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ABSTRACT 

Alloxan and Streptozotocin are widely 

used to induce experimental diabetes in 

animals. The mechanism of their action 

have been intensively investigated and 

found to be selectively harmful to 

pancreatic β cells because they 

accumulate within the β cells as glucose 

analogues. Streptozotocin is a  

permanent  diabetogenic  compound, 

produced by the gram positive soil 

bacterium Streptomyces achromogenes 

that exhibits broad spectrum of 

antibacterial properties. STZ   induces   

diabetes   mellitus   in   laboratory 

animals    by    killing    insulin-

producing    pancreatic    β-cells. 

Streptozotocin   is   a   toxic   glucose 

analogue that preferentially 

accumulate in pancreatic beta cells via 

the low affinity   glucose   transporter   

GLUT2. The   toxic   effector mechanism 

of STZ starts with its decomposed 

products and the free radicals 

generated, which destroy the 

pancreatic β- cells by alkylating    DNA, 

impairing mitochondrial system and 

inhibitingO-GlcNAcase. 
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INTRODUCTION

Diabetes mellitus is group of metabolic 

disorders characterised by 

hyperglycemia, glycosuria and 

hyperlipaemia [1]. Diabetes affected 

approximately 177 million people 

worldwide in year 2000 and it is 

expected to increase up to 300 million 

till year 2025 [2].   Diabetes is not a 

single disease, it is a group of 

heterogeneous syndromes such as heart 

attack, stroke and peripheral vascular 

disease [2]. Diabetes mellitus is divided 

into two types. Type I and II diabetes is 

mainly attributed to a disorder of 

carbohydrate, fat, and protein 

metabolism caused by abnormal 

utilization or insulin deficiency and 

inhibitory action, characterized by high 

blood glucose level that leads to 

hyperglycemia [1, 2, 3]. This can cause 

various types of secondary 

complications to the eyes, kidneys, 

nerves, heart and blood vessels 

associated with morbidity and mortality. 

In animal model, experimental induction 

of Diabetes mellitus can be very 

difficult. Induction of diabetes mellitus 

in animals can be done with two types 

of diabetogenic agents available in 

pharmacy. Such as Streptozotocin (STZ) 

and Alloxan. Diabetes mellitus can easily 

be induced in animals by using 

diabetogenic agent’s either 

intravenously or intraperitoneally. This 

may provide an integrated view of their 

chemical properties and biological 

effects [4]. 

Induction of diabetes in animal species 

using Alloxan and STZ have proven to be 

better diabetogenic agents with the 

most effectiveness and greater 

reproducibility. For injection in 

experimental animals and for optimum 

results, it is best to be administered at 

starvation state and, dissolved in citrate 

buffer (pH 4.4-4.5). Fasting may be a 

common procedure for animals in 

experiments. Although fasting is also 

necessary for maintaining scientific 

reasons and action. Fasting causes 

severe changes within the physiological 

and biochemical process of the animal 

that become additionally serious with 

longer duration of food withdrawal. 

However, the often-used fasting periods 

of 16-24 hours bring about vital 

changes, which can significantly affect 

the ability of the animal to respond to 

stimuli. Fasting can cause, stress, 

aggressive behavior as well as reduction 
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in body weight, body temperature, 

cellular dehydration, intake of fluids 

and plasma glucose levels [5].   

Animals that were fasted showed  

increased  locomotory  behavior  and 

the  time  spent  grooming,  which  also  

resulted  in  the accumulation of a great 

quantity of hair within the stomach. 

Shorter period of deprivation resulted in 

smaller changes in the animal’s 

physiology and behavior. This might be 

attributed to the fact that administration 

of diabetogenic agents caused a 

decrease in hepatic glycogen at intervals 

24-72 hours because of its conversion to 

anionic radicals and pancreatic 

destruction, leading to IDDM and NIDDM 

respectively. Moreover, the Alloxan and 

STZ model mimics many of the acute 

and chronic complications of animal 

disease model when compared to human 

diabetes and given the stable 

similarities of some of the structural, 

functional and biochemical 

abnormalities to human disease; it is an 

assign model to assess the mechanism 

of diabetes [6].  

Diabetes Stages with induction of 

Alloxan and Streptozotocin 

One of the most important diabetogenic 

agents Alloxan and STZ have been 

commonly employed as an experimental 

design in animal models. Both are 

cytotoxic glucose analogues that induce 

a multiphasic blood glucose response 

and accompanied by corresponding 

inverse changes within the plasma 

insulin concentration. Sequential 

ultrastructural β cell changes that lead 

to necrotic cell death and cause insulin 

dependent diabetes mellitus in 

experimental animals. After 

administration of diabetogenic agents 

via intravenous or intraperitoneal 

injection method, the drug is 

metabolized and excreted by the kidney. 

The first stage that comes into prospect 

within the first minutes, this short-lived 

transient hypoglycemic response is 

noted to the evolution of a transient 

stimulation of insulin, by an increase of 

the plasma insulin concentration. Due to 

the action of diabetogenic agents may 

be lead to inhibition of 

hyperinsulinemia uptake into glucose 

phosphorylation attributed to by 

glucokinase activity through a 

temporary rise in ATPs [7, 8].  

Thus, the second stage is 

hyperglycemia. During this stage, there 

is an increase in blood glucose 

concentration, whereas at the same time 

plasma insulin concentration decrease 

appeared one hour after the 

administration of diabetogenic agent 

injections. This produced first 

hypoglycemic condition that typically 

last 2-4 hours. Morphologically there is 

an inhibition of insulin secretion from 

pancreatic β cells that lead to 

hypoinsulinaemia. This disturbs 

pancreatic β cells show intracellular 

vocalization, dilation of the rough 

endoplasmic reticulum, other cell 

organelles and including swollen 

mitochondrial [9].  

Streptozotocin 

Streptozotocin is a permanent diabetes  

inducing drug. It is synthesized by a 

strain of the soil microbe  Streptomyces  

achromogenes (gram  positive  

bacterium) with broad  spectrum  of 

antibacterial  properties. Streptozotocin 

is naturally  occurring  chemical;  used  

to  produce type- 1 diabetes in animal 

model and type- 2 diabetes with 

multiple low doses. It is also used in 

medicine for treating metastatic cancer 

of islets of Langerhans [10]. 

Streptozotocin  is an  unusual  

aminoglycoside  containing  a 

nitrosoamino group discovered in 1959 

as an antibiotic,  now marketed as a 

generic drug.  The nitrosoamino group 

enables the metabolite to act as a 

nitric oxide (NO) donor. NO is an 

important messenger molecule involved 

in many physiological and pathological 

processes in the body. Streptozotocin is 

widely used to induce diabetes in rodent 

models by inhibition of β-cell O-

GlcNAcase. Streptozotocin features four 

important biological properties as 

evidenced by its antibiotic,β-cell (beta)-

cytotoxic, oncolytic, as well as oncogenic 

effects. This product is anantineoplastic 

antibiotic and is used mainly in the 

treatment of pancreatic (islet cell) tumors 

[3].  

It is used for the treatment of malignant 

insulinoma. Current use of STZ is mostly 

as an investigational drug for diabetes 

research due to its specific toxicity 

associated with pancreatic β-cells. Low 

affinity glucose transporter- GLUT2 of 

βcells transports STZ into the cell and 

http://en.wikipedia.org/wiki/Streptomyces_achromogenes
http://en.wikipedia.org/wiki/Streptomyces_achromogenes
http://en.wikipedia.org/wiki/Streptomyces_achromogenes
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causes alkylation of DNA and 

irreversible necrosis of β cells. DNA 

synthesis in mammalian and bacterial 

cells is inhibited by action of STZ. STZ is 

widely used to induce both insulin-

dependent (IDDM) and non-insulin-

dependent diabetes mellitus (NIDDM). STZ 

is an antibiotic and antitumor agent, 

induces diabetes mellitus via reduction of 

nicotinamide adenine dinucleotide in 

pancreatic β-cells in vivo. This review will 

summarize the chemistry of STZ and its β-

cell toxicity  through  the  link  between  

STZ  and  free  radicals.  In addition, 

dosage,  route  of administration and 

metabolism of STZ in experimental 

animal models to study diabetes will be 

addressed [5].  

Chemical Properties 

Streptozotocin is a monofunctional 

nitrosourea derivative.  First isolated 

from Streptomyces achromogenes.  It   

has   been   used   alone   or   in   

combination   with   other 

chemotherapeutic  drugs (vincristine, 5-

fluorouracil,  methyl-CCNU, 

procarbazine  and 6-thioguanine)  for  

the  treatment  of  colorectal carcinomas 

and other gastrointestinal cancers, but 

severe toxicity and myelosuppression 

were observed in most of the patients. 

Streptozotocin has broad spectrum 

antibiotic activity [6]. 

Mechanism of Action 

Streptozotocin prevents DNA 

(Deoxyribonucleic acid) synthesis in 

mammalian and bacterial cells, in the 

bacterial  cells;  it  renders special 

reaction with cytosine groups, resulting 

in degeneration and destruction of DNA. 

The streptozotocin enters the pancreatic 

cell via a glucose transporter-GLUT2 

(Glucose transporter 2) and causes 

alkylation of DNA. Further STZ induces 

activation of poly adenosine diphoshate 

ribosylation and nitric oxide release, as 

a result of STZ action, pancreatic -cells 

are destroyed by necrosis and finally 

induced insulin dependent diabetes [7]. 

Alloxan 

Alloxan is the most prominent chemical 

compound used in diabetogenic 

research. In research it is used for 

induction of type 1 diabetes. Alloxan is 

a urea derivative which causes selective 

necrosis of the β- cells of pancreatic 

islets. It has been widely used to induce 

experimental diabetes in animals such 

as rabbits, rats, mice and dogs with 

different grades of disease severity by 

varying the dose of alloxan used. 

Chemical Properties 

The chemical name of alloxan is 2,4,5,6 

tetraoxypyrimidine; 2, 4, 5, 6 

pyrimidinetetrone, which is an 

oxygenated pyrimidine derivative which 

is present as alloxan hydrate in aqueous 

solution. Alloxan was prepared by the 

oxidation of uric acid by nitric acid and 

the monohydrate form is simultaneously 

prepared by oxidation of barbituric acid 

by chromium trioxide. The drug has 

been noted to its   diabetogenic   action   

when   administered   parenterally,   i.e., 

intravenously, intraperitoneally or  

subcutaneously.  The  dose  of alloxan  

required  for  inducing  diabetes  

depends  on  the  animal species and 

route of administration . Moreover, 

alloxan has been demonstrated to be 

non-toxic to the human beta-cells, even 

in very high   doses, because   humans   

have   different   glucose   uptake 

mechanisms as compared to rodents [8]. 

Phases of diabetes induction 

Alloxan induces triphasic blood glucose 

response when injected into 

experimental animals. The first phase 

that comes within the first minutes after 

alloxan administration is transient 

hypoglycemic phase that lasts 

maximally for 30 minutes. In this little 

phase hypoglycemic response has been 

noted to be result of stimulation of 

insulin secretion that increases the 

concentration of insulin in plasma. The 

mechanism behind the first phase of 

this hyperinsulinemia may be a 

temporary increase in ATP availability 

due to inhibition of glucose 

phosphorylation through glucokinase 

inhibition [3]. 

The second phase appears after 1 hour 

of administration of alloxan and leads to 

rise in blood  glucose  concentration.  

Moreover, the plasma insulin 

concentration decreases at the same 

time. This is the first hyperglycemic 

phase for 2-4 hours, after the first 

contact of the pancreatic beta cells with 

the toxin. This hyperglycemic phase is 

result of inhibition of insulin secretion 

from the pancreatic beta cells, due to 

their beta cell toxicity [5]. 

The third phase is again a hypoglycemic 

phase i.e. for 4-8 hours after the alloxan 
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injection, which lasts for several hours. 

Changes occur during this phase are 

irreversible. Alloxan  treatment  evokes  

a  sudden  rise  in  insulin  secretion  in  

the presence or absence of glucose and 

this insulin release occurs for short 

duration followed by the complete 

suppression of the islet response to 

glucose  even  when  high  

concentrations  of  glucose  were  used. 

Further,  important feature  of  alloxan  

action  in  pancreas  is preceded by its 

rapid uptake by pancreatic beta cells. 

Moreover, in pancreatic beta cells, the 

reduction process occurs in the 

presence of reducing agents like 

reduced glutathione (GSH), cysteine, 

ascorbate and protein-bound sulfhydryl 

(-SH) groups. Alloxan reacts with two -SH  

groups  in  the  sugar  binding  site  of  

glucokinase  and  results  in inactivation 

of the enzyme. As a result dialuric acid 

is formed which is then re-oxidized back 

to alloxan establishing a redox cycle and 

generates reactive oxygen species (ROS) 

and superoxide radicals.  The 

superoxide radicals liberate ferric ions 

from ferritin and reduce them to ferrous 

and ferric ions and also undergo 

dismutation to yield hydrogen peroxide 

(H
2

O
2

).  As a result, highly reactive 

hydroxyl radicals  are formed in the 

presence of ferrous and H
2

O
2

. Another 

mechanism that has been reported is the 

effect of ROS on the DNA of pancreatic 

islets.  In the beta cells  alloxan  causes  

DNA  fragmentation  and  damage.  

Antioxidants like superoxide dismutase, 

catalase and the non enzymatic 

scavengers of hydroxyl radicals have 

been found to protect against alloxan 

toxicity. In addition cytosolic free 

elevated Ca
2+

 has also been reported to 

constitute an important step in the 

diabetogenic action of alloxan. The 

calcium influx results from the ability of 

alloxan to open voltage dependent 

calcium channels and enhances calcium 

entry into pancreatic cells.  The 

increased concentration of Ca
2+

 ion 

further contributes to 

supraphysiological insulin release that 

along with ROS eventually causes 

damage of beta cells of pancreatic islets 

[7]. 

CONCLUSION 

Alloxan and Streptozotocin play one of 

the most vital roles in diabetes 

induction in experiment and  

understanding diabetic disease in 

animal model. Both Alloxan and 

Streptozotocin are cytotoxic and their 

effect leads to insulin deficiency. The 

remarkable discovery that a single 

injection of Alloxan can produce 

diabetes mellitus in laboratory animals 

was made in 1942, in Glasgow, by John 

Shaw Dunn, Sheehan and Norman 

McLetchie. Alloxan and the product of 

its reduction, dialuric acid, establish a 

redox cycle with the formation of 

superoxide free radicals. These radicals 

undergo dismutation to hydrogen 

peroxide. Thereafter extremely reactive 

hydroxyl radicals are developed by the 

Fenton reaction. The activity of reactive 

oxygen species enhance cytosolic 

calcium concentration by the action that 

rapidly destroys β cells. Therefore, 

Streptozotocin enters the β cell via a 

glucose transporter (GLUT2) and leads 

to alkylation of DNA. DNA destruction 

induces activation of poly ADP-

ribosylation, a role that is more vital for 

the diabetogenicity of Streptozotocin 

than DNA damage itself. Poly ADP-

ribosylation leads to depletion of 

cellular ability to inhibit NAD
+

 and ATP. 

Enhanced ATP dephosphorylation after 

Streptozotocin intervention supplies a 

substrate for xanthine oxidase 

consequently in the formation of 

superoxide radicals. Accordingly, 

hydrogen peroxide and hydroxyl free 

radicals are also generated.  

Furthermore, Streptozotocin releases 

free toxic amounts of nitric oxide that 

suppress aconitase activity and 

participates in DNA damage. As an 

evolution of the Streptozotocin action, β 

cells undergo the destruction by 

necrosis. The surgical and genetic 

processes of diabetes induction are 

associated with a high rate of animal 

morbidity and mortality. So, efforts 

should be made in the direction of 

upbringing and uplifting the model of 

alloxan and streptozotocin  induced 

diabetes mellitus in the experimental 

animals. 
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