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ABSTRACT

Diabetes mellitus is not a single disease but is a group of metabolic disorders affecting a huge
number of population in the world. It is mainly characterized by chronic hyperglycemia, resulting
from defects in insulin secretion or insulin action. It is predicated that the number of diabetes
person in the world could reach upto 366 million by the year 2030. Even though the cases of
diabetes are increasing day by day, except insulin and oral hypoglycemic drugs no other way of
treatment has been successfully developed so far. Thus, the objective of the present review is to
provide an insight over the pathophysiological and etiological aspects of diabetes mellitus along
with the remedies available for this metabolic disorder. The review also contains brief idea about
diabetes mellitus and the experimental screening model with their relevant mechanism and
significance mainly used nowadays. Alloxan and streptozotocin are mainly used for evaluating the
antidiabetic activity of a particular drug. This review contain list of medicinal plants which have
been tested for their antidiabetic activity in the alloxan induced diabetic rat model. From the
available data in the literature, it was found that plant having antidiabetic activity is mainly due
to the presence of the secondary metabolite. Thus, the information provided in this review will
help the researchers for the development of an alternative methods rather than insulin and oral
hypoglycemic agents for the treatment of diabetes mellitus, which will minimize the complication
associated with the diabetes and related disorder.

1. Introduction

Diabetes is a metabolic disorder of carbohydrate, fat
and protein, affecting a large number of population in
the worldi!l. Diabetes mellitus is not a single disorder
but it is a group of metabolic disorder characterised by
chronic hyperglycemia, resulting from defects in insulin
secretion, insulin action, or both. Increased thirst, increased
urinary output, ketonemia and ketonuria are the common
symptoms of diabetes mellitus, which occur due to the
abnormalities in carbohydrate, fat, and protein metabolism.
When ketones body is present in the blood or urine, it
is called ketoacidosis, hence proper treatment should
be taken immediately, else it can leads to other diabetic
complications(2l. Diabetes mellitus has caused significant
morbidity and mortality due to microvascular (retinopathy,
neuropathy, and nephropathy) and macrovascular
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(heart attack, stroke and peripheral vascular disease)
complications[3]. Diabetes is mainly attributed to the
rapid rise in unhealthy life style, urbanization and aging.
Hyperglycaemia which is the main symptom of diabetes
mellitus generates reactive oxygen species (ROS) which
cause lipid peroxidation and membrane damage. ROS
plays an important role in the development of secondary
complications in diabetes mellitus such as cataract,
neuropathy and nephropathy. Antioxidants protect g —cells
from oxidation by inhibiting the peroxidation chain reaction
and thus they play an important role in the diabetes. Plants
containing natural antioxidants such as tannins, flavonoids,
vitamin C and E can preserve B —cell function and prevent
diabetes induced ROS formation. Polyphenols, which are
classified into many groups such as flavonoids, tannins and
stilbenes, have been known as health—beneficial properties,
which include free radical scavenging, inhibition of
hydrolytic and oxidative enzymes, anti—inflammatory action
and antidiabetogenic potentialityl4.5l. Aldose reductase as
a key enzyme, catalyze the reduction of glucose to sorbitol
and is associated in the chronic complications of diabetes
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such as peripheral neuropathy and retinopathy. Use of aldose
reductase inhibitors and o —glucosidase inhibitors has been
reported for the treatment of diabetic complications[6].

The aim of this review is to provide the available data
about diabetes mellitus, its epidemiology, causes of diabetes,
pathophysiology, available treatment, diagnostic criteria,
major available screening model system, herbal approach to
treat diabetes and pharmacologically tested plant material.
The review also covers certain plant materials which were
screened in alloxan induced diabetic rat’s models and the
data information were collected from the available litreature
search published in last three year using alloxan induced
diabetic rat model. Moreover, only subacute and chronic
diabetic study of the plant material were included in the
present review.

2. Epidemiology of diabetes mellitus

The word “diabetes” is derived from the Greek word “Diab”
(meaning to pass through, referring to the cycle of heavy
thirst and frequent urination); ‘mellitus” is the Latin word for
“sweetened with honey” (refers to the presence of sugar in
the urine). Greeks had knowledge of a disease accompanied
by polyurea and wasting of body, whereas Aretaeus of
Cappadocia mentioned a disease characterized by thirst
and polyurea. Subsequently, the knowledge spreaded to
Chinese, Iranians and Arabians. From the Middle East, the
knowledge of diabetes mellitus had spread to Spain as a
disease characterized by polyurea, polydipsia with sugary
flavoured urine. With the discovery of sugar in urine and its
detection by laboratory test, the knowledge permeated into
the 18th century. The estimated burden of diabetes in India
was 22 millions in 1990, 28 million in 1995 and 33 millions in
2000. It is the most common metabolic associated disease
in the world. NIDDM is the most common form of diabetes
constituting nearly 90% of the diabetic population in any
country with varying numbers in different geographical
regions(7l.

According to ancient Hindu physicians, ‘Madhumeha’
is a disease in which a patient passes sweet urine and
exhibits sweetness all over the body. They had recorded in
their observations that “if too many ants swarm around a
spot of urine, then the person have symptoms of diabetes
mellitus’l7l. According to World Health Organization
projection, the diabetes population is likely to increase to
300 million or more by the year 20258l. The current studies
in India indicate that there is an alarming rise in prevalence
of diabetes which has gone beyond epidemic form to a
pandemic onelll. Globally, diabetes mellitus presents
enormous and increasingly important public health issues.
The occurrence and consequences associated with diabetes
are found to be high in countries like India (31.7%), China
(20.8%) and United State of America (17.79%)91. It is predicted
that by 2030, India, China and the United States will have
the largest number of people with diabetes[10l. In most
western countries, type 1 diabetes accounts for over 909 of
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childhood and adolescent diabetes although less than half
of individuals with type 1 diabetes are diagnosed before the
age of 15 years. Type 2 diabetes is becoming more common
in youth onset diabetes in certain at risk populations. In
addition, there is a distinct slowly progressive form of type 1
diabetes in Japan, which represents approximately one third
of cases of type 1 diabetes. Type 1 diabetes is more common
in the offspring of diabetic men compared with diabetic
women/2].

3. Type of diabetes mellitus

Based upon the etiology, diabetes mellitus can be divided
into two main types, Type 1, “Juvenile Diabetes Mellitus”
(Insulin Dependent Diabetes Mellitus) and Type 2, “Adult
type” (Non—Insulin Dependent Diabetes Mellitus). Type 1
occurs in childhood, mainly due to destruction of pancreatic
B —cell islets through autoimmune—-mediated, resulting in
absolute insulin deficiency. Type 2 is more associated with
an adulthood and elderly people, which are mainly due to
insulin resistance or abnormal insulin secretionl3.7l. The
exact causes of pancreatic failure and insulin resistance
are unknown, but they are associated with disease state,
environmental impact and food habit. Diabetic patients
are more susceptible to various type of infection such as
skin diseases and carbunclesl7l. Other type of diabetes
is gestational diabetes which is mainly associated with
pregnancy. Genetic defects of p—cell function or insulin
action is also a type of diabetes mellitus commonly called
maturity onset diabetesl2]. Neonatal diabetes mellitus is
also a type of disorder in which Insulin is required for
the maintainance of blood glucose level in the first three
months of life. It may be associated with intrauterine growth
retardation and defects of chromosomel2l. Mitochondrial
diabetes is commonly associated with sensorineural deafness
and is characterised by progressive non—autoimmune beta—
cell failurel2l. Cystic fibrosis related diabetes is primarily
due to insulin deficiency, but insulin resistance during
acute illness, secondary to infections and medications,
may also contribute to impaired glucose tolerance and
diabetes. Sometimes diabetes can also occurs by other
factors like stress or in other case by the uses of medication
such as dexamethasone, L—asparaginase, glucocorticoids,
cyclosporin or tacrolimus, olanzapine, risperidol, quetiapine
and ziprasidonel2].

4. Pathophysiology of diabetes mellitus

Diabetes mellitus has a profound adverse effect on quality
of life in terms of social, psychological well-being as well as
physical health. Diabetic complications are mainly mediated
through oxidative stress such as increased production of
ROS or impaired antioxidant defense systems. Enhancement
of lipid peroxidation, alteration in antioxidant enzymes
and impaired glutathione metabolism are the main factors
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involved in the development of diabetes[!1]. Production of
free radicals is also involved in the pathogenesis of various
type of disease including diabetes mellitus[12]. Increased
formation and accumulation of advanced glycation products
(AGEs) is also involved in the diabetic complications,
such as retinopathy, neuropathy, and renal dysfunction
through a series of pathological changesl13l. Though several
hormones are involved in the regulation of blood glucose
level, the most important ones are insulin and glucagon.
When imbalanced occurs in the level of hormones in the
body, sugar starts accumulating in the blood and when
concentration of glucone increased in the blood then finally
it will passes in urine along with other minerals(7l. In most
cases of diabetes, primarily T—cell mediates pancreatic islet
B —cell destruction, and becomes clinically symptomatic
when 909 of pancreatic beta cells are destroyed. Serological
markers such as islet cell, glutamic acid decarboxylase
(GAD), IA—2, TA— 28, or insulin autoantibodies, are present
in 85-90% of individuals when fasting hyperglycemia
is detected. Sometimes environmental triggers, such as
chemical or viral initiated pancreatic g —cell destruction,
which can triger consequences and thereby leads to the
cause in diabetes mellitus. From the study it was found that
enterovirus infection is also associated with the development
of diabetes mellitus2I.

5. Causes of diabetes mellitus

The cause of diabetes depends on the type of diabetes.
Type 1 occurs mainly due to p—cell destruction, mediated
through either immune mediated or idiopathic, whereas
Type 2 diabetes occurs mainly due to insulin resistance or
with relative insulin deficiency. Diabetes is also associated
with lifestyle factors and geneticsi2l. There are various types
of other factors that involved in the development of diabetes
which are the genetic material such as chromosomal and
mitochondrial DNA mutation. Leprechaunism, Rabson—
Mendenhall syndrome and lipoatrophic diabetes is
associated with the genetic defects in insulin action.
In some cases congenital rubella and cytomegalovirus
infection also lead to the cause of diabetes mellitus.
Sometimes drugs and other chemicals such as pentamidine,
nicotinic acid, glucocorticoids, thyroid hormone, 8
—adrenergic agonists, thiazides, «—interferon can cause
diabetes mellitus. Abnormalities in the pancrease such as
pancreatitis, pancreatectomy, neoplasia, cystic fibrosis,
fibrocalculous pancreatopathy can also develop diabetes.
There are other factors related to immune system such as
‘Stiff-man” syndrome and anti—insulin receptor antibodies
that are involved in the development of the diabetes.
Disease associated with pancrease such as aromegaly,
Cushing’s syndrome, glucagonoma, phaeochromocytoma,
hyperthyroidism and aldosteronoma can also mediate
diabete mellitus. There are some other genetic syndromes
such as Down syndrome, Klinefelter syndrome, Turner
syndrome, Wolfram syndrome, Friedreich’s ataxia,
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Huntington’s chorea, Laurence—Moon—Biedl syndrome,
Myotonic dystrophy, Prader—Willi syndrome which were also
involved in the development of diabetes in some cases2l.

6. Diagnostic feature of diabetes mellitus

Main diagnostic criteria of diabetes are elevated blood
glucose level and the presence or absence of symptoms such
as polyurea, polydepsia and fatigueness, blurring of vision,
and weight loss, in association with glycosuria and ketonuria.
Diabetes mellitus can be confirmed by measurement of a
marked elevation of the blood glucose level. The diagnosis
of diabetes should not be based on a single plasma glucose
concentration. Diagnosis may require continued observation
with fasting or 2 hour post—prandial blood glucose levels and
an oral glucose tolerance test (OGTT). Symptoms of diabetes
plus plasma glucose concentration = 200 mg/dL or fasting
plasma glucose = 126 mg/dL and 2-hour postload glucose =
200 mg/dL during an OGTT were considered as diabetes(2.7].
Sometimes measurement of specific autoantibody markers
such as islet cell antibody (ICA), GAD, 1A2, TAA and HbAlc
may be helpful for the diagnosis of diabetes mellitus.
Measurement of fasting insulin and C—peptide level can also
be useful in the diagnosis of type 2 diabetes in childreni2.

7. Experimental models for diabetic mellitus screening

To understand the pathogenesis, complications,
and testing of various therapeutic agents appropriate
experimental models are needed. Diabetes animal
models can be obtained through spontaneously, chemical
induced or dietary or surgical manipulations. In recent
trends large numbers of new genetically modified animal
models including transgenic, generalized knock—out
and tissuespecific knockout mice have been used for the
screening of antidiabetic drugsl10l. Since the initial findings
in 1943 of alloxan induced B —cell necrosis in rabbits, it has
been used for inducing experimental diabetes till so far.
Alloxan is a uric acid derivative act by selectively destroying
the pancreatic beta islets leading to insulin deficiency,
hyperglycaemia and ketosis. Because of its low stability,
relatively very shorter half-life and acidic nature of solution,
intravenous route of administration of alloxan is preferred14].
Like alloxan, streptozotocin causes hyperglycaemia mainly
by its direct cytotoxic action on the pancreatic beta cells.
In streptozotocin, nitrosourea moiety is responsible for beta
cell toxicity, while deoxyglucose moiety facilitates transport
across the cell membrane. Like alloxan, the involvement
of free radicals generation and resulting alteration of
endogenous scavengers of these reactive species have
been reported in streptozotocin induced diabetes. There
are various types of Type 2 antidiabetic screening animal
model used for the screening of drug such as spontaneous or
genetically derived diabetic animals, Diet/nutrition induced
diabetic animals, chemically induced diabetic animals,
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surgical diabetic animals, transgenic/knock—out diabetic
animal models(14].

8. Available therapy for diabetes mellitus

The treatment of diabetes mellitus is considered as the
main global problem and successful treatment has yet
to be discovered. Eventhough insulin therapy and oral
hypoglycemic agents are the first line of treatment for the
diabetes mellitus they have some side effects and fail to
significantly alter the course of diabetic complicationsl!5].

8.1. Human insulin

Human insulin is a polypeptide, having a molecular
weight of about 6000 Da, consisted of two amino acid chains
A and B, which are linked by two disulphide (-S-S-)
linkages. Normal human pancreas contains about 8—10 mg
of insulin. Insulin is not suitable for oral administration due
to inactivation by digestive enzymes. 80% of exerted insulin
is normally degraded in the liver and kidneys. The amount
of insulin secreted per day in a normal human is about 40
units. The dose of insulin required to control the diabetes
varies from patient to patient and from time to time in the
same patient(7].

8.2. Oral hypoglycemic drugs

Currently available oral therapies for treatment of diabetes
mellitus are sulfonylureas, biguanides, «—glucosidase
inhibitors, and glinides, which can be used alone or
combined with other drugs to achieve better effect. Many
of these oral antidiabetic agents have a number of serious
adverse effects, thus, the management of diabetes without
any side effects is still a challengell.8l. Sulphonylureas
are useful in the treatment of diabetes which cannot be
controlled by diet or other available therapy. Sulphonylureas
are absorbed rapidly from the intestine, some important
drugs of this group are tolbutamide, chlorpropamide,
glibenclamide, tolazamide etc. Biguanides is the other
class of oral anti—diabetic agents which control all types of
diabetes mellitus. It reduces glucose absorption from the
intestine and can also be used to treat mild diabetes during
pregnancyl7l. Natural anti—diabetic drugs from medicinal
plants, is the other available therapy for the treatment
of diabetse mellitus due to their well-known biological
activity. Substances extracted from fruiting bodies, cultured
mycelia, and culture media have exhibited promising in vitro
and in vivo biological activity including anti-diabetes[13].
There are many herbal formulation available in the market
which are used to treat diabetic mellitus such as Diabecon,
Diasulin, Pancreatic tonic 180 cp, Chakrapani, Bitter gourd
Powder, Dia—care, Diabetes—Daily Care, Gurmar powder,
Epinsulin, Diabecure, Diabeta and Syndrexii6l. If the diet of
the diabetic patients is not properly controlled, insulin or
oral hypoglycemic drugs will not act properly. A diabetic
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person should take more care about his body weight and
food habit, regular exercise can also improve the utilization
of the blood glucose through different tissue in the body
which can reduces the symptoms of diabetes|71.

9. Herbal remedies for diabetes mellitus

Herbal medications have been used for the treatment of
variety of ailments, a huge number of population in the
world is entirely dependent on traditional medicines|8.17].
A number of medicinal plants and their formulations are
used for treating diabetes in Ayurvedic medicine system as
well as in ethnomedicinal practices(!l. In India, indigenous
remedies have been used in the treatment of diabetes
mellitus since the time of Charaka and Shusrutha. From the
ethnobotanical information, about 800 plants which may
possess anti—diabetic potential have been foundi7.15.18].
Several plants have been used as dietary adjuvant and
in treating the number of diseases even without any
knowledge on their proper functions and constituents. This
practice may be due to its fewer side effects compare to
the synthetic hypoglycemic agents and because of their
safety, effectiveness, and availability9.111. Although various
synthetic drugs were developed to treat diabetes but still
very less number of drugs is available for the treatment of
diabetes(11]. There are about 200 pure compounds from plant
sources reported to show blood glucose lowering effect. The
compounds may be alkaloids, carbohydrates, glycosides,
flavonoids, steroids, terpenoids, peptides and amino acids,
lipids, phenolics, glycopeptides and iridoids. Many anti—
diabetic products of herbal origin are now available in the
market. More than 1200 species of plants have been screened
for activity on the basis of ethnomedicinal uses!71.

The ethnobotanical information reports a huge number
of plants that may possess anti—diabetic potential, of
which Momordica charantia (M. charantia), Pterocarpus
marsuptum (P. marsupium), and Trigonella foenum (T.
Jfoenum) greacum have been reported to be beneficial for
treatment of type 2 diabetes. Herbal treatments for diabetes
have been used in patients with insulin dependent and non—
insulin dependent diabetes, diabetic retinopathy, diabetic
neuropathy etc. The families of plants with the most potent
hypoglycaemic effects include Leguminoseae, Lamiaceae,
Liliaceae, Cucurbitaceae, Asteraceae, Moraceae, Rosaceae,
Euphorbiaceae and Araliaceaell9l. Here all the enlisted
plants were pharmacologically tested in the alloxan induced
diabetic rat’s model system.

9.1. Acacia arabica

The chloroform extracts of Acacia arabica (Leguminosae)
bark in diabetic rats at 250 and 500 mg/kg, p.o. for two
weeks, significantly decreased the serum glucose level and
restored total cholestrol (TC), triglyceride (TG), high density
lipoprotein (HDL) and low density lipoprotein (LDL) level.
Moreover chloroform extract of Benincasa hispida fruit,
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Tinispora cordifolia stem, Ocimum sanctum (0. sanctum)
areal parts and Jatropha curcus leaves were shown the
similar effect in the diabetic rats[20].

9.2. Achyranthes rubrofusca

The aqueous and ethanolic extracts of Achyranthes
rubrofusca (Amaranthaceae) leaves in diabetic rats were
investigated for anti-diabetic activity. It decreased the
blood glucose level significantly, pancreatic enzyme such as
superoxide dismutase (SOD), catalase (CAT) and glutathione
level were significantly increased in the treated group
compared to control group. Further aqueous extract showed
better result compared to the ethanolic extract21l.

9.3. Andrographis paniculata

The oral administration of ethanol extract of Andrographis
paniculata (Acanthaceae) in diabetic rats at a dose of 100
and 200 mg/kg, p.o. for 30 days treatment, significantly
decreased the blood glucose level. Further it restored TG,
TC, phospholipids, glycosylated haemoglobin, alanine
transaminase (ALT), aspartate transaminase (AST), acid
phosphatase (ACP) and alkaline phosphatase (ALP) level
which indicates its anti—diabetic activityl22].

9.4. Argyriea cuneata

The anti—diabetic activities of ethanol extract of leaves
of Argyriea cuneata (Convolvulaceae) in diabetic rats were
investigated and found to have significant anti-diabetic as
well as lipid lowering potential(23].

9.5. Barleria prionitis

Alcoholic extracts of leaf and root of Barleria prionitis
(Acanthaceae) in diabetic rats at 200 mg/kg, p.o. for 14
days treatment, significantly decreased blood glucose and
glycosylated hemoglobin level. Moreover serum insulin and
liver glycogen level were significantly increasedi241.

9.6. Capparis decidua

The aqueous and ethanolic extract of Capparis decidua
(Capparaceae) stem in diabetic rats at 250 and 500 mg/kg,
p.o. for 21 days treatment significantly decreased the blood
glucose level which signified its anti—diabetic potential(25].

9.7. Cassia grandis

The aqueous and ethanolic extracts of Cassia grandis
(Leguminosae) in diabetic rats at the dose level of 150 mg/
kg, p.o. for ten days treatment, significantly decreased the
blood glucose, TC, and TG level proving its anti—diabetic
potential(26].

9.8. Ceriops decandra

415

The anti—diabetic activity of ethanolic extract of the leaves
of Ceriops decandra (Rhizophoraceae) in diabetic rats at 30,
60, 120 mg/kg, p.o. for 30 days treatment were investigated.
Extract treated group modulated all the parameters such
as blood glucose, hemoglobin, liver glycogen and some
carbohydrate metabolic enzymes. Further 120 mg/kg, p.o.
dose level was found to be more significant compared to
other tested dose level271.

9.9. Colocasia esculenta

Ethanol extract of Colocasia esculenta (Araceae) in diabetic
rats at at 400 mg/kg, p.o. for 14 day, significantly decreased
the blood glucose level and prevented loss of body weight. It
indicates its anti—diabetic potential(28].

9.10. Costus igneus

Ethanolic extracts of leaves of Costus igneus (Costaceae)
extracts in diabetic albino rats showed significant reduction
of blood glucose level and prevented body weight loss
indicating its anti-diabetic potential(29].

9.11. Eucalyptus citriodora

Aqueous extract of Eucalyptus citriodora (Myrtaceae)
leaf in diabetic rats at 250 and 500 mg/kg, p.o. for 21 days
treatment, significantly reduced the blood glucose level
which confirms its anti—diabetic potential(30].

9.12. Ficus bengalensis

The aqueous extract of Ficus bengalensis (F. bengalensis)
(Moraceae) bark in both insulin dependent diabetes mellitus
(IDDM) and Non-insulin dependent diabetes mellitus
(NIDDM) rats at 1.25 g/kg, p.o. for 4 weeks, significantly
decreased the plasma glucose and serum lipids level. It
shows anti—diabetic potential of F. bengalensisi311.

9.13. Heinsia crinata

The ethanolic leaf extract of Heinsia crinata (Rubiaceae)
in diabetic rats for 2 weeks, significantly reduced the
fasting blood glucose levels. Tt indicates its anti—diabetic
potential(32].

9.14. Helicteres isora

The antihyperglycemic and hypolipidemic activities of
butanol and aqueous ethanol extracts of Helicteres isora
(Sterculiaceae) root in diabetic rats at 250 mg/kg for 10
days treatment were investigated. Extract treated group
showed decreased level of blood glucose, TC, TG and urea.
Further histological examination showed the restoration of
pancreatic islets, kidney glomeruli, and liver to its normal
size and therefore signified its anti-diabetic potentiall1s.
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9.15. Ipomoea reniformis

The ethanolic and aqueous extracts of stem of Ipomoea
reniformis (I. reniformis) (Convolvulus) in diabetic rats at
300 and 600 mg/kg, p.o. for 12 days treatment, significantly
decreased the blood glucose and lipid level. From the
obtained data it was found that . reniformis have significant
anti—diabetic antihyperlipidaemic potential(33].

9.16. Juglans regia

Anti—diabetic effects of methanolic extract of Juglans
regia (J. regia) (Juglandaceae) leaves was estimated in
diabetic male wistar rats at 250 mg/kg and 500 mg/kg, p.o.
for three weeks. J. regia significantly decreased the blood
glucose, TG and TC level. Further it increased GPX, SOD and
cell antibody level significantly and therefore signified its
anti—diabetic potential(34l.

9.17. Lantana aculeata

The anti—diabetic effect of ethanolic extract of the dried
mature roots of Lantana aculeata (verbenaceae) in diabetic
rats at 25, 50 and 100 mg/kg, p.o. for 30 days treatment, was
assessed. The plant significantly reduced the blood glucose
level. Further it decreased TC and TG level and increased
insulin and glycogen concentration in a dose—dependent
manner, justifying its anti—diabetic potential(35].

9.18. Limonia acidissima

Methanolic extract of Limonia acidissima (Rutaceae)
in diabetic rats at 200 and 400 mg/kg, p.o. for 21 days
treatment, significantly decreased the blood glucose and
malondialdehyde (MDA) level. Further the activity of
antioxidant enzymes such as SOD, CAT were found to be
higher in treated group compared to the control group which
show the anti-diabetic and antioxidant potential of the
planti36l.

9.19. Luffa aegyptiaca

The alcoholic and aqueous extracts of Luffa aegyptiaca
(Cucurbitaceae) in diabetic rats at 100 mg/kg, p.o. for 15
days treatment, significantly decrease the blood glucose
of hyperglycemic rats which signifies its anti—diabetic
potential(37].

9.20. Momordic charantia

Anti-hyperglycemic and anti—oxidative potential of
aqueous extracts of Momordic charantia (M. charantia)
(Cucurbitaceae) pulp in diabetic rats for 30 days treatment
were investigated. M. charantia extract significantly
decreased the blood glucose levels. Moreover all other
parameter was significantly restored in the treated group
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compared to control group. Further similar activity was
found with the T. foenum graecum extract treatment/38].

9.21. Mukia maderaspatana

The methenolic root extract of Mukia maderaspatana
(Cucurbitaceae) in diabetic rats at a dose of 500 mg/kg,
p-o. for 21 days treatment, significantly decreased the
blood glucose, TC, TG, LDL, phospholipids and very-
low density lipoprotein (VLDL) level. Further it decreased
serum glutamate oxaloacetate transaminases (SGOT),
serum glutamate pyruvate transamineses (SGPT), alkaline
phosphateses (ALP) and increased total protein (TP) content
significantly at tested dose level(391.

9.22. Nymphaea pubescens

The ethanolic extract of Nymphaea pubescens (Nymphaeaceae)
in diabetic rats at 200 and 400 mg/kg, p.o. after 14 days
treatment significantly reduced the blood glucose level.
Further histopathological examination of pancreas revealed
its regenerative potential corroborating its anti—diabetic
potential[40].

9.23. Ocimum gratisstmum

The methanolic extracts of Ocimum gratissimum
(Lamiaceae) in diabetic Wister rats at 500 mg/kg, p.o. showed
significant reduction of blood glucose level. Moreover
methanolic extracts of Ocimum americanum, O. sanctum
and Ocimum bastlicum also showed similar effect in the
diabetic rats, with maximum potential in case of O. sanctum
compared to the other tested extractsf41l.

9.24. Paspalum scrobiculatum

Aqueous and ethanolic extracts of Paspalum scrobiculatum
(Poaceae) in diabetic rats at 250 and 500 mg/kg, p.o. for 15
days treatment, significantly reduced the blood glucose
level and lipid parameters. Further extract treated group
showed a significant increase in the liver glycogen contents
and a significant decrease in glycated haemoglobin level.
Moreover 500 mg/kg, p.o. dose level showed more significant
anti—diabetic activity compared to the 250 mg/kg, p.o. dose
leveli42].

9.25. Phoenix dactylifera

The Phoenix dactylifera (P. dactylifera) (Arecaceae) leal
extract in diabetes Wistar rats at 100, 200, and 400 mg/kg,
p-o. and its fractions at 50, 100, and 200 mg/kg, p.o. for 14
days treatment, significantly reduced blood glucose, TC, TG
level and water intake but increased plasma insulin level
significantly compare to control group. The data obtained
from experiment showed that P. dactylifera have anti—
diabetic potentiali43].
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9.26. Phyllanthus niruri

The methanol extract of aerial parts of Phyllanthus niruri
(Euphorbiaceae) in diabetic rats significantly reduced
the blood glucose, TC and TG in a dose-related manner.
Moreover histological studies showed that extract had
imparted cell regenerative power in drug treated group
which boosted its anti—diabetic potential(44].

9.27. Phyllanthus simplex

Various fractions of Phyllanthus simplex (Euphorbiaceae)
such as petroleum ether (200 and 400 mg/kg), ethyl acetate
(100 and 200 mg/kg), methanol (125 and 250 mg/kg), water
fraction (150 and 300 mg/kg) were investigated for their
anti—diabetic potential. Methanol (125 and 250 mg/kg) and
aqueous fractions (150 and 300 mg/kg) showed significant
antihyperglycemic effect. The active fractions also restored
the antioxidant enzymes levels in liver and kidneyl4s.

9.28. Pongamia pinnata

The standardized ethanolic extract of Pongamia pinnata
(P. pinnata) (Fabaceae) in diabetic rats was tested for its
anti—diabetic potential. After 21-day treatment it was found
that P. pinnata Posseses significant anti—diabetic activityl46].

9.29. Solanum nigrum

Antihyperglycemic and hypolipidemic effects of aqueous
leaf extracts of Solanum nigrum (S. nigrum) (Solanaceae)
in diabetic rats at 200, 400 mg/kg b.w. for 21 days treatment
were investigated. Extracts of S. nigrum significantly
reduced the blood glucose and other lipid parameter. Similar
effect was also found with Musa extract. These findings show
the anti—diabetic potential of these two plantsl47].

9.30. Sphenostylis stenocarpa

The methanolic extract of seeds of Sphenostylis stenocarpa
(Leguminosae) in diabetic rats at the doses of 200, 400 and 600
mg/kg, p.o., significantly reduced the blood glucose level.
Moreover, 600 mg/kg, p.o. was found to be more significant
compared to other tested dose levell4sl.

9.31. Tephrosia villosa

Ethanolic extract of leaves of Tephrosia villosa
(Fabaceae) in diabetic rats at two different doses, showed
significant reduction in the blood glucose level. Moreover
histopathological examination of pancreas showed
regenerative power and therefore signified its anti—diabetic
potentiall49].

9.32. Trigonella foenum—graecum

The anti—diabetic activity of ethanol extract of Trigonella
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foenum—graecum (Fabaceae) seeds in diabetic rats at 2 g/
kg, 1 g/kg, 0.5 glkg and 0.1 g/kg, p.o. was investigated and
it was found to have significant blood glucose lowering
capacity. Further among all the tested dose level, 1 g/kg, p.o.
was found to be more significant comparing to other dose
levelsisol.

9.33. Triumfetta rhomboidea

Treatment with ethanolic extract of Triumfetta rhomboidea
(T. rhomboidea) (Malvaceae) in diabetes rats at doses of 100,
200, and 400 mg/kg, p.o., significantly decreased the blood
glucose level in dose dependent manner. From the data it
was found that T. rhomboidea has significant anti—diabetic
potentiall51].

9.34. Vaccinium arctostaphylos

The ethanolic extract of Vaccinium arctostaphylos (V.
arctostaphylos) (Ericaceae) fruit in diabetic male rats for
3 weeks, significantly decreased the blood glucose and
triglyceride level. However it increased the erythrocyte SOD,
glutathione peroxidase, catalase activities and expression
of GLUT—4 and INS genes. These findings indicates anti—
diabetic potential of V. arctostaphylosi171.

9.35. Vernonia amygdalina

The anti—diabetic activity of the various combinations of
metformin (50 mg/kg) and aqueous extracts of the leaves of
Vernonia amygdalina (Asteraceae) (100 mg/kg) in diabetic
rats were investigated. Extract and metformin at the ratios of
1:1 and 2:1 were given to both normoglycemic and diabetic.
From the data it was found that, blood glucose level was
decreased more significantly by the drug combination
compared to the single treatment of the drug in the diabetic
rats[52].

9.36. Zaleya decandra

Effect of ethanolic extract of Zaleya decandra (Aizoaceae)
roots in diabetes rats at 200 mg/kg, p.o. for 15 days treatment,
significantly restored the levels of glucose, TC, TG, TP,
urea, creatinine, lipid peroxidation level, and antioxidant
enzymes. Histopathological studies showed significant
regenerative power in the extract treated group compared to
the control groupl8l.

9.37. Zizyphus mauritiana

The petroleum ether and aqueous extract of Zizyphus
mauritiana (Rhamnaceae) at 200 and 400 mg/kg, p.o.
doses, significantly restored the elevated biochemical
parameters such as glucose, urea, creatinine, TC, TG, HDL,
LDL, hemoglobin, and glycosylated hemoglobin. From the
obtained data it was found that this plant had significant
anti—diabetic potential(53].
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10. Discussion

Diabetes mellitus is a chronic metabolic disorder of
carbohydrates, proteins and fat metabolism which can be
due to absolute or relative deficiency of insulin secretion
or insulin resistance. It is characterised by high blood
glucose level, which can cause various type of secondary
complication associated with morbidity and mortality.
The number of people suffering with diabetes worldwide
is increasing at an alarming rate. It is predicated that, the
number of diabetes person could reach upto 366 million by
the year 2030(54]. Diabetes mellitus can cause both acute
and chronic complications, resulting in blindness, kidney
failure, heart disease, stroke and amputations. A proper
treatment strategy is necessary to maintain glycemic control
with proper excercise. Varieties of new pharmacologic
treatments have been developed in the past 5 years to
treat diabetes mellitus along with strategies dealing to
diet management and exercise. There are mainly two
categories of drugs available in the market for the treatment
of diabetes mellitus, i.e. insulin and oral hypoglycemic
agents(5s]. Diabetic ketoacidosis is another serious metabolic
complication associated with diabetes, which includes
triad of hyperglycemia, metabolic acidosis, and increased
ketone bodies concentration in the body. Due to coexistence
of diabetic ketoacidosis and gestational diabetes mellitus
chances of fetal loss increases many fold. From the data
available in the litreature, it was found that, there is an
explosive increase in the number of people diagnosed
with diabetes mellitus worldwide in the last two decades.
Type 2 diabetes, which is associated with modern lifestyle,
abundant nutrient supply, reduced physical activity, and
obesity makes main chunk of diabetic patients. Most number
of type 2 diabetes complications are associated with obesity.
Numerous studies have shown that insulin resistance
precedes the development of hyperglycemia in subjects that
eventually develop type 2 diabetes(3]. Diabetes mellitus is the
biggest health care issue in North America and individuals
having diabetes are at high risk of heart disease and other
complications[56.57]. Oxidative stress can be an underlying
cause of many diseases, such as diabetes mellitus. It can
act through development of insulin resistance, g —cell
dysfunction, impaired glucose tolerance, and mitochondrial
dysfunction resulting in diabetic mellitus. Experimental
and clinical data suggest that, chronic exposure to oxidative
stress activates a series of stress pathways which can also
cause diabetes mellitus(58]. There are numbers of tests
for the diagnosis of the diabetic people, such as fasting
blood glucose measurment, oral glucose tolerance test, and
glycated hemoglobin(59-621.

Many numbers of animal models have been developed
and described for the screening of anti—diabetic drugs. But
none of them is exactly equivalent to human diabetes, but
each model acts as essential tool for investigating genetic,
endocrine, metabolic, morphologic changes and underlying
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aetiopathogenic mechanisms that could be associated
with the development of diabetes(14l. Both alloxan and
streptozotocin induced diabetes model is used as screening
methods for anti—diabetic drugs. ROS in the cases of
alloxan and DNA alkylation in the cases of streptozotocin
mediate the toxic action. Due to chemical nature and greater
stability, streptozotocin is mainly used for the reproducible
induction of diabetes in experimental animals(55l. For the
screening of anti—diabetic drugs, oral glucose tolerance test,
streptozotocin or alloxan—induced diabetic animal models
are used. There are various types of mechanisms associated
with anti—-diabetic activity of the compounds, which
may be related to pancreatic —cells (synthesis, release,
cell regeneration) or the increase in the protective effect
against insulinase enzyme. Other involved mechanisms
may be increase of peripheral utilization of glucose,
increase of synthesis of hepatic glycogen and decrease of
glycogenolysis, inhibition of intestinal glucose absorption,
reduction of glycaemic index of carbohydrates(191.

Medicinal plants that are effective in controlling plasma
glucose level with minimal side effects are commonly
used in developing countries as alternative therapy for
the treatment of diabetes mellitus. In Africa, hundreds of
plants are used traditionally for the management of diabetes
mellitus, but only a few of such medicinal plants have been
scientifically validated(54.63l. Currently available therapies
for diabetes such as oral hypoglycemic agents and insulin
have some side effects. A variety of chemical constituents
present in medicinal plants can act on variety of targets by
various modes and mechanisms, which can treat various
acute and some chronic complication of diabetes[64].
Though anti-diabetic plants belong to diverse groups
of families but most of them have been identified with
some specific families such as Leguminoseae, Lamiaceae,
Liliaceae, Cucurbitaceae, Asteraceae, Moraceae, Rosaceae,
Euphorbiaceae and Araliaceae, which have significant
impact on diabetes mellitus. Plant belongs in these family
such as Opuntia streptacantha, T. foenum graecum, M.
charantia, F. bengalensis, Polygala senega and Gymnema
sylvestre have been shown to possess significant anti—
diabetic potential(19]. Natural products classified into
terpenoids, alkaloids, flavonoids, phenolics, and some other
categories have shown anti-diabetic potential through
various type of modes of action. In the present review, plants
which have shown anti-diabetic activity in alloxan induced
diabetic rat have been included, among all of them M.
charantia, P. marsupium and T. foenum greacum have been
reported to have significant effect on diabetes mellitusi651.

In conclusion, this paper has presented the brief idea
about diabetes and its related complication, epidimeolgy,
diagnostic parameters, available therapies and plants
having anti—diabetic potential tested in the alloxan—
induced diabetic rat model. Tt showed that these plants
have hypoglycaemic effects. In some cases they showed
more significant anti—diabetic activity compared to the
standard drugs. However lots of investigations is needed
for the evaluation of mechanism of action of medicinal
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plants with antidiabetic activity. Every plant material is
not safe, therefore the toxic effect of these plants should
be investigated before consumption. The less popularity
of the herbal medicine in the modern medical practices is
because of lack of scientific and clinical data, which provide
its efficacy and safety. So for the safety point of view there
is a need of conducting clinical research for herbal drugs.
Developing simple bioassays for biological standardization,
pharmacological and toxicological evaluation, and
developing various animal models for toxicity and safety
evaluation are also needed for the scientific validation of
herbal drugs. It is also important to isolate and test the
active components from the available plant extracts to
get better treatment options compared to the traditional
methods, which can be used for the treatment of various type
of disorder including diabetes mellitus.

Conflict of interest statement
We declare that we have no conflict of interest.
Acknowledgements

The financial assistance from University Grants
Commission, New Delhi, for Dinesh Kumar Patel (Senior
Research Fellowship) is greatly acknowledged.

References

[1] Pareek H, Sharma S, Khajja BS, Jain K, Jain GC. Evaluation
of hypoglycemic and anti hyperglycemic potential of Tridax
procumbens (Linn.). BMC Complement Altern Med 2009; 9: 48.

[2] Craig ME, Hattersley A, Donaghue KC. Definition, epidemiology
and classification of diabetes in children and adolescents.
Pediatr Diabetes 2009; 10: 3—12.

[3] Thévenod F. Pathophysiology of diabetes mellitus type 2: Roles
of obesity, insulin resistance and g —cell dysfunction. Front
Diabetes Basel Karger 2008; 19: 1-18.

[4] Patel DK, Kumar R, Prasad SK, Sairam K, Hemalatha S.
Antidiabetic and in vitro antioxidant potential of Hybanthus
enneaspermus (Linn) F. Muell in streptozotocin—induced diabetic
rats. Astan Pac J Trop Biomed 2011; 1: 316—322.

[5] Patel DK, Kumar R, Prasad SK, Hemalatha S. Pedalium murex
Linn (Pedaliaceae) fruits: A comparative antioxidant activity of its
different fractions. Asian Pac J Trop Biomed 2011; 1: 395-400.

[6] Jung HA, Islam MD, Kwon YS, Jin SE, Son YK, Park JJ, et al.
Extraction and identification of three major aldose reductase
inhibitors from Artemisia montana. Food Chem Toxicol 2011; 49:
376—384.

[7] Warjeet Singh L. Traditional medicinal plants of Manipur as anti—
diabetics. J Med Plants Res 2011; 5: 677—687.

[8] Meenakshi P, Bhuvaneshwari R, Rathi MA, Thirumoorthi L,
Guravaiah DC, Jiji MJ, et al. Antidiabetic activity of ethanolic
extract of Zaleya decandra in alloxan—induced diabetic rats. Appl
Biochem Biotechnol 2010; 162: 1153—1159.

[9] Balaraman AK, Singh J, Dash S, Maity TK. Antihyperglycemic and
hypolipidemic effects of Melothria maderaspatana and Coccinia
indica in Streptozotocin induced diabetes in rats. Saudi Pharm J
2010; 18: 173-178.

[10] Frode TS, Medeiros YS. Animal models to test drugs with potential

419

antidiabetic activity. J Ethnopharmacol 2008; 115: 173—183.

[11] Dewanjee S, Das AK, Sahu R, Gangopadhyay M. Antidiabetic
activity of Diospyros peregrina fruit: effect on hyperglycemia,
hyperlipidemia and augmented oxidative stress in experimental
type 2 diabetes. Food Chem Toxicol 2009; 47: 2679—2685.

[12] Bagri P, Ali M, Aeri V, Bhowmik M, Sultana S. Antidiabetic effect
of Punica granatum flowers: Effect on hyperlipidemia, pancreatic
cells lipid peroxidation and antioxidant enzymes in experimental
diabetes. Food Chem Toxicol 2009; 47: 50—54.

[13] Ding Z, Lu Y, Lu Z, Lv F, Wang Y, Bie Y, et al. Hypoglycaemic
effect of comatin, an antidiabetic substance separated from
Coprinus comatus broth, on alloxan—induced—-diabetic rats. Food
Chem 2010; 121: 39—-43.

[14] Srinivasan K, Ramarao P. Animal models in type 2 diabetes
research: An overview. Indian J Med Res 2007; 125: 451-472.

[15] Venkatesh S, Madhava Reddy B, Dayanand Reddy G, Mullangi
R, Lakshman M. Antihyperglycemic and hypolipidemic effects of
Helicteres isora roots in alloxan—induced diabetic rats: A possible
mechanism of action. J Nat Med 2010; 64: 295-304.

[16] Modak M, Dixit P, Londhe J, Ghaskadbi S, Paul A Devasagayam T.
Indian herbs and herbal drugs used for the treatment of diabetes.
J Clin Biochem Nutr 2007; 40: 163—173.

[17] Feshani AM, Kouhsari SM, Mohammadi S. Vaccinium
arctostaphylos, a common herbal medicine in Iran: molecular and
biochemical study of its antidiabetic effects on alloxan—diabetic
Wistar rats. J Ethnopharmacol 2011; 133: 67—74.

[18] Patel DK, Kumar R, Laloo D, Hemalatha S. Evaluation of
phytochemical and antioxidant activities of the different fractions
of Hybanthus enneaspermus (Linn.) F. Muell. (Violaceae). Asian
Pac ] Trop Med 2011; 4: 391-396.

[19] Bnouham M, Ziyyat A, Mekhfi H, Tahri A, Legssyer A. Medicinal
plants with potential antidiabetic activity — A review of ten years
of herbal medicine research (1990-2000). Int J Diabetes Metab
2006; 14: 1-25.

[20] Patil RN, Patil RY, Ahirwar A, Ahirwar D. Evaluation of
antidiabetic and related actions of some Indian medicinal plants
in diabetic rats. Asian Pac J Trop Med 2011; 4: 20-23.

[21] Geetha G, Kalavalarasariel Gopinathapillai P, Sankar V. Anti
diabetic effect of Achyranthes rubrofusca leaf extracts on alloxan
induced diabetic rats. Pak J Pharm Sci 2011; 24: 193—199.

[22] Ravikumar R, Krishnamoorthy P, Kalidoss A. Antidiabetic and
antioxidant efficacy of Andrographis paniculata in alloxanized
albino rats. Int J Pharm Technol 2010; 2: 1016—1027.

[23] Biradar SM, Rangani AT, Kulkarni VH, Joshi H, Habbu PV, Smita
DM. Prevention of onset of hyperglycemia by extracts of Argyriea
cuneata on alloxan—induced diabetic rats. J Pharm Res 2010; 3:
2186—2187.

[24] Dheer R, Bhatnagar P. A study of the antidiabetic activity of
Barleria prionitis Linn. Indian J Pharmacol 2010; 42: 70-73.

[25] Rathee S, Mogla OP, Sardana S, Vats M, Rathee P. Antidiabetic
activity of Capparis decidua Forsk Edgew. J Pharm Res 2010; 3:
231-234.

[26] Lodha SR, Joshi SV, Vyas BA, Upadhye MC, Kirve MS, Salunke SS,
et al. Assessment of the antidiabetic potential of Cassia grandis
using an in vivo model. J Adv Pharm Technol Res 2010; 1: 330-333.

[27] Nabeel MA, Kathiresan K, Manivannan S. Antidiabetic activity
of the mangrove species Ceriops decandra in alloxan—induced
diabetic rats. J Diabetes 2010; 2: 97—103.

[28] Kumawat NS, Chaudhari SP, Wani NS, Deshmukh TA, Patil VR.
Antidiabetic activity of ethanol extract of Colocasia esculenta
leaves in alloxan induced diabetic rats. Int J Pharm Tech Res
2010; 2: 1246—1249.



420

[29] Vishnu B, Naveen A, Akshay K, Sikarwar MS, Patil MB.
Antidiabetic activity of insulin plant (Costus igneus) leaf extract in
diabetic rats. J Pharm Res 2010; 3: 608—611.

[30] Arjun P, Shivesh J, Sahu AN. Antidiabetic activity of aqueous
extract of Eucalyptus citriodora Hook. in alloxan induced diabetic
rats. Pharmacogn Mag 2009; 5: 51-54.

[31] Chaturvedi N, Sharma S. Antidiabetic and antihyperlipidemic
activity of water soluble solid extract of Ficus bengalensis Linn.
bark in rats. Biochem Cell Arch 2010; 10: 65—69.

[32] Okokon JE, Umoh EE, Etim EI, Jackson CL. Antiplasmodial and
antidiabetic activities of ethanolic leaf extract of Heinsia crinata.
J Med Food 2009; 12: 131-136.

[33] Sangameswaran B, Ilango K, Chaurey M, Bhaskar VH.
Antihyperglycemic and antihyperlipidaemic effects of extracts of
Ipomoea reniformis Chois on alloxan induced diabetic rats. Ann
Biol Res 2010; 1: 157—-163.

[34] Teimoori M, Kouhsari MS, Ghafarzadegan R, Hajiaghaee R.
Antidiabetic effects of Juglans regia leave’s methanolic extract on
alloxan—induced male Wistar rats. J Med Plants 2010; 9: 143—149.

[35] Kumar KV, Sharief SD, Rajkumar R, Ilango B, Sukumar E.
Antidiabetic potential of Lantana aculeata root extract in
alloxan—induced diabetic rats. Int J Phytomed 2010; 2: 299—-303.

[36] Tlango K, Chitra V. Antidiabetic and antioxidant activity of
Limonia acidissima Linn. in alloxan induced rats. Der Pharmacia
Lettre 2009; 1: 117—125.

[37] Saxena SCRC, Chaurasia ID, Shrivastav R. Antidiabetic activity of
Luffa aegyptiaca Mill) in alloxan induced diabetic rats. J Chem
Pharm Res 2011; 3: 522—525.

[38] Tripathi UN, Chandra D. Anti—hyperglycemic and anti—oxidative
effect of aqueous extract of Momordica charantia pulp and
Trigonella foenum graecum seed in alloxan—induced diabetic
rats. Indian J Biochem Biophys 2010; 47: 227-233.

[39] Wani VK, Dubey RD, Verma S, Sengottuvelu S, Sivakumar
T. Antidiabetic activity of methanolic root extract of Mukia
maderaspatana in Alloxan induced diabetic rats. Int J Pharm
Technol Res 2011; 3: 214—220.

[40] Sreenathkumar S, Arcot S. Andiabetic activity of Nymphaea
pubescens Willd — a plant drug of aquatic flora. J Pharm Res 2010;
3: 3067—3069.

[41] Bihari CG, Manaswini B, Keshari PS, Kumar TS. Phytochemical
investigation & evaluation for antidiabetic activity of leafy
extracts of various Ocimum (Tulsi) species by alloxan induced
diabetic model. J Pharm Res 2011; 4: 28—29.

[42] Jain S, Bhatia G, Barik R, Kumar P, Jain A, Dixit VK. Antidiabetic
activity of Paspalum scrobiculatum Linn. in alloxan induced
diabetic rats. J Ethnopharmacol 2010; 127: 325-328.

[43] Mard SA, Jalalvand K, Jafarinejad M, Balochi H, Naseri MKG.
Evaluation of the antidiabetic and antilipaemic activities of the
hydroalcoholic extract of Phoenix dactylifera palm leaves and its
fractions in alloxan—induced diabetic rats. Malaysian J Med Sci
2010; 17: 4—13.

[44] Okoli CO, Ibiam AF, Ezike AC, Akah PA, Okoye TC. Evaluation of
antidiabetic potentials of Phyllanthus niruri in alloxan diabetic.
Afr ] Biotechnol 2010; 9: 248—259.

[45] Shabeer J, Srivastava RS, Singh SK. Antidiabetic and antioxidant
effect of various fractions of Phyllanthus simplex in alloxan
diabetic rats. J Ethnopharmacol 2009; 124: 34—38.

[46] Lanjhiyana S, Garabadu D, Ahirwar D, Bigoniya P, Rana AC,
Patra KC, et al. Hypoglycemic activity studies on aerial leaves
of Pongamia pinnata (L.) in alloxan—induced diabetic rats. Der
Pharmacia Lettre 2011; 3: 55-70.

[47] Poongothai K, Ahmed KSZ, Ponmurugan P, Jayanthi M.

Patel DK et al./Asian Pac ] Trop Biomed 2012; 2(5): 411-420

Assessment of antidiabetic and antihyperlipidemic potential
of Solanum nigrum and Musa paradisiaca in alloxan induced
diabetic rats. J Pharm Res 2010; 3: 2203—2205.

[48] Ubaka CM, Ukwe CV. Antidiabetic effect of the methanolic seed
extract of Sphenostylis stenocarpa (Hoechst ex. A. Rich. Harms) in
rats. J Pharm Res 2010; 3: 2192—2194.

[49] Ahmad A, Balakrishnan BR, Akhtar R, Pimprikar R. Antidiabetic
activity of leaves of Tephrosia villosa Pers. in alloxan induced
diabetic rats. J Pharm Res 2009; 2: 528—531.

[50] Mowla A, Alauddin M, Rahman MA, Ahmed K. Antihyperglycemic
effect of Trigonella foenum—graecum (fenugreek) seed extract in
alloxan—induced diabetic rats and its use in diabetes mellitus:
A brief qualitative phytochemical and acute toxicity test on the
extract. Afr J Tradit Complement Altern Med 2009; 6: 255-261.

[51] Duganath N, Krishna DR, Reddy GD, Sudheera B, Mallikarjun
M, Beesetty P. Evaluation of anti—diabetic activity of Triumfetta
rhomboidea in alloxan induced Wistar rats. Res J Pharm Biol
Chem Sci 2011; 2: 721-726.

[52] Michael UA, David BU, Theophine CO, Philip FU, Ogochukwu
AM, Benson VA. Antidiabetic effects of combined aqueous leaf
extract of Vernonia amygdalina and metformin in rats. J Basic
Clin Pharm 2010; 1: 197-202.

[53] Jarald EE, Joshi SB, Jain DC. Antidiabetic activity of extracts and
fraction of Zizyphus mauritiana. Pharm Biol 2009; 47: 328—334.
[54] Oyedemi SO, Adewusi EA, Aiyegoro OA, Akinpelu DA.
Antidiabetic and haematological effect of aqueous extract of
stem bark of Afzelia africana (Smith) on streptozotocin—induced

diabetic Wistar rats. Asian Pac J Trop Biomed 2011; 1: 353—358.

[55] Lenzen S. The mechanisms of alloxan— and streptozotocin—
induced diabetes. Diabetologia 2008; 51: 216—226.

[56] Modi P. Diabetes beyond insulin: Review of new drugs for
treatment of diabetes mellitus. Curr Drug Discov Technol 2007; 4:
39—47.

[57] Mitra A. Diabetes and stress: A review. Ethno—Med 2010; 2:
131-135.

[58] Rains JL, Jain SK. Oxidative stress, insulin signaling, and
diabetes. Free Radic Biol Med 2011; 50: 567—575.

[59] Sultanpur CM, Deepa K, Kumar V. Comprehensive review on
HBAIC in diagnosis of diabetes mellitus. Int J Pharm Sci Rev Res
2010; 3: 119.

[60] Patel DK, Prasad SK, Kumar R, Hemalatha S. Cataract: A major
secondary complication of diabetes, its epidemiology and an
overview on major medicinal plants screened for anticataract
activity. Asian Pac J Trop Dis 2011; 1(4): 323—-329.

[61] Isaac A, Gopinath D, Murthy NS. Role of informal care providers
in home based long term care in diabetes mellitus at Kaiwara
Primary Health Center area, Karnataka, India. Asian Pac J Trop
Dis 2011; 1(3): 127—130.

[62] Tewari V, Tewari A, Bhardwaj N. Histological and histochemical
changes in placenta of diabetic pregnant females and its
comparision with normal placenta. Asian Pac J Trop Dis 2011; 1(1):
1-4.

[63)Meliani N, Mohamed El Amine Di, Allali H Tabti B.
Hypoglycaemic effect of Berberis vulgaris L. in normal and
streptozotocin—induced diabetic rats. Asian Pac ] Trop Biomed
2011; 1: 468—471.

[64] Arokiyaraj S, Balamurugan R, Augustian P. Antihyperglycemic
effect of Hypericum perforatum ethyl acetate extract on
streptozotocin—induced diabetic rats. Asian Pac J Trop Biomed
2011; 1: 386—390.

[65] Jung M, Park M, Lee HC, Kang YH, Kang ES, Kim SK. Antidiabetic
agents from medicinal plants. Curr Med Chem 2006; 13: 1203—1218.



