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ABSTRACT
Aim: This study aimed to establish the dose of streptozotocin required to induce Type -1 
diabetes in Wistar rats. Background: Streptozotocin is currently employed worldwide to induce 
insulin-dependent diabetes mellitus  also known as Type 1 diabetes mellitus in experimental 
animals. Though many reports on the use of streptozotocin induction of diabetes are reported 
in the literature, they were not reproducible. Moreover, there was no mention of the mortality 
associated with the same as well as the conditions followed during the study. Materials and 
Methods: In the present study, the dose, route, and solvent used for streptozotocin were 
investigated. Various doses of streptozotocin 55, 50, 40, and 35mg/kg dissolved in either freshly 
prepared cold 10mM sodium citrate buffer (pH 4.5) or normal saline solution was administered 
intraperitoneally as well as intravenously. For intraperitoneal administration, the dose-volume 
was 10mL/kg whereas for intravenous administration the dose-volume was 2mL/Kg. Different 
routes were employed to ascertain the cause of mortality for which an autopsy was performed. 
Besides mortality rate was also determined. Results and Discussion: The findings of the study 
revealed that a 35-40mg/kg dose of streptozotocin showed less percentage mortality and 
successful induction of diabetes. Conclusion: Mortality (10-20%) was observed at a dose of 
35-40mg/kg streptozotocin. Therefore, streptozotocin (35-40mg/kg) was confirmed to be safe 
and effective for the induction of diabetes in Wistar rats. This paper highlights subtle intricacies 
observed during induction of diabetes in Wistar rats using streptozotocin

Keywords: Male Wistar rats, Streptozotocin, Type-1 diabetes, 5% dextrose, Mortality, Normal 
saline solution.

INTRODUCTION

Streptozotocin (STZ) is currently employed worldwide to induce 
insulin-dependent diabetes mellitus  (IDDM), also known as  
Type 1 Diabetes Mellitus (T1DM) in experimental animals. 
However, despite meticulously following protocols for STZ 
induction of diabetes as published in the literature, a high 
percentage of mortality was observed in experimental animals. 
Alarmed with the high percentage of mortality, the authors 
decided to put across their findings which could help researchers 
attempting to induce diabetes in experimental animals as none of 
the papers mentioned the mortality rate after STZ administration. 
Also, certain conditions to be followed post-STZ administration 

was not documented. Based on the literature survey conducted, 
various doses of STZ have been employed (40,1-3 45,4-8, 50,9 55,10-13 
60,14-18 6519-22 mg/kg), (Table 1) to induce diabetes in Wistar rats. 
STZ was mostly dissolved in 10 mM sodium citrate buffer (pH 
4.5) and a few instances in normal saline solution.23-28 Though 
10mM sodium citrate buffer pH (4.5) was commonly employed 
as a solvent to dissolve STZ, the mortality percentage and cause of 
mortality associated with these methods were not documented. 
Therefore, researchers attempting STZ for diabetes induction face 
problems due to a lack of information regarding mortality and 
experimental conditions to be followed. This study was carried 
out to establish diabetes in Wistar rats following the STZ dose 
reported in the literature. In this study, we investigated mortality 
percentage and cause of mortality with the administration of 
STZ in various doses reported in the literature. Moreover, we 
also investigated suitable solvents for STZ. STZ was injected 
intravenously as well as intraperitoneally in Wistar rats to compare 
and ascertain the cause of mortality following STZ injection.
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MATERIALS AND METHODS

Materials

Streptozotocin purity (98%) was purchased from Sigma Aldrich 
(India). Normal saline (0.9%) was purchased from KMC 
hospital pharmacy, Manipal (India). Citric acid monohydrate 
and trisodium citrate dihydrate was purchased from Merck life 
Sciences. Mumbai (India). Dextrose solution was purchased 
from Finar Limited. Gujarat, India. Glucometer (Contour) was 
purchased from Ascensia Diabetes Care (India).

Induction of diabetes

Animal experiments were carried out following approval from the 
Institutional Animal Ethical Committee (IAEC/KMC/20/2019), 
Kasturba Medical College, MAHE, Manipal. Male Wistar 
rats, 250±20 g, were used in this experiment. Animals were 
acclimatized for 7 days in laboratory conditions before the 
experiment and kept at (20-25°C, 75±5% humidity, 12:12-hr 
light: dark cycle) with unlimited access to food and water. All rats 
were fasted for 12 hr and had access to water before STZ dosing.

The animals were divided into nine groups, with each group 
consisting of eight animals. (n=8). Group 1: received a single-dose 
intraperitoneal injection (i.p) of 55mg/kg STZ dissolved in freshly 
prepared cold (10mL/kg) 10mM sodium citrate buffer (pH 4.5). 
Group 2: received a single-dose i.p. injection of 55mg/kg STZ 
dissolved in cold normal saline. Group 3: received a single-dose 
i.p injection of 50mg/kg STZ dissolved in freshly prepared cold 
(10mL/kg) 10mM sodium citrate buffer (pH 4.5). Group 4: 
received a single-dose i.p injection of 50mg/kg STZ dissolved 
in cold normal saline solution. Group 5: received a single-dose 
i.p injection of 40mg/kg STZ dissolved in freshly prepared cold 
(10mL/kg) 10mM sodium citrate buffer (pH 4.5). Group 6: 
received a single-dose i.p injection of 40mg/kg STZ dissolved 
in cold normal saline solution. Group 7: received a single-dose 
i.p injection of 35mg/kg STZ dissolved in freshly prepared cold 
(10mL/kg) 10mM sodium citrate buffer (pH 4.5). Group 8: 
received a single-dose of i.p injection of 35mg/kg STZ dissolved 
in cold (10mL/kg) normal saline. Group 9: received a single- dose 
of intravenous injection (i.v) of 35mg/kg STZ dissolved in the 
cold (2mL/kg) normal saline.

STZ was solubilized in either fresh cold normal saline or freshly 
prepared cold 10mM sodium citrate buffer pH (4.5) and injected 
in dark conditions within 5 min of preparation.

Following STZ administration, 5% w/v dextrose solution bottles 
were immediately placed in cages for up to 48 hr. Blood glucose 
levels were monitored for 3days post-STZ administration using 
a glucometer. Rats showing non-fasting blood glucose levels 
over 400mg/dL were considered diabetic. The mortality rate 
was determined and the cause of mortality was ascertained by 
autopsy.

RESULTS AND DISCUSSION

There are many studies reported in the literature using various 
doses of STZ for the induction of diabetes. In our study mortality 
was the main concern for fixing the STZ dose. Hence, we started 
with STZ doses reported in the literature for inducing diabetes. 
Consequently, we have reported mortality observed with the 
administered STZ doses.

According to Alain Junod24 various doses of STZ (25-100mg/kg) 
were tested to investigate the association between STZ dosage and 
metabolic activity. Based on these findings severe hyperglycemia 
was reported 2 to 4 hr after STZ administration, while severe 
hypoglycemia was observed 7 hr post-STZ administration. 
Despite the fact that mortality was observed, the mortality rate 
was not reported.

Since hypoglycemia was seen at 7 hr post-STZ administration 
in the study reported by Junod et al and as per literature search, 
we investigated 55 and 50mg/kg STZ i.p doses dissolved in the 
cold (10mL/kg) 10mM sodium citrate buffer (pH 4.5) and cold 
normal saline respectively. Dextrose (15%) solutions were placed 
in cages at 7 hr post-STZ administration in our study.

On the contrary, Aloud AA2 used 20% glucose to prevent 
mortality. However, 100% mortality was observed with 55 and 
50mg/kg STZ doses in our study, despite providing dextrose 15% 
solution to rats. Kotian SR1 used 5% glucose post-STZ 40mg/
kg and Bagdas D, et al.5 used 6% sucrose post-STZ 45mg/kg 
immediately. However, there was no mention of mortality in their 
studies.

The next trial was focused on placing dextrose solution (5%) 
immediately as reported in the study of Kotian SR1 and Bagdas 
D, et al.5 The mortality rate was reduced to 50% and was observed 
during 48 to 60 hr post STZ dosing (for STZ dissolved 10mM 
sodium citrate buffer (pH 4.5) as well as normal saline).

Based on these studies, it was concluded that STZ doses (55, 
50mg/kg) were not safe for induction of diabetes in male Wistar 
rats. Therefore, a reduced dose (40mg/kg) was administered (i.p) 
and dextrose 5% was placed immediately. With this dose, 20% 
mortality was observed while the remaining 80% of rats showed 
elevated blood glucose levels confirming the onset of diabetes. 

Table 1: STZ doses employed according to various literature reports.

Streptozotocin (mg/kg) References
40 1-3
45 4-8
50 9
55 10-13
60 14-18
65 19-23



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 2, Apr-Jun, 2023 549

Brahmam, et al.: Challenges in Streptozotocin Induction of Diabetes

The time at which mortality was previously observed was delayed 

and was seen during 60 to 84 hr post STZ dosing.

Based on these findings and to reduce the mortality, a reduced STZ 

dose (35mg/kg) in either sodium citrate buffer (pH 4.5) or saline 

was administered (i.p) and dextrose 5% was placed immediately. 

This resulted in 10% mortality but the mortality was delayed (96 
hr) and the remaining 90% of rats developed diabetes.

It can be concluded from the results of these batteries of 
experiments that the solvent for STZ did not influence the 
induction of diabetes as similar results were obtained. STZ 35mg/
kg was demonstrated to be a safe and suitable dose for induction 

Sl. No Treatment Group (mg/kg) Percentage of Mortality (%) Time of mortality (hr)
1 55(mg/kg) (i.p route) di 

sodium citrate buffer (pH4.5)
50% 48-72

2 55(mg/kg) (i.p route) normal 
saline

50% 48-72

3 50(mg/kg) (i.p route) di 
sodium citrate buffer (pH4.5)

50% 48-72

4 50(mg/kg) (i.p route) normal 
saline

50% 48-72

5 40(mg/kg) (i.p route) di 
sodium citrate buffer (pH4.5)

20% 62-86

6 40(mg/kg) (i.p route) normal 
saline

20% 62-86

7 35(mg/kg) (i.p route) di 
sodium citrate buffer (pH4.5)

10% 62-120

8 35(mg/kg) (i.p route) normal 
saline

10% 62-120

9 35(mg/kg) (i.v route) normal 
saline

50% 48-72

Table 2: Percentage of mortality observed at various intervals with different doses (i.p, i.v) of STZ.

Figure 1: Percentage mortality observed with different doses of streptozotocin (i.p, i.v).
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of diabetes. The onset of diabetes was confirmed by measurement 
of the blood glucose concentration with a glucometer 86 hr post 
STZ dosing. The mortality rate was lowered and the time for 
mortality was longer at the STZ dose of 35mg/kg. Mortality was 
observed between 72 to 120 hr post STZ dosing. The results of 
this study ascertain that a 35mg/kg dose is appropriate for the 
induction of diabetes in male Wistar rats. Providing dextrose 
(5%) immediately following STZ dosing is very crucial to avoid 
mortality. Moreover, both solvents cold (10mL/kg) 10mM sodium 
citrate buffer pH 4.5 and (10mL/kg) normal saline solution were 
capable of serving as a solvent for STZ. The outcome of the trials 
with varying doses of STZ with respective mortality and time for 
mortality is shown in (Table 2).

Furthermore, to verify the cause of mortality in STZ-dosed rats, 
STZ (35mg/kg) was injected through the i.p as well as the i.v route. 
No evident changes in the organs were observed in autopsied rats 
irrespective of routes employed. Finally, the results of this study 
confirm that rats died majorly due to STZ toxicity and not due 
to different routes of administration. During the investigation, 
polyuria, polydipsia, and polyphagia were identified in diabetic 
rats.

To confirm whether the STZ dose (35mg/kg) was optimum for 
the induction of diabetes, the method was repeated. With the 
same dose, the STZ dose (35mg/kg) was freshly prepared in both 
solvents and administered intraperitoneally and dextrose 5% was 
placed immediately.

The results confirmed that the method was reproducible.

A literature review on the use of STZ for induction of diabetes 
results in several reports mentioning STZ doses in the range of 
40-65mg/kg to induce diabetes. However, percentage mortality 
was not reported in the references cited. Though the STZ doses 
reported in the literature were able to induce diabetes, the rats 
(50%) did not survive for more than 48-72 hr in our study. In 
this study, we successfully induced type 1 diabetes at 35mg/kg 
STZ dissolved in cold (10 mL/kg) normal saline solution by 
i.p injection in rats as shown in Figure 1. The findings of our 
study also ascertained the importance of providing dextrose 
immediately to the rats following STZ dosing.

CONCLUSION

Induction of diabetes using various doses of STZ (55, 50, 40, 35mg/
kg) in two different solvents was investigated. The influence of the 
solvent and route of administration on the induction of diabetes 
with STZ was evaluated. STZ was either dissolved in (10mL/
kg) sodium citrate buffer (pH. 4.5) or normal saline injected 
intraperitoneally in male adult Wistar rats. Mortality (50%) 
was observed at 55 and 50mg/kg STZ. Mortality (10-20%) was 
observed at a dose of 35-40mg/kg STZ. Therefore, STZ (35-40mg/
kg) was confirmed to be safe and effective for the induction of 
diabetes in Wistar rats. The study also established the necessity 

of providing dextrose immediately following STZ dosing. 
The concentration of dextrose (5%) and the time of providing 
dextrose (immediately) were crucial in avoiding mortality during 
induction of diabetes.
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SUMMARY

The study aimed to ascertain the dose of STZ required to induce 
diabetes in Wistar rats and the conditions to be followed to 
avoid mortality. The various doses of STZ (55, 50, 40, 35 mg/kg) 
solubilized either normal saline or 10mM sodium citrate buffer 
(pH 4.5) through intraperitoneal and intravenous administration 
were investigated. At STZ (35-40mg/kg) intraperitoneal injection, 
followed by providing a 5% dextrose solution immediately 
resulted in less mortality (10-20%). The findings of our study 
strongly suggest that induction of Type 1 diabetes in male Wistar 
rats with 35-40mg/kg STZ with minimum mortality is a viable 
option.

REFERENCES
1. Kotian SR, Kumar A, Mallik SB, Bhat NP, Souza AD, Pandey AK. Effect of diabetes 

on the Male reproductive system—A histomorphological study. J Morphol Sci. 
2019;36(1):017-23. doi: 10.1055/s-0039-1683405.

2. Aloud AA, Chinnadurai V, Govindasamy C, Alsaif MA, Al-Numair KS. Galangin, a 
dietary flavonoid, ameliorates hyperglycaemia and lipid abnormalities in rats with 
streptozotocin-induced hyperglycaemia. Pharm Biol. 2018;56(1):302-8. doi: 10.1080/ 
13880209.2018.1474931, PMID 29952676.

3. Sukanya V, Pandiyan V, Vijayarani K, Padmanath K. A Study on insulin Levels and 
the Expression of Glut 4 in streptozotocin (STZ) Induced Diabetic Rats Treated with 
Mustard Oil Diet. Indian J Clin Biochem. 2020;35(4):488-96. doi: 10.1007/s12291-019 
-00852-x, PMID 33013020.

4. Alrefaie Z, Alhayani A. Vitamin D3 improves decline in cognitive function and 
cholinergic transmission in prefrontal cortex of streptozotocin-induced diabetic rats. 
Behav Brain Res. 2015;287:156-62. doi: 10.1016/j.bbr.2015.03.050, PMID 25835318.



Indian Journal of Pharmaceutical Education and Research, Vol 57, Issue 2, Apr-Jun, 2023 551

Brahmam, et al.: Challenges in Streptozotocin Induction of Diabetes

5. Bagdas D, Cam Etoz B, Inan Ozturkoglu S, Cinkilic N, Ozyigit MO, Gul Z, et al. Effects of 
systemic chlorogenic acid on random-pattern dorsal skin flap survival in diabetic rats. 
Biol Pharm Bull. 2014;37(3):361-70. doi: 10.1248/bpb.b13-00635, PMID 24389556.

6. Murali B, Umrani DN, Goyal RK. Effect of chronic treatment with losartan on 
streptozotocin-induced renal dysfunction. Mol Cell Biochem. 2003;249(1-2):85-90. 
PMID 12956402.

7. Akbarzadeh A, Norouzian D, Mehrabi MR, Jamshidi Sh, Farhangi A, Verdi AA, et al. 
Induction of diabetes by streptozotocin in rats. Indian J Clin Biochem. 2007;22(2):60-4. 
doi: 10.1007/BF02913315, PMID 23105684.

8. Abdelrazek HMA, Kilany OE, Muhammad MAA, Tag HM, Abdelazim AM. Black seed 
thymoquinone improved insulin secretion, hepatic glycogen storage, and oxidative 
stress in streptozotocin-induced diabetic male Wistar rats. Oxid Med Cell Longev. 
2018;2018:8104165. doi: 10.1155/2018/8104165, PMID 29686746.

9. Hosseinzadeh A, Jani AM, Karimi MY, Siahpoosh A, Goudarzi M, Malayeri A. 
Evaluating the effect of hydro-alcoholic extract of Phoenix dactylifera L. spathe on 
streptozotocin-induced diabetic rats. Comp Clin Pathol. 2021;30(2):163-71. doi: 10.1 
007/s00580-021-03221-4.

10. Hassanzadeh-Taheri M, Salimi M, Vazifeshenas-Darmiyan K, Mohammadifard M, 
Hosseini M. Investigating the effect of ethanolic extract of Commiphora myrrha 
(Nees) Engl. gum-resin against hepatorenal injury in diabetic rats. J Diabetes Metab 
Disord. 2021;20(2):1573-81. doi: 10.1007/s40200-021-00904-1, PMID 34900809.

11. Alaee M, Amri J, Karami H, Latifi SA, Salemi Z, Salehi M. Allium jesdianum hydro 
alcoholic extract ameliorates diabetic nephropathy by suppressing connective 
tissue growth factor (CTGF) and receptor for advanced glycation endproducts (RAGE) 
gene expression in diabetic rats with streptozotocin. Horm Mol Biol Clin Investig. 
2021;42(2):167-74:Article O. doi: 10.1515/hmbci-2020-0072, PMID 34018385.

12. Seedevi P, Ramu Ganesan A, Moovendhan M, Mohan K, Sivasankar P, Loganathan 
S, et al. Anti-diabetic activity of crude polysaccharide and rhamnose-enriched 
polysaccharide from G. Lithophila on streptozotocin (STZ)-induced in Wistar rats 
[sci rep] [internet]. Sci Rep. 2020;10(1):556. doi: 10.1038/s41598-020-57486-w, PMID 
31953455.

13. Isken T, Ozgentas HE, Gulkesen KH, Ciftcioglu A. A random-pattern skin-flap model in 
streptozotocin diabetic rats. Ann Plast Surg. 2006;57(3):323-9. doi: 10.1097/01.sap.00 
00221645.92906.5b, PMID 16929203.

14. Cheng D, Liang B, Li Y. Antihyperglycemic effect of Ginkgo biloba extract in 
streptozotocin-induced diabetes in rats. BioMed Res Int. 2013;2013:162724. doi: 10.1 
155/2013/162724, PMID 23509685.

15. Mahmoudi N, Kiasalari Z, Rahmani T, Sanaierad A, Afshin-Majd S, Naderi G, et al. 
Diosgenin attenuates cognitive impairment in streptozotocin-induced diabetic rats: 
underlying mechanisms. Neuropsychobiology. 2021;80(1):25-35. doi: 10.1159/00050 
7398, PMID 32526752.

16. Mehran MM, Norasfard MR, Abedinzade M, Khanaki K. Lamium album or Urtica dioica? 
Which is more effective in decreasing serum glucose, lipid and hepatic enzymes in 

streptozotocin induced diabetic rats: A comparative study. Afr J Tradit Complement 
Altern Med. 2015;12(5):84-8. doi: 10.4314/ajtcam.v12i5.13.

17. Abedinzade M, Rostampour M, Mirzajani E, Khalesi ZB, Pourmirzaee T, Khanaki K 
KK. Urtica dioica and Lamium album decrease glycogen synthase kinase-3 beta and 
increase K-Ras in diabetic rats. J Pharmacopuncture. 2019;22(4):248-52. doi: 10.3831 
/KPI.2019.22.033, PMID 31970022.

18. Khanaki K, Abedinzade M, Hamidi M HM. The effects of Urtica dioica and Lamium 
album extracts on the expression level of cyclooxygenase-2 and caspase-3 in the 
liver and kidney of streptozotocin-induced diabetic rats. Pharm Sci. 2019;25(1):37-43. 
doi: 10.15171/PS.2019.6.

19. Györfi A, Fazekas A, Fehér E, Ender F, Rosivall L. Effects of streptozotocin-induced 
diabetes on neurogenic inflammation of gingivmucosal tissue in rat. J Periodont Res. 
1996;31(4):249-55. doi: 10.1111/j.1600-0765.1996.tb00489.x, PMID 8814594.

20. Liu Y, Liu H, Yang J, Liu X, Lu S, Wen T, et al. Increased amyloid β-peptide (1-40) level 
in brain of streptozotocin-induced diabetic rats. Neuroscience. 2008;153(3):796-802. 
doi: 10.1016/j.neuroscience.2008.03.019, PMID 18424002.

21. Fehér D, Gyorffi A, Fazekas A. Neurogenic inflammation of gingivomucosal tissue in 
streptozotocin-diabetic rat. Arch Physiol Biochem. 2001;109(3):230-3. doi: 10.1076/a 
pab.109.3.230.11597, PMID 11880926.

22. Kapucu A. Crocin ameliorates oxidative stress and suppresses renal damage in 
streptozotocin induced diabetic male rats. Biotech Histochem. 2021;96(2):153-60. 
doi: 10.1080/10520295.2020.1808702, PMID 32835521.

23. Junod A, Lambert AE, Stauffacher W, Renold AE. Diabetogenic action of streptozotocin: 
Relationship of dose to metabolic response. J Clin Invest. 1969;48(11):2129-39. doi: 1 
0.1172/JCI106180, PMID 4241908.

24. Sadeghi A, Esfandiary E, Hami J, Khanahmad H, Hejazi Z, Mardani M, et al. The effects 
of maternal diabetes and insulin treatment on neurogenesis in the developing 
hippocampus of male rats. J Chem Neuroanat. 2018;91:27-34. doi: 10.1016/j.jchem 
neu.2018.03.005, PMID 29578075.

25. Baluchnejadmojarad T, Roghani M. Chronic administration of genistein improves 
aortic reactivity of streptozotocin-diabetic rats: Mode of action. Vasc Pharmacol. 
2008;49(1):1-5. doi: 10.1016/j.vph.2008.03.002, PMID 18468493.

26. Ahshin-Majd S, Zamani S, Kiamari T, Kiasalari Z, Baluchnejadmojarad T, Roghani M. 
Carnosine ameliorates cognitive deficits in streptozotocin-induced diabetic rats: 
Possible involved mechanisms. Peptides. 2016;86:102-11. doi: 10.1016/j.peptides.2 
016.10.008, PMID 27777064.

27. Jamali-Raeufy N, Baluchnejadmojarad T, Roghani M, keimasi S, goudarzi M. 
Isorhamnetin exerts neuroprotective effects in STZ-induced diabetic rats via 
attenuation of oxidative stress, inflammation and apoptosis. J Chem Neuroanat. 
2019;102:101709. doi: 10.1016/j.jchemneu.2019.101709, PMID 31698018.

28. Nabiyouni F, Vaezi G, Malekirad AA. Hypoglycaemic and hypolipidemic activities of 
Alhagi camelorum in streptozotocin-induced diabetes in Wistar rats. Arch Physiol 
Biochem. 2021;127(4):296-303. doi: 10.1080/13813455.2019.1635623, PMID 
31378090.

Cite this article: Brahmam B, Begum F, Yarlagadda DL, Shenoy RR, Lewis SA. Subtle Intricacies Identified During Streptozotocin-Induced Diabetes in Wistar 
Rats. Indian J of Pharmaceutical Education and Research. 2023;57(2):547-51.


