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ABSTRACT

Purpose: The present study aimed to investigate the effect of immobilization stress on the 
induction of diabetes mellitus in rats.
Materials and Methods: In this experimental study 30 mature male rats with an average weight 
of 200-220 gr were randomly divided into three groups of ten each. Group I served as the control 
while the experiment groups were Group II (10 days) and Groups III (30 days), which were 
immobilized in restraining cages twice a day for 45 minutes each time. After the last induction 
of stress period, blood samples were taken. Glucose was analyzed via the glucose oxidase 
method, and the levels of glucocorticoid and insulin were determined by radio immunoassay. 
Data were analyzed using the Kruskal-Wallis and Mann-Whitney tests.
Results: The results showed that stress could affect the induction of diabetes by increasing blood 
glucose, insulin, and glucocorticoid; these changes, however, were not statistically significant.
Conclusion: Our data showed that immobilization stress causes the induction of diabetes mellitus 
in rats.
Keywords: immobilization stress; diabetes mellitus; insulin; glucocorticoid.

INTRODUCTION
Diabetes mellitus (DM) encompasses a group of 

metabolic diseases characterized by high levels of blood 
sugar referred to as hyperglycemia. DM results from 
defects in insulin production and/or insulin action, as well 
as impaired function in the metabolism of carbohydrates, 
lipids, and proteins, which leads to long-term health 
complications.(1)

The normal development and preservation of human 
life and species are dependent on a normally functioning 
stress system. Stress induces a chain of both emotional 
and physical processes. It has been considered a basic 
factor in the etiology of a number of diseases such as 
DM, cardiovascular diseases, and cancer.(2) The result 
of a stressful condition is the formation of diverse free 
radicals, which react with proteins, lipids, carbohydrates, 
and nucleic acids.(3) Furthermore, stress activates the 

hypothalamic-pituitary-adrenal (HPA) axis and induces 
the release of glucocorticoid hormones, which exert 
widespread effects on the brain and periphery.(4) Stress 
via immobilization and restraint can influence many 
physiological aspects of an organism and is regarded 
as a stress condition that is followed by alterations in 
the body systems.(5,6) Studies have shown that chronic 
mild immobilization can act on the secretion of releasing 
hormones from the anterior pituitary, thereby influencing 
the function of the thyroid gland.(7,8)

There are different views on the relation between 
stress and DM.(9-12) Some researchers have suggested 
that psychological factors are potential contributors to an 
exacerbation in DM, particularly, in the juvenile diabetic 
population, whereas others have rejected the importance 
of stress psychopathology in diabetes.(9)

The aim of this study was to determine the possible 
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link between stress and DM. Immobilization was selected 
as the stressor, and its effects on serum glucose, insulin, 
and glucocorticoid level in rats were followed.

MATERIALS AND METHODS
Experimental Animals

In an experimental study, 30 mature male Wistar rats 
with a mean weight of 200-220 grams were used. The 
rats were provided by Razi Institute. During the study, 
a lighting condition of 12-hour light and 12-hour dark, 
at a room temperature of 22-24 °C and humidity of 55-
60% was set. All of the studied animals were sacrificed 
in accordance with the Animal Protection Act (National 
Institutes of Health, 1985). The rats were randomly 
divided into three groups of ten. Group I served as the 
control group while the experiment groups were Group 
II (10 days) and Group III (30 days). The experiment 
groups were immobilized in restraining cages twice a 
day for 45 minutes each time.

Hormonal Analysis
Taking blood samples was repeated 2 and 12 days 

after the end of the induction of the stress period, and 
the serums were thereafter used to assay the amount of 
blood glucose, glucocorticoid, and insulin. The glucose 
was analyzed using the glucose oxidase method, and the 
levels of glucocorticoid and insulin were determined by 
the RIA method (Spectra Kits and Irma Kits, respectively; 
both were purchased from Kavoshyar Co. ). After the 
last induction of the stress period, the blood samples 
were obtained.

Statistical Analysis
The results were expressed as mean ± standard 

deviation (SD). The collected data in each of the groups 
were analyzed by Kruskal-Wallis and Mann-Whitney 
tests with a (P = .05) as the level of significance.

RESULTS
The results of the evaluation of 30 rats are depicted in 

Figure 1. There was no significant relationship between 
the experimental groups, exposed to immobilization 
stress, in terms of factors such as blood glucose, insulin, 
and glucocorticoid (P = .05).

The mean value of plasma glucose in the control group 
was higher than that in the two groups of 10days and 30 
days in three phases (Table 1).

Also, the mean value of blood insulin in the group 
of 10days in phases 1 and 3was higher in comparison 
with the control group. However, that in the group of 30 
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days was lower than that in the control group in phases 
1 and 3 (Table 1).

In another way, the mean value of glucocorticoid 
hormone in the group of 10 days in three phases was 
higher than that inn the control group (Table 1). But, in 
the group of 30 days it was lower than that in the control 
group in phases 2 and 3 (Table 1).

DISCUSSION
In the present study, the mean values of blood glucose, 

insulin, and glucocorticoid in the experimental groups 

(10 and 30 days) were not different from those of the 
control group (P = .05).

Forced immobilization is one of the best explored 
models of stress in rats. This model combines 
emotional stress (escape reaction) and physical stress 
(muscle work), resulting in both restricted mobility 
and aggression. Furthermore, painful stimuli are not 
directly involved in restraint stress and hence this form 
of stress is probably more akin to physiological stress.(13) 

Immobilization limits the movements of the body, which 
can affect the body systems and can produce various 
pathological states. A number of diseases are related to 
immobilization under conditions of chronic stress that 
can cause degenerative diseases such as aging and many 
other brain dysfunctions.‌(14)

There is no evidence expressing that stress causes 
DM. However, stress may sometimes unmask diabetes, 
by causing blood glucose levels to rise.(15) This is often 
seen after a heart attack or stroke, where raised blood 
sugar levels may be encountered for the first time. 
Dutour and colleagues in 1996 reported that acute 
psychological stress may play a role in the glycemic 
instability of some patients with type I diabetes. It has 
also been proposed that stress makes one more prone to 
diabetes. If one is in a pre-diabetic phase or possesses 
hereditary background, psychical stress would be able to 
provoke diabetic state.‌(16) In support to this hypothesis, 
it has been reported that an emotional stress in entirely 
normal non-diabetic subjects induces a delay in the 
disposal of a carbohydrate load administered to patients 
or produced within the body. This delay in the disposal of 
the carbohydrate load results in an undue elevation of the 
blood glucose.(17) In another investigation, the children 
of patients who were previously exposed to high stresses 
were affected by diabetes more often than the children of 
the controls.‌(18) Stress can have an adverse effect on the 
control of glucose level. Barglow in 1985 supported the 
hypothesis that psychical stressors diminish the diabetic 
control and increase the blood glucose.(9) Some studies 
have reported that emotional stress cannot affect the blood 
glucose level,(11,19,20) although hyperglycemia may ensue 
after exceptionally stressful situations.(11)

Macho and colleagues in 1992 demonstrated that short-
term hypokinesia, as a stressful situation in rats, increased 
the plasma levels of corticosterone, epinephrine, and 
norepinephrine; nonetheless, if rats were exposed to 
hypokinesia for a long time, the plasma corticosterone 
level was similar to that of the control animals. Also, it 
was shown that repeated stress eventually leads to the 
absence of an adrenal response to the stress.(21) There are, 

Figure 1. Mean value of blood insulin in three phase that ph1: 
before stress induction, ph2: a day after stress induction, ph3: 12 
days after last stress induction.
A (P = .05) was considered statistically significant.

Figure 2. Mean value of blood glucose in three phase that ph1: 
before stress induction, ph2: a day after stress induction, ph3: 12 
days after last stress induction.
A (P = .05) was considered statistically significant.

Figure 3. Mean value of blood glucocorticoid in three phase that 
ph1: before stress induction, ph2: a day after stress induction, 
ph3: 12 days after last stress induction.
A (P = .05) was considered statistically significant.
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however, reports showing that long-term stress increases 
the level of serum corticosterone.(22,23) Nevertheless, it is 
deserving of note that the response highly depends on the 
type, intensity, and duration of the stress. For instance, 
tail snipping as a mild stress did not markedly change the 
corticosterone level immediately after stress exposure.‌(24) 
On the other hand, similar to our results, exposure 
to repeated stress decreased corticosterone response 
immediately after the stress exposure as compared to the 
first stress exposure, reflecting adaptation to stress.(25,26)

The results of the present study demonstrated changes 
in parameters that were expected; however, the differences 
did not constitute statistical significance. The changes 
in the amount of insulin or glucocorticoid hormones in 
the two experimental groups (10 or 30 days) in phases 
1 and 2 by the end of the stress induction period do not 
indicate a strong effect in comparison with that before 
receiving stress. However, the changes in the level of 
the blood glucose in the two experimental groups (10 
or 30 days) in phases 1 and 2 in comparison to the 
values before receiving stress suggest that despite the 
decrease in the blood sugar in the first phase, it rose 
in the second phase. Moreover, if there had been no 
time and financial constraints in conducting the third 
phase, it would have demonstrated a stable increase in 
the blood glucose level. In another study, results derived 
from Psychic stress were similar to our results which 
observed no diabetes in non-diabetic rats as the urine 
samples remained glucose free.(27)

CONCLUSIONS
Our data have not shown that immobilization stress 

causes the induction of diabetes mellitus in rats. It 
reflects the probable adaptation of animal to the stress via 
stimulation of insulin resistance which may be affecting 
of glucocorticoid hormone secretion.
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