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Abstract : 

Over the past 30 years, Streptozotocin (STZ) has been widely used to induce diabetes in animals and evaluate 

hypoglycemic drugs. However, the physicochemical properties and associated toxicity of STZ pose a challenge to 

researchers. Maintaining uniformity, consistency, reproducibility, and minimal animal mortality in STZ-induced 

diabetes is also challenging. Proper use of STZ is essential to prevent increased mortality and suffering in animals, 

and several factors must be considered, such as STZ production method, stability, appropriate dosage, route of 

administration, diet, animal species, age, body weight, sex, and target blood glucose level. The protocol for STZ-

induced diabetes in experimental animals must be carefully developed, and this review provides an overview of 

diabetogenic mechanisms, specific toxicity, and factors leading to changes in STZ's diabetogenic effects. 

Introduction :  

Diabetes mellitus (DM) is a chronic disease characterized by hyperglycemia leading to insulin resistance and/or 

secondary insulin deficiency due to pancreatic beta (𝛽-) cell dysfunction. Diabetes can be classified into four 

clinical categories: type 1 diabetes (due to autoimmune damage to 𝛽 cells, which usually leads to an absolute lack 

of insulin), type 2 diabetes (due to progressive insulin secretion disorder insulin resistance), gestational diabetes 

(GDM) (diagnosed during gestational diabetes that is not clearly evident diabetes) and other specific types of 

diabetes caused by other causes, such as genetic defects in cell or insulin function, changes caused by drugs or 

chemicals (such as HIV/ AIDS treatment or after organ transplantation) and all diseases of the exocrine pancreas 

characterized by a process that, moreover, damages the pancreas, can lead to diabetes. 

              STZ has been extensively used in preclinical studies and to induce diabetes in laboratory animals since its 

discovery in 1959. It is the most favorable chemical for modeling human diabetes in animals due to the similarity of 

the structural, functional, and biochemical changes observed in STZ-induced diabetes with those seen in human 

diabetes. This makes STZ-induced diabetes a clinically relevant model for studying diabetes pathogenesis and its 

complications in experimental animals. STZ is a glucosamine nitrosourea compound and is structurally similar to 2-

deoxy-D-glucose, but with an N-methyl-N group attached at the C2 position, along with a methyl group and a 

glucose molecule on the other end. It is a hydrophilic compound and occurs as a pale yellow or off-white crystalline 
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powder with a molecular weight of 265 g/mol and a molecular formula C8H15N3O7, and has a short biological 

half-life of only 5 to 15 minutes. STZ accumulates mainly in pancreatic β cells via the GLUT2 transport system, 

causing β-cell cytotoxicity. Initially used as an alkylating agent in the chemotherapy of metastatic pancreatic islets, 

STZ was found to cause extensive β-cell DNA degradation, showing the possibility of cell DNA damage as a 

mechanism for inducing diabetes in bacteria. It enters β cells via the GLUT2 transporter and accumulates 

intracellularly, forming the alkylating agent diazomethane (DAM), which causes DNA methylation and produces 

diabetogenic effects. STZ also induces diabetes through several mechanisms, such as increased NADPH levels via 

glucose autoxidation or diacylglycerol (DAG) production, increased O2 free radical generation, protein kinase C 

pathway activation, glucose flux through the polyol metabolic pathway, accumulation of advanced glycation end-

products, and secretion of cytokines. By engaging all these mechanisms, STZ selectively damages β-cells, making 

it a unique compound with an acceptable structure and face for modeling diabetes in animals 

 

Diabetogenic mechanism of STZ 

Diabetes is characterized by elevated blood sugar , which is accompanied by dysfunctions and complications of 

other organs. Type 1 diabetes is caused by the destruction of β cells by apoptosis, while type 2 is mainly due to 

increased insulin resistance. Increased glucose load or hyperglycemia is the main cause of diabetes. As a result of 

hyperglycemia, β cells take up glucose via the GLUT2 transporter. Excessive glucose metabolism caused by 

glycolysis and glucose autoxidation generates free radicals such as reactive oxygen species (ROS). It increases 

oxidative stress in b-cells, promoting necrosis and apoptosis. In addition, activated inflammatory pathways such as 

mitogen-activated protein kinases (MAPKs) and nuclear factor kappa-beta (NF-kB) lead to insulin resistance. All 

these mechanisms ultimately contribute to the development of diabetes. 

               The diabetogenic feature of STZ is characterised by insulin insufficiency, hyperglycaemia, polydipsia, and 

polyuria that match human diabetes, as well as the selective death of β cells. The entrance of STZ into the 

pancreatic b cells is mediated by GLUT2, a low affinity glucose transporter found in the plasma membrane]. STZ is 

not effective on insulin-producing cells that lack the expression of GLUT2. In contrast, STZ has the capacity to 

harm GLUT2–expressing kidney and liver cells . 

                 A glucose moiety is connected to the cytotoxic nitrosourea (MNU) in STZ, which is a structural 

counterpart of n-acetyl glucosamine. (Fig. 1). Because the b cells are more sensitive to glucose, STZ may enter cells 

more easily through the GLUT2 transporter, which eventually causes STZ toxicity         

                 STZ enters pancreatic beta cells through the glucose transporter GLUT2. Studies have shown that a 

decrease in GLUT2 expression prevents STZ's harmful effects. STZ causes DNA damage in pancreatic B cells by 

fragmenting it. Alkylation of DNA is the primary reason for STZ-induced cell death. The nitrosourea moiety in 

STZ is responsible for its alkylating activity. STZ is a nitric oxide (NO) donor, and NO contributes to STZ-induced 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2302188 International Journal of Novel Research and Development (www.ijnrd.org)  
 

b860 

 

DNA damage by participating in the cytotoxic effect of STZ. However, STZ generates reactive oxygen species that 

also contribute to DNA fragmentation and other harmful changes in cells. Superoxide anions are formed due to 

STZ's action on mitochondria and increased activity of xanthine oxidase. STZ inhibits the Krebs cycle and 

decreases oxygen consumption by mitochondria, limiting ATP production and causing depletion of this nucleotide 

in B cells. NO partially mediates the restriction of mitochondrial ATP generation by binding to the iron-containing 

aconitase, inhibiting enzyme activity. 

                   The primary reason for the toxicity of STZ can be attributed to its potent alkylating properties. 

However, it should be noted that the combined action of both NO and reactive oxygen species may also play a role 

in causing DNA fragmentation and other harmful effects induced by STZ. These species can act independently or 

combine to form the highly toxic peroxynitrate (ONOO; depicted in Figure 2). As a result, the use of intracellular 

antioxidants or NO scavengers can significantly reduce the toxic effects of STZ. 

 

 

  

          

Fig 2. The mechanism of streptozotocin (STZ)-induced                                  Fig. 1. Chemical structures of glucose 

toxic events in B cells of rat pancreas. MIT –                                                 N-acetyl-D-glucosamine, 

mitochondria; XOD – xanthine oxidase                                                       streptozotocin and Nmethyl- N-nitrosourea      

                                                                                             

 

Dose of Streptozotocin : 

                The range of STZ doses used to induce IDDM is relatively wide compared to alloxan. In adult rats, a 

single intravenous dose between 40 and 60 mg/kg b.w. is often used, but higher doses can also be effective. 

Intraperitoneal administration of a similar or higher dose of STZ can also be efficacious, but doses below 40 mg/kg 

b.w. may not be effective. For example, injection of 50 mg/kg b.w. STZ into fed rats intravenously can lead to 

blood glucose levels of around 15 mM after two weeks. In mice, multiple low doses of STZ are often used to 
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induce IDDM, with immune mechanisms playing a role. However, nonspecific activation of the immune system via 

complete Freund's adjuvant prior to STZ injections has been shown to reduce the diabetogenic dose even in rats. 

NIDDM can also be induced in rats by treating them intravenously or intraperitoneally with 100 mg/kg b.w. STZ on 

the day of birth. Portha et al. (1974) first described this method, which leads to mild basal hyperglycemia, impaired 

glucose tolerance test response, and loss of B cell sensitivity to glucose in rats neonatally treated with STZ at 8 -10 

weeks of age and beyond (Giroix et al., 1983; Portha et al., 1979). 

 

STZ Preparation : 

STZ is a hydrophilic compound that can dissolve in water, alcohol, and ketones. It is stable at a pH of 4.5, but any 

changes beyond that can cause degradation. Therefore, it is recommended to use 0.1 M ice-cold citrate buffer (pH 

4.5) to prepare a stable STZ solution. This solution should be injected within 15-20 minutes of its preparation to 

prevent degradation. STZ solution can be preserved for up to 40 days if stored in the dark at 4°C, but its content 

decreases by 0.1% daily. In a study using mice, a higher mortality rate and pancreatic beta-cell damage were 

observed after administering freshly prepared STZ solution compared to preserved STZ solution. Hence, ice-cold 

citrate buffer is commonly used to prepare STZ solution. 

STZ Mortility : 

STZ-induced diabetes in animals can cause dose-dependent mortality due to its cytotoxic action. Administration of 

STZ at a dose of 70 mg/kg body weight and above was found lethal to animals. A higher mortality rate was 

observed in mice with a dose of 160-170 mg/kg of STZ after 20 days of administration. STZ's toxicity on multiple 

organs is one of the main reasons for higher mortality compared to its diabetogenic action. To reduce mortality, 

glycation scavenger tacrine can be administered following STZ challenge, and sugars like D-glucose and D-

mannose can be given before and after STZ injection. Low doses of insulin may also be given to reduce muscle 

wasting and mimic human diabetes. The appropriate protocol should consider the factors listed in Table 2 to induce 

clinically relevant diabetes in various animal species while reducing mortality. Therefore, careful and judicious use 

of STZ is recommended. 

Conclusion :  

In conclusion, STZ-induced diabetes is a commonly used animal model to study diabetes and related diseases. 

However, the use of STZ requires careful attention to several factors including STZ production method, stability, 

appropriate dosage, route of administration, diet, animal species, age, body weight, sex, and target blood glucose 

level. The physicochemical properties and associated toxicity of STZ also remain a major obstacle for researchers. 

In addition, maintaining uniformity, consistency, and reproducibility of diabetes induction with minimal animal 

mortality is a major challenge. Despite the difficulties, STZ-induced diabetes remains a clinically relevant animal 

model and is extensively used to study human disease. Attention to factors such as b-cell specificity, toxicity to 
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other organs, and animal mortality can lead to appropriate and reproducible induction of diabetes using STZ. The 

use of STZ-induced anomalies in experimental animals has also been extended to model diseases such as 

Alzheimer's disease, cardiomyopathy, and renal toxicity. 
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