
Diabetes is one of the largest global health emer-
stgencies of the 21  century. Each year more and more 

people live with this condition, which can result in life-

changing complications (10). There are several forms of 

diabetes, however most common are: type 1 and type 2 

diabetes. Type 2 is more frequent, represents 90-95% 

of all diabetic cases in humans and is characterized by 

peripheral insulin resistance and relative insulin defi-

ciency due to an inability of B-cells to compensate pro-

perly (1). In veterinary medicine both types of diabetes 

are encountered, especially in small animals. Dogs de-

velop type 1 and cats both types of diabetes, but type 2 

is more frequently. In order to prevent or treat diabetes, 

new drugs and strategies have been developed using 

different diabetic experimental models (22).

The animals chosen for these studies are rats and 

mice because they are easier to work with, far less 

expensive and sensitive to the streptozotocin effects 

(11). There are two categories of rodent models used 

for T2D research: genetic (spontaneously) and experi-

mentally-induced (non-spontaneously), the latter mo-

dels are preferred to the genetically induced models 

due to their comparatively lower cost, wider availabi-

lity and much easier diabetes induction (9, 11). STZ is 

one of the most used chemical to induce diabetes in 

experimental models (12, 13). However, its cytotoxic 

effects on B-cells are devastating and is resembling 

the type 1 diabetes pathology in humans. 

 Diabetes mellitus represents a group of metabolic 

disorders affecting about 5% of people all over the 

world. Because of its multifactorial aetiology and com-

plex pathology, there is no animal model which can mi-

mics all the characteristics of human type 2 diabetes, 

but each of them can be useful for understanding 

features of the pathogenesis and evolution of diabetes 

mellitus. Despite numerous treatment options, the 

management of diabetes without side effects remain a 

big challenge. The aim of this paper is to describe a 

step by step protocol on how to induce diabetes type 2 

in rats using streptozotocin (STZ) - nicotinamide (NA) 

and to help other researchers who encountered similar 

issues. Animal models are very helpful to provide fur-

ther investigations within this field, and STZ/NA 

model represent a valuable working tool.
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 Diabetul zaharat reprezintă un grup de boli meta-

bolice care afectează aproximativ 5% din toată popu-

lația lumii. Datorită etiologiei multifactoriale și a pato-

logiei complexe, nu există un model animal care să mi-

meze toate caracteristicile diabetului de tip 2 întâlnit la 

oameni, dar fiecare din aceste modele pot să fie folo-

sitoare pentru înțelegerea mecanismelor patologice 

din diabet, cât și pentru evoluția bolii. În ciuda nume-

roaselor opțiuni de tratament, managementul unei te-

rapii fără efecte adverse rămâne o mare provocare. 

Scopul acestui articol este de a descrie pas cu pas pro-

tocolul de inducere a diabetului de tip 2 la șobolani, 

prin administrarea de streptozotocină (STZ) și nicoti-

namidă (NA) și pentru a ajuta alți cercetători din do-

meniu care au întâmpinat probleme similare. Modelele 

animale sunt foarte folositoare pentru viitoarele inves-

tigații din domeniu și, în acest scop, modelul STZ/NA 

reprezintă o unealtă valoroasă de lucru.
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One potentially useful STZ-NA model of diabetes 

type 2 have been developed. This model was esta-

blished by Masiello et al (1998) mechanism of STZ-NA 

is based on the ability of nicotinamide to exert a partial 

protection against the β-cytotoxic effect of streptozo-

tocin (16). Thus, some of the pancreatic β-cells are 

remaining unharmed and capable of secreting the in-

sulin (15).

Characteristics of STZ-NA model

Streptozotocin is a diabetogenic compound, pro-

duced by Streptomyces achromogenes which exhibits 

a broad spectrum of antibacterial properties. It is toxic 

to the insulin producing B-cells of pancreatic islets 

resulting in hyperglycemia (7). It is used in medicine 

for treating certain cancers of the Langerhans islets 

and used in experimental research to produce type 1 

and 2 diabetes in animal models (6). Several species, 

including the mouse, rat and monkey, are sensitive to 

STZ effects (23). The mechanism of action that STZ 

exerts on cells has been described elsewhere (14). 

Nicotinamide is the amide form of vitamin B3 (niacin) 

that functions as a precursor to nicotinamide adenine 

dinucleotide (NAD+) (4).

Results of other studies have showed that NA is 

able to protect pancreatic B-cells against the cytoto-

xicity of STZ (16). The STZ-NA rat model of type 2 

diabetes is based on protective effects of NA against 

the cytotoxic effect induced by streptozotocin.

This model of type 2 diabetes has the following fea-

tures: stable moderate non-fasting hyperglycaemia 

and the reduction of B-cells is about 40% (15). This 

model, is reported to be a suitable model for bioche-

mical and pharmacological researches testing new 

potential antidiabetic drugs (9, 22).

MATERIAL AND METHODS

It should be underlined that the effects induced in 

rats by STZ and NA vary depending on the doses of 

these two compounds, animal strain, age , gender and 

the time of NA administration in relation to the STZ 

administration (22). Different authors use different 

doses of STZ/NA and therefore no dosage will be 

recommended here.

Reagents: Streptozotocin (500 mg, S-0130, 

Sigma-Aldrich), Nicotinamide (100 g, N-3376, Sigma-

Aldrich), Sodium Citrate (Mw: 294.10), Citric Acid 

(Mw: 210.10), Sucrose 10%, Distillate water, Sodium 

chloride (NaCl 0.9%).

Materials: Adult male rats (Sprague-Dawley) 150– 

400 g; protective equipment (gloves, mask, laboratory 

coat); Animal scale, sensitive scale (for STZ/NA); Ste-

rile conical tube with screw top or equivalent (Eppen-

dorf tubes); Aluminium foil or thermo isolating bag; 

Insulin syringes (1ml) and 22-25 G needles; pH-meter; 

Glucometer, glucose strips and lancets (or other sharp 

devices);Graduate cylinder;pipettes and tips; Erlenme-

yer bottles; Filter-sterilize (0.22 um); Vortex machine.

Acclimatization of the rats should be done for at 

least 1 week prior to the start of the experiment. 

House 2-5 rats per cage at 20-26°C and 40-70% hu-

midity, with a 12 hours light-dark cycle (18). Allow the 

rats to have free access to food and water. It is im-

portant to have the initial blood glucose concentration 

before the induction of diabetes. One day before the 

experiment, measure blood glucose for all rats. The 

technique of blood sampling will be discussed later.

The National Institutes of Health (NIH) and Animal 

Models of Diabetic Complications Consortium (AMDCC) 

suggested that mice should be fasted for at least 4-6 

hours prior to STZ administration. Similarly, the accep-

ted rat fasting time is between 6 to 8 hours (8). Some 

studies suggest that STZ absorption is the same in fas-

ted or fed rats. The rationale for fasting rats before ad-

ministering STZ is because glucose may compete with 

STZ for uptake into B-cells via low affinity GLUT2 

trans-porters during post prandial periods (5).

On experimental day (day 0), fast all rats for 6 

hours (from 8:00 to 14:00) before the injection of STZ. 

Remove the food from the feeders, but provide water 

as normal. Leave a clear note about this.During the fas-

ting period (8:00–14:00) weight all the rats. Calcula-

tion of STZ/NA doses/volume required for administra-

tion are listed in table 1. Using an insulin syringe (1ml), 

inject nicotinamide i.p. The nicotinamide administra-

tion must be made 15 minutes before STZ injection (8, 

16). During this period, the doses for STZ can be re-

viewed again and in the last 5 minutes STZ solution 

preparation should be started. The STZ should be ad-

ministered i.p., 15 minutes after NA injection, but wi-

thin 10-15 minutes after STZ solution is prepared. For 

this reason it's indicated not to inject more than 10 rats 

per tube. STZ solution should be prepared just before 

use, since the product is not stable. It degrades after 15 

minutes in citrate buffer solution.

It is also light-sensitive and is recommended to be 

covered with aluminium foil or to be kept on ice in ther-

mo isolating bag (3). Return the animals to their ca-

ges. Provide normal food and monitor the animals in 

the first few hours. Hypoglycaemia can be expected to 
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occur in the first 24 after STZ injection and for that 

reason 10% sucrose should be given until next day. 

Measure blood glucose (BG) concentration after 72 

hours or 7 days after NA/STZ injections. It's indicated 

to make also a clinical exam daily to see the progre-

ssion of diabetes and its complications.

Preparation of solutions

Sodium citrate buffer, 0.1 M (pH 4.5). 

Dissolve 2.94 g of sodium citrate (Mw 294.10) in 

100 ml distilled water to make a 0.1 M sodium citrate 

solution. Dissolve 2.10 g of citric acid (Mw 210.10) in 

100 ml distilled water to make 0.1 M citric acid solu-

tion. Add citric acid solution to the sodium citrate solu-

tion until the pH is 4.5 (17).

NA solution. Weight NA desired dose using the sen-

sitive scale (Table 1) and put it in Eppendorf tube. Add 

1-2 ml of NaCl 0.9% and mix it together using a vortex 

machine. NA solution must be prepared just before use.

STZ solution. 

Weight STZ desired dose using the sensitive scale 

(Table 1) and put it in Eppendorf tubes. Add 1-2 ml of 

sodium citrate buffer (pH 4.5) and mix it together u-

sing a vortex machine. STZ solution must be prepared 

just before use and administered within 10-15 mi-

nutes. It should be covered with aluminium foil to pro-

tect it from light. Streptozotocin is cytotoxic to both 

humans and animals, it can be handled only by autho-

rized persons under special conditions (biosafety 

room) and should wear protective equipment (e.g., 

mask, and gloves) (17).

Sucrose 10%. 

Dissolve 10 g of sugar in 100 ml of normal tap wa-

ter. Put it in rodent bottles for the next 24 hours to a-

void hypoglycaemia induced deaths.
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RESULTS AND DISCUSSIONS

Measurement of blood glucose

Hyperglycaemia represents the primary indicator 

for the successful induction of diabetes using STZ 

animal models. There is not a certain day when BG 

levels must be measured after diabetes induction, but 

most authors consider day 3 and 7 the most appro-

priate. Because there is a large inter-laboratory varia-

tion between blood glucose concentrations there is no 

standardized hyperglycaemia threshold for rats (9). 

However, there are some key points of general 

agreement: BG should be measured by the same per-

son, at the same hour. It's important to avoid stress 

induced hyperglycaemia and to have in mind that glu-

cose levels are fluctuating throughout the day. Never 

use fasting and non-fasting states in the same study. 

Hyperglycaemia is defined as a blood glucose level 

which is significantly higher in diabetic group com-

pared to normal group. Despite all of this, animals with 

blood glucose concentrations less than 150 mg/dl (8.3 

mmol/L) should be rule out from the study (8).

Restrain rat using a towel and leave the end of the 

tail exposed. In this manner the rat is not struggling so 

much and the stress induced by handling is dimi-

nished. Prepare a sterile lancet or a sharp blade. Make 

a small incision (or use lancing device) at the tip of the 

exposed tail. A small drop of blood should appear. In-

sert test strip to glucometer. Place the drop of blood on 

the active region of the glucose test strip. Wait a few 

seconds for glucometer to analyse the blood sample. 

The results obtained could be expressed on mg/dl 

or mmol/L depending on glucometer type/function.

Using this protocol, 75-80% of rats develop mode-

rate non-fasting hyperglycaemias (15). 

In our experience, 15 from 22 rats (68%) deve-

loped hyperglycaemias (>150 mg/dl) 7 days after STZ/ 

NA diabetes induction. Results of non-fasting blood 

glu-cose are presented in Fig. 1.

CONCLUSIONS

Induction of diabetes with streptozotocin and nico-

tinamide leads to a partial destruction of the pan-

creatic β cells, resulting in a lower secretion of insulin 

and therefore hyperglycaemia. Time considerations 

are crucial (e.g., time between administration of NA 

and STZ). STZ/NA animal model represent an easy, 

fast and cheap way to induce type 2 diabetes com-

parative with other protocols. 

Stable hyperglycaemia is a characteristic of this 

model, but only in non-fasting state.

This model is suitable for testing new potential 

anti-diabetic agents and for studies of diabetic com-

plications. Another advantage is that the hyperglycae-

mia is not so severe and the animals can live without 

insulin administration. It seems to be closer to human 

pathogenesis, thus representing an accessible and 

favourable alternative of diabetes induction.
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