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ABSTRACT 

The effects of stress on the blood glucose, serum cortisol level and body weight were 

investigated to clarify the possible link between the stress and diabetes. The experiments 

were performed on non-diabetic and streptozotocin diabetic mice divided to control, and 

stressed groups. Water immersion, and forced swimming was used as stressor. After the 

experiment, blood samples were collected. The serum glucose level (SGL) was measured 

by using glucometer and serum cortisol level (SCL) was determined by radioimmunoassay. 

Stress caused a significant increase in glucose level in both nondiabetic and diabetic mice. 

In diabetes mice, a significant increase in Serum Cortisol Level was observed. A significant 

weight loss took place in mice exposed to stress and that was much greater in diabetic 

control animals. The stress specially related with physical and psychic component worsen 

the diabetes in streptozotocin treated mice and the glucose levels increased significantly 

also in non-diabetic controls, but not considered as diabetic.  
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INTRODUCTION  

There is no evidence that stress causes diabetes. However, stress may sometimes unmask 

diabetes, by causing blood glucose levels to rise [1]. In people who have diabetes, the fight-

or-flight response does not work well. Insulin is not always able to let the extra energy into 

the cells, so glucose piles up in the blood [2]. The secretion of stress hormones (glucagon, 

catecholamine, cortisol and Growth Hormone) and especially, cortisol increases during the 

acute stress and emotional stimuli. Some of these hormones are diabetogenic and might be 

involved in the development of diabetes during the stress. For example, epinephrine 

inhibits the insulin secretion both in animals and humans, and it thus can have a 

diabetogenic effect [3,12]. Diabetic mice under physical or mental stress have elevated 

glucose levels [13]. The stress response causes even more glucose and fatty acids to be 

mobilized in the bloodstream. It blocks insulin production and it promotes insulin 

resistance [14].  

When something stressful happens, many hormones are released by the brain, nervous 

system, and other organs. The base of the brain, the hypothalamus, secretes an array of 

hormones into the blood, mainly corticotropin releasing factor, which triggers the pituitary 

to release the hormone corticotropin (ACTH) [14]. ACTH in the bloodstream triggers the 

release of glucocorticoids by the adrenal gland. The sympathetic nervous system releases 

epinephrine (adrenaline), and norepinephrine (noradrenaline) into the bloodstream [14]. 

The pancreas releases a hormone called glucagon, which raises the circulating levels of 

glucose in the blood [14]. Cortisol might cause DM through permissive effect on 

catecholamines and growth hormones (GH) [15]. Hypothalamo–pituitary–adrenal (HPA) 

axis responds to stressful situations by elevating the cortisol metabolite levels [15-17]. 
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Bjorntrop et al. [18] have reported that HPA axis and the sympathetic nervous system are 

responsible for the development of endocrine abnormalities, including Type II DM. Couch 

[19] has suggested that the patients with poorly controlled diabetes have a higher level of 

serum cortisol level. Therefore, there might be a correlation between stress, plasma cortisol 

level and diabetes.  

Hence, the objective of this study was to determine the possible link between the stress and 

diabetes. Short water immersions were used as the stressor, its effects on serum glucose 

level (SGL), serum cortisol level (SCL) and body weight in nondiabetic and diabetic mice 

were observed.  
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MATERIALS AND METHODS   

Animals 

Swiss Albino Mice were purchased from the Wockhardt Ltd. Chikalthana, Aurangabad. 

The experimental protocol was approved by Institutional Animal Ethics Committee (IAEC) 

of Y.B. Chavan College of Pharmacy Aurangabad (Approval number- 

CPCSEA/IAEC/P’col-20/2011-12/44).  

Experiments were carried out on 32 Swiss albino mice of either sex weighing between (25-

40 g) were used. They were maintained at temp. of 25 ± 2˚C and relative humidity of 45 to 

55% and under standard environmental conditions (12 h. light /12 h. dark cycles). The 

animals had free access to food and water. All the experiments were carried out between 9 

to 18 hrs.  

The experimental groups 

Mice were randomly divided into four groups (n = 8 in each) as follows:  

A. Normal control(Received  saline water as a vehicle control),  

B. Diabetic control(Received Streptozotocin 75 mg/kg),  

C. Diabetic under stress(Received Streptozotocin 75 mg/kg and under stress condition),  

D. Non- Diabetic under stress(Received saline water and under stress condition). 

The experimental procedure 

Overnight fasted experimental mice from groups B and C were injected with 

Streptozotocin (Sigma, USA) at a dose of 75 mg/kg body weight [20]. The STZ was 

injected intravenously (i.v.) within 10 min after dissolving in saline water. The mice in 

group A were injected with saline water as a vehicle control. The animals were allowed to 

drink 5% glucose solution overnight to overcome the drug induced hypoglycemia. Fasting 
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blood glucose (FBG) was estimated at the time of induction of diabetes and postprandial 

glucose (PPG) was checked regularly until stable hyperglycemia was achieved. 

Experiments were performed in the morning between 08:00 and 12:00 h [21]. One minute 

per hour of forced swimming and water immersion program developed at our laboratory 

was used (4 h every day and for 14 days) to provoke the stress as it produces a sense of fear 

of drowning and asphyxia [22]. This water immersion stress model was developed in our 

laboratory. Water immersion causes the emotional stress (fear and asphyxia), and forced 

swimming causes the physical stress. 

After the experiments, the rats were sacrificed by decapitation in the morning (8–10 h) [17] 

and blood samples were collected, serum was separated and stored at −20 ◦C until analysis 

[10, 22]. Then, serum glucose level was measured by using Accucheck Glucometer and 

serum cortisol level was measured by radioimmunoassay [5, 17, and 19]. 

 Data analysis  

Results are expressed as Mean  SEM (n = 6). The data was analysed using One-way 

ANOVA followed by Dunnett’s- test. **  P<0.01, *   P<0.05 with respective Control. 
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RESULTS 

The mean values of serum glucose, serum cortisol levels and the changes of body weight 

are listed in Table ; 

Table The mean values of serum glucose, serum cortisol levels and the changes of body 

weight. 

Results are expressed as Mean  SEM (n = 8). The data was analysed using One-way 

ANOVA followed by Dunnett’s- test. **  P<0.01, *   P<0.05  vs Respective  control. 

 

Serum glucose level [SGL] 

Diabetic mice in B and D groups showed very significant (P<0.01) increase in serum 

glucose level as compare to control animals (A) (70.83±2.725). The SGL of non diabetic 

stressed mice (C), was significantly higher (P < 0.001) than in controls (A) but it did not 

produce diabetes. (Figure 1) 

Serum cortisol level [SCL] 

The STZ-treated stressed mice (D) showed significant increase in cortisol level (8.00±1.19) 

compare to vehicle treated control group (A). Mice from Diabetic control (B), and Non-

Group N Treatment 
Serum glucose 

(mg/dl) 

Cortisol 

level 

(µg/DL) 

Body weight 

(g) 

A 8 Control 70.83±2.72 4.64±1.09 31.00±1.31 

B 8 Diabetic control 225.00±24.73
**

 6.97±0.09 14.92±0.59
** 

C 8 Non-Diabetic in stress 105.50±26.10
**

 5.64±1.09 21.00 ±1.79 

D 8 Diabetic  under Stress 263.00 ±14.55
**

 8.00±1.19
*
 7.50 ±3.77

**
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Diabetic under stressed (C) mice showed non-significant increase in SCL when compared 

with vehicle treated control group (A). (Figure 1) 

Body weight 

Diabetic control mice showed very significant (P<0.01) decrease in body weight as 

compare to vehicle treated control animals (31.00±1.31), and diabetic under stress groups 

showed very significant (P<0.01) decrease in body weight as compare to diabetic control 

animals, indicating the effect of stress on decreasing the body weight. 

Non-Diabetic under stress showed non-significant decrease in body weight when compared 

with respective vehicle treated control group, also indicating the effect of stress on 

decreasing the body weight. (Figure 1) 
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DISCUSSION 

In recent years, the complexities of the relationship between stress and diabetes have  

become well known but have been less well researched. During diabetes there is increased 

production of Oxygen Free Radicals may contribute to the oxidative stress found in 

hyperglycemia associated with diabetes mellitus [23].  

Our experimental results showed that the stress caused by water immersion, forced 

swimming showed a significant increase in SGL in streptozotocin diabetic mice and also in 

non-diabetic animals without causing diabetes. The water immersion causes mainly 

psychical stress (fear of drowning and suffocation) and consequently also physical stress 

(vigorous activity to come out), which lasted only 1 min per session. 

Supporting findings of Bjorntop [24] has explained the physiological links between the 

stress and diabetes. At the same time, increase in visceral adiposity is seen, which plays 

important role in diabetes by contributing insulin resistance [25]. 

With regard to the effects of stress on the neuroendocrine system, the Hypothalamo-

Pitutary-Adrenal axis is of considerable importance [26]. Upon encountering a threat or a 

stressor, the hypothalamus secretes corticotropin-releasing factor, which causes the release 

of adrenocorticotropin. This in turn travels to the adrenal cortex, where it leads to the 

secretion of glucocorticoid hormones, in particular cortisol. Where stressful conditions 

have been involved in the onset of Type 1 diabetes, Stress also affects on autoimmune 

system [27]. One study hypothesized that environmental factors trigger the autoimmune 

destruction of the β-cells [28].  

Our study showed that serum cortisol level was higher in diabetic than in non-diabetic rats. 

This confirms some previous studies. Cortisol influences a wide range of processes, 
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including the breakdown of carbohydrates, lipids, and proteins to provide the body with 

energy. Cortisol has an immunosuppressive effect and therefore plays a role in the 

regulation of immune and inflammatory processes. Stress involves complex biochemical, 

neural and immunological mechanisms and plays a crucial role in the genesis and 

progression of variety of diseased states. [29] 

The stress in the present study caused a much higher weight loss in diabetic than 

nondiabetic mice due to their metabolic disorder and greater sensitivity. The weight was 

decreased most probably due to the psychical stress associated with the physical stress 

(vigorous activity, although it lasted only 1 min per exposure) or both. 
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CONCLUSION 

Our findings correlates to earlier researchers viz., Couch [19] and Bjorntop [24, 25] and the 

stressor used in this study caused a significant increase in blood glucose level in both, 

nondiabetic and diabetic mice. It exacerbated the disease in the diabetic mice indicated by 

their greater weight loss due to the stress program, but it not produce diabetes in 

nondiabetic under stress mice. Also stress caused a significant increase in serum cortisol 

level. Moreover our finding underlines effect of stress on increase in SGL, SCL and 

decrease in body weight in both i.e. Diabetic and nondiabetic under stress. 
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Figure 1 Effect of stress on serum glucose level (SGL), serum cortisol level (SCL) and 

body weight (B.W.) 

 

 

Results are expressed as Mean  SEM (n = 8). The data was analysed using One-way 

ANOVA followed by Dunnett’s- test. **  P<0.01, *   P<0.05  vs Respective  control. 
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