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Abstract

lants are used predominantly as the
source for diabetes treatment; some plants are
authenticated scientifically worldwide for their
active constituents. The occurrence of diabetes
mellitus has been developed by establishing a
large variety of experimental animal models.
This development aims to analyze the available
diabetic experimental animal models applied as
tools to evaluate the mode of action of various
drugs and their significant antidiabetic activity.
Diabetes research is performed in rodents, even
though some experiments are still carried out
in larger animals. The current review outlines
several methods of induction of diabetes in
rodents and large animals and to establish the
mechanism through which the available drugs
show their potentiality against the development
of diabetes. Preferably, we should study multiple
animal models over the human diabetic person
to signify the drugs’ antidiabetic potential. Most
of the plants prove their efficacy towards diabetic
disorder conditions by different underlying
mechanisms based on various experimental
animal models. Presently, the process for
evaluating the traditional antidiabetic medicines
is hardly useful for testing raw plant materials
that are used conventionally for the treatment
of diabetes; and natural components, mostly
isolated from plants, have been examined in
chemically induced diabetic models. This review

article proposes new approaches for developing
novel antidiabetic drugs and treating this severe
disease condition that signifies a worldwide
public health issue.

Keywords: Diabetes mellitus, voluntary
autoimmune model, genetically induced
diabetes, virus-induced diabetes, type 2 diabetic
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Introduction

Diabetes mellitus is a usual public health
issue and a chronic disorder marked by the
related or complete insulin deficiency that
increases blood sugar. Subsequently, various
complications like nephropathy, retinopathy,
neuropathy, and improved heart disorder risk are
mainly characterized by regular hyperglycemia.
According to the current scenario, in the year
2008, approximately 347 million people are
affected by diabetes. The disease’s occurrence
is 9.8% in men and 9.2% in women worldwide
(1). Diabetes categorizes into different
classifications, but type 1 diabetes and type 2
diabetes are the most common types.

The first type of diabetes is Type 1
diabetic condition described by the demolition
of pancreatic beta cells’ insulin. It is also
called insulin-dependent diabetes mellitus
or juvenile diabetes. It is mostly identified in
young adults and children, and during the
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diagnosis phase, the affected person has
significantly less insulin production in the
pancreas. Hence, in these conditions, regular
monitoring of blood glucose levels must perform
to prevent hypoglycemia. Also, injections have
to be provided subcutaneously to replace the
deficiency of insulin. Diabetes is developed
under the influence of hereditary factors and
many environmental causes. The literature
suggests that this disease primarily occurs
in about 27% of the case of identical twins
(2). Depending upon the country, the disease
development frequency, particularly type-1
diabetes, increases up to 100-fold, which is
anticipated to be around 15 to 20 for each 100
000 within the United Kingdom (3).

Another kind of diabetes is Type 2; its
incidence is approximately 4% in the United
Kingdom, mostly found in adults middle-aged.
Simultaneously, the disease’s onset is mainly
dependent upon falling with growing stages
of obesity (4). The adult-onset diabetics
are characterized on the defense to insulin,
comparatively deficient in insulin production
due to the lack of suitable compensation by the
pancreatic beta cells. Hence, insulin resistance
also can be enhanced by regular exercise
patterns, change in lifestyle, and reducing
weight. (5). A series of drugs are used for the
treatment of type 2 diabetes (6).

e  Drugs that mimic the production of
insulin from pancreatic beta cells, i.e.,
sulphonylureas

e Drugs that decrease the production of
hepatic glucose, i.e., biguanides

e Drugs those interrupt the uptake of
carbohydrate in the digestive system,
i.e., a-glucosidase inhibitors

e Drugs that increase insulin activity, i.e.,
thiazolidinediones

e Drugs directing the gut hormone, i.e.,
inhibitors of dipeptidyl peptidase-4

Based on the severity of diabetes and
its features, a proper investigation should be
done cautiously by choosing the experimental
animal models. This review enlightens various
experimental animal models for both type 1
and type 2 and the mechanism of action and
pathophysiology of different chemically induced
diabetes.

Type 1 diabetic experimental animal model

This type of diabetes is identified by
the autoimmune demolition of the pancreas’
beta cells that bring about insufficient insulin
production. It is accomplished by various
mechanisms like chemical excision of pancreatic
beta cells in different experimental animal
models that ultimately leads to the growth of the
autoimmune diabetic disordered condition.

Chemically induced type 1 diabetic model

The type 1 diabetic model is of a specific
kind where endogenous insulin production
is reduced due to the destruction of a high
proportion of pancreatic beta cells that finally
leads to hyperglycemia and reduced weight.
The chemically induced model can be applied
to both rodents and higher animals as well as
it is a simple and comparatively less expensive
model (7). The two principal compounds used in
this model for inducing diabetes are alloxan and
streptozotocin (STZ). These are usually induced
about 5-7 consecutive days before initiating the
study to maintain the unchanged hyperglycemia.
As glucose structure quietly resembles the form
of both alloxan and streptozotocin (8), glucose
can compete with them. Therefore, fasting
animals are subjected to be highly sensitive.
The chemicals, i.e., streptozotocin and alloxan,
are relatively unstable, so new solutions should
be preferably made before giving the injection
to animals.

The chemically induced diabetic model
is suitable for usage when testing medications
or treatments. The critical mode of activity
is dropping the blood sugar through a ‘non-
beta-cell-dependent’ means to evaluate new
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insulin preparations (9, 10). This model can
be appropriately adapted to analyze therapies
of transplantation where the ultimate goal is to
lower the blood glucose (11-13). Finally, after
completing the experiment, the experimental
animals must be tested for kidney function and
discontinuation to hyperglycemia adhered to
eliminate the growth of endogenous cells of the
pancreas (14,15). Additionally, the pancreas is
separated and histologically tested in insulin-
positive animals (15), even though this is to be
emphasized that the existence of endogenous
beta cells may not precisely be associated with
their functioning (16).

The chemically induced diabetic model’s
main difficulties are the toxic effect of the
chemicals on different organs. Correspondingly,
the streptozotocin or alloxan administration
causes variations in the isozymes P450 in
the organs like the kidney, liver, lung, brain,
testis, and intestines. Therefore, it should be
carefully observed during the testing of drugs
on experimental animal models (17).

Streptozotocin (STZ)

streptozotocin is chemically (2-deoxy-2-
(3-(methyl-3-nitrosoureido)-Dglucopyranose)
or 1-methyl-1-nitroso-3-((2R,3R,4R,5S,6R)-
2,4 .5-trihydroxy-6-(hydroxymethyl) oxan-
3-yl) urea produced by Streptomycetes
achromogenes. Upon intraperitoneal or
intravenous administration, it enters between
Glut-2 transporter, reaches the pancreatic
beta-cell. There it performs the alkylation of
DNA strand (18), which is followed by the
consequent stimulation of PARP, which causes
the reduction of NAD+, depletion of intracellular
ATP, and decreased insulin production well (19).
Streptozotocin is the origin of free radicals that
can harm the DNA, followed by the death of
cells. Streptozotocin can also be delivered even
as multiple low doses as well as individual high
doses.

Single high-dose of streptozotocin

According to the various strain of mice

(20), the single dose of STZ in case of mice
varies from 100 to 200 mg/kg body weight (21,
22). For rats, the dose ranges from 35-65 mg/
kg body weight (21) that brings about quick
removal of pancreatic beta cells and increases
the blood sugar level. Although it can regenerate
the pancreatic islets naturally after injecting STZ
in experimental animals, it does not influence
blood sugar enhancement, which has been
recommended by placing adequate controls
(23). The chemically induced diabetic model,
basically the high-dose induction of STZ, is very
often useful in various transplantation type of
models across which the pancreatic islets (13),
assumed stem cells (24) and are relocated
under the kidney capsules. According to the
recent development, it has been found that STZ
administration on experimental animals could
inhibit the studies relating immune tolerance
to transplants by causing lymphopenia and
gradual development of suppressor T-cells (25).

Multiple less-dose of Streptozotocin

According to the type of experimental
animal and their strain, the multiple doses of
STZ vary as of 20 to 40 mg/kg body weight. That
can be injected for five consecutive days in case
of mice to persuade insulitis (26, 27) and rats as
well (28), which is characterized by decreasing
the islet number with islet volume Vvisibly
followed by reducing the capacity of insulin
release (29). The islets of the pancreas can be
permeated by macrophages, which is related to
the formation of cytokines that influences the
progress of diabetes (28). Diabetes can also
progress without the presence of T and B cells;
hence, not typically able to signify the human
disorder comparably to various autoimmune
models (30). The progress of diabetes can
be decreased significantly by the process of
directing cytokines (31), which brings about the
destruction of pancreatic beta cells.

Alloxan

Alloxan is chemically (2,4,5,6-
tetraoxypyrimidine; 5,6-dioxyuracil), or
1,3-diazinane-2,4,5,6-tetrone  mostly injected
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in experimental animals assigned to quickly
absorbed through the pancreatic beta cells,
thus forming free radicals, to which the beta
cells produce deficient defense activity (32).
Alloxan shows its activity by reducing form
dialuric acid, which then undergoes re-oxidation
to get alloxan. Thus, forming a redox cycle for
generating superoxide radicals that dismutate to
produce hydrogen peroxide with subsequently
very active hydroxyl radicals. It initiates the
destruction of the DNA strand of pancreatic
beta-cell (18). Alloxan is absorbed through the
liver; however, it protects the oxygen radicals a
better way (33, 34), hence insensitive to destroy.
The pancreatic beta-cell can also be damaged
by alloxan by other mechanisms like oxidation
of the vital sulphydryl group, particularly as for
glucokinase enzyme (35) also interferes the
intracellular calcium stability (36). According to
the strain of experimental animal as well as the
path via injection for s.c. and i.p. delivery, the
doses in case of mice varies from 50 - 200 mg/
kg body weight, also in case of rats from 40 -
200 mg/kg body weight, that needs up to three

times more dose as i.v. route (18). An everlasting
diabetic model in rabbits can be generated with a
dose of 100 mg/kg body weight (37). As alloxan,
a slight diabetogenic drug, it can produce a
common toxic effect, particularly in the kidney,
even in low overdose (18).

Type 1 diabetic voluntary autoimmune models

The NOD mouse or non-obese diabetic
mouse and the BB rat or Biobreeding rat
model (38) are the very frequently approved
autoimmune type-1 diabetic model. Furthermore,
the LEW.1AR1/Ztm-iddm rat model was also
included as an autoimmune type 1 model of
diabetes (39). The most widely used type 1
diabetic model is mentioned in (Table 1).

Non-obese diabetic (NOD) mouse

In 1974 in Osaka, Japan, the NOD mice
were established in the Shionogi Research Labs
(40) that grow insulitis around 3—4 weeks. Even
though B lymphocytes and NK lymphocytes are
existing in this hyperglycemia condition, the islets
of the pancreas are permeated mostly by CD4+

Table 1 Outline of various type 1 diabetic experimental animal model

Mechanism of diabetes

Experimental animal model

Important characteristics

induction
Chemically induced diabetes e Large dose streptozotocin e Common model of di-
(Single) abetes with quick re-
moval of pancreatic
e Alloxan B- cells
e Less dose streptozotocin e Quickly absorbed
(Multiple) through the pancreatic

B-cells, thus forming
free radicals

e Act by decreasing the
islet number with islet
volume

Voluntary autoimmune

e NOD mouse model

e BB rat model

e LEW.1AR1/-iddm rat mod-
el

Demolition of B- cell because
of the autoimmune mechanism

Genetically inbred diabetes

e AKITA mouse model

Deficiency of pancreatic (3- cell
(Insulin addicted)

Virus-induced diabetes

e Encephalomyocarditis vi-
rus
e Coxsackie B virus

Demolition of B- cell may be ei-
ther because of its uninterrupt-
ed infection
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and CD8+ cells (41). The insulitis initiates the
elimination of pancreatic beta cells, i.e., about
90% of abdominal insulin is destroyed at the age
of 10-14 weeks, while diabetes can grow until 30
weeks. Diabetes is widespread in females with
a frequency of 60% to 90% in female groups,
while about 10% - 30% in male groups (40, 42).
Diabetic mice are characterized by quick loss
of body weight and hence need insulin therapy.
The MHC class Il molecules in NOD mice
have a structural resemblance towards that in
persons that develop resistance to the disease
in both cases (43, 44). The mechanism used
for type 1 diabetes can be expressed by the
type 1 diabetic genes mainly available in both
humans and NOD mice (38, 45). Therefore, The
NOD mice can be used for treatments where
an alteration in the autoimmune response has
been selected. Also, it has been found the drugs
that are active in NOD mice are exposed to be
incapable in humans (46); when the drugs were
administered in advance showed their efficacy
in diabetes prevention in the case of young NOD
mice (47). Alternatively, when the pancreas of
NOD mice is extracted for testing after the study,
the biomarkers are not found in the outer blood
components in the case of humans, which can
prove the benefits of this interference (48).

The NOD mice are much susceptible to
the microorganisms while developing diabetes,
so they must be stored in specific pathogen-free
(SPF) environments to continue the diabetic
occurrence. Because of the gender variances,
randomness in the onset of disease, and the
maintenance of SPF conditions, the NOD mice
model for type 1 diabetes is quite expensive
compared to the chemical-induced type 1
diabetic model.

On injecting cyclophosphamide in NOD
mice, an enhanced onset of action can be
attained (49); moreover, T-cells may be
successfully carried from diabetic donor NOD
mice into non-diabetic targeted mice by the
adoptive transference mechanism and can
grow diabetes in the receiver mice (50). The
autoimmunity type of model’'s reoccurrence can

be achieved by transferring isogenic islets in
young non-hyperglycemic NOD mice to diabetic
NOD mice (51). The transplant is demolished
quickly through the autoimmune process.

Approaches to be considered to upgrade
the NOD mice model comprise precise genetic
management of NOD mice (52) and in making of
improved mice models with elements of human
defense approach (53, 54). Apart from the
confines of this model, yet widely used because
this signifies numerous features related to
human disorders that have facilitated the
identification of various genetic and signaling
steps that promote the type 1 diabetic disorder.

Bio-breeding rats (BB rats)

Biobreeding rats came about consequently
by crossbred Wistar rats. The autoimmune
diabetic condition was primarily recognized in
1974 in one Canadian group. Subsequently,
it brings the formation of two founder groups,
out of which many substrains have obtained,
an inbred (BBDP/Wor), as well as an outbred
(BBdp) (55) and another group of BB rats of
diabetic resistant, have been obtained that play
as the control group.

The diabetes is typically established post-
adolescence in BB rats and similarly occurred
both in males and females, which is generally
grown at the age of 8 to 16 weeks in rats of about
90%. As diabetes is rather acute; thus, insulin
treatment is vital for existence. Even though the
experimental animals possess insulitis due to
the availability of T lymphocytes, B lymphocytes,
macrophages, and NK Iymphocytes, they
become lymphopenic because of a critical
reduction of CD4+ T lymphocytes and a non-
appearance of CD8+ T lymphocytes (55). As
type 1 diabetic disorder is not characterized by
lymphopenia both in humans or of NOD mouse
(55), thus using the BB rat model is found to
be a limitation about type 1 diabetic disorder in
humans. The BB rat model helps explain the
genetics of juvenile diabetes (56), so it could
be the better model for inducing the transfer of
pancreatic islets (55).
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LEW.1AR1/Ztm-iddm rats

The LEW.1AR1/Ztm-iddm rat model is
included as an autoimmune type 1 diabetic
model that appeared voluntarily in Lewis
rats, comprising a distinct MHC haplotype
(LEW.1AR1), produced in the Institute of
Laboratory Animal Science of Hannover Medical
School (Ztm). Moreover, Insulitis is exhibited by
these rats, as well as diabetes establishes at
the age of about 8 to 9 weeks. Initially, diabetes
occurred around 20% (39); but afterward, the
frequency of incidence of diabetes increased
to 60% with subsequent inbreeding with an
identical prevalence of both genders of diabetic
rats (57). Just one week before becoming
diabetic, the animals express a prediabetic
phase with penetration of pancreatic islets. A
successful study related to various stages of
the immune cell’s infiltration can be done (57).
The LEW.1AR1/iddm rat does not show any
more spontaneous disorder compared to the
BB rat and NOD mouse, so it can be utilized to
analyze various diabetic difficulties as they can
persist effectively even after the appearance of
diabetes (58).

Genetically inbred

diabetes

insulin-dependent

Akita mice

Akita mouse is associated with the models
involving autoimmune type 1 diabetic models.
The AKITA mouse, extracted in Akita, Japan
out of the mouse C57BL/6NSIc by a mutation
occurs spontaneously in the case of insulin 2
gene that prevents the proper functioning of
proinsulin, which is ultimately characterized
by hypoinsulinemia, polydipsia, polyuria and
hyperglycemia as it leads to an acute IDDM
initiated from the age of 3 - 4 weeks. But the
non-diabetic homozygotes hardly persist up
to more than 12 weeks of age. This particular
model is identified by the deficiency of
pancreatic beta-cell hence used as a substitute
to streptozotocin-induced mice in the analysis
of transplantation (59), also being accepted
as one type of macrovascular disorder of type

1 diabetes (60). Additionally, it is frequently
utilized for analyzing the potential relievers of
ER stress, particularly within the pancreatic
islets, along with the model for the therapies of
type 2 diabetic disorders (61).

Virus-induced diabetic models

Viruses are involved in type 1 diabetic
conditions (62) and hence are used to begin
the destruction of the pancreatic beta-cell. The
demolition of beta cells may be either because of
their uninterrupted infection or by the induction
of an autoimmune response in the case of the
pancreatic beta-cell (63). The Viruses utilized
for the induction of diabetes for animal models
are encephalomyocarditis viruses (64-66) also
coxsackie B viruses etc (67-69).

However, various stages of replication of
the particular virus and the time limit of infection
greatly influence the virus-induced diabetic
model’s complexity. It is apparent that as per the
condition, viruses can encourage autoimmunity
and can prevent it, too (70). Even though type 1
diabetes of human are some extent associated
with viruses (62, 71), but still this is uncertain
about mentioning their involvement in the
occurrence as for type 1 diabetes.

Non-rodent type 1 diabetic models

Furthermore, various large animal models
have been described along with the extensive
study of the number of rodent diabetic models.
Particularly in higher animals, the incidence
of spontaneous kind of diabetes becomes
comparatively infrequent; therefore, activated
models for type 1 diabetes are very much
needed, which may also be by streptozotocin or
pancreatectomy.

Pancreatectomy

Pancreatectomy is a method applied
within pigs (72,73) and dogs (74) to produce
hyperglycemia. Pancreatectomy is a surgical
method for induction of hyperglycemia
performed by a proficient surgeon that includes
the invasive surgery of the animal, which may
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enhance the possibility of hypoglycemia and
also cause the deficiency of pancreatic exocrine
(75). But pancreatectomy is accompanied
through autotransplantation of extracted
pancreatic islets, a remarkably suitable method
in humans (76).

Chemical excision of pancreatic beta cells in
higher animals

Toxic effects of STZ (7, 77) and alloxan (78)
on pancreatic beta-cell are found mostly among
a variety of species due to variation in GLUT-
2 expression (7). Studies have suggested that
irretrievable diabetes can be produced in rats
at a dose of 50 mg/kg body weight, whereas
big animals like pigs need a larger dose of 150
mg/kg body weight. It is also found that the
hyperglycemia is partially corrected in the case
of pigs just four weeks later by the injection of
STZ (7), but it may cause hepatic and renal
toxicity in pigs when the dose increased to 200
mg/kg body weight. Thus combined models of
limited pancreatectomy and STZ treatment are
mostly used with a low amount of streptozotocin
in the case of big animals (75, 79).

Type 2 diabetic animal models

Mainly, type 2 diabetic condition is
represented by insulin resistance and the
faling of pancreatic beta-cell for adequate
compensation. Thus, type 2 diabetic animal
models mostly comprise insulin-resistant
models in addition to pancreatic beta-cell failure
models. Most type 2 diabetic models are obese,
considering the human status to which obesity
is distinctly related to type 2 diabetic conditions.

Type 2 diabetic obese model

The recent type 2 diabetic animal models
are mostly obese, as they are distinctly related
to obesity. The obese condition can be occurred
due to spontaneously happening mutations
or rather by genetic disturbances and also by
more intake of fat.

Obese models of monogenic type

Though human obesity is induced hardly
by a monogenic transformation, the monogenic
type of obesity is usually a part of type 2 diabetic
study. The very commonly applied monogenic
models are characterized by defective leptin
signaling. As leptin brings about satiety; hence,
a deficiency of functional leptin within animals
gives rise to hyperphagia and obesity. The
monogenic animal models mainly consist of
Lepob/ob mice with leptin deficiency, whereas
Leprdb/db mouse and the ZDF rat show
deficiency in the leptin receptor. The above
animal models are frequently used for the
implication of new treatments for type 2 diabetic
disorders. (80-82).

Lep°"*® mouse

Inthe year 1949, itwas found thatthe Lepob/
ob mouse, the model of serious obesity which
originates from a specific mutation identified
within an outbred group in Jackson Laboratory
where this phenotype developed to the group
of C57BL/6 mice; however, the transformed
proteins were not recognized as leptin till 1994
(83). The mice’s body weight increases from
the age of 2 weeks of age, followed by the
development of hyperinsulinemia. By the period
of 4 weeks, the hyperglycemia is evident with the
gradual increase in blood sugar concentration.
It reaches a maximum at the age of 3-5 months,
which gradually decreases with the increasing
age of the mouse, followed by other metabolic
abnormalities like hyperlipidemia, temperature
disturbances, and less physical action (84).
The volume of the pancreatic islet is intensely
enhanced in mice (85). Even though insulin
is released abnormally (86), pancreatic islets
balance the release of insulin. Due to the
deficiency of complete failure of pancreatic
beta-cell, the diabetes is not much severe and
does not entirely represent type 2 diabetes.

Lepr® mouse

The Leprdb/db mice developed in the
Jackson Laboratory (87) because of an
autosomal regressive transformation in the leptin
receptor (88). The characteristic features of this

Method development to investigate the anti-diabetic activity



Current Trends in Biotechnology and Pharmacy

337

Vol. 15 (3) 330-348, July 2021, ISSN 0973-8916 (Print), 2230-7303 (Online)

DOI: 10.5530/ctbp.2021.3.34

animal model are the development of obesity,
hyperinsulinemia, and hyperglycemia. Obesity
becomes apparent around the age of 3—4 weeks
and the clear growth of hyperinsulinemia at the
age of 2 weeks, followed by hyperglycemia at
around 4-8 weeks. A very frequently applied
mouse strain is C57BLKS/J, in which ketosis
is developed gradually with the age of a few
months, and finally, the lifespan becomes
shorter (21).

Zucker diabetic fatty rats

The strain of Zucker Fatty rats has mutated
results in the formation of a new substrain with
a diabetogenic type, i.e., the inherited Zucker
Diabetic Fatty Rats (ZDF). The ZDF rats possess
less obesity but show an acute resistance to
insulin, which can’t be compensated for the
rise in apoptosis in pancreatic beta cells (89).
Initially, hyperinsulinemia occurs at the age
of about eight weeks, followed by the gradual
lowering of insulin levels further (90); in males,
diabetes is prominent at 8—-10 weeks of age,
whereas in females, diabetes does not grow
(21). Generally, the symptoms of diabetic
difficulties are noticed in ZDF rats. (90).

Pathophysiology of alloxan in diabetes

Alloxan can inhibit the enzyme glucokinase,
therefore causes selective inhibition of glucose-
induced insulin release, the glucose converter
of the pancreatic beta-cell. By the capability
of ROS development, it can initiate insulin-
dependent diabetes and finally result in the
selective destruction of pancreatic beta cells.

Selectivity of pancreatic beta cell of alloxan

Alloxan has a structural similarity with
glucose (Figure 1) and also chemically unstable
(91). As both the compounds are hydrophilic
cannot enter through the lipid bilayer of the
plasma membrane. The structural similarity of
alloxan to glucose is that they can be easily
transported through GLUT2 to the plasma
membrane of pancreatic beta-cell and finally
reaches the cytosol. Because GLUT2 is

not inhibited by alloxan (92), it can easily
permeate the pancreatic beta cells without any
difficulties (93). Due to the short half-life (91),
alloxan voluntarily decomposes to form non-
diabetogenic alloxanic acid with an aqueous
solution within a short time (91). Thus, alloxan
must be absorbed and accumulated rapidly
in the pancreatic beta-cell (93) and found
inactive when blood flow to the pancreas is
disturbed initially after injection of alloxan (94).
The derivative of alloxan, like butylalloxan with
an extended carbon side chain, is chemically
lipophilic (95), which destroys pancreatic beta
cells (96). But due to the lipophilic nature,
butylalloxan can permeate through plasma
membranes without any expression of GLUT2
transporter (92). As a result, nephrotoxicity
occurs due to the toxic effect of lipophilic
compounds after systemic penetration (96),
resulting in severe renal failure in animals prior
to the development of diabetes (96).

0 0 0
0 H
HN Oj\)LN/\/\CH3 %
OA\N 0 o; N/&O 0)\N 0
H H H
Alloxan Butylalloxan Dialuric acid
1,3-diazinane-2,4,5,6-tetrone  1-butyl-1,3-diazinane-2,4,5,84etrone  5-hydroxy-1,3-diazinane-2,4,6-trione
HO, 8
g% O on 0
N
v Nk” o ’N‘N)LNH
" oon 0 2
CH,
Streptozotocin
1-methyl-1-nitroso-3-[(2R,3R4R,5S 6R)-2,4,5- 1-methyl-1-nitrosourea
trihydroxy-6-(hydroxymethyl)oxan-3-yl]urea
Fig. 1: Alloxan, butylalloxan, dialuric acid,

streptozotocin and methylnitrosourea.
Inhibition of glucokinase

Alloxan consists of a vital 5-carbonyl
functional group that interacts with the thiol
groups. Glucokinase is also hexokinase |V, the
essential thiol enzyme in the pancreatic beta-
cell (97, 98), with a half-maximal inhibitory
concentration (IC,,) level of 1-10 umol/l range,
as the concentration of alloxan increases inhibits
several functionally active enzymes along with
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many other proteins and cellular components
(99). Glucokinase Inhibition causes a decrease
in oxidation of glucose and ATP production
(100), thus suppressing the ATP signaling that
induces insulin release (97). So, glucokinase
inhibition is attained within the period of 1 min
upon exposure to alloxan. Due to the exposure,
initially, the intake of ATP has reduced results
from the closure of glucose phosphorylation
induced by the enzyme glucokinase (97), which
in turn causes the temporal rise in ATP within the
pancreatic beta-cell and initiates the transient
insulin secretion.

The inhibition of the enzyme glucokinase
is protected by the group of compounds
such as thiols, tripeptide glutathione (GSH),
dithiothreitol, and cysteine against alloxan as
alloxan is reduced to form dialuric acid, which
does not react actively with thiol (91, 101, 102).
But, only dithiothreitol (101, 102) can reverse
the inhibition of glucokinase induced by alloxan
because they can reduce the functionally require
cysteine group of the enzyme glucokinase,
which is oxidized by alloxan (101, 102).

Similarly, glucose saves the enzyme
from inhibition induced by alloxan because
of the ability to bind with the sugar-binding
site of glucokinase that stops the oxidation of
the thiol group. The analogue of glucose, i.e.,
3-O-methylglucose, not an active substrate of the
enzyme glucokinase, can block the inhibition by
competitively blocking the absorption of alloxan
to the pancreatic beta-cell through GLUT2.

Specific beta cell toxicity of alloxan

Alloxan can produce reactive oxygen
species (ROS) by a cyclic mechanism with
dialuric acid, the reduction product (Figure 2).
The oxidation mechanism of dialuric acid is the
primary pathway involving a series reaction
depends on superoxide radicals, which becomes
inhibited by the enzyme superoxide dismutase.
The interaction between alloxan and dialuric
acid is essential; an autocatalytic method occurs
with SOD (103). In contrast, in any transition
metal presence, another oxidation reaction

occurs depending on hydrogen peroxide, which
is inhibited by catalase, the inactivating enzyme
of hydrogen peroxide (103). Another inactivating
enzyme of hydrogen peroxide is glutathione
peroxidase, performed by the same mechanism,
but it needs the substrate GSH, which is oxidized
during this reaction mechanism.

e

/_\: .
H20,

Fe?*
Gs® : : 0. CFes'

Fig. 2: Cyclic oxidation-reduction reactions
among alloxan and dialuric acid. A- Alloxan,
AH- -Alloxan free radical, AH_-Dialuric acid, GS-
-Glutathione free radical, GSSG-Glutathione
after oxidation, OH—Hydroxyl free radical, O,
Superoxide free radical.

GS5G

Alloxan in oxidized form cannot release
ROS; hence, it does not cause cytotoxicity in
the absence of thiols like GSH or when limited
towards the extracellular region (104). Thiols
present within the plasma membrane to which
alloxan can interact and release ROS via a redox
reaction are not present and also not available
sufficiently to permit the ROS generation and
impair the cells (104). Itis known that superoxide
radical species does not influence the toxicity
of dialuric acid and alloxan, but the hydroxyl
radical is responsible for it.

Firstly, the enzyme catalase, which
inactivates hydrogen peroxide, can better
protect the insulin making cells from the toxicity
of dialuric acid and alloxan rather than the
enzyme SOD. However, catalase cannot stop
the redox reaction, hence forming superoxide
radical species (103, 105).

Secondly, within liver cells, the
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concentration level of intracellular GSH and
insulin-making cells is in the equal millimolar
range of concentration. The cell directs the
glucose transporter, GLUT2. But the variation
in the concentration of intracellular Glutathione
may not be liable significantly for the toxic effect
of alloxan on comparing the susceptibility of
insulin-making cells to liver cells in vivo (17).
Liver cells are better provided with catalase
enzyme as compared to insulin- making
cells (106, 107). The increased intracellular
concentration levels of the enzyme catalase
within insulin-making cells provide protection to
the cells and upregulation of the gene meant for
this enzyme (104).

Thirdly, hydroxyl radicals combine with the
vital targets before the inactivation by hydroxyl
radical scavengers. Similarly, it is complicated
to capably suppress the formation of metal-
catalyzed hydroxyl radical species by chelators
(108, 109). As before the beginning of the
formation of hydroxyl radicals, metal chelation
must happen. With these chemical natures of
both the radical scavengers and chelators, this
may not be entirely achieved if not experimental
states are improved. In such conditions, the
toxic effect of dialuric acid and alloxan towards
insulin forming cells in vitro is blocked by
desferrioxamine, the iron chelator (104), that
stops creating hydroxyl radicals during the
Fenton reaction catalyzed by iron (103, 105).

As a whole, all these data deliver
considerable information that the hydroxyl
radical is the principal toxic ROS moiety instead
of the superoxide radical, and also the formation
of hydroxyl radical is blocked by the demolition
of hydrogen peroxide via the enzyme catalase
(103, 105).

Pathophysiology of
diabetes

streptozotocin in

Streptozotocin causes inhibition of insulin
release resulting in insulin-dependent diabetes
mellitus. Both effects are associated with the
certain chemical nature of streptozotocin, i.e.,
its alkylate efficiency. Along with alloxan, the

pancreatic beta-cell selectivity is mostly due to
specific cellular absorption and growth.

Selectivity of pancreatic beta cell of
streptozotocin

Streptozotocinis aderivative of nitrosourea;
the toxicity of streptozotocin and the chemically
associated alkylating agents need their
absorption inside the cells. As nitrosoureas are
lipophilic by nature, they can quickly absorb via
the plasma membrane. Still, as a consequence
of the substitution of hexose, streptozotocin is
comparatively less lipophilic. Streptozotocin
is accumulated mostly within the beta cells
through the glucose transporter GLUT2 in the
plasma membrane (110, 111). Hence, insulin-
making cells that are restricted to express the
GLUT2 become resistant to streptozotocin
(112,113). It is also found that, streptozotocin
shows the more toxic effect compared to
N-methyl-N-nitrosourea within cells, which
express the glucose transporter; however, both
the substance can undergo alkylation for DNAin
a similar manner (114, 115). Streptozotocin can
damage various organs like the liver and kidney
by expressing the glucose transporter, GLUT2
(116, 117).

Specific beta cell toxicity of streptozotocin

Usually, the toxic effect of streptozotocin
depends on the specific DNA alkylating action
of the methyl nitrosourea group (118). The
shifting of methyl moiety from streptozotocin
into the DNA structure results in damage, a
well-defined sequence of the process (119),
finally causes fragmentation of DNA structure
(120). In beta-cell toxicity, glycosylation of
protein is an added destructive factor (99). For
the repairment of DNA, the poly(ADP-ribose)
polymerase (PARP) can be overactivated. This
reduces cellular coenzyme NAD+ and also ATP,
the energy stores (19, 120), which eventually
resulting in pancreatic beta-cell death. Even
though streptozotocin can methylate proteins
(115, 121), but methylation of DNA finally
causes beta-cell necrosis, but this is reasonable
that methylation of protein is responsible for the
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functional deficiency of pancreatic beta cells
upon contact with streptozotocin (Table 2).

The DNA methylation can be crushed by
poly ADP-ribosylation inhibitors. Hence, prior to
the intake of streptozotocin, the administration of
nicotinamide and the PARP inhibitors parallelly
can keep the beta cells safe from the toxic effect
of streptozotocin can prevent the growth of any
diabetic condition (122). The lack of PARP stops
in reducing the coenzyme NAD+ subsequently
ATP loss (119, 123, 124) and so cell necrosis.

Another theory describes the diabetogenic
activity of streptozotocin, which is related to its
tendency to perform as the donor of intracellular
nitric oxide (NO) (125). Both the compound
streptozotocin and N-methyl-N-nitrosourea carry
a nitroso functional group and also can release
NO. Streptozotocin increases the effect of the
enzyme guanylyl cyclase, the development of
cGMP, and the expected results of NO.

Finally, the dismutation of hydrogen
peroxide during the metabolism of hypoxanthine
causes the minor release of hydroxyl radicals
and superoxide radicals (126), which may be
associated with the activity of streptozotocin,
that enhance the destruction of the pancreatic
beta-cell, but ROS cannot perform a vital role
for this.

Table 2 Description of the toxicity of
streptozotocin and alloxan in beta cells
producing chemical-induced diabetes.

Beta cell-tox-

Streptozotocin Alloxan
ic effect of
glucose deriv-

atives

Selective ac- Specific ab- Selective

tion of pancre- sorption of absorption of

atic B-cell

B-cell through
glucose trans-
porter

B-cell through
the glucose

transporter

Cell death
mechanism

Toxicity of
beta cell via
alkylation

Toxicity of
beta cell via
ROS

Process of pan-
creatic B-cell
death

Death of cell

via necrosis

Cell death via

necrosis

Result of
pancreatic beta
cell death

Insulin-de-
pendent dia-
betes mellitus
(IDDM)

Insulin-de-
pendent dia-
betes mellitus
ADDM)

Type of chem-
ical induced
diabetes

Diabetes by
streptozotocin

Diabetes by
alloxan

Inhibition of secretion of insulin via

streptozotocin

Streptozotocin can effectively influence
glucose and insulin stability, which reflects the
toxin-related disorders in the pancreatic beta-
cell function. Primarily, streptozotocin affects the
biosynthesis of insulin, glucose-mediated insulin
secretion, and metabolism of glucose (oxidation
of glucose, and also the use of oxygen) (126,
127). Alternatively, the transport of glucose (114)
and phosphorylation of glucose-induced by the
enzyme glucokinase cannot be inhibited directly
by streptozotocin. But, at subsequent phases of
pancreatic beta-cell loss, lacks in respect of the
expression of gene and production of protein
gives rise to the declination of equally glucose
metabolism and transport (27).

Selecting the right animal model for diabetic
research and method development

The purpose of studying several models
for diabetic research might be applied to carry
the pharmacological evaluation, genetics
analysis, and understanding the mechanism
related to various diseases. The selection of the
model depends upon the intention of the study.
In such circumstances as the pharmacological
evaluation, the supposed mechanism for
the specific drug being examined will help to
select a proper animal experimental model. In
type 1 diabetic research, the essential factor
in selecting experimental animal models is
whether an autoimmunity model is needed. The
schedule, as well as the probability of onset,
varies in several type 1 diabetic model.

Whereas in type 2 diabetic research, it
is essential to study the basic mechanisms of
diabetes and if the theory is appropriate for your
research. The process may consist of resistance
to insulin and the failure of pancreatic beta-cell.
The intervention of a specific drug can enhance
the symptoms of the animal model, which may
depend upon the loss of beta-cell occurrences.
Most type 2 diabetic models are of obese type,
either by genetic or dietary methods. However,
the mechanisms usually originate with various
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related pathologies like atherosclerosis and
dyslipidemia. Similarly, it must be considered
that all diabetic animal models, as well as animal
strains, cannot develop the complications of
diabetes. So proper care must be taken while
selecting an appropriate model, where the
goal of the research is about investigating
complications of diabetes like nephropathy and
neuropathy.

Models can vary according to the
physiological application. While selecting an
animal model, either type 1 or type 2 diabetes,
it is most desirable to use various models
representing the multiplicity found in a human
diabetic person.
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