg/kg

Histopathological Examination of Pancreas:

A
HEALTHY CONTROL: (0.5 ML SALINE) H&E IMAGE (100X)

C

B
DIABETIC CONTROL: (0.5 ML SALINE) H&E IMAGE (100X)

METFORMIN: (200 mg/kg) H&E IMAGE (100X)

E

D
PHF-A: (100 mg/kg) H&E IMAGE (100X)
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F
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G
PHF-C: (400 mg/kg) H&E IMAGE
(100X)

Histopathological Study: Healthy control rat (A)
showed a normal acinar pattern, shape, and the
average size of islets and normal pancreatic
structure of islets of Langerhans. Diabetic control
rat (B) showed a damaged and destroyed islet of
Langerhans. The islets of Langerhans were
irregular in shape and size, and most of them were
smaller than healthy control rats. Diabetic rats (C)
treated with metformin showed normal acinar cells.
The islet present in adequate proportion and having
slightly reduced cellularity of β-cells than normal.
Diabetic rats (D) treated with PHF-A (100 mg/kg)
showed the presence of a few islets of β-cells.
Some of the islets of β-cells were found to be
increased as compared to the diabetic control rat.
Diabetic rat (E) treated with PHF-B (200 mg/kg)
showed a gradual restoration of pancreatic
endocrine cells; degeneration of some of the
pancreatic acini was still observed. The numbers of
islets of β-cells were found to be increased.
Diabetic rats (F) treated with PHF-C (400 mg/kg)
showed viable cellularity with distinct β-cell mass,
β-cell was evenly distributed, and an increased
number of β-cells was also observed. The islets
were present with a large proportion as compared
to the diabetic control rat. Diabetic rats (G) treated
with APHF (metformin 100 mg/kg + PHF 100
mg/kg) showed more number of islets and viable
cellularity with distinct β-cell mass.
DISCUSSION: The STZ and NA injection caused
type 2 diabetes mellitus, which may be due to the
destruction of β-cells of the islet of Langerhans of
the pancreas 24. The STZ an antibiotic, has a
selective toxic effect on pancreatic β-cells and
induces diabetes 25. Further, STZ causing alkylation
or breakage of DNA strand and a consequent
increase in the activity of poly-ADP-ribose
synthetase, an enzyme depleting nicotinamide
adenine dinucleotide (NAD) in β-cells, finally

APHF: (METFORMIN-100 mg/kg PLUS PHF-100 mg/kg)
H&E IMAGE (400X)

leading to energy deprivation and death of β-cells
are reported 26. Administrations of NA before STZ
injection have been shown to either prevent or
lessen the severity of the induction of diabetes 27.
NA partially protects the β-cells against the STZmediated cytotoxic damages.
The NA was founded to preserve the intracellular
pool of NAD either by acting as a precursor of
NAD or by inhibiting the activity of poly (ADPribose) synthetase, which is a NAD-consuming
enzyme activated by STZ 26. As NA is an
antioxidant, which exerts a protective effect on the
cytotoxic action of STZ by scavenging free radicals
and causes only minor damage to pancreatic β-cell
mass-producing type 2 diabetes 28.
All the extracts were obtained by supercritical fluid
extraction; SFE utilizes supercritical fluids, which
above their critical point, exhibit liquid-like as well
as gas-like properties. SFE is the process of
separating one component from another using
supercritical fluid as the extracting solvent 21.
Carbon dioxide (CO2) is a commonly used
supercritical fluid, sometimes modified by the cosolvents such as ethanol or methanol. SFE occurs at
high pressure to extract the higher value products
from natural materials.
Unlike conventional extraction, the SFE didn't
leave any solvent residue behind. Moreover, the
CO2 is non-toxic, non-flammable, odorless,
tasteless, inert, and inexpensive 30. It is a relatively
rapid process because of the low viscosity and high
diffusivity associated with supercritical fluids.
Supercritical CO2 extracts are pure, highly
powerful, and extremely concentrated 20. SFE
allows the processing of plant material at low
temperatures, hence limiting, thermal degradation
and also avoids the use of toxic solvents 21.
Supercritical CO2 behaves like a lipophilic solvent,
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whereas co-solvent ethanol acts as a hydrophilic
solvent, as a result non-polar as well as polar
phytochemicals are extracted from raw herbs. The
polyherbal formulation was prepared by taking an
equal quantity of all holistic extract and mixed all
the five extracts, by adding 1% CMC solution as a
surfactant and continuously triturated till uniform
suspension is formed. The antidiabetic activity of
the individual herb has been proven 9, 13, 14, 16, 31. In
the present study, treatment with polyherbal
formulation (PHF-A, PHF-B, PHF-C) and
allopolyherbal formulation (APHF) produced a
significant decrease in blood glucose level in STZNA-induced diabetic rats.
The hypoglycemic effect may be due to increased
secretion of insulin from the β-cells of the
pancreas, i.e., pancreatotrophic action 12 and
significantly increased in glucose utilization in the
peripheral tissues, increased insulin sensitivity, as
well as the anti-oxidant property of formulation 32.
The result of OGTT also substantiates that PHF and
APHF showed improvement of glucose metabolism
in the diabetic rat.
The combination of all five holistic extracts
provides the best anti-hyperglycemic effect in
diabetic rats. That might be possible by the
positive herb-herb interaction produce synergism,
which could be pharmacokinetics synergism or
pharmacodynamics
synergism.
Polyherbal
formulations enhance the therapeutic action and
reduce the concentrations of single herbs, thereby
reducing adverse events 7. They have a wide
therapeutic range, eco-friendly, cheaper, and
readily available, and they also effective at a low
dose and safe at a high dose. Also, PHF treatment
could have a synergistic effect with standard oral
hypoglycemic agents like metformin. The
combination of PHF and metformin showed a more
glucose-lowering potential than either drug alone
33. PHF-A, PHF-B, PHF-C, and APHF have
significantly reversed the hyperglycemia in STZNA-induced diabetes rat; however, a four-week
treatment with APHF was better than metformin.
Histopathology of rats treated with STZ-NA
showing the disorganized structure of the endocrine
and exocrine cells. There was a reduction of islets
of β-cells, and the ratio of acinar to islet cell also
was not maintained 34.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

The pancreas of diabetic control rats showing
ruptured and destructed Islets of Langerhans with
damage in β-cells, whereas pancreas of rats treated
with by PHF (100 mg/kg 200 mg/kg, and 400
mg/kg) showing protection of Islets of Langerhans
against STZ administration. At the same time
pancreas of rat treated with APHF showing more
protection of β-cells and stopped the further
destruction of the remaining β-cells in the islet.
These preliminary data clearly show that APHF is
more effective than a well-known oral
hypoglycemic agent like metformin. The allopathic
drug metformin was also reduced the BGL below
normal level in normal and STZ-NA-induced
diabetic rats 35. The antihyperglycemic activity of a
single dose of PHF-A, PHF-B, PHF-C, and APHF
was evaluated in STZ-NA-induced diabetic rats.
PHF and APHF showed significantly (P<0.01)
decrease in BGL at 1, 3, 5, and 7 h. and maximum
reduction of BGL occurred at 5 h. Multiple-dose
treatment of the PHF-A, PHF-B, PHF-C, and
APHF for a period of 28th days showed a
significant decrease (P<0.01) in the BGL at 21st
and 28th day and from this duration, the maximum
reduction occurred at 28th days in diabetic rats.
APHF showed the maximum reduction (65.13%) in
blood glucose levels.
In uncontrolled or poorly controlled diabetes, there
is increased glycosylation of a number of proteins,
including hemoglobin and β-crystalline of the lens.
The non-enzymatic, irreversible covalent bonding
of excessive glucose with Hb in circulation results
in the formation of Glycated hemoglobin (HbA1C),
which is a critical parameter for assessing longterm glycemic control 36. The HbA1c was
significantly increased in diabetic control animals,
and this increase was found directly proportional to
the fasting blood glucose level. During
uncontrolled or poorly controlled diabetes, the
excess glucose present in the blood reacts with
hemoglobin 37. Therefore, the total hemoglobin
level was decreased in diabetic rats.
After administration of PHF, APHF and metformin
for 4 weeks prevent a significant elevation in
HbA1c, thereby increasing the level of plasma
insulin and total hemoglobin in diabetic rats. This
could be due to the result of PHF, APHF, and
metformin treatment.
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Glycogen is the primary intracellular storable form
of glucose, and its level in various tissues,
especially in the liver, indicates the direct reflection
of insulin activity 38. The decrease in hepatic
glycogen observed may be due to insufficient
insulin and inactivation of glycogen synthetase
system in the diabetic state 39. However, after the
treatment with the PHF, APHF, and metformin,
there was a significant increase in the liver
glycogen levels in the diabetic rats.
CONCLUSION: On the basis of the
aforementioned results and discussion, it may be
concluded that the Polyherbal formulation and
Allopolyherbal formulations can be considered as
an adjuvant in the treatment of type 2 diabetes
mellitus. Simultaneous administration of polyherbal formulation and allopathic drugs increased
the effect, reduced dose, and reduced side effects.
However, the molecule(s) responsible for such an
effect requires further investigation.
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