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ABSTRACT

Diabetes mellitus is a potentially morbid condition with high prevalence worldwide thus the disease congtitutes a
major health concern. Presently, it is an incurable metabolic disorder which affects about 2.8% of the global
population. The search for compounds with novel properties to deal with the disease condition is still in progress.
This makes the use of experimental models for the disease imperative. The current review has attempted to bring
together all the reported models, highlighted their short comings and drew the precautions required for each
technique. Type-1 diabetes requires insulin treatment, whereas Type-2 diabetes, which is characterized by insulin
resistance, can be treated using a variety of therapeutic approaches. Hyperglycemia is thought to be a primary
factor in the onset of diabetes, although hyperlipidemia also plays a role. The major organs active in the regulation
of blood glucose are the pancreas, liver, skeletal muscle, adipose tissue, intestine, and kidney. The purpose of this
review article is to describe the significance of various animal models available for screening of antidiabetic
activity.

Key words: Animal Model, Diabetes Mellitus, Hyperglycemiagdlrction, type-2 diabetes

INTRODUCTION

Diabetes is a chronic metabolic disorder charazddrby either the insufficient production or thekaf response to
a key regulatory hormone of the body's metaboligmsulin. It can be categorized as Type-1 diabetesulin
dependent diabetes mellitus (IDDM)] and Type-2 diab [non- insulin dependent diabetes mellitus OND].
The overall prevalence of diabetes is approximat&Bs of the population, of which 90% is Type-2 [The disease
is characterized by hyperglycemia, hypercholestena, and hypertriglyceridemia, resulting from a¢$an insulin
secretion or reduced sensitivity of the tissue msulin (insulin resistance) and/or combination afthb
Characteristically, it is a serious endocrine sgnug with poor metabolic control and responsibleifiareased risk
of cardiovascular diseases including atherosclerosnal failure, blindness or diabetic cataraft [2

Experimental induction of diabetes mellitus in aairmodels is essential for the advancement of oomkedge and
understanding of the various aspects of its patfmegie and ultimately finding new therapies and cémimal

models of diabetes are therefore greatly usefulaah@ntageous in biomedical studies because they mfomise
of new insights into human diabetes. Most of thailable models are based on rodents because ofsthall size,
short generation interval, easy availability andremmic considerations. Experimental diabetes rusliis generally
induced in laboratory animals by several methodd thclude: chemical, surgical and genetic (immuogdalal)

manipulations [3]. Type-2 diabetic models inclutie genetically altered Zucker diabetic fatty (ZDB)s, Otsuka
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Long Evans Tokushima fatty (OLETF) rats, Goto Kakiz(GK) rats, spontaneously diabetic Tori (SDT)sra
ob/ob+/+ mice, anddb/db mice, which feature insulin resistance and redeeell mass [4]. The large number of
different models developed for different traits ansufficient characterization of some models mildifficult to
choose the right model for a given study (includipbarmacological screening) and at times leading to
misinterpretation of data or even to the wrong dasions. It is also very important to select appiate animal
model for the screening of new chemical entitie€@Y) and other therapeutic modalities for the ineatt of type 2
diabetes [5].

The aim of the present review is to piece togetlaious experimental models, including Type-1, TFZpwith
emphasis on documented models for secondary coatiplis of diabetes mellitus, to assess the mardsdamerits
of each model and highlight the precautions neddedvoid erroneous results during the applicatiohshese
models.

Animal Models for Type-1 & Type-2 Diabetes

I- Chemically induced diabetes

Chemical agents which produce diabetes (diabetogagent) can be classified into three categoried,iaclude
agents that: specifically damage B3- cell, causepteary inhibition of insulin production and/ or setion and
diminish the metabolic efficacy of insulin in tatdgssue. The following text is summarizes the nisdased on use
of diabetogenic agents.

1) Streptozocin (STZ) induced diabetes:

Streptozocin (STZ) is a glucosamine-nitrosoureapmaumnd that has been in clinical trial since 196Wds formerly
designated streptozotocin, but its name has beertesied by the US Adopted Names Council. A New Drug
Application has been filed with the US Food and doAdministration by The Upjohn Co (Kalamazoo, Mdr f
marketing under the trade name Zanosar. Approvahisfapplication is imminent [6]. STZ induces ditds in
almost all species. Diabetes can be induced by &iér by either by single injection of STZ or byiltiple low
dose injection of STZ. STZ is the most commonlydugrug for induction of diabetes in rats [7].

Intra-venous injection of 60mg/kg dose of streptozm in adult wistar rats causes swelling of paasrfollowed
by degeneration of Langerhans islet beta cellsiaddces experimental diabetes mellitus in the 2ajsd Three
days after degeneration of beta cells, diabetesndaed in all animals. Nicotinamide-adenine dieatide (NAD)
in pancreas islet beta cells and causes histopagital effects in beta cells which probably intediages induction
of diabetes [8].

While rodents have been extensively used as thmahripecies, other animals have also been utilired. study,
the induction of diabetes in New Zealand male rablias accomplished by single intravenous injectidn
streptozotocin (65mg/kg body weight). The study wesesigned to investigate the biochemical and
histomorphological changes occurring due to stegticin-induced diabetes mellitus in rabbits [9].

Insulin-mediated glucose metabolism has investijatestreptozotocin (STZ)-treated diabetic pigexplore if the
STZ-diabetic pig can be a suitable model for insudisistant, type-2 diabetes mellitus. This studlyctuded that a
slow infusion of STZ (130 mg/kg) in pigs on a loat-fdiet induces the characteristic metabolic abmaditids of
type-2 diabetes mellitus and its sensitivity tol areetformin therapy. It is therefore a suitable famoid animal
model for studying different aspects of metabolharmges in type-2 diabetes mellitus. Insulin resistain STZ-
diabetic pigs is most likely secondary to hypergiyéa and/or hyperlipidemia and therefore of metabotigin
[10].

Streptozotocin (STZ), preferentially toxic to pageic beta cells, is commonly used to model Typdigbetes
mellitus (DM) in numerous species, including nonlammprimates. A study diabetes mellitus was indunedervet
monkeys Chlorocebus aethiops) by intravenous administration of either 45 (n,=S§Z-45) or 55 mg/kg STZ (n =
12, STZ-55) and ten control (CTL) monkeys receigaline. Exogenous insulin requirements increaspitisafor
four weeks; STZ-45 insulin dose stabilized themafthile STZ-55 doses continued to increase thrdl@jlveeks.
Glucose tolerance testing and arginine-stimulatsdlin secretion confirmed 80-90% reduction in peatic beta
cell function in both groups. Body weight was reeldiéin all STZ monkeys, with return to baseline anlysTZ-45
at 16 weeks. Elevated blood urea nitrogen and ioieat levels were noted in the STZ-55 group. Alkali
phosphatase also increased with STZ-55 (p < 0.@&usecontrol) whereas STZ-45 alkaline phosphatbseation
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was resolved by the end of the study. Red cellmaters were reduced in all STZ monkeys, but moverséy in
the STZ-55 group. This model demonstrated thatedésbmellitus can be induced and maintained ineterwith a
single dose of STZ. The lower dose of STZ (45 mp#ignificantly improved the toxicity profile witha altering
efficacy in inducing diabetes mellitus. Finally,ffizient time following induction is recommended tesolve
transient renal, hepatic and hematologic paramgtéts

Severe IDDM (insulin-dependent diabetes mellitugp tbeen produced in the musk shreSun¢us murinus,
Insectivora) by a single high dose intraperitoneal injectiéri®0 mg/kg body weight) of STZ injection. The dafa
this model indicated that the IDDM in shrew, indddgy high doses of STZ, is a unique model charaetérby
fatty liver and hyperlipidemia and may be usefut &udying lipid metabolism of IDDM [12]. Literataralso
reports STZ induced diabetes cattle, cows in a dizgeof 75-150 mg STZ per kilogram of body weigkiternative
dosages and methodologies should be consideredurefto induce diabetes in cattle using STZ [13].

(A) Neonatal Streptozotocin induced diabetes rat modéh-STZ)

The n-STZ model (with alteration of dose and daySd¥Z injection) exhibits various stages of Typeidbetes
mellitus such as impaired glucose tolerance, and, mioderate and severe glycemia [14]. Single dds&TZ 100
mg/kg i.p.; to the one day old pup and 120 mg/ggtp the two, three, or five day old pups indudiebetes. Th@
cells in n-STZ rats bear a resemblance to inswdgretory characteristics found in patients with &pdiabetes
mellitus. Thus the n-STZ model can be considereohasof the suitable animal models of Type-2 diebetellitus
[15].

(B) Nicotinamide-Streptozotocin (NAD-STZ) induced dabetic model

This model has the advantage of the partial primiectxerted by suitable dosages of nicotinamidenagjahe -
cytotoxic effect of streptozotocin (STZ) to createew experimental diabetic syndrome in adult tlaé$ appears
closer to NIDDM than other available animal modelgh regard to insulin responsiveness to glucosd an
sulfonylureas. Among the various dosages of niemtiidle tested in 3-month-old Wistar rats (100-35@kendpody
wt), the dose of 230 mg/kg, given intraperitoneall$ min before STZ administration (65 mg/kg i.yiglded
moderate and stable non-fasting hyperglycemia #5% vs. 121 + 3 mg/dl in controls; P < 0.05) and#0
preservation of pancreatic insulin stores in maximanimals [16]. Non insulin dependent diabetes itnsl|
(NIDDM) was induced by a single intraperitoneakictjon of STZ (60mg/kg) and NAD (120mg/kg) to ratAD is
an antioxidant which exerts protective effect oa tiytotoxic action of STZ by scavenging free raldieand causes
only minor damage to pancreatic beta cell massymiad type-2 diabetes. Therefore, this model insae an
advantageous tool for investigation of insulinotocoggents in the treatment of type-2 diabetes [17].

(C) Sucrose-challenged streptozotocin-induced diabe rat model (STZ-S)

This model screened in vivo antidiabetic activity sucrose loaded model (SLM) male albino rats. rigba
Foster/Wistar strain rats of average body weighl 380 g weight were used. STZ dissolved in 100 witvhte

buffer, pH 4.5 and calculated amount of the fredhton was injected intraperitoneally to overnidgasted rats (60
mg/kg). Blood glucose levels were checked 48 I layeglucostrips and animals with blood glucoseuealbetween
144 and 270 mg/dl (8—15 mM) were considered asetigbA sucrose load of 2.5 g/kg body weight wasegi 30

min later. Thirty minutes post sucrose load, blghtatose levels were again checked by glucostrifg0a60, 90,
120, 180, 240, 300 min and at 24 h, respectivehinfals not found diabetic after 24 h post treatnunthe test
sample were termed as non-responders. The aniwiailsh did not show any fall in blood glucose profitea group

while the others in that group, showed fall in lhaglucose profile have also considered as non- nefgpe. Food
but not water has withheld from the cages durimgetkperimentation [18].

(D) Low dose STZ with high fat diet-fed rat model

The model replicates the natural history and metabadi@racteristics of human type-2 diabetes and & si#able
for pharmacological screening. The rats are admeréd high-energy diet of 20% sucrose and 10%d&rdg with
single injection of STZ (30mg/kg body weight). Aft¢ weeks changes in body weight are recorded ewveld of
glucose, TG, TC, LDL in serum are analyzed by séaddnethods. The results suggested that a comtrnatilow
dose STZ and high-energy diet intake can effegtiireduce type-2 diabetes by altering the relatetegexpressions
in major metabolic tissues [19, 20].
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2) Alloxan induced diabetes:

Alloxan is also called as mesozalylurea, mesoxatplamide 2, 4, 5, 6-tetraoxohexa hydropyrimidine or
pyimidinetetrone. It is a uric acid derivative aischighly unstable in water at neutral pH, but ceebly stable at
pH 3. Alloxan generates reactive oxygen species égclic redox reaction with its reduction produtigluric acid.
Autoxidation of dialuric acid generates superoxiadicals, hydrogen peroxide and, in a final irotabsed reaction
step, hydroxyl radicals. These hydroxyl radicaks @timately responsible for the death of the loetés, which have

a particularly low antioxidative defence capac#tyd ensure state of insulin-dependent alloxan tkalj&1].

The remarkable discovery of alloxan diabetes cabueitabetween a professor of pathology and an afipeewho
was foisted on him. The Professor (J. Shaw Dund) &difetime behind him largely dedicated to stsdim the
kidney and particularly reno-tubular necrosis. Taygprentice (McLetchie), despite overburdening duténd
discouragement against endocrine research in wartigeveloped a passion for endocrine investigatto@olonel
Sheehan (later to be enshrined in Sheehan's syefliona brief wartime collaboration with the apgrea left him
with a vivid description of hypoglycemia associateith post-partum pituitary necrosis. The apprentsaw this
behavior paralleled in rabbits which had been gialtoxan in a vague belief that it would furtherrirae research
on the Crush Kidney syndrome, and so, alloxan déesbe/as born [22]. The dose of alloxan varies wlifferent
species of animals like rat 40-200mg/kg i.v or,irmpice 50-200 mg/kg i.v or i.p., rabbit 100-150 kypi.v. and for
dogs it is 50-75 mg/kg i.v. [23]. Alloxan causeiptiasic response in animals Stage |-early hypeeghya of short
duration (about 1-4 hr) due to a sudden short gstiecrease or cessation of insulin release anectdir
glycogenolytic effects on the liver. Stage ll-hyglgremia phase lasting up to 48 hrs and often tiegulin
convulsion and death. Stage lll-chronic diabetiagghconsequence of insulin lack histologically anfew - cells
if any are detectable in animals with fully deveddpalloxan diabetes. Exogenous insulin readilyorest normal
blood glucose levels [24].

Another study investigates histopathological abraities due to prolonged alloxan-induced diabetedlitas in

rabbits. Diabetes mellitus was experimentally iretuidn New Zealand white male rabbits by intrapesis

administration of four doses of alloxan as 80 mghaly weight at weekly intervals following 12hr fiag.

Histomorphological alterations were recorded fangraas, kidneys, lungs, heart and brain in dialvatibits. With
the progress of untreated diabetes, the histoanedbterations intensified and extended to almadsbrgans of
the body. However, mild changes were observed strgiatestinal tract with proliferation of yeasttime stomach
indicating an increase in the susceptibility oftgasmucosa to yeast cell proliferation [25].

Another investigation reports contrasting effedtalloxan and magnesium on plasma free fatty aridsts. The
study used 28 rats that received alloxan (120mgdfitgaperitoneally and plasma glucose level measarg after 72
hours demonstrated diabetes induction. Analysipla$ma free fatty acids showed a significant ineee@51.25
mM), compared to the control group (286.68 mM).clntrast, the red blood cell-magnesium level showaed
significant decrease from 7.18 mg/dL in controlgrao 4.89 mg/dL in diabetic rats. The results fed study
showed an inverse relationship between plasmdditgeacids and red blood cell- magnesium in digbeandition.
Thus analysis of red blood cell- magnesium uponudtion of diabetic condition could provide importan
information for management of diabetes [26].

3) Goldthioglucose obese diabetic mouse model:

Type-2 diabetes with obesity can be induced in rhicentraperitonial injection of goldthioglucose TG) in a dose
of 150-350 or 200 mg/kg. The animal gradually depsl obesity, hyperinsulinaemia, hyperglycemia, linsu
resistance over a period of 16- 20 weeks after @Gj&tion. The GTG is transported in particularthe cells of
ventromedial hypothalamus and causes necroticriesishich subsequently are responsible for theldpueent of
hyperphagia and obesity. It also increases bodd,libepatic lipogenesis and triglyceride secretimtreased
adipose tissue lipogenesis and decreases glucdasdatiem in muscle, abnormalities that are qualigdy similar
to genetically obese micel ob). In addition, it exhibits many molecular defeatsrelation to insulin signaling
pathways injection [27, 28].

4) Atypical antipsychotic-induced diabetic model:

Besides the therapeutic improvement over first-ggign antipsychotics, the fact that prescriptidnatypical
agents is also associated to the emergence ofesewveabolic derangement in patients is not a mysteymore.
These include glucose deregulation, insulin resga hyperlipidemia, weight gain and hypertensiwhich put
patients at increased risk of cardiometabolic dists. The relationship between diabetes and awctipsiz drugs
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requires a careful analysis [29]. Patients withizgbhrenia are known to suffer from diabetes mdtenothan the
general population.

In this series one study has been investigateditiizetogenic effects of a spectrum of antipsyckotioth atypical
and typical. Healthy animals have treated acutéth wlozapine (10 mg/kg), olanzapine (3.0 mg/kigperidone
(1 mg/kg), ziprasidone (3 mg/kg) or haloperidoR®mg/kg) and tested using the hyperinsulinemidysegnic and
hyperglycemic clamp procedures. Clozapine and algime had a rapid and potent effect on insulinitieitg by
lowering the glucose infusion rate and increasiegdtic glucose production. Both clozapine and @pime, as well
as risperidone, decreased peripheral glucoseatidiz. Neither ziprasidone nor haloperidol hadgaigicant impact
on insulin sensitivity. In the hyperglycemic clangipzapine and olanzapine impaired beta cell famcts reflected
by a decrease in insulin secretion. Results conflrat antipsychotic medications have an immediatpaict on
metabolic parameters and the various atypical sythmtics differ in their propensity to acutely iroé metabolic
side effects [30].

5) Miscellaneous chemical diabetogenic animal modgel

Dithizone induced diabetes model have been usegharmacological aspects. Organic agents (8-(p-telue
sulfonylamino) quinoline) react with zinc in islet Langerhans causing destruction of islet cefid producing
diabetes. Dithizone injection at a dose level 0f260 mg/ kg will produce triphasic glycemic reaatidnitial
hyperglycemia will be observed after 2h and normoghia after 8h, which persists for up to 24 h. iAga
hyperglycemia is observed after 24-72 h which l&stsonger period of time [31].

Another study describes ttedfect of sirolimus on cyclosporine -induced paatic islet dysfunction in rats. The
sirolimus treatment increased blood glucose comataoh in a dose-dependent manner. The combinednient
with sirolimus and cyclosporine increased bloodcgke concentration, hemoglobin Alc level, HOMA#&s{ing
insulin (mU/mL) fasting glucose (mmol/L) /22.5] iexl and decreased plasma insulin concentration,
immunoreactivity of insulin and pancreatic betatiglell mass compared with rats treated with cymadse A. The
results of the study demonstrated that sirolimudiabetogenic and aggravates cyclosporineA-indyszettreatic
islet dysfunction [32].

Cyclophosphamide -accelerated model of diabeteslsasbeen reported. Cailleatial evaluated the role of ILAL

in the cyclophosphamide-accelerated model of désbeNon-diabetic male mice injected with 200 mg/kg
cyclophosphamide were treated twice weekly with-Anfi 3 Ab. In contrast, only 34% of mice treated with®.2
mg of anti-IL- I3 Ab became diabetic [33].

II- Surgically induced diabetes-

This method consists of complete or partial parieamy in animals used for the induction of typerltype-2
diabetes respectively. Historically, the diabetiegdmodel discovered by Oskar Minkowski through &aly
complete pancreatectomy has been considered teelfest animal model of diabetes and is rarely ns&d for the
investigation [34]. Few researchers have employésl model to explore effects of natural productthvanimal
species such as rats, pigs, dogs and primate8§3S-However, partial pancreatectomy and/or contimnamethods
on animals particularly non rodents are at timélizet in the diabetes investigation for some sfieatudies as
described below.

1) Duodenal-jejunal by pass non-obese T-2 DM:

This model has been shown to reverse type-2 dial§&t2 DM) in Goto-Kakizaki rats, a rodent modelnain-obese
T-2 DM. Sham operations have been performed in ®atkizaki and non-diabetic Wistar-Kyoto rats. Tweeks
post-duodenal-jejunal bypass, oral glucose toleramas measured and after three weeks insulin-imdsgmnal
transduction and glucose disposal was measurdcelatal muscle. The study proved that bypassingeproximal
small intestine does not increase skeletal mudaleoge disposal. The lack of skeletal muscle instdsistance in
Goto-Kakizaki rats questions whether this animatieiés adequate to investigate the etiology anatitnents for T-
2 DM. Additionally, bypassing of the foregut madeto different findings in other animal modelsTe2 DM as
well as in T-2 DM patients [37].

2) Non obese partial pancreatectomized diabetic amials:
Partial pancreatectomy in animals performed asr790oper cent (usually 90%) dissection of panciess been
reported in various animal species namely in dp@s, rabbit and also rats [38, 39]. An animal midadevhich part
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of the pancreas has made diabetic due to almadtlass of insulin-secreting B cells, while the egnder of the
gland remained normal has also been reportedblvitsa a vascular clamp is placed across the jonaif the body
and tail of the pancreas, thus occluding the catooh to the tail. Alloxan (200 mg/kg) was injected and 4 min
later dextrose (0.5 g/kg) was given by same rodir 2 min the clamp was removed. 50% of the aténdéed in

the first postoperative week of surgical compliocas or of alloxan-induced toxicity to the liver akidneys. The
survivors were killed between 4 and 12 weeks &ftegery and were not metabolically diabetic. Thag kirtually

a complete absence of B cells but a normal pomuatf A, D, and PP cells in the head and body efghancreas.
The islets in the tail of the pancreas appearenlegnnormal. This model is considered suitable $ardying the
effects of locally produced insulin on pancreatimaine function in metabolically normal animalsOJ4 he

experimental design permits evaluation of the cammgloeffectiveness on both resistance and secretimsulin.

The use of pancreatectomy in combination with cleairagents, such as alloxan and STZ, producebke $tam of
diabetes mellitus in animals. The combination thgr@duces the organ damage associated with chieimilcection
and minimizes the interventions, such as enzymelsomgntation, necessary to maintain a pancreatéztdm
animal [41]. Recently, another model on stable fafnype-2 diabetes has been introduced by combimatf 50
per cent partial pancreatectomy along with NAD (85@'kg) and STZ (200 mg/ kg) treatment in Balb/cenj42].

Additionally, VMH dietary obese diabetic rat hasehedeveloped by experimental surgical manipulatdn
genetically normal animals without the reductionpancreatic beta cell mass, resembling type-2 tkabdy
combining bilateral electrolyte lesion of VMH aneefling the high fat and high sucrose diet to thimaln It is
characterized by marked obesity, hyperinsulinaernigertriglyceridaemia, insulin resistance, impadiglucose
tolerance, moderate to severe fasting hyperglycaemd defective regulation of insulin secretoryogse despite
extremely high insulin secretory capacity. It igeiresting that significant hyperphagia is obsemespite increased
leptin levels (leptin resistance) in the VMH leséorats [43].

Limitations to surgically induced diabetes inclukigh level of technical expertise and adequate isargoom
environment, major surgery and high risk of anirmdéction, adequate post-operative analgesia attithiatic
administration, supplementation with pancreaticyemes to prevent malabsorption and loss of pancreatinter
regulatory response to hypoglycemia.

Ill- Genetically induced diabetic animal model-

Spontaneous diabetic animals of type-2 diabetes Ipeapbtained from the animals with one or seveealegjc
mutations transmitted from generation to generaf]mg. db/db mice) or by selected from non-diabetit bred
animals by repeated breeding over several gener@B rat, Tsumara Suzuki Obese Diabetes mouse]. These
animals generally inherit diabetes either as simglenultigene defects as seen in Kiouse, db/db mouse, or
Zucker fatty rat. The metabolic peculiarities résubm single gene defect (monogenic) which maydoe to
dominant geneg(g., Yellow obese or KK/A mouse) or recessive genalieiic or db/db mouse, Zucker fatty rat) or
it can be of polygenic origireg., Kuo Kondo (KK) mouse, New Zealand obese mousgpeT2 diabetes occurring
in majority of human beings is a result of intefactbetween environmental and multiple gene defdusigh
certain subtype of diabetes do exist with well defi causei [e.,, maturity onset diabetes of youth due to defect in
glucokinase gene] and this single gene defects caage type-2 diabetes only in few cases. Therefmiggenic
animals represent the human condition more closbn compared to monogenic animals [44, 45].

1) Zukker Diabetic Fatty Rat:

These arose from the inbreeding of a substraim/@ {leptin receptor-deficientats that exhibited hyperglycemia.
Zucker diabetic fatty rat is associated with disiapof normal islet architecture, 3-cell degratiol®, and increased

3-cell death. In this strain all animals develogsity, insulin resistance and overt NIDDM betweesnd 10 weeks

of age, by which time their average plasma glueoeeeds 22 mM [46].

Another study has evidenced that the Male Zuckaebetic fatty (mZDF) rats spontaneously develop #pe
diabetes, whereas females become diabetic whenwfdd diabetogenic high-fat diet (HF-fZDF). The syud
investigated if the differences in liver functioosuld provide clue to this sex difference. Non-éiéd obese fZDF

rats were compared with either mzZDF or HF-fZDF tbeir hepatic molecular profiles, to single out gbo
components that might be protective in the femalds work proved that the hepatic sex differenceghim

contribute to the sex-based development of diabiBtEDF rats [47].
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However, Zucker diabetic fatty rat, with a mutatiarieptin receptors, may be a good choice foryhglimpaired
wound healing. Zucker diabetic fatty rat's exhibitpairments in wound-size reduction, inflammatoegponse,
tissue organization, and connective tissue turnewel are thus proposed as a new model for studgipgired
repair [48].

2) Goto-Kakizaki rat:

The Goto-Kakizaki (GK) rat offers a genetic modéltype-2 diabetes and displays profoundly defectisulin
secretion leading to basal hyperglycemia and ielyidsed for studying type-2 diabetes. The GK agbolygenic
model of type-2 diabetes was establishedsbto and his collaborators through selective inbreedifiVistar rats
with abnormal glucose tolerance repeated over abgmmerations in Japan in 1973. It is charactdrizg non
obesity, moderate but stable fasting hyperglycagrigpoinsulinaemia, normolipidaemia, impaired gkeo
tolerance which appears at 2 weeks of age in athas and an early onset of diabetic complicatidtmwever, the
morphological characteristics of the pancreatietsslof Langerhans in GK rats are not fully undergt$49].
Momoseet al have been reported GK rats using immunohistochedraied electron microscopic techniques. GK rats
were killed at 7, 14, 21, and 35 weeks of age.cBtral islet changes were not observed in 7 weéksawimals.
However, animals of 14 and 21 weeks age GK rasplalyed histopathological islet changes. The gésbepe of
islets became irregular, and immunoreactiong-oélls against anti-insulin appeared diffusely weadd. Electron
microscopy revealed that the number of so-caflegtanules decreased and the number of immatureulgan
increased. The Golgi apparatusftells was developed and the cisternae of rouglo@admic reticulum were
dilated, indicating hyperfunction of the cells. $hitudy suggested that insulin deficiency in Gk fatnot caused
by simple dysfunction and/or degeneratior-afells but rather by more complicated events witlehs [50]. GK rat
is one of the best characterized animal models teledtudying the relation of changes in beta ceflss and
occurrence of type 2 diabetes and diabetic contpics (particularly diabetic nephropathy). Howevenly very
few studies on drug testing using this model haaentreported in the literature [51].

3) LEW.1WR1 rats:

Mordes, J.Ret al have reported a novel rat model of autoimmune dégbthat arose in a major histocompatibility
complex congenic LEW rat. Spontaneous diabete€EM/11WR1 rats (RT4“d occurs with a cumulative frequency
of ~2% at a median age of 59 days. The disease is athered by hyperglycemia, glycosuria, ketonuriagd a
polyuria. The study explored that the islets oftalyudiabetic rats are devoid @fcells, whereasi- and 3-cell
populations are spared. The peripheral lymphoidptype is normal, including the fraction of ART2gulatory T-
cells. The LEW.1WR1 rat is also susceptible toag#ih-induced arthritis but is free of spontanebymsotditis. The
LEW.1WR1 rat provides a new model for studying @amtoune diabetes and arthritis in an animal witheaegic
predisposition to both disorders that can be amepliby environmental perturbation [52].

4) NONcNZO10 mouse:

The NZO strain is a polygenic model of obesity afidbetes obtained by selective inbreeding over ragve
generations with the parents selected for theiuigmat color. It exhibits a polygenic syndromehyperphagia,
obesity, mild hyperglycaemia, hyperinsulinaemiap&ined glucose tolerance and insulin resistancelyBeeight
rises rapidly during first 2 months of life due hgperphagia. Hyperleptinaemia and leptin resistamcigh may
account for hyperphagia, have been reported in R¥€2, a mouse model of the metabolic syndrome [BBEsity
in NZO mice develops independent of the dietaryase or fat content, and of the fat quality. Howetee dietary
fat content accelerates the onset of diabetes utitashancing adiposity [54]. Reduced glycogenisyse activity
in liver has been considered as a primary earlgaeh causation of diabetes [55].

5) C57BL/6J mice:

Type-2 diabetic model by simply feeding high faédeto non obese, non diabetic C57BL/6J mouse swai
initially developed in Japan and is now availaliglackson laboratory, Bar Harbor. It is charactstiby marked
obesity, hyperinsulinaemia, insulin resistance gludose intolerance [56]. In addition, they exhitiarked fasting
as well as basal hyperglycaemia in contrast to ablrasal glucose level seen in C57BL/6J (ob/obem@57BL/6J
(B6) mice develop severe obesity and diabetes #&nwd onto high-fat diets, whereas A/J mice tenbet@besity
and diabetes-resistant. B6 mouse the severityaifeties is a direct function of obesity and diabeteompletely
reversible by reducing dietary fat [57]. Furthés, usefulness for drug testing has been reportékeititerature as
these mice treated with orally active inhibitordipeptidyl peptidase-IV (LAF237) are shown to han@malized
glucose tolerance in association with augmentedimsecretion [58].
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6) Kuo Kundo mice:

Kuo Kondo(KK) mice is polygenic model of obesitydatype-2 diabetes produced by selective inbreeftinghe
large body size in Japan, also named as Japanesad(ike. These animals are hyperphagic, hyperirsriic,
insulin resistant and show moderate obesity by athmof age, which attains maximum at 4-5 monthsulin
resistance precedes the onset of obesity [59]. Kikemice develop chemical diabetes preceded by gests
prediabetes and also demonstrate renal, retinal nenglologic complications similar to those seenhitman
diabetes. Reddit al have reported that the KK mouse serves as an ggeedtic animal for the study of non-insulin-
dependent diabetes mellitus and its complicatiomrs r&tional prevention and therapy [60]. The inseean
pancreatic insulin content is associated with iaseein number and size of pancreatic islets bublbiically
degranulation of beta cells and hypertrophy oftsskere found. There is selective failure of insutinsuppress
gluconeogenic pathway, while exerting its inductéféect on glycolysis and lipogenesis as seen patie insulin
resistance oflb/db mouse [61].

7) Tsumara Suzuki Obese Diabetes mice:

By selective breeding of obese male mice of dd¥istrTsumara and Suzuki described the two inbnesdnst, one
with obesity with increase in urinary glucose nami&OD (Tsumara Suzuki Obese Diabetes) and othdroutt
them (TSNO, Tsumara Suzuki Non Obese). TSOD mausg&polygenic origin and characterized by polydipgnd
polyuria at about 2 months old only in male miciofeed by hyperglycaemia and hyperinsulinaemia [6lje

TSOD mouse has been established as an inbred sithispontaneous development of diabetes meltituthe first
clinical signs of diabetes. Following these sympgoabesity gradually develops until about 12 mordlts In

histopathological examination of the pancreas, evg/pertrophy of pancreatic islets was observed tu
proliferation and swelling of B cells. It has begmwn that the TSOD mouse similar to NIDDM in husatie
TSOD mouse should be a useful model for the pathioggudy of diabetic complications, especiallypefipheral
neuropathy [63].

8) db/db mice:

The db/db (diabetic) mouse (now relabeled as™fpjx originally derived from an autosomal recessivatation on
chromosome 4 in mice of C57BL/KsJ strain origingtinom Bar Harbor, Maine .The mutation in this ditb
animal was traced to db gene, which encodes folejptin receptors. These mice are spontaneouslgrpyagic
insulin over secretors becoming obese, hyperglycaedmperinsulinaemic and insulin resistant witfinst month
of age and develop hypoinsulinaemia, hyperglycadatex with a peak between 3-4 months of age [B#iJmals
then exhibit ketosis, progressive body weight imsd do not survive longer than 8-10 months [45]ddbmice have
been commonly and extensively used for the invastg of type-2 diabetes/diabetic dyslipidaemia dad
screening of agents such as insulin mimetic angdimsensitizers [65].

It is reported that the platelet function and cdatjon not similar in db/db and ob/ob mice. Do demonstrate a
hypercoagulable state similar to humans with typkabetes [66].

9) Obese rhesus monkey (Macaca mullata):

Obese rhesus monkey, an excellent non rodent numl@lops obesity, hyperinsulinaemia and insulinstasce
when maintained oad libitum laboratory diet, which gradually progresses to osisrof beta cells, severe fall in
insulin levels and overt hyperglycaemia over ageof several years. Unlike conventional rodent etedhe final
secretion loss is interestingly associated withod@n of amylin/amyloid in beta cells and the dipment of
diabetic complications similar to human type-2 @i#s. Pioglitazone has been demonstrated to imprsdin
resistance in obese rhesus monkeys [67, 68].

IV- Virus induced diabetic animal model-

There is a consensus among epidemiologists thatdhiewide incidence rate of type-1 diabetes hamnbrising in
recent decades. The cause of this rise is unkndwh,epidemiological studies suggest the involvemeit
environmental factors, viral infections in partiaulNew evidence from animal models supports theothesis that
viruses induce disease via mechanisms linked wittate immune up regulation. In the Bio Breedinghigtas
Resistant rat, infection with a parvovirus induistst destruction via up regulation of the tolldikeceptor 9 (TLR9)
signaling pathway [69]. Viruses produce diabeteflitme by destroying and infecting pancreatic begdls. A less
infecting or cytologic variant produces a compasadhmage by eliciting immune auto reactivity to ftheells.
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Various human viruses used for inducing diabetexlugde RNA picornoviruses, Coxackie B4,
encephalomylocarditis (EMC-D and M variants), Met&Jq reovirus, and lymphocytic choriomeningitis [7a].
Data from retrospective and prospective epidemioldgstudies strongly suggests that enterovirusesh as
coxsackie virus B4 (CV-B4), may be associated wita development of T-1D. It has also been shown tha
enterovirus infections are significantly more pilewa in at-risk individuals such as the siblingsdaibetic patients,
when they develop anfi-cell autoantibodies or T-1D, and in recently dieggd diabetic patients, compared with
control subjects. The isolation of CV-B4 from thangreas of diabetic patients supports the hypathetia
relationship between the virus and the disease [72]

Furthermore, studies performed in vitro and in vira@animal models have increased our knowledgdefrole of
CV-B4 in T1D by helping to clarify the pathogenie@ahanisms of the infection that can leag+rell destruction,
including direct virus-inducef-cell lysis, molecular mimicry, bystander activatiand viral persistence. The role of
enteroviruses as the sole agents in T-1D, and asatdink between these agents and T-1D, have nbbgen
established, although arguments that support suckedor these viruses in the pathogenesis ofitkease cannot
be ignored [73].

V- Oral glucose loading animal model-

This method is often referred to as physiologicaluiction of diabetes mellitus because the bloodage level of
the animal is transiently increased with no dantagbe pancreas. In the clinical setting, it is\mnaas Oral glucose
tolerance test has been widely used for the diagmésmpaired glucose tolerance, diabetes melkitod gestational
diabetes. Simultaneous measurements of plasmasglumod insulin (or more rarely C-peptide) levelsvalto
derive indices of insulin secretion and insulin Sevity that are helpful for the understanding di$turbances in
glucose metabolism and, especially, for the preaticof progression from normal glucose tolerancempaired
glucose tolerance or type-2 diabetes. Certain @gliquite simple, may be used in clinical prac{i@gsulinogenic
index" to assess early insulin secretion, Matsadax to assess insulin sensitivity) while othersrercomplex (and
most often based on modelling procedures), arengalig used in research. The oral disposition ide recently
introduced marker that integrates insulin secreteomd insulin sensitivity, raises increasing intgremore
particularly for the prediction of type-2 diabef@d].

Another study has reported highest possible reduoctif causes of individual variability, at deteration of
diagnostic value of different intravenous and @laicose loads and at comparison of diagnostic vafug GTT
and oral GTT after the same load. The authors fiiestormed iv GTT with 1 g glucose per kg body masd oral
GTT with 1, 2, 4 g/kg in normal (non anaesthesizet)lt (F 6-7) inbred rats and mice and then requktiese tests
with the same loads and the same rats and micedafdrent extent of B-Cell lesion after i.v. allax injection.
Results showed that for unmasking of latent ("clvaftj diabetes a higher load (4 g/kg orally) wasessary and
that the assimilation constant of iv GTT was diabetrlier than the criteria of oral GTT after efjoeal load (1
g/kg) and that for the diagnosis of early stagesliabetes not only absolute values of GTT curvesalso their
form are important [75].

VI- Insulin Antibodies-induced diabetes

Bovine insulin along with CFA to guinea pigs prods@nti-insulin antibodies. Intravenous injectié®@5-1.0 ml
guinea pig anti-serum to rats induces a dose depmikcrease in blood glucose levels up to 300 mJhds effect
is due to neutralization of endogenous insulinrsulin antibodies. It persists as long as the adids are capable
of reacting with insulin remaining in the circulati. Large doses and prolonged administration aterapanied by
ketonemia, ketonuria, glycosuria and acidosis [76].

VII- In-vitro models for diabetes-

The need for alternative strategies for the prewardand treatment of diabetes is growing rapidlyyge-2 diabetes

is reaching epidemic status in our society. Thisdneas the basis for the creation of this studyt ass necessary

to start looking towards medicinal plants as pa&trantidiabetic treatment and no comprehensiveitro model
existed. Techniques for studying hypoglycaemicvégtiin-vivo employ animals with normoglycaemia or induced
hyperglycaemia, as well as diabetic humahs.vivo bioassays are essential to prove the value of new
hypoglycaemic agents, however, animal tests rengtalively little about the specific mechanismsaction of the
compound, and it is evident that there are a greaty mechanisms by which blood glucose levels neaseduced
[77].
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The lack of perfect models for type-2 diabetes,pbed with financial restrictions on obtaining andintaining
animals, and social restrictions on extensive usanimals in experimentation, indicate that a mpractical
approach would involve a series of vitro prescreens before testing a potential new hypaglyic agent in
animals. Manyin vitro techniques have been developed to elucidate thiedvanechanisms of action of
hypoglycaemic agents discoveredihyivo bioassays. Three aspects of the hypoglycaemionespare commonly
studiedin vitro: insulin release from the pancreatic islets, gegipl insulin binding and glucose uptake, and &fec
on hepatic enzymes [78-82].

Table-1 The doses of various chemical diabetogemsdifferent species

Chemicals Species  Dose (s) (in mg/kg)  References

> Alloxan Rat 40-200 (iv or ip)* 7,24,53
Mice 50-200 (iv or ip) 7,53
Rabbit 100-150 (iv) 9,53
Dog 50-75 (iv) 23,53

> Streptozotocin  Rat 35-65 (iv or ip) 8,53
Mice 100-200 (iv or ip) 27,53
Hamster 50 (ip) 8
Dog 20-30 (iv) 4,6,7
Pig 100-150 (iv) 10,53
Primate 50-150 (iv) 11,5t

* v (intravenous)
*ip (intraperitoneal)

Table-2 Advantages and disadvantages of differentitegories of diabetic animal models

Model Category

Advantages Disadvantages

» Chemical

induced
animals

diabetic

» Surgical induced
diabetic animals

» Genetically
induced diabetic
animals

« Selective loss of pancreatic beta cells (AlloxaZpT

leaving other pancreatic alpha and delta cellsinta  « Hyperglycemia develops primarily by direct cytotmxiction
« Residual insulin secretion makes the animals liven the beta cells and insulin deficiency rathentbansequence
long without insulin treatment. of insulin resistance.

« Ketosis and resulting mortality is relatively less.  « Variability of results on development of hyperglyua is
» Comparatively cheaper, easier to develop angkerhaps high.

maintain. « Diabetes induced by chemicals is mostly less stabi at
« Avoids cytotoxic effects of chemical diabetogens otimes reversible because of the spontaneous rem@reof beta
other body organs. cells. Hence, care must be taken to assess theeasincbeta
+ Resembles human type-2 diabetes due to reduceel! function during long-term experiments.

islet beta cell mass. « Chemical produce toxic actions on other body orgensvell

« Development of type-2 diabetes is of spontaneolssides its cytotoxic action on beta cell.

origin involving genetic factors and the animals Involvement of cumbersome technical and post operat
develop characteristic features resembling humanocedures.

type- -2 diabetes. ¢ Occurrence of some other digestive problems (assaltrof
*Mostly of inbred animal models in which thepart of excision of exocrine portion (deficiency afmylase
genetic  background is homogeneous anenzyme).

environmental factors can be controlled, allow giene ¢ Mortality is comparatively higher.

dissection of this multifactorial disease easy. « Dissection of alpha islets (glucagon secretingsgétio along
« Variability of results perhaps minimum and requirevith beta cells leading to problems in counter taguy
small sample size. response to hypoglycemia.

« Effect of single gene or mutation on diabetes aan b The total resection of the pancreas in rat is \d@ffjcult to

investigatedn vivo. achieve and the development and severity of theetia state
« Dissection of complex genetics of type-2 diabetegppear to be strain specific.

becomes easier. « Expensive for regular screening method.

< Highly sophisticated and costly procedure for thedpction
and maintenance.

« Limited availability and expensive for the diabesasdy.

« Mortality due to ketosis problem is high in caseasimals
with brittle pancreas disease easy (db/db, ZDFPratbesus,
etc.) and require insulin treatment in later stagestawival.

¢ Highly inbred, homogenous and mostly monogenic
inheritance and development diabetes is highly tady
determned unlike heterogeneity seen in hum
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CONCLUSION

In this review, we discussed a nhumber of experialesmtimal models used in diabetes research. hpoitant to
emphasize that diverse experimental animal modelsessential for developing new anti-diabetic agemtd for
fully investigating promising agents before humdinical trials. It is expected that more therapeuditernatives
will become available with future advances in diebeesearch.
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