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ABSTRACT

Background: Diabetes Mellitus (DM) continues to be a major issue globally and hence rigorous preclinical testing and
experimenting with new drugs is of paramount importance. Laboratory animals help to a large extent in this endeavor as their use
in experiments is justified through their cost-effectiveness and reproducibility.

Objective: The objective of the current review is to provide an overview and mechanistic assessment of major agent causing
diabetes in laboratory rats suggested to be used in various studies.

Main Mechanisms: The major agents causing diabetes include streptozotocin (STZ) and alloxan which work through the
stimulation of transmembrane glucose transporter of GLUT-2. The main mechanism of STZ is its entry into pancreatic ducts where
it triggers DNA alkylation along with hyperactivation of PARP and exhaustion of NAD. Alloxan on the other hand initiates rapid
redox cycling inside the cells generating high concentrations of ROS. Other agents include dithizone, which inactivates insulin due
to its ability to chelate zinc ions besides gold thioglucose and monosodium glutamate which act on the hypothalamus causing the
diabetic syndrome.

Practical implications: High-dose approaches can successfully bring to life the total lack of insulin seen in Type 1 diabetes (T1IDM),
whereas low-dose settings together with nutrition changes replicate the insulin resistance and the gradual destruction of {3-cells
typical for Type 2 diabetes (T2DM) [9]. The task of optimizing these models includes overcoming the challenges of strain variations,

different mortality rates, and the issue of spontaneous 3-cell regeneration.

Keywords: None.

Introduction

Diabetes mellitus refers to a diverse group of
metabolic disturbances distinguished by chronic high blood
sugar levels due to either a defect in one or both of the
processes of insulin production and insulin utilization [11].
The incidence of both type 1 and 2 diabetes is increasing
globally, causing enormous strain on healthcare systems and
stimulating demand for more treatment,
technology, and preventive measures [12]. While in vitro
techniques can provide limited mechanistic information,
understanding diabetes requires whole-animal in vivo
studies due to the complexity of diabetes that manifests itself
through organ interactions, and macroscopic
metabolic shifts, and other systemic regulators [13].

innovative

micro-

In preclinical studies, Wistar and Sprague-Dawley rats serve
as preeminent mammals for metabolism analysis [14]. The
characteristics of these strains help provide predictable
metabolic parameters that are similar to human reactions
when exposed to certain diets. Most importantly, these
strains are perfect for studying the development of diabetes
complications such as diabetic nephropathy (which involves
progressive formation of albumin in the urine and
glomerulosclerosis) [15], diabetic neuropathy (characterized

by changes in nerve conduction speed and thermal
hyperalgesia) [16], and diabetic retinopathy (where the
changes in micro-vessels and retinal cells occur) [17].

To create diabetic traits in these rodent species, researchers
opt for surgical versus genetic or chemical induction
methods. Surgical methods (such as partial or complete
pancreatectomy) pose technical challenges, require low-
technology equipment, and present additional complications
of exocrine pancreatic insufficiencies [18]. Genetic models
(for example, the Zucker Diabetic Fatty rat) have the
advantage of uniformity of disease progression, but incur
significant cost, and are difficult to breed, and the strains
may have genotypes that do not represent the complex,
multifactorial causes of human diabetes [19]. Thus, chemical
induction methods are the method of choice for preclinical
testing [20]. Their most important advantages are the low
cost, the ease of application, and the ability to control the
phenotypic outcome through proper dose and diet
adjustment.

Core Chemical Induction & Mechanistic
Underpinnings
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1. Streptozotocin (STZ)

Chemical structure and properties: Streptozotocin is a
natural glucosamine-nitrosourea compound extracted from
Streptomyces achromogenes [21]. Structurally speaking,
there is a very toxic nitrosourea component linked to a
glucose molecule (2-deoxy-2-(3-methyl-3-nitrosoureido)-D-
glucopyranose). Thanks to this particular structure, STZ is
able to work as a D-glucose mimetic.

Mechanism of cellular entry: STZ has a selective pancreatic
toxicity due to its particular capacity to utilize specific
transport systems of pancreatic {3-cells. As it is a glucose
analogue, STZ is recognized by and binds selectively to the
glucose transporter protein GLUT-2, which is a high-capacity
and low-affinity transmembrane transporter [22]. All the
other glucose transporters show weak affinity to this
substance; however, GLUT-2 is extensively represented on
cell membranes of rodent islet cells and less on hepatocytes
and tubular cells [23]. Thus, STZ is quickly penetrated into
the cytoplasm of the {-cell while neighboring a-cells stay
unharmed.

Intracellular Cascades and Cytotoxicity: As soon as STZ
enters the cells, it rapidly decomposes, leading to the
commencement of a series of cytotoxic processes. The
nitroso-urea part of STZ produces cation radicals and
alkylates the genomic DNA at O6 and N7 positions of
guanine bases [24]. The occurrence of DNA double-strand
breaks leads to an activation of the nuclear repair enzyme
poly(ADP-ribose)  polymerase-1 ~ (PARP-1) [25]. The
significant PARP-1 activation uses up the cellular NAD+
since the involved processes require ATP. At the same time,
STZ acts as a donor of NO, which bonds to the superoxide
radical and generates peroxynitrite causing oxidative
damage [26]. The pancreatic [-cells are sensitive to the
oxidative damage because they have an extremely low level
of antioxidant enzymes in the cells.

Induction Techniques Using Rats: A single large dose of 35-
65 mg/kg of STZ, which can be administered by intravenous
or intraperitoneal injection, causes complete insulin shortage
in adult rats like it happens in type 1 diabetes. Before the use
of STZ, it must be dissolved in ice-cold 0.1 M citrate buffer
that has a specific pH of 4.5. In order to induce T2DM in rats,
researchers have developed a protocol aiming to create
damage in the peripheral tissue coupled with stratified
dietary priming with a high-fat diet (containing 45-60% fat)
for several weeks and followed by the administration of
small sub-diabetogenic doses of STZ by intraperitoneal
injection.

2. Alloxan

Chemical Structure and Properties: Alloxan (2,4,5,6-
tetraoxypyrimidine) is a type of oxygenated pyrimidine that
has a similar structure with both uric acid and glucose and is
known to be reactive and wunstable in an aqueous
environment.

Mechanism of Cellular Entry: Like STZ, alloxan enters cells
through GLUT-2 due to its structural similarities with the
hydrophilic D-glucose ring. This compound does not seem to
accummulate in tissues that do not have a high GLUT-2
density.

Intracellular Cascades and Cytotoxicity: The cytotoxic
characteristics of alloxan are due to a series of reduction and
oxidation processes. The reduction of alloxan to dialuric acid
takes place in the presence of intracellular reducing factors,
which are represented mainly by the cytosolic glutathione
(GSH). Alloxan is afterward auto-oxidized into the initial
compound. Alloxan also interacts directly with the -SH
groups, thereby blocking the functioning of glucokinase (the
main glucose receptor in beta-cells) and thus leading to cell
death in the area.

Glucose Profile: The Triphasic Response: Systemic alloxan
administration triggers a dynamic triphasic blood glucose
curve in rats through 2448 hours post-alloxan use: Phase 1
involves initial hyperglycemia (0—4 hours) due to a spike in
hepatic glycogenolysis, Phase 2 has transitory hypoglycemia
(6-12 hours) as a result of the death of pancreatic 3-cells and
flooding the blood with stored insulin, and Phase 3 is noted
for permanent hyperglycemia (24-48 hours and beyond)
indicating total destruction of the functional -cell mass [23].
To avoid death during Phase 2 process, provision must be
made to ensure that animals receive water supplemented
with 10-20% sucrose for the first 24 hours post alloxan.

Administration protocols for the rats: Alloxan is
administered to fasting rats within the dosage range of 40-
150 mg/kg (40-60 mg/kg for i.v., 100-150 mg/kg for i.p./s.c.)
[34]. Since alloxan has a narrow therapeutic window, it is
imperative to ensure stricter than 12-24 hour fasting period to
make sure intracellular glucose level has been brought down
and there is minimum chance for competitive inhibition.

3. Minor & Emerging Diabetogenic Chemicals

Dithizone is a member of the thiocarbonyl family of semi-
organic compounds and is a chelator. When injected
intravenously at doses of 40-100 mg/kg, it binds with zinc
ions (Zn2+) that are required for maintaining the stability and
storage of hexamers of insulin in the intracellular granules,
resulting in disintegration of its structure and acute
distress.[25]

GTG, which belongs to the class of organogold compounds,
is used to create neurogenic models of T2DM. If
administered via the intraperitoneal route (dosing: 200-400
mg/kg), GTG penetrates the blood-brain barrier and
accumulates in glucose-sensing cells of the VMH, giving rise
to local necrotic lesions that disrupt appetite control, thus
causing hyperphagia, obesity, and secondary insulin
resistance.[26]

MSG is injected by subcutaneous route to young rats (at a
dose of 2-4 mg/kg daily) in the first 10 days of life, so that it
acts like a neuroexcitotoxin and selectively destroys sensitive
neurons in the arcuate nucleus of the hypothalamus. This
leads to leptin resistance, metabolic changes — obesity, and
impaired glucose tolerance later in life.[27]
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4. Comparative Analysis
Chemical Agent Primary Mechanism of Action Typical Rat Dosage Targeted Type Major Advantages / Limitations
Streptozotocin Selective GLUT-2 entry; DNA T1DM: 35-65 mg/kg i.v./i.p. T1DM or Adv: High reproducibility, stable
(STZ) alkylation; PARP-1 hyperactivation; T2DM: 25-35 mg/kg i.p. + T2DM hyperglycemia. Lim: Relatively
NAD+/ATP depletion. HFD expensive.
Alloxan Selective GLUT-2 entry; redox cycling; 40-60 mg/kg i.v. T1DM Adv: Highly cost-effective; rapid onset.
massive ROS generation; glucokinase 100-150 mg/kg i.p./s.c. Lim: High mortality; narrow index;
inhibition. hypoglycemic risk.
Dithizone Chelation of intracellular zinc (Zn2+) 40-100 mg/kg i.v. Acute TIDM- | Adv: Targeted granular disruption. Lim:
ions within secretory insulin granules. like Hyperglycemia often
unstable/reversible.
Gold Accumulates in VMH glucose-sensing 200-400 mg/kg i.p. T2DM / Obesity Adv: Captures neurogenic obesity
Thioglucose cells; induces focal necrosis destroying without genetic mutants. Lim: Severe
satiety center. brain lesions; variable glucose profiles.
Monosodium Neonatal excitotoxicity targeting the 2-4 mg/g s.c. daily T2DM / MetS | Adv: Replicates intact but highly insulin-
Glutamate arcuate nucleus of the hypothalamus. (neonatal days 1-10) resistant islets. Lim: Long incubation;

Conclusion & Future Directions:

Rat models resulting from chemical reactions are some of the most
important existing tools in modern studies of diabetes before
clinical trials can commence, as they embody a cost-efficient
approach while guaranteeing reproducible results. For example,
STZ or alloxan act as landmarks in inducing acute toxicity via the
glucose transport through GLUT-2. Apart from them, there are also
some specialized substances like gold thioglucose and monosodium
glutamate responsible for the induction of neurogenic obesity and

metabolic

syndrome. Future studies should concentrate on

regulated standards in reporting with regard to parameters such as
the pH of the vehicle used, and have strict rules regarding fasting
and detailed reports about the diet of the animals involved in the
study.
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