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Abstract
Diabetes mellitus is an epidemic and also life threatening disease affecting over millions of people all over the world. Diabetes
is caused due to genetic and epigenetic factors. The broad classification of Diabetes includes type I and type II diabetes.
Much research on causes, prevention and treatment of Diabetes mellitus is being performed all over the world. This review
details about the types of Diabetes mellitus, their symptoms, pathophysiology, drugs and phytocompounds in the treatment
of Diabetes mellitus.
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Introduction
Diabetes mellitus is currently one of the most costly
and burden some chronic diseases and is a condition that
is increasing in epidemic proportions throughout the world.
Diabetes affects about 5% of the global population and
the management of diabetes without any side effects is
still a challenge to the medical system (Akram Eidi and
Maryam Eidi, 2009). It is a chronic disease characterized
by high blood glucose levels due to absolute or relative
deficiency of circulating insulin levels (Venkatesh et al.,
2003). It could also mean a group of metabolic diseases
characterized by hyperglycemia resulting from defects
in insulin secretion, insulin action, or both (Edwin et al.,
2007).
Diabetes is defined as a state in which the homeostasis
of carbohydrate and lipid metabolism is improperly
regulated by the pancreatic hormone, insulin, ultimately
resulting in increased blood glucose level. It is the world’s
largest endocrine disorder and is one of the major killers
in recent times (Bhat et al., 2008). According to World
Health Organization (WHO), the world wide global
population is in the midst of a diabetes epidemic with
people in Southeast Asia and Western Pacific being mostly
at risk. The number of cases for diabetes which is
currently at 171 million is predicted to reach 366 million
by the end of 2030 (Christudas Sunila et al., 2011).

In diabetes mellitus oxidative stress is significantly
increased through both nonenzymatic and enzymatic
mechanisms as a result of prolonged exposure to
hyperglycemia. Evidence suggests that markers of
oxidative stress exist in diabetic rats, such as
overproduced reactive oxygen species (ROS) in
pancreatic islets (Amaral et al., 2008). Because the
mechanism of diabetes mellitus is quite complex, many
currently available synthetic chemical antidiabetic agents
have low rates of response and remission and with severe
adverse-effects. Accordingly, it is necessary to research
and develop more effective hypoglycemic agents with
lower adverse-effect (Sun et al., 2008). The use of
ethanobotanicals has a long folkloric history for the
treatment of blood glucose lowering abnormalities
(Sharma et al., 2007). Therefore, the search for more
effective and safer antidiabetic/hypoglycaemic agents has
continued to be an important area of active research.There
are three main types of diabetes namely type I diabetes,
type II diabetes and gestational diabetes.
Type I diabetes
Insulin-dependent diabetes mellitus (IDDM) is a
disorder caused by progressive destruction of the insulin
secreting beta-cells. Type 1 diabetes occurs in a
genetically susceptible human population as a result of
the loss of the insulin producing pancreatic beta cells.
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This accounts for the drastic drop in the insulin level in
the diabetic patients (Sezik et al., 2005). It results from a
chronic autoimmune response directed against the insulin
producing beta-cells in the islets of Langerhans, resulting
in beta -cell destruction (Daneman, 2006). The majority
of type-I diabetes is immune mediated nature where cell
loss is a T-cell mediated autoimmune attack. There is no
preventive measure against type-I diabetes (Dorner,
2010). The symptoms include polyuria (frequent
urination), polydipsia (increased thirst), polyphagia
(increased hunger), feeling tired or fatigue, weight loss
Hyperglycemic condition causes increased
glycosylation leading to biochemical and morphological
abnormalities due to altered protein structure which over
a period of time develops diabetic complications such as
nephropathy, retinopathy, neuropathy and cardiomyopathy
(Poonam Shokeen et al., 2008). Currently available
therapy for diabetes include insulin (Kameswararao et
al., 2003). In recognition of this, the need for therapeutics
is crucial and stabilizing blood glucose levels and
improving insulin sensitivity should be the primary targets
of therapies. Patients suffering from type-1 diabetes
mellitus require lifelong insulin therapy for survival as
there is no cure for this immune-mediated disease (George
et al., 2011).
• Autoimmune diabetes mellitus:
The slowly progressive form of diabetes mellitus
occurs in adults and is sometimes referred to as latent
autoimmune diabetes in adults (LADA). Few children
and adolescents are affected with ketoacidosis during
the first manifestation of the disease. The rate of -cell
destruction is quite variable and being rapid in some
individuals and this form of diabetes accounts only for
3-10% of those with diabetes. Auto antibodies are present
in 85-90% of individuals when fasting hyperglycemia is
initially detected (Munday, 2005).
• Idiopathic Diabetes:
There are some forms of insulin dependent diabetes
have no known etiologies. Some of these patients have
permanent insulinopenia and are prone to keto acidosis,
but have no evidence of autoimmunity (Lie-Fen shyur et
al., 2005).
Type II diabetes
Non-Insulin Dependent Diabetes Mellitus (NIDDM)
is the most common form of diabetes mellitus which
accounts for more than 90% of diabetic patients. Current
understanding of disease progression in NIDDM is that
insulin resistance in peripheral tissues leads to
compensatory hyperinsulinemia, followed by beta-cell
failure, which leads initially to prandial and later to over

fasting hyperglycemia (Kwanghee Kim et al., 2009). It
is a term used for individuals who have insulin resistance
and attenuated glucose utilization. It is strongly associated
with obesity, affects 90-95% of patients with diabetes
(George et al., 2011).
People with type II diabetes are asymptomatic for
many years or decades, with time an increase in blood
sugar levels leads to symptoms. Following signs and
symptoms of type II diabetes
 blurred sight.
 decreased sensation or numbness in the hands and
feet.
 frequent bladder and vaginal infections.
 frequent need to urinate.
 increased thirst and hunger.
 male impotence (erectile dysfunction).
• Pathophysiology:
Dysfunction of -cell is a major factor across the
spectrum of prediabetes to diabetes. A study of obese
adolescents confirms what is increasingly being stressed
in adults as well: -cell dysfunction develops early in the
pathologic process and does not necessarily follow the
stage of insulin resistance (Bacha et al., 2010). Insulin
resistance due to high-calorie diet, increased glucagon
levels steroid administration, or lack of physical inactivity
and increased glucose-dependent insulinotropic
polypeptide (GIP) levels accompany glucose intolerance.
However, the postprandial glucagonlike peptide-1 (GLP-1)
response is unaltered (Hansen et al., 2011).
Metabolic abnormalities in NIDDM contribute to
hyperglycemia. To begin at the hepatic level, the note of
the liver in the pathogenesis of NIDDM is overproduction
of glucose. Increased basal hepatic glucose production
is a characteristic feature of essentially all NIDDM
patients with fasting hyperglycemia. The etiology of typeII is a combination of insulin resistance with inadequate
compensatory insulin-secretory response. Patients with
diabetes experience significant morbidity and mortality
from microvascular (retinopathy, neuropathy and
nephropathy) and macrovascular complications (heart
attack, stroke and peripheral vascular disease) (Altan,
2003). -Glucosidase and -amylase inhibitors restrict
postprandial glucose rise by retarding the process of
carbohydrate absorption and hydrolysis. These inhibitors
have been found useful in managing type-II diabetes
(Gholamhoseiniana et al., 2009).
• Secondary Diabetes Mellitus:
Diabetes mellities due to gene defects, trauma or
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surgery or the effects of drugs are more appropriately
called secondary diabetes mellitus. A type of diabetes
called Maturity Onset Diabetes of the Young (MODY)
is increasingly seen in adolescence (Umapathy and
Mooradian, 2011).
• Gestational Diabetes Mellitus:
Gestational diabetes mellitus (GDM) defined as
carbohydrate intolerance of variable severity with onset
or first recognition during pregnancy. It increases the risk
of pregnancy complications and subsequent type-II
diabetes in the mother and her offspring (Rodrigues et
al., 2002). Pregnancy serves as a metabolic stress test
and uncovers underlying insulin resistance and -cell
dysfunction (Setji et al., 2005).
Gestational diabetes is pathophysiologically similar
to type II diabetes mellitus. Approximately 90% of the
persons identified have a deficiency of insulin receptors
(prior to pregnancy) or a marked increase in weight that
has been placed on the abdominal region. The other 10%
have deficient insulin production and will proceed to
develop mature onset insulin dependent diabetes. TypeII diabetes mellitus is one of the common diseases in our
community so the prevalence of GDM is likely to be high
(Zargar et al., 2001).
The most common complications of pregnancy is
Gestational diabetes mellitus (GDM. Women with
gestational diabetes have up to a 45% risk of recurrence
with the next pregnancy and up to a 63% risk of developing
type II diabetes later in life according to CDC (Center
for Disease Control), Insulin sensitivity usually begins in
the second trimester and continues to progress through
the pregnancy (Luerssen and Winsch, 2005).
The common symptoms include increased thirst,
increased urination, weight loss in spite of increased
appetite, fatigue, nausea and vomiting, frequent infections
including those of the bladder, vagina and skin, blurred
vision. The traditional method of screening for GDM is
to assess risk factors: age, pre-pregnancy, weight, family
history of diabetes in a first-degree relative and previous
perinatal loss. Unfortunately, screening based solely on
risk factors will only identify approximately 50% of
women with GDM (WHO, 2000).
• Medicinal plants vs diabetes mellitus:
Medicinal plants and their extracts have been reported
to be effective in the treatment of diabetes. Plants contain
natural antioxidants that can preserve -cell function and
prevent diabetes induced ROS formation (Mustafa Aslan
et al., 2010). Diet control, exercise and the use of
hypoglycemic or lipid-lowering diets and drugs are the
treatments for diabetes. However, many oral
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hypoglycemic agents have a number of serious adverse
effects. Management of hyperglycemia or hyperlipidemia
with low side effects is still a challenge to the medical
system (May et al., 2002).
Many new bioactive principles isolated from plants
having anti hyperglycemic effects have shown antidiabetic activity equal and even more potent than known
oral hypoglycemic agents such as daonil, tolbutamide and
chlorpropamide. Many plant compounds are not
characterized and documented. More investigations and
sincere efforts are still sought to evaluate the precise
mechanism of action of medicinal plants with anti-diabetic
effect at the molecular level (Bnouham et al., 2006).
Though different types of oral hypoglycemic agents
are available, there is a growing trend towards using
natural products as treatment. China has a long history
of using herbs for the treatment of human diseases and
several medicinal plants are used for the treatment of
diabetes. Selaginellatamariscina is one such plant
(Hnatyszyn et al., 2002).
Leaves, fruits, stem and roots of Aeglemarmelos have
been used in ethno medicine for several medicinal
properties: astringent, antidiarrheal, antidysenteric,
demulcent, antipyretic, antiscourbutic, haemostatic,
aphrodisiac and as an antidote to snake venom. It is also
known as herbal medicine for the treatment of diabetes
mellitus. Ficus religiosa has been used in the traditional
system of ayurveda to treat diabetes. The leaves of
Ficusreligiosa have been studied for anti-hyperglycaemic
activity.
In Ayurveda, the unripe fruits of Carissa carandas
were used as an anthelmintic, astringent, appetizer, antipyretic, anti-diabetic, aphrodisiac, in biliary disorders,
stomach disorders, rheumatism and diseases of the brains.
Antioxidants and defense mechanism
• Free radicals:
Free radical is commonly produced in all cells as part
of normal cellular function and might play a role in many
diseases. Antioxidant scavenges free radical induced
tissue damage by preventing their formation and increasing
their decomposition. As a result of this high reactivity,
most radicals have a very short half life (10-6 seconds or
less) in biological systems, although some species may
survive for much longer (Young and Woodside, 2001).
Anti-oxidants help organisms deal with oxidative stress,
caused by free radical damage. Free radicals have one
or more unpaired electrons making them highly unstable
and cause damage to other molecules by extracting
electrons from them in order to attain stability. Reactive
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oxygen species (ROS) formed in vivo, such as
superoxide anion, hydroxyl radical and hydrogen
peroxide, are highly reactive and potentially damaging
transient chemical species. These are continuously
produced in the human body, as they are essential for
energy supply, detoxification, chemical signaling and
immune function.
• Oxidative stress and human health:
In diabetes, oxidative stress has been found to be
mainly due to an increased production of oxygen free
radicals and a sharp reduction of antioxidant defenses
has been observed (Deliorman Orhan et al., 2005). The
elevated levels of blood glucose in diabetes are associated
with increased lipid peroxidation, which may contribute
to long-term tissue damage (Bhor et al., 2004). Since
diabetes mellitus is considered as a free radical-mediated
disease, increased free radical production as well as
reduced antioxidant defense responses may give rise to
increased oxidative stress in diabetic condition (Price et
al., 2001; Abou-Seif and Youssef, 2004).
• Antioxidant:
Antioxidants have been shown to prevent the
destruction of beta-cells by inhibiting the peroxidation chain
reaction and thus they may provide protection against
the development of diabetes (Montonen, 2005).
Disturbances of antioxidants defense system in diabetes
involves: enhancement of lipid peroxidation, alteration in
antioxidant enzymes and impaired glutathione metabolism
(Bagri et al., 2009). Diabetes is usually associated by
increased production of the molecules of reactive oxygen
species (ROS) and/or impaired antioxidant defense
systems, which result oxidative damage leading to ROS
mediated diabetic pathogenesis.
Recent reports suggest that cruciferous vegetables
act as good source of natural antioxidants due to high
levels of carotenoids, tocopherols and ascorbic acid and
convincing epidemiological evidence shows these
compounds may help to protect the human body against
damage by reactive oxygen and nitrogen species.
Foremost are their antioxidative effects, manifested by
the ability to scavenge free radicals or to prevent oxidation
of low-density lipoproteins (Gayatri Nahak and Rajani
Kanta Sahu, 2010).
Mammalian cells possess elaborate defence
mechanisms for radical detoxification. Antioxidants are
agents, which scavenge the free radicals and prevent
the damage caused by them. Some of these compounds
are of exogenous nature and are obtained from food.
Examples include antioxidants like -tocopherol, carotene and ascorbic acid and some micronutrient

elements such as zinc and selenium (Chin-Shiu Huang et
al., 2011).
-tocopherol is found in green parts of plants and
scavenges lipid peroxide radicals through the concerted
action of their antioxidants. It were also known to protect
lipids and other membrane components by physically
quenching and chemically reacting with O2 in chloroplasts,
thus protecting the structure and function of Photosystem
II. Researchers reported a two-fold increase in a tocopherol in turf grass under water stress (Mohammed
Fazil Ahmed et al., 2010).
Vitamin C (ascorbate) is a most powerful antioxidant
which is synthesized in the mitochondria and is transported
to other cell components through a protein - electro
chemical gradient or by facilitated diffusion. It is one of
the most extensively studied antioxidants and has been
detected in the majority of plant cell types, organelles
and apoplast.
Glutathione is the major source of non-protein thiols
in most of the plant cells. It takes part in the control of
H2O2 levels, by changing the ratio of its reduced form to
oxidized form. It is a tripeptide which has been detected
virtually in all cell compartments such as chloroplast,
cytosol, vacuoles, endoplasmic reticulam and
mitochondria. The chemical reactivity of the thiol group
of glutathione makes it particularly suitable to serve a
broad range of biochemical functions in all organisms
(Liere et al., 2005).
• Alloxan - the diabetogenic agent:
Alloxan is a hydrophilic and chemically unstable
pyrimidine derivative, which is toxic to pancreatic -cells
because it can generate toxic free oxygen radicals during
redox cycling in the presence of reducing agents such as
glutathione and cysteine. Alloxan (2, 4, 5, 6-tetra oxy
pyrimidine) is an oxygenated pyrimidine derivative and it
is present as alloxan hydrate in aqueous solution (Lenzen,
2008). Fig. 1 depicts the structure of Alloxan.
It is a -cytotoxin, induces “chemical diabetes”

Fig. 1: Structure of Alloxan.
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(alloxan diabetes) in a wide variety of animal species by
damaging the insulin secreting cells of the pancreas. This
damages a large number of -cells, resulting in decrease
in endogenous insulin release, which paves the ways for
the decreased utilization of glucose by the tissue
(Saravanan and Pari, 2005). In addition hypoglycaemia
is induced by sulphonylureas by increasing the secretion
of insulin from pancreas and these compounds are active
in mild alloxan-induceddiabetes, but they areinactive in
intense alloxan diabetes.
Alloxan is a poison and is the most famous spinner
up of super oxide free radicals known to science. In rat
studies, alloxanspined up enormous amounts of free
radicals in pancreatic beta cell leading to diabetes. It is a
compound that can indeed destroy cells in the pancreas
and cause diabetes in rats (Joe Schwarcz et al., 2003).
The possible role in the production of diabetes are two
characteristic reactions of alloxan, aminoacid and
glutathione oxidation (Gerhard et al., 2003).
The oxidation of essential -SH groups inhibition of cell glucokinase, generation of free radicals and
disturbances in-intracellularcalcium homeostasis are tetoxic action of Alloxan (Patil et al., 2011). Alloxan exerts
its diabetogenic actions when administered intravenously,
intraperitoneal or subcutaneously. It has been suggested
that this cytotoxic effect involves both a rapid uptake of
alloxan and a drug-induced generation of oxygencontaining radicals and peroxide. The action of alloxan in
the pancreas is preceded by its rapid uptake by the insulinsecreting cells and also due to autoimmune destruction
of the -cells of the pancreas.
In acute pancreatitis, pain in the upper abdomen is
commonly caused due to sudden destruction or
inflammation of the pancreatic tissue. The pain is usually
moderate to severe. In chronic pancreatitis too, there
will be pain. But this pain is more mild to severe, usually
in the upper abdomen, radiating to the back and is
aggravated by food (Wadkar et al., 2008). An elusive
diagnosis is needed for pancreatic diabetes caused by
Chronic pancreatitis because it is occasionally painless
and often not accompanied by clinical malabsorption until
after hyperglycemia occurs (Robert et al., 2006).
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