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Abstract

Purpose: Given the high prevalence of diabetes (D), several animal models have been analyzed. In the 
literature, most of the animal models have studied severe D. However, in clinical practice, most patients 
have moderate disease. Therefore, the present study aimed to describe a moderate D condition. 

Methods: We analyzed 20 Wistar rats, age eight-weeks, weight between 200g-250g. All animals 
received an intravenous injection of Streptozotocin (55mg/kg weight). On the 15th day after D 
induction, the animals were divided into two groups: Group I – animals receiving a single daily dose 
of fast-acting insulin (FAIG) NPH (1UI,SC) for partial glycemic control, and Group II - animals receiving 
slow-acting insulin(SAIG) twice a week. We measured glycemia, weight, and adverse events every 
week during two months.

Results: Of the total of animals analyzed in the study, three animals died in the FAIG and two animals 
died in the SAIG. Regarding the glycemic level, results were 339.5 ± 125.4mg/dL (95CI 302.3402 to 
376.6842) in the FAIG, and 367.8 ± 66.1mg/dL (95IC 333.7607 to 401.8978) in the SAIG. There was no 
difference between groups as to weight during the study.

Conclusion: The use of slow-acting-insulin is not inferior to the use of fast-acting-insulin in the 
management of partially insulin-controlled moderate diabetes in rats.
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This project proposes a non-inferiority study 
design to analyze the effect of different types of 
insulin on the glycemic curve of diabetic rats in the 
period of nine weeks.

 ■ Methods

This study was approved by CEUA (66/15) and 
followed CONCEA guidelines.

We analyzed twenty-eight-week-old male Wistar rats 
weighing 200-250g. All animals were kept in a vivarium 
with a day / night cycle, and water and food “ad libitum”. 
Diabetes was induced in the animals, and after six weeks 
they were divided into two groups:

Group I - Animals that received fast-acting NPH 
insulin (1UI, subcutaneous) once daily for partial 
glycemic control,

Group II - Animals that received slow-acting insulin 
(1UI, subcutaneous) twice a week.

The primary endpoint was glycemia at week 
nine. Secondary endpoints were: week glycemia 
measurement, weight at week nine, mortality.

Diabetes induction 

Rats were fasted for eight hours. Under inhalation 
anesthesia, blood was collected from the tail vein 
to measure blood glucose before the streptozotocin 
injection.

All the animals received an intravenous injection 
(penile vein) of 1% Streptozotocin, at a dose of 55mg/
kg, diluted in PBS, pH = 4.5.

After 24h of the streptozotocin injection, a new 
glycemia was measured under general anesthesia. 
Animals with blood glucose greater than 200mg/dl were 
considered diabetic.

The animals were observed for another six weeks 
before starting insulin treatment.

Insulin injection

The animals allocated to the fast-acting insulin group 
received Novolin®, (recombinant DNA origin, Insulin NPH 
100uL/mL, Novo Nordisk, Brazil), 0.5-0.7U/Kg, a single 
daily dose (Human) at 4:00 pm 

The animals allocated to the slow-acting insulin 
group received Lantus® (insulin glargine, recombinant 
DNA origin, Sanofi Aventis, Brazil), 0.5-0.7U/Kg, single 
dose twice a week at 4:00 pm.

 ■ Introduction

Diabetes has a high prevalence in the world 
population. In Brazil, the prevalence of diabetes is 
around 12%1.

Because of this high prevalence, pre-clinical trials 
are attractive to study therapeutic strategies to 
control diabetes1-3.

Several studies have induced diabetes using a single 
injection of streptozotocin. 

After inducing diabetes, some weeks are required 
for diabetes to cause macro and microangiopathy5-7.

Diabetes affects endothelial function, leading 
to subclinical inflammation. The inflammation 
status associated with increased peripheral insulin 
resistance, hyperglycemia, and oxidative stress cause 
vasoconstriction and deficit in blood supply to the 
surgical wound. The possible mechanisms that lead to 
decreased blood supply are the reduction of nitrous 
oxide production that activates the sugar polyol 
pathway, producing “AGEs” (advanced glycation end 
products). AGEs increase the production of protein 
kinase, responsible for vasoconstriction. In addition, 
diabetes decreases the rheological properties of the 
blood, causing platelet aggregation and decreasing 
the migration of epidermal cells required for wound 
regeneration, thus contributing to the failure of the 
healing process6,7. 

The criticism to this model is that these animals 
show a severe level of diabetes, and after ten weeks 
most of the animals die due to diabetes complications. 
The diabetes model, however, is efficacious; 
nevertheless, this condition is not representative of 
the majority of patients, who present a moderate 
level of diabetes. In this sense, it is interesting to 
standardize a moderate diabetes condition in the  
animal model.1

In the literature, the use of type I diabetes-inducing 
agents, e.g. streptozotocin, is well-founded. However, 
when using this method in rats, the survival of these 
animals is limited to around ten weeks. It would be 
interesting to extend this survival by using insulin to 
study the effect of drugs that can alter the viability of 
the dorsal skin flap in animals that mimic chronic type 
I diabetes with partial glycemic control. This scenario 
reflects what we find in daily practice. Several studies 
have reported the daily administration of fast-acting 
insulin to mimic moderate chronic diabetes6,7. There 
are some indications7 that the use of slow duration 
insulin can promote the same clinical situation with the 
advantage of subjecting the animal to greater stress 
(due to daily handling).
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The animal’s blood glucose determined the total 
units of insulin. This partial blood glycemic treatment 
aimed to keep blood glycose around 300-380mg/dL7.

Analysis of glycemia and weight

Glycemia was measured weekly by puncture in the 
tail vein of the animal using specific equipment for 
this purpose.

Glycemia was measured once a week for nine weeks. 
The animal’s tail was punctured, and a drop was placed 
on a blood glucose meter (Accu-check, Roche, Brazil). All 
animals were weighed weekly to plot on a graph.

Euthanasia 

Nine weeks after the beginning of the procedure, the 
animals were euthanized by an intraperitoneal injection 
of Pentobarbital (100mg/Kg).

After euthanasia, the animals received the necessary 
measures for their disposal according to the Waste 
Disposal Guideline in the FMUSP-HC System, which 
follows Resolution number 306, of December 7, 2004, 
of the National Health Surveillance Agency, and the 
Resolution of the National Environment Council – 
CONAMA, number 358, of April 29, 2005.

Statistical analysis

Data were analyzed using descriptive statistics in 
which the mean, median, standard deviation were 
calculated. A non-parametric comparison test was 
performed to compare the groups.

This study is a non-inferiority study, so the established 
non-inferiority margin was 10% (350mg/dL) below the 
mean glycemia reported in the literature7. 

We used the STATA v14 (StataCorp. 2015. Stata 
Statistical Software: Release 14. College Station, TX: 
StataCorp LP) program for statistical analysis.

Sample size calculation

According to literature data, we calculated the 
sample size. Considering alpha p of 5% and power of 
80%, the sample size per group was 10 animals.

 ■ Results

Twenty-four hours after the Streptozotocin (STZ) 
injection all animals became diabetic (blood glucose> 
200mg/dL). After a six-week period, 100% of the animals 
remained diabetic and study measurements began. 

Of the total animals analyzed in the study, three 
animals died in the fast-acting insulin group, and two 
animals died in the slow-acting insulin group.

At 9-weeks after STZ, mean glycemia in the groups 
was around 350mg/dl as proposed in our hypothesis, 
and as described in Table 1.

There was no difference in glycemia values measured 
between groups over nine weeks (p = 0.5660). The 
confidence interval of the fast-acting insulin group and 
slow-acting insulin complied with the established margin 
of non-inferiority (Table 1, Fig. 1).

Table 1 - Glycemia levels at nine weeks in groups (mean, 
standard deviation and 95% confidence interval). 

Insulin 
group Mean ± SD (mg/dL) 95% CI

fast-acting 339.5 ± 125.4 302.3402    376.6842

slow-acting 367.8 ± 66.1 333.7607    401.8978

95% IC-95% confidence interval
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Figure 1 - Box-plot graph: glycemia levels at nine weeks.  

There was no difference in weights between the 
groups analyzed (p = 0.4138) (Table 2, Fig. 2).

Table 2 - Weight in groups (mean, standard deviation 
and 95% confidence interval).

Insulin 
group Mean ± SD (mg/dL) 95% IC

Fast-acting 326.0 ± 3.9 318.0821    333.9179

Slow-acting 320.9 ± 5.8 308.5616    331.9579

95% IC-95% confidence interval
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Figure 2 - Box-plot graph of weight measurements at 
nine weeks. 

 ■ Discussion
Our study showed that using slow-acting insulin is 

not inferior to fast-acting insulin for partially controlling 
glycemia in diabetic rats induced by streptozotocin. This 
finding is relevant to create an experimental model of 
partially controlled chronic diabetes, because of the high 
prevalence of individuals with moderate diabetes in our 
daily clinical practice6,8. According to literature data, 
there are several animal models to induce diabetes.

One possibility are genetically modified animals 
(WDF / TA-FA, Zucker) that can be adopted as models 
of diabetes-associated with metabolic syndrome.9 
Although the model is valid, there are high costs and 
reproducibility is difficult.

Another procedure to cause diabetes in animals is 
pancreatectomy; the surgery removes the pancreas and 
consequently causes severe diabetes. The disadvantage 
of the method is the high mortality of the animals 
undergoing the procedure.

Diabetes can also be induced by gene therapy and 
drugs. Gene therapy represents high costs and complexity. 
On the other hand, pharmacological therapy is generally 
adopted due to its ease of use and low cost2,11.

Among the drugs available on the market, alloxan 
and streptozotocin are the most used. The percentage 
of animals induced into diabetic status after an 
intravenous streptozotocin injection is higher than 
with the use of alloxan. In this study, there was a 100% 
success rate in inducing diabetes 24 hours after the 
intravenous STZ injection9-11. 

When drugs induce diabetes, most experiments only 
investigate the progression of the disease. The interval from 
induction to the experimental part of the study has ranged 
from 6-8 weeks3,11. After this period, animals develop 

severe metabolic disorders, and these models express 
severe diabetes. As a criticism to this model, analysis 
of severe diabetes does not reflect the practice, that is, 
studying methods to increase viability of surgical flaps in 
diabetic patients who partially control blood glucose.

In this sense, a chronic model of diabetes partially 
controlled by insulin to mimic a large part of the population 
is desirable2. Several authors have analyzed the use of a 
slow-release insulin pump implanted in the subcutaneous 
tissue of diabetic animal models17. Although this model is 
relevant, costs and complexity of handling limit its use14. 

Another model described in the literature was the 
use of a biodegradable matrix embedded in insulin 
implanted in the subcutaneous tissue of animal models, 
the main disadvantage being the lack of control of units 
released during the deterioration of these implants6,15.

Given these factors, subcutaneous insulin injection 
would be the best option for secure handling, low cost, 
and control of the administered dose unit. Many studies 
use subcutaneous injections of fast-acting insulin daily. 
This technique involves daily injections in the afternoon. 
Fast-acting insulin has an onset of action of 30 minutes 
and a peak of action between 2 and 4 hours and activity 
of up to 8 hours. Slow-acting insulin has an onset of 1-2 
hours and an action of up to 14h8,17. 

The idea of using slow-acting insulin for our animal 
model was based on reducing animals’ stress, as insulin 
was injected only twice a week and the injection is 
easily performed. 

The groups assessed demonstrated that the use 
of fast-acting insulin promoted considerably higher 
variability in the glycemic level of the animals in this 
group, while animals treated with slow-acting insulin 
showed stable blood glycemic levels.

The fluctuation in glycemia level observed in the 
fast-acting insulin group may be a factor for the higher 
mortality rate observed in this group. Another factor 
that corroborates using slow-acting insulin would be low 
weight variability over the study period.

As a limitation of this study, we did not measure 
serum levels of other catabolic hormones such as 
cortisol. Perhaps less animal handling would be 
associated with a lower level of cortisol, compared 
to animals that are handled daily. As less handling 
decreases animal stress, it can consequently contribute 
to better animal welfare and lower effects of other 
hormones on animal metabolism. 

 ■ Conclusion
Using slow-acting insulin is not inferior to using fast-

acting insulin in the maintenance of partially insulin-
controlled moderate diabetes in rats.



A non-inferiority study to compare daily fast-acting insulin versus  
twice a week slow-acting insulin–moderate diabetes model

Camargo CP et al.

Acta Cir Bras. 2020;35(7):e202000704

5 

 ■ Acknowledgements

To all the people whose assistance was a milestone in 
the completion of this project: Silvana Aparecida Biagion, 
Mrs Edna Maria Rodrigues dos Santos, Roqueline Alves 
lago, Bruno Valério do Rosári, and the assistance of the 
Laboratório de Investigação Médica de Fisiopatologia 
Cirúrgica (LIM-62).

 ■ References
1. World Health Organization – Diabetes country profiles, 

2016. Available from: https://www.who.int/diabetes/
country-profiles/bra_en.pdf

2. Telo GH, Cureau FV, Souza MS, Andrade TS, Copês F, 
Schaan BD. Prevalence of diabetes in Brazil over time: a 
systematic review with meta-analysis. Diabetol Metabc 
Syndr. 2016;8,(1):65. doi: 10.1186/s13098-016-0181-1.

3. Coutinho WF, Silva Júnior WS. Diabete Care in Brazil. 
Ann Glob Health. 2015;81(6):735-41. doi: 10.1016/j.
aogh.2015.12.010. 

4. 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.0000221645.92906.5b.

5. Deshpande AD, Harris-Hayes M, Schootman M. 
Epidemiology of diabetes and diabetes-related 
complications. Phys Ther. 2008;88(11):1254-64. doi: 
10.2522/ptj.20080020.

6. Chawla A, Chawla R, Jaggi S. Microvasular and 
macrovascular complications in diabetes mellitus: 
distinct or continuum? Indian J Endocrinol Metab. 
2016;20(4):546-51. doi: 10.4103/2230-8210.183480.

7. Grant CW, Duclos SK, Moran-Paul CM, Yahalom B, 
Tirabassi RS, Arreaza-Rubin G, Spain LM, Guberski DL. 
Development of standardized insulin treatment protocols 
for spontaneous rodent models of type 1 diabetes. Comp 
Med. 2012;62(5):381-90. 

8. Al-Awar A, Kupai K, Veszelka M, Szűcs G, Attieh Z, 
Murlasits Z, Török S, Pósa A, Varga C. Experimental 
Diabetes mellitus in different animal models. J Diabetes 
Res. 2016;2016:9051426. doi: 10.1155/2016/9051426.

9. Eulálio JM, Bon-Habib AC, Soares DO, Corrêa PG, Pineschi 
GP, Diniz VS, Manso JE, Schanaider, A. Critical analysis 
and systematization of rat pancreatectomy terminology. 
Acta Cir Bras. 2016;31(10):698-704. doi: 10.1590/S0102-
865020160100000010.

10. 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: 10.1172/JCI106180.

11. Kumar S, Singh R, Vasudeva N, Sharma S. Acute and chronic 
animal models for the evaluation os anti-diabetic agents. 
Cardiovasc Diabetol. 2012;11:1-13. doi: 10.1186/1475-
2840-11-9.

12. Camargo CP, Jacomo AL, Battlehner CN, Lemos M, Saldiva 
PH, Martins MM, Munhoz AM, Gemperli R. Botulinum 
toxin type A on cutaneous flap viability in diabetic and 
tobacco-exposed rats. Acta Cir Bras. 2015;30(9):639-45. 
doi: 10.1590/S0102-865020150090000009.

13. McCracken MS, Aponte-Wesson R, Chavali R, Lemons JE. 
Bone associated with implants in diabetic and insulin-
treated rats. Clin Oral Implants Res. 2006;17:495-500. doi: 
10.1111/j.1600-0501.2006.01266.x.

14. Li C, Guo C, Fitzpatrick V, Ibrahim A, Zwierstra MJ, Hanna 
P, Lechtig A, Nazarian A, Lin SJ, Kaplan DL. Design of 
biodegradable, implantable devices towards clinical 
translation. Nat Rev Mater. 2020;5:61-81. doi: 10.1038/
s41578-019-0150-z.

15. Nishida K, Shimoda S, Ichinose K, Araki E, Shichiri M. 
What is artificial endocrine pancreas? Mechanism and 
history. World J Gastroenterol. 2009;15(33):4105-10.  
doi: 10.3748/wjg.15.4105.

16. Zhou X, Luc RA, Bedwell DW, Cramer JW, Mohutsky MA, 
Calvert NA, Moulton RD, Cassody KC, Yumibe NP, Admas 
LS, Rutherbories KJ. Difference in the pharmacokinetics 
and hepatic metabolism of anti-diabetic drugs in 
Zucker Diabetic Fatty and Sprague-Dawley rats. Drug 
Metab Dispos. 2016;44(8):1184-92. doi: 10.1124/dmd. 
116.070623.

17. Mikiewicz D, Bierczyńska-Krzysik A, Sobolewska A, 
Stadnik D, Bogiel M, Pawłowska M, Wójtowicz-Krawiec, 
A, Baran PA, Łukasiewicz N, Romanik-Chruścielewska 
A, Sokołowska I, Stadnik J, Borowicz P, Płucienniczak 
G, Płucienniczak A. Soluble insulin analogs combining 
rapid- and long-acting hypoglycemic properties – From 
an efficient E. coli expression system to a pharmaceutical 
formulation. PLoS One.2017;12(3): e0172600. doi: 
10.1371/journal.pone.0172600.

18. Luippold G, Bedenik J, Voigt A, Grempler R. Short and 
long term glycemic control of streptozotocin-induced 
diabetic rats using different insulin preparations. PLoS 
One. 2016;11(6):e0156346. doi: 10.1371/journal.
pone.0156346.

https://www.who.int/diabetes/country-profiles/bra_en.pdf
https://www.who.int/diabetes/country-profiles/bra_en.pdf
https://pubmed.ncbi.nlm.nih.gov/27108141/?from_term=Diabetes+Care+in+Brazil&from_pos=1
https://pubmed.ncbi.nlm.nih.gov/27108141/?from_term=Diabetes+Care+in+Brazil&from_pos=1
https://pubmed.ncbi.nlm.nih.gov/27108141/?from_term=Diabetes+Care+in+Brazil&from_pos=1
https://doi.org/10.1186/1475-2840-11-9
https://doi.org/10.1186/1475-2840-11-9
https://doi.org/10.1590/S0102-865020150090000009
https://doi.org/10.1111/j.1600-0501.2006.01266.x
https://doi.org/10.1038/s41578-019-0150-z
https://doi.org/10.1038/s41578-019-0150-z


 

A non-inferiority study to compare daily fast-acting insulin versus  
twice a week slow-acting insulin–moderate diabetes model
Camargo CP et al.

Acta Cir Bras. 2020;35(7):e202000704

6

Correspondence:
Cristina Pires Camargo
Av. Dr. Arnaldo, 455/1363
cristinacamargo@usp.br

Received: Mar 16, 2020
Review: May 12, 2020
Accepted: June 15, 2020

Conflict of interest: none

Financial source: none

1Research performed at Laboratório de Investigação 
Médica de Microcirurgia e Cirurgia Plástica (LIM04), 
Medical School, Universidade de São Paulo (USP), Brazil.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

https://creativecommons.org/licenses/by/4.0/deed.en

