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diabetes making up about 90% of the cases. According to statistics, by 2030, this number is
estimated to almost double. Diabetes mellitus occurs throughout the world, but is more common
(especially Type 2) in the more developed countries. The greatest increase in prevalence is,
however, expected to occur in Asia and Africa, where most patients will probably be found by 2030.

The aim of this review is to summarize several studies done for the discovery of new drug using
different animal models for in vivo studies (chemical, surgical, and genetic models ) & in vitro models
(glucose uptake, pancreatic islet cell lines and insulin secretion).
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Introduction

Diabetes mellitus is a group of metabolic diseases in which a
person has high blood sugar, either because the body does not
produce enough insulin, or because cells do not respond to the
insulin that is produced. This high blood sugar produces the
classical symptoms of polyuria (frequent
urination), polydipsia (increased thirst) and polyphagia (increased
hunger) [1]
There are three main types of diabetes mellitus (DM). Type 1
DM results from the body's failure to produce insulin, and presently
requires the person to inject insulin or wear an insulin pump. This
form was previously referred to as "Insulin-Dependent Diabetes
Mellitus" (IDDM) or “Juvenile Diabetes". Type2 DM results
from insulin resistance, a condition in which cells fail to use insulin
properly, sometimes combined with an absolute insulin deficiency.
This form was previously referred to as Non Insulin-Dependent
Diabetes Mellitus (NIDDM) or "Adult-Onset Diabetes". The third
main form, gestational diabetes occurs when pregnant women
without a previous diagnosis of diabetes develop a high blood
glucose level. It may precede development of Type 2 DM [2].
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Defects in proinsulin conversion

(cc) T

Insulin gene mutations

Insulin receptor mutations
Exocrine pancreatic defects

1. Chronic pancreatitis

2. Pancreateatectomy

3. Pancreaticneoplasia

4. Cystic fibrosis

5. Hemochromatosis

6. Fibrocalculous pancreatopathy

Pathophysiology

Insulin is the principal hormone that regulates uptake
of glucose from the blood into most cells (primarily muscle and fat
cells, but not central nervous system cells). Therefore, deficiency of
insulin or the insensitivity of its receptors plays a central role in all
forms of diabetes mellitus Insulin is also the principal control signal
for conversion of glucose to glycogen for internal storage in liver
and muscle cells. Lowered glucose levels result both in the
reduced release of insulin from the B-cells and in the reverse
conversion of glycogen to glucose when glucose levels fall. This is
mainly controlled by the hormone glucagon, which acts in the
opposite manner to insulin. Glucose thus forcibly produced from
internal liver cell stores (as glycogen) re-enters the bloodstream;
muscle cells lack the necessary export mechanism. Normally, liver
cells do this when the level of insulin is low (which normally
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correlates with low levels of blood glucose). Higher insulin levels
increase some anabolic ("building up") processes, such as cell

growth and duplication, protein synthesis, and fat storage. Insulin
(or its lack) is the principal signal in converting many of the

bidirectional processes of metabolism from a catabolic to an

anabolic direction, and vice versa. In particular, a low insulin level
is the trigger for entering or leaving ketosis (the fat-burning
metabolic phase) [1].

Present word scenario

Globally, as of 2010, an estimated 285 million people had diabetes,
with Type 2 making up about 90% of the cases.[3] Its incidence is
increasing rapidly, and by 2030, this number is estimated to almost
double. Diabetes mellitus occurs throughout the world, but is more
common (especially Type 2) in the more developed countries. The
greatest increase in prevalence is, however, expected to occur in
Asia and Africa, where most patients will probably be found by
2030.The increase in incidence in developing countries follows the
trend of urbanization and lifestyle changes, perhaps most
importantly a "Western-style" diet. This has suggested an
environmental (i.e., dietary) effect, but there is little understanding
of the mechanism(s) at present, though there is much speculation,
some of it most compellingly presented. [4]

According to the World Health Organization (WHO), there are
approximately 160,000 diabetics worldwide, the number of
diabetics has double in the last few years and is expected to
double once again in the year 2025 [5]. Due to its high prevalence
and potential deleterious effect on a patient physical and
psychological state, diabetes is a major medical concern [6]. In
India has more diabetics than any other country in the world,
according to the International Diabetes Foundation, [7] In India,
around 50.8 million people are affected by diabetes. It is only in
China that you will find a greater diabetic population, with 92.4
million Chinese adults affected by diabetes. although more recent
data suggest that China has even more.[8] The disease affects
more than 50 million Indians - 7.1% of the nation's adults - and kills
about 1 million Indians a year.[7] The current estimate for 2010 of
285 million adults with diabetes is 67% higher than the 2004
published estimate for the year 2000 [9], and our 2030 estimate of
439 million is 20% higher than the same study’s estimate for2030
[9]. Comparisons with other older estimates show even greater
differences.

The economic impacts of diabetes with its complications and
associated diseases are large [10]. According to recent estimates
the prevalence of diabetes mellitus is 4% worldwide and that
indicates 143 million persons are affected which will increase to
300 million by the year 2025[11]. In urban India, mortality rates are
twofold higher in people with diabetes compared to non-diabetic
subjects [12]. It is estimated that the number of diabetes patients
worldwide will reach 380 million by 2025; Asia, in particular, is
experiencing a rapidly emerging diabetes epidemic [13]. It has
been estimated that the global burden of type 2 diabetes mellitus
(T2DM) for 2010 would be 285 million people (2010) which is

projected to increase to 438 million in 2030; a 65 % increase .
Similarly, for India this increase is estimated to be 58%, from 51
million people in 2010 to 87 million in 2030[14].

In-vivo studies

Chemical induction of diabetes mellitus

The majority of studies published in the field of ethno
pharmacology between 1996 and 2006 employed this model.
Streptozotocin (STZ, 69% and alloxan (31%) are by far the most
frequently used drugs and this model has been useful for the study
of multiple aspects of the disease. Both drugs exert their
diabetogenic action when they are administered parenterally
(intravenously, intraperitoneally or subcutaneously). The dose of
these agents required for inducing diabetes depends on the animal
species, route of administration and nutritional status [15].

Streptozotocin model of diabetes mellitus

Streptozotocin is an antibiotic derived from Streptomyces
achromogenes and structurally is glucosamine derivative of
nitrosourea. Rakieten and his associates79 first demonstrated the
diabetogenic property of STZ in dogs and rats in 1963.
Streptozotocin prevents DNA synthesis in mammalian and
bacterial cells. In the bacterial cells, it renders special reaction with
cytocine groups, resulting in degeneration and destruction of DNA.
The biochemical Streptozotocin enters the pancreatic cell via a
glucose transporter-GLUT2 and causes alkylation acid (DNA).
Furthermore STZ induces activation of poly adenosine diphosphate
ribosylation and nitric oxide release. As a result of STZ action,
pancreatic -cells are destroyed by necrosis [16]. In adult rats, 60
mg/kg is the most common dose of STZ to induce insulin
dependent diabetes [17], but higher doses are also used. STZ is
also efficacious after intraperitoneal administration of a similar or
higher dose, but single doses below 40 mg/kg in adult mice, STZ
given in multiple lowdoses (40 mg/kg, i.v. for 5 days) [18] induces
an insulin dependent diabetes that is quite similar to the
autoimmune forms (islet inflammation and cell death) of Type 1
diabetes. On the other hand, a single dose between 60 and 100
mg/kg of STZ [19], administered systemically can also cause
insulin may be ineffective dependent diabetes, but it lacks the
autoimmune profile [20]. Recently, a new animal model of Type 2
diabetes has been produced by combination of STZ and NAD
administration in adult rats 94. The rats administered NAD (230
mg/kg, ip) 15 min before STZ (65 mg/kg,iv) has been shown to
develop moderate and stable non-fasting hyperglycaemia without
any significant change in plasma insulin level. As NAD is an
antioxidant which exerts protective effect on the cytotoxic action of
STZ by scavenging free radicals and causes only minor damage to
pancreatic beta cell mass producing Type 2 diabetes. Therefore,
this model is found to be an advantageous tool for investigation of
insulinotropic agents in the treatment of Type 2 diabetes [21].
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Alloxan model of diabetes mellitus

Alloxan is the also used chemical for induction of diabetes mellitus.
It is a well- known diabetogenic agent widely used to induce Type 1
diabetes in animals [22]. Alloxan is a urea derivative which causes
selective necrosis of the pancreatic islet p-cells. It is used to
produce experimental diabetes in animals such as rabbits, rats,
mice and dogs. With this agent, it is possible to produce different
grades of severity of the disease by varying the dose of alloxan
used. Thus alloxan induced diabetes mellitus served as a
pathological biomodel for testing a substance with supposed
antioxidant activities the most frequently used intravenous dose of
alloxan in rats is 65mg/kg, but when it is administered
Intraperitoneally or subcutaneouslyits effective dose must be
higher. A solution of 2% alloxan (40mg/kg) diluted in 0.9% normal
saline was administered to the animals through the iliac vein. The
animals were allowed to resume feeding and drinking 30 minutes
after the drug administration. In order to assess the effect of
alloxan and to chemically establish the diabetic condition, an
incision was done in any of the four veins in the tail of the rat with a
15 scapel blade 10 days after induction a blood glucose level was
determinsd by using a portable glucose analyzer. The most
frequently used intravenous dose of alloxan in rats is 65mg/kg, but
when it is administered intraperitoneally or subcutaneously its
effective dose must be higher [23]. Alloxan administration in
experimental animals has been reported to produce pancreatic
lesion which is proportional to the dose of the drug administered.
And the size of the lesion also correlates with the pancreatic insulin
content [24].

Surgical models of diabetes mellitus

This technique used to induce diabetes is the complete removal of
the pancreas. Few researchers have employed this model in the
last years to explore effects of natural products with animal species
such as rats, pigs, dogs and primates [18,19,25]. Limitations to this
technique include (1) high level of technical expertise and
adequate surgical room environment, (2) major surgery and high
risk of animal infection, (3) adequate post-operative analgesia and
antibiotic administration, (4) supplementation with pancreatic
enzymes to prevent malabsorption and (5) loss of pancreatic
counter regulatory response to hypoglycemia. More recently,
partial pancreatectomy has been employed, but large resection
(more than 80% in rats) is required to obtain mild to moderate
hyperglycemia. In this case, small additional resection can result in
significant hypoinsulinemia [26].

Genetic models of diabetes

Spontaneously develop diabetic rat - These models permit the
evaluation of the effect of a natural product in an animal without the
interference of side effects induced by chemical drugs like alloxan
and STZ reported above. Example is the spontaneously diabetic
Goto-Kakizaki rat which is a genetic lean model of type 11 diabetes
originating from selective breeding over many generations of
glucose-intolerant nondiabetic wistar rats [27]. Regarding type1
diabetes models, the mouse typically presents hyperglycemia
between 12 and 30 weeks of age, whereas in BB rats it occurs
around 12 weeks of age. One great advantage of these models is
that they can be employed as model of atherosclerosis which
represents the long term complication of diabetes mellitus and
tested against several natural products [28].

Genetically engineered diabetic mice

Although significant advances in this field have arisen in recent
years, especially with the advent of transgenic mice, In this case,
rodents may be produced to over (transgenic) or under (knockout)-
express proteins thought to play a key part in glucose metabolism
[25,29]. There have been no studies carried out involving natural
products and these models. Certainly, the high costs restrict their
study in sophisticated protocols which explore mechanisms of
potential therapeutic agents that either stimulate pancreatic cell
growth or inhibit pancreatic cell death [31]. Von Herrath and
Oldstone  (1997) [31] infected mice with lymphocytic
choriomeningitis virus (LCMV) to induce IDDM. Similarly, Oldstone
et al(1991) developed a transgenic mouse model that expressed
IDDM by inserting a viral gene in the animal egg stage[32].

In-vitro studies on insulin secretion

Conventional antidiabetic agents can affect several pathways of
glucose metabolism such as insulin secretion, glucose uptake by
target organs as well as nutrient absorption. Recently, incretins
[33], and transcription factors such as peroxisome proliferator-
activated receptors—PPAR are targets of modern therapy. Insulin
receptor, glucose transport ers, however, has not been yet the
focus of antidiabetic therapy. Although few studies using natural
products have been published [34, 35, 37],

Studies using insulin-secreting cell lines

Bioengineered technologies have provided new opportunities to
improve and establish more appropriate cultured cell lines help to
facilitate studies of mechanisms of both insulin secretion and cell
dysfunction, being also the target to the study of natural products.
The most widely used insulin-secreting cell lines are RIN, HIT,
beta-TC, MING and INS-1 cells. These cell lines release mainly
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Diabetes Signs & Symptoms

Type 1l
Hyperglyce mia
Frequent urge to
urinate
Extreme Thirst
Nausea & vomiting
Mood changes
Extreme Tiredness
Blurred vision
Sweating
Trembling
Hunger
Dizziness
Headaches

Type 2

Hyperglycemia
Dry mouth
Extreme Thirst
Vision change
Mood change
Wheight loss in very short
time
Difficult to heal
recurrent infection
Black skin around eye &
knuckles
Bad breath
Frequent bed wetting

N rowsiness

Figure 1 Signs & Symptoms of Diabetes

Table 1 Comparison of Type 1 and 2 Diabetes

Feature Type 1 Diabetes Type 2 Diabetes
Age at onset In children In adults

Onset Sudden Gradual
Body habitus Thin or normal Often obese

Endogenous insulin

Low or absent

Increased , decreased or normal

Prevalence

~10%

~90%
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In-vivo studies models of diabetes mellitus

Alloxan model
of diabetes
mellitus

Streptozotocin

model of diabetes
mellitus

Surgical models
of diabetes
mellitus

Genetic models
of diabetes

Figure 2: In-vivo study models of diabetes

In-vitro studies models of diabetes mellitus

Insulin secretion
diabetes mellitus

Glucose uptake
diabetes mellitus

Models of diabetes
accelerated
atherosclerosis

Figure 3: In-vitro study models of diabetes

insulin and small amounts of glucagon and somatostatin. Although
the behaviour of none of these cell lines perfectly mimics primary
cell physiology, they are extremely valuable tools for the study of
molecular events underlying cell function [37]

Studies using isolated pancreatic islet cell lines

Diabetic rat or mouse that can be obtained by collagenase
diagetion technique followed by adequate separation. These
pathway can be studied with isolated pancreatic p-cells from either
control or & transference to appropriated culture medium [38]. It is
known that insulin secretion occurs when pancreatic cells utilize
glucose to generate adenosine triphosphate (ATP) from adenosine
diphosphate (ADP) [39]. The resulting increase in cytoplasmic
ATP/ADP ratio closes ATP-sensitive potassium channels, causing
depolarization of the plasma membrane, which activates voltage-
dependent Ca2+ channels. This results in elevation of the
intracellular Ca2+ concentration which triggers insulin secretion
[40]. In type 2 diabetes, pancreatic cells exhibit atypical ion channel

activity and an abnormal pattern of insulin secretion [41]. These
pathways can be studied with isolated pancreatic cells from either
control or diabetic rat or mouse that can be obtained by
collagenase digestion technique, followed by adequate separation
and transference to appropriated culture medium [35,36].
Afterwards, the experimental protocol is assayed.

In-vitro studies on glucose uptake

Adipose tissue is considered a key link between obesity and Type
2 diabetes by promoting the development of lipotoxicity, i.e. cell
damage as a consequence of elevated intracellular lipid
concentrations and insulin resistance [41]. Insulin resistance either
at the adipocyte or skeletal muscle levels contribute to
hyperglycemia. However, adipocytes from different sites of the
body may have different biological or pathological effects.
Pathways related to insulin resistance may be studied in cell lines
of adipocytes such as marine 3T3-L1 cells [42] and rat L6 muscle
engineered to over-express GLUT4{43] and may be employed as
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tools to evaluate the effects of natural products upon glucose
uptake.

Models of diabetes accelerated atherosclerosis

Accelerated cardiovascular disease is a leading cause of both
morbidity and mortality in diabetic patients [44]. Aggressive therapy
of dyslipidemia is necessary, since the risk of myocardial infarction
is the same as in nondiabetic patients with previous myocardial
infarction [45]. Currently, rats and mice are the most widely used
models to study diabetes and atherosclerosis. Albeit, diabetic mice
do not exhibit a high degree of atherosclerosis unless
hyperglycemia is associated with severe hyperlipidemia, a fat diet
is also present in these protocols. Models of diabetic nephropathy,
a microvascular complication have also been developed [44,46].

Oral therapeutics for Diabetes Mellitus

The available therapeutic options for diabetes mellitus target
several major sites of action. The pancreas, because it regulates
insulin secretion, is a critical organ in the development of diabetes
mellitus. The liver is responsible for glucose production, making it a
second important target organ in the treatment of diabetes. The
intestine mediates glucose absorption into the body, whereas
adipose tissue and muscle are active in peripheral glucose uptake.
Dysfunction in any one of these organs has been implicated in the
development of diabetes mellitus. In response, a diverse array of
oral therapeutics has been developed. Sulfonylureas, repaglinide,
and nateglinide are insulin secretagogues that stimulate
endogenous insulin secretion from the pancreas [47] and are used
as hypoglycemic agents for the treatment of Type 2 diabetes.

These agents also improve insulin sensitivity as a result of
improved glucose control. The adverse effects of sulfonylureas
include severe hypoglycemia (in the event of an overdose), weight
gain, erythema, and hepatic dysfunction [48]. Repaglinide and
nateglinide, which are meglitinide analogs, decrease ATP-sensitive
K+ conductance in a glucose-dependent manner. They are taken
with meals to prevent postprandial hyperglycemia and to reduce
the risk of long-lasting hypoglycemia. Both sulfonylureas and
meglitinides can induce weight gain [49].

Conclusion

Inspite of the worldwide use of herbs and medicinal plants, the
effective treatment of diabetes with phytochemicals has not been
validated with scientific criteria which may support their substitution
for the current therapy. None of the known single species is exactly
equivalent to human diabetes, but each model act as essential tool
for investigating genetic, endocrine, metabolic, morphologic
changes and underlying aetiopathogenic mechanisms that could
also operate during the evolution of Type 2 diabetes in humans.
The selection of particular animal model is particularly depending
on the investigator's choice whether to use inbred or out bred,
availability of particular strain, aim of scientific strategy, type of
drug being sought, institutional financial and facility resources in
the Type 2 diabetes research and pharmaceutical drug discovery
and development programme.

[4].

Wild S, Roglic G, Green A, Sicree

plastic surgery, Sao Paulo Paulista

References R, King H. ‘Global prevalence of School of Medicine. 2005; pp 2-15.
diabetes: Estimates for the year g .

[1. Gardner D, Shoback D. 2000 and projections for 2030’ [7]. G.ale,. Jason. Indlas. _Dlabetes
‘Greenspan's basic &  clinical Diabetes Care 2004; (5): 1047-53. Epidemic Cuts down Milions Who
endocrinology (9th Ed.)’. New York: Escape  Poverty’.  Bloomberg.
McGraw-Hill Medical. 2011; 17: [5]. Beretta A. ‘Campanha de http://www.bloomberg.com/news/2
443-468. prevencao e  diagnostic  do 010-11-07/india-s-deadly-diabetes-

diabetes realizada pela scourge-cuts-down-millions-rising-

[2]. Klatt EC, Kumar. V. Robbins and UNIARARAS eprefeitura municipal to-middle-class.html.Retrieveds
Cotran  Review of pathology. na cidade de Araras. Laes and June 2012.

Saunders (3)2009; pp148-155 Haes "2001; (131): A188-200. [8]. Global Guideline for Type 2

[3].  Henry M, Kronenberg MD, Shiomo [6]. Macedo CS, Capelletti SM, Diabetes, International Diabetes

Melmed MD, Kenneth S. Polonsky
MD. ‘Wiliams's textbook  of
endocrinology (12th ed.).
Philadelphia:  Elsevier/Saunders.
2011; pp. 1371-1435.

Mercadante CS, Padovani CR,
Spadella CT. ‘Experimental model
of induction of diabetes mellitus in
rats’. Plastic surgery, laboratory of

Atlas www.diabetes
atlas.org/International diabetes
federation 2012.

PAGE |6 | [



Sharma et al. International Journal of Advances in Pharmaceutical Sciences 4 (1) 01-08

[2013]

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

Mohan V, Pradeepa R.
‘Epidemiology of diabetes in
different regions of India’. Health
Administrator. 2009; 22:1-18.

Sarah W, Gojka R, Anders G,
Richard S. Hilary King. Diabetes
Care. 2004; 27:1047-1053.

Mitra A, Bhattacharya D, Roy SJ.
Hum Ecol. 2007; (2):139-147.

Mohan V, Shanthirani CS, Deepa
M, Deepa R, Unnikrishnan RlI,
Datta M. J Assoc of Physicians
India. 2006; 54:113-117.

Ramachandran A, Wan MC,
Snehalatha C. 2010
<WWW.theLancet.com/ Diabetes
in Asia>

Snehalatha, Ramachnadaran.
Insight into the Mechanism of
Primary Prevention of Type 2
Diabetes: Improvement in Insulin
Sensitivity and Beta cell function.
‘Genetic and Epigenetic Basis of
Complex Diseases ‘conference in
Centre for Cellular and Molecular
Biology; December, 2009.

Federiuk IF, Casey HM, Quinn MJ,
Wood MD, Ward WK. ‘Induction of
type 1 diabetes mellitus in
laboratory rats by use of alloxan;
route of administration, pitfalls, and
insulin treatment’. Comprehensive
Medicine 2004; 54: 252-257

Mythili MD, Vyas R, Akila G,
Gunasekaran S.‘Effect of
streptozotocin on the ultrastructure
of rat pancreatic islets’. Microscopy
Research and Technique 2004; 63,
274-281.

Patel R, Shervington A, Pariente
JA, Martinez-Burgos MA, Salido
GM, Adeghate E, Singh J
‘Mechanism of exocrine pancreatic
insufficiency in  streptozotocin-
induced type 1 diabetes mellitus’.
Annals of the New York Academy
of Sciences 2006; 71-88

Rees DA, Alcolado JC. ‘Animal
models of diabetes mellitus’.
Diabetic Medicine. 2005, 359- 370.

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

Lei YC, Hwang JS, Chan CC., Lee
CT, Cheng TJ. ‘Enhanced oxidative
stress and endothelial dysfunction
in  streptozotocin-diabetic  rats
exposed to fine  particles’.
Environmental Research 2005; 99,
335-343.

Yu WJ, Juang SW, Chin WT, Chi
TC, Chang CJ, Cheng J.T. ‘Insulin
restores neuronal nitric  oxide
synthase expression in
streptozotocininduced diabetic
rats’. Life Science 2000; 68, 625-
634.

Masiello P, Broca C, Gross R,
Roye M, Manteghetti M, Hillaire-
Buys D, et al. ‘Experimental
NIDDM: development of a new
model in adult rats administered
streptozotocin and nicotinamide’.
Diabetes 1998; 47: 224-9.

Viana GS, Medeiros AC, Lacerda
AM, Leal LK, Vale TG, Matos FJ.
‘Hypoglycemic and  anti-lipemic
effects of the aqueous extract from
Cissus sicyoides’. BMC Pharmacol,
2004:8: 4-9.

Antia BS, Okokon JE, Okon PA.
‘Hypoglyacaemic effect of aqueous
leaf extract of Persea Americana
(Mill) on alloxan induced diabetic
rats’. Indian J. pharmacol. 2005;
37:325-326.

McNeill JH. ‘Experimental models
of diabetes’. Informa health care.
1990) pp 10-18

Choi SB, Park CH, Choi MK, Jun
DW, Park S. () ‘Improvement of
insulin  resistance and insulin
secretion by water extracts of
Cordyceps  militaris,  Phellinus
linteus, and Paecilomyces tenuipes
in 90% pancreatectomized rats’
Bioscience, Biotechnology, and
Biochemistry’. 2004; 68, 2257-
2264.

Masiello P. ‘Animal models of type-
2 diabetes with reduced pancreatic
cell mass’. The International
Journal of Biochemistry and Cell
Biology 2006; 38, 873-893.

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

Chen D, Wang MW. ‘Development
and application of rodent models
for type-11 diabetes’. Diabetes,
Obesity and metabolism 2005; 7:
307-317.

Wu KK, Huan Y. ‘Diabetic
atherosclerosis mouse models’
Atherosclerosis 2007; 191: 241-
249.

Clee SM., Attie AD The genetic
landscape of type-2 diabetes in
mice’.  Endocrinology  Reviews
2006; 28, 43-83.

Meiton DA ‘Reversal of type 1
diabetes in mice’. The New
England Journal of Medicine 2006;
355, 89-90.

Herrath, MG  Oldstone M.
‘Interferongama is essential for
destruction of beta cells and
development of insulin-dependent
diabetes mellitus’. The Journal of
Experimental medicine.1997; (3):
531-9.

Oldstone MB, Nerenberg M,
Southern P, Price J, Lewicki H.
Virus infection triggers insulin
dependent diabetes mellitus in a
transgenic model: role of anti-self
(virus) immune response Cell’.
1991;65(2):318-31.

Hansotia T, Duckers DJ.‘GIP and
GLP-1 as incretin hormones:
lessons from single and double
incretin receptor knockout mice’.
Regulatory Peptides 2005; 128:
125-134.

Iwashima Y, Abiko A, Ushikubi F,
Hata A, Kaku K, Sano H, Eto M.
‘Downregulation of the voltage-
dependent  calcium  channel
(VDCC) subunit mRNAs in
pancreatic islets of type 2 diabetic
rats’. Biochemical and Biophysical
Research Communications 2001;
280:923-932.

Storling J, Zaitsev SV,‘Calcium has
a permissive role in interleukin-1 _-
induced c-jun N-terminal kinase
activation in insulinsecreting cells’.

PAGE|7| [



Sharma et al. International Journal of Advances in Pharmaceutical Sciences 4 (1) 01-08

[2013]

[36].

[37].

[38].

[39].

Endocrinology 2005;146: 3026-
3036.

Zhao YF, Keating DJ, Hernandez
M, Feng DD, Zhu Y. Long-term
inhibition of protein tyrosine kinase
impairs electrophysiology activity
and a rapid component of
exocytosis in pancreatic cells.
Journal of Molecular Endocrinology
2005; 35: 49-59.

Poitout V, Olson LK, Robertson,
RP ‘Insulin-secreting cell lines:
classification, characteristics and
potential applications’. Diabetes
Metabolism 1996; 22: 7-14.

Gupta RK, Kesari AN, Murthy PS,
Chandra R, Tandom V, Watal G.
Hypoglycemc and  antidiabetic
effect of ethanolic extract of level of
annona  squamora L. in
experimental animals’. Journal of
ethnopharmacology. 2005; 99:75-
81.

Ashcroft FM, Rorsman P.
‘Molecular ~ defects in insulin
secretion in type-2 diabetes’.
Reviews in  Endocrine and

Metabolic Disorders 2004;5: 135—
142,

[40].

[41].

[42].

[43].

[44].

Affourtit C, Brand MD. ‘Stronger
control of ATP/ADP by proton leak
in  pancreatic beta-cells than
skeletal muscle mitochondria’. The

Biochemical Journal 2006;393:
151-159.
Leliott C, Vidal-Puig  AJ.

Lipotoxicity, an imbalance between
lipogenesis de novo and fatty acid
oxidation’. International Journal of
Obesity and related Metabolic
Disorders 2004;28: 22-28.

Karalee JJ, Anderson RA, Graves
DA. Hydroxychalcone derived from
cinnamon functions as a mimetic
for insulin in 3T3-L1 adipocytes’.
Journal of the American College of
Nutrition 2001;20: 327-336.

Maddux BA, See W, Goldfine ID,
Evans JL. ‘Protection against
oxidative stress-induced insulin
resistance in rat L6 muscle cells by

micromolar  concentrations  of
alpha-lipoic  acid’. Diabetes
2001;50: 404-410.

Wu KK, Huan Y. Diabetic

atherosclerosis mouse models’.
Atherosclerosis 2007; 191: 241-
249.

[45].

[46].

[47].

[48].

[49].

Haffner SM, Laakso, M." Mortality
from coronary heart disease in
subjects with type 2 diabetes and
in nondiabeticn subjects with and
without prior myocardial infarction’.
New England Journal of Medicine
1998; 339:229-234.

Breyer MD, Bottinger E, Brosius
FC, Harris RC, Heilig CW, Sharma
K. ‘Diabetic nephropathy: of mice
and men’. Advances in Chronic
Kidney Disease 2005;12: 128-145.

Davies M J. Insulin secretagogues.
Curr. Med. Res. Opin. 2002; 18:22-
30.

Del PS, Marchetti P. ‘Beta-cell
function and anti-diabetic
pharmacotherapy’. Diabetes

Metab. Res. Rev. 2007; 23:518-
527

Purnell JQ, Weyer C.' Weight effect
of current and experimental drugs
for diabetes mellitus:  from
promotion to alleviation of obesity’.
Treat. Endocrinol. 2003; 33-47.

PAGE |8 | [



