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Цель. Изучение характера влияния повторных стрессорных воздействий на содержание 
глюкозы в крови крыс с разными поведенческими характеристиками, имеющих различную 
чувствительность к развитию негативных последствий отрицательных эмоциогенных воз-
действий. Материалы и методы. Животных предварительно тестировали в открытом поле 
для вычисления индекса активности. В качестве модели стресса использовали ежедневную 
иммобилизацию крыс в индивидуальных пластиковых пеналах на 4 ч. в течение 8 сут. Кон-
центрацию глюкозы в крови определяли (контроль, 1-е, 3-и и 8-е сут. многократного стресса) 
с помощью глюкометра. Результаты. В исходных условиях содержание глюкозы у пове-
денчески активных крыс, прогностически устойчивых к стрессорным нагрузкам, меньше, 
чем у предрасположенных к стрессу, пассивных особей. Выявлено, что повторные стрессор-
ные воздействия у крыс сопровождаются развитием гипергликемии. Однако, в этих условиях 
динамика концентрации глюкозы в крови была различной у особей с разными параметрами 
поведения. Наиболее выраженное увеличение содержания глюкозы у активных животных 
наблюдалось уже после однократной иммобилизации. К 3-м и 8-м сут. стрессорных воздей-
ствий уровень глюкозы у этих крыс прогрессивно снижался по сравнению с 1-ми сут. наблю-
дений, но оставался выше исходного показателя. Пассивные особи характеризовались увели-
чением содержания глюкозы в крови после однократного и особенно трехкратного иммоби-
лизационного стресса. К 8-м сут. наблюдений уровень глюкозы у этих животных несколько 
уменьшался по сравнению с таковым в предыдущие периоды, но превышал исходное значе-
ние. Заключение. Динамика нарушений углеводного обмена, в частности, колебания уровня 
глюкозы крови, при хронических эмоциогенных нагрузках отличается у особей с разной ус-
тойчивостью к стрессогенным факторам. Представленные данные иллюстрируют важность 
индивидуального подхода к изучению патофизиологических механизмов формирования и 
развития стресс-индуцированных расстройств. 

Ключевые слова: многократные стрессорные воздействия, динамика глюкозы в кро-

ви, поведенчески пассивные и активные крысы, индивидуальная устойчивость к стрессу. 
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Aim. To study the effect of repeated stress on blood glucose level in rats with various beha-

vioral characteristics and with different resistance to the development of adverse consequences of 
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negative emotiogenic exposures. Materials and Methods. The animals were initially subjected 
to open field test to calculate the index of activity. Daily 4-h immobilization of rats in individual 
plastic cages for 8 days was used as a model of stress. Blood glucose concentration was  
measured with a glucometer (control measurement and on the 1st, 3rd and 8th days of repeated 
stress). Results. The basal level of glucose in behaviorally active (stress-resistant) rats was  
lower than in passive (stress-predisposed) specimens. Repeated exposure of rats to stress  
resulted in development of hyperglycemia. However, the dynamics of blood glucose concentra-
tion was different in specimens with different parameters of behavior. The increase in glucose 
concentration in active animals was most pronounced after a single exposure. By the 3rd and 8th 
days of stress exposures, glucose level in these rats progressively decreased (as compared to the 
1st day), but remained above the basal level. Passive specimens were characterized by the  
increase in blood glucose concentration after a single and, particularly, after three-time restraint 
stress. Glucose content in these animals slightly decreased by the 8th day (as compared to the 
previous periods), but was above the basal level. Conclusion. The dynamics of abnormalities  
in carbohydrate metabolism (in particular, changes in blood glucose level) during chronic emo-
tiogenic exposures differed in specimens with different resistance to stress factors. These data 
illustrate the importance of an indivi-dual approach to studying the pathophysiological mechan-
isms of progression and development of stress-induced disorders. 

Keywords: repeated stress exposures, dynamics of blood glucose, behaviorally passive and 
active rats, individual resistance to stress. 
______________________________________________________________________________ 

 
Stress condition is a complex of adap-

tive reactions of mammals to physical or 
psychological stress factors that derange 
homeostasis of an organism. Physiological, 
psychological and social research show that 
conflict situations inevitable in stress, are 
associated with summation of the autonomic 
and neurologic disorders that accompany 
emotional stress [1,2]. 

The evidence of disorders in physiolo-
gical functions in negative emotiogenic 
stress considerably differs in different indi-
viduals [1,3-5]. In research on rats, open 
field tests are widely used to predict sensiti-
vity of animals to negative consequences of 
exposure to stress. Behaviorally active indi-
viduals were found to show a higher survival 
rate in stress compared to passive rats [6]. 
So, stress response to the same type of fac-
tors is differently manifested in stress-
resistant and stress-predisposed individuals. 
This approach to study of stress and asso-
ciated psychosomatic diseases seems pro-
mising for development of new methods of 
personalized medicine [1,2].  

In the modern literature a big actual ma-
terial is accumulated that illustrates the cha-
racter of changes in organisms of living be-
ings on acute exposure to stress factors. 
Commonly occurring discrepancies in the re-
sults of different research on physiology of 
stress are largely conditioned by the lack of 
individual approach to a study of systemic 
mechanisms of regulation of vitally important 
processes in mammals [8]. Besides, condi-
tions of modern life are characterized by re-
peated exposure of humans to different stress 
factors. Hence, a study of the influence of re-
peated action of stress factors on the systemic 
organization of physiological functions will 
permit to maximally approximate experimen-
tal studies of stress to the real conditions of 
human life. The most urgent thing seems to 
be elucidation of peculiarities of an individual 
reaction to stress factors in individuals with a 
different sensitivity to stress.  

It is known that psychoemotional stress 
plays an important role in the development 
and subsequent progression of metabolic 
disorders. Disorders in glucose metabolism 
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are a common consequence of exposure of a 
human organism to stressogenic factors. 
There are found direct relationships between 
stressful influences and a stable prolonged 
elevation of the concentration of glucose in 
blood commonly leading to type 2 Diabetes 
Mellitus [9,10]. 

Despite an increased interest in the 
processes of development of metabolic disor-
ders in exposure to stress factors, many  
aspects of this problem are still not studied. 
The modern scientific literature does not con-
sider aprobability for specificity of changes of 
carbohydrate metabolism in individuals with 
different resistance to emotiogenic factors. 
Variations of blood glucose level in chronic 
stress are studied insufficiently.  

The aim of our work was to study the 
influence of multiple stress loads on the blood 
glucose level of rats with different behavioral 
parameters and with different susceptibility to 
formation of negative consequences of  
adverse emotional factors in open-field tests. 

Materials and Methods 
The work was conducted on 76 male 

rats with 255.6±2.8 g body mass. The work 

was carried out in accordance with «Rules of 

Works with Experimental Animals» ap-
proved by the meeting of Ethic Commission 
of P.K. Anokhin Research Institute of Nor-
mal Physiology (Protocol №1 of September 
3, 2005) and the requirements of World  
Society for Protection of Animals (WSPA) 
and of European Convention for Protection 
of Experimental Animals. 

The animals were kept in cages (4-5 an-
imals in each) at 20-22°C on a standard food 

ration under artificial illumination (9:00-
21:00 – light, 21:00-9:00 – darkness). After 
delivery to the laboratory the rats underwent 
adaptation to the laboratory conditions within 
5 days. The animals were daily subject to 
handling procedure – they were repeatedly 
taken into the hands for 15 minutes – to pre-
vent a stress response to being taken by the 
experimenter’s hands. 

The animals’ behavior was preliminari-
ly studied in open field test within 3 min [6]. 

The activity index was determined by divi-
sion of the sum of crossed peripheral and 
central squares and peripheral and central 
upright postures of the test objects by the 
sum of latent periods of the 1st movement 
and of coming into the center of experimen-
tal camera. Depending on the parameters of 
open-field behavior, the animals were di-
vided to passive (n=40, mean activity index 
– 0.44±0.02) and active specimens (n=36, 

mean activity index – 2.73±0.55). 
The rats were subject to a daily 4-hour 

immobilization stress in individual plastic 
restrainers at the same time of the day 
(10:00-14:00). Concentration of blood glu-
cose was determined with a glucometer 
(Contour TS, Bayer) in control, and also on 
the 1st, 3rd and 8th days of repeated immo-
bilization. Earlier it was found by us that 
variations of some physiological parameters 
in rats in this model of stress load become 
evident just in these periods of repeated ex-
posures to stress [11,12]. In selection of the 
observation periods we were also guided by 
the information that the most serious physio-
logical disorders in animals occur at the end 
of the alarm stage (38-40 hours after emo-
tiogenic stress load),while at the beginning 
of resistance stage (the 4th day) and in 7 
days after exposure signs of compensatory 
reactions are clearly seen [13,14].  

The results of the experiment were 
processed using Statistica 10.0 and Micro-
soft Office Excel 2010 program packages. 
Since the distribution of the obtained values 
differed from normal, the differences bet-
ween variables were analyzed using Fried-
man ANOVA criterion. For analysis of sta-
tistically significant differences between 
variation series a posteriori analysis was 
conducted using Wilcoxon matched pairs 
test with subsequent FDR-control of family-
wise error rate. 

Results and Discussion 
In control conditions, the content of 

glucose in blood of behaviorally active rats 
was lower than in passive specimens (by 
7.6%, p<0.05; Fig. 1). 
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Fig. 1. Concentration of glucose in blood of behaviorally passive and active rats  
in the initial condition (Control), on the 1st (Stress-1), 3rd (Stress-3) and 8th (Stress-8) day  

of 4-hour daily immobilization stress 
*p<0.05 as compared to control; +p<0.05 as compared to passive rats 

 
In passive animals increased concen-

tration of blood glucose was found after a 
single immobilization stress (by 6.8%) and 
especially after 3-time stress (by 16.0%, 
p<0.05 as compared to control). By the 8th 
day of repeated stress loads the blood glu-
cose level in these rats decreased as com-
pared to the preceding periods, but remained 
above the basal level.  

Changes in the content of glucose in 
behaviorally active specimens in the dynam-
ics of repeated exposures to stress differed 
from those in passive rats. Statistically signif-
icant increase in this parameter in active ani-
mals – by 20.2% as compared to control 
(p<0.05; Fig. 1) – was found as early as after 
a single immobilization. The blood glucose 
level in these rats decreased by the 3rd and 
8th day of repeated exposures to stress in 
comparison with the 1st day of the experi-
ment, but remained above the basal level. It is 
important that on the 3rd day of observation 

this parameter in active rats was 13.0% lower 
than in passive rats (p<0.05). 

Thus, our experiments revealed differ-
ences in the basal level of blood glucose in 
rats with different behavioral parameters in 
open field test. The obtained data considera-
bly widen the knowledge of peculiarities of 
parameters of carbohydrate metabolism. In 
particular, it was found that expression of 
glucose transporters (GLUT) that mediate 
transfer of glucose across the hematoence-
phalic barrier to neurons and glial tissue, 
largely depend on the gender and age of the 
animals [15]. 

We found that repeated stress loads in 
animals in the form of 4-hour daily immobili-
zation led to hyperglycemia. This fact sup-
plements the results of our previous experi-
ments that demonstrated the pattern of varia-
tions in the blood glucose level in rats with 
different behavioral activity after acute stress 
loads of 1-hour immobilization [16].  
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To note, the modern scientific literature 
gives the data of the character of influence of 
stress loads on carbohydrate metabolism in 
mammals. For example, it was demonstrated 
that in mice an acute stress in the form of un-
avoidable electrodermal stimulation leads to a 
persistent increase in blood glucose level in 
tests for tolerance to glucose and insulin, with 
the accompanying frustration of the processes 
of insulin signaling in the liver [17]. In the 
experiments on rats exposed to stress of 
«foot-shock» stimulation, increase in the level 
of corticosterone in blood was revealed ac-
companied by increase in glucose level [18]. 
Besides, it was found that exposure to stress 
in the form of 15 min forced swimming re-
sulted in a mismatch between regional blood 
flow and speed of glucose utilization in some 
structures of the brain [19].  

It is known that stress loads of different 
duration and intensity produce specific influ-
ences on parameters of metabolism. In parti-
cular, a dependence is revealed between the 
blood glucose profile and duration of applica-
tion of a stressful factor. In was shown in ex-
periments on mice that immobilization within 
30 minutes or 1 hour is accompanied by an 
evident increase in the concentration of glu-
cose in blood [20]. However, the glucose  
level remains unchanged even in 2-hour or  
4-hour immobilization stress. Some authors 
believe that metabolic disorders are more 
pronounced in acute stress than in chronic 
emotiogenic loads [21].  

Most researchers hold to the opinion 
that chronic exposures to stress factors also 
induce significant disorders in carbohydrate 
metabolism in mammals. It was found that 
modeling of a chronic unpredictable stress in 
rats within 28 days leads to increase in the 
level of insulin, to frustration of tolerance to 
glucose and to increase in the concentration 
of corticosteroids in blood serum. The given 
biochemical profile persists in the period of 
recovery after stress loads despite the recov-
ered basal concentration of corticosteroids.  
Disorder in tolerance to glucose in these con-
ditions is one of etiological factors for devel-
opment of type 2 diabetes mellitus, or of the 

so called metabolic syndrome [22]. In obser-
vations on people it was found that formation 
of metabolic syndrome is accompanied  
by evident psychoneuroimmune disorders  
including psychological distress, dysfunction 
of the autonomic nervous system and the im-
mune system [23].  

The evidence of metabolic disorders in 
a long-standing stress may differ depending 
on the force and/or frequency of application 
of a stressogenic factor [24]. In particular, 
reduction in the increment of body mass in 
rats was detected in the initial stages of a 
chronic intermittent stress of moderate inten-
sity, but not in the subsequent periods of 
stress. Tolerance to glucose remained un-
changed in these conditions of negative emo-
tiogenic influence. 

There exist different views on the patho-
logical mechanisms underlying the metabolic 
effects of stress. In particular, it is believed 
that these effects are associated with a change 
in the activity of renin-angiotensin system. It 
was found in experiments on mice that block 
of angiotensin II receptors diminishes expres-
siveness of insulin resistance in 2-week expo-
sure to stress in the form of  periodical immo-
bilization [25]. The majority of authors believe 
that glucocorticoids actively released in stress, 
not only influence synaptic plasticity, but also 
derange metabolism of glucose in the brain 
and reduce sensitivity to insulin. Here, many 
post stress disorders are associated with altera-
tion in the activity of the main enzymes of me-
tabolism and with the reduction of sensitivity 
of insulin receptors in the CNS [26]. A role of 
some central peptides in development of 
stress-induced metabolic syndrome is shown. 
For example, hypothalamic neuropeptide orexin 
plays a key role in prevention of formation of a 
«pathological circle» between depressive  
behavior and derangement of glucose metabo-
lism in a chronic stress in mice [27]. Besides, 
experiments on rats demonstrated that varia-
tions of blood glucose level in a chronic stress 
may be attributed to peculiarities of absorption 
processes in the intestine and also to alteration 
of the activity of digestive enzymes – maltase, 
saccharase and lactase [28].  
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In our experiments we first discovered 
specificity of alteration of the parameters of 
glucose metabolism in animals with different 
types of open field behavior and with differ-
ent resistance to negative consequences of 
stress. In passive rats predisposed to negative 
emotiogenic loads, elevation of blood glucose 
level was most significant on the 3rd day of 
the daily 4-hour immobilization. In contrast, 
in active rats resistant to extreme influences, 
hyperglycemia was most expressed after a 
single exposure to stress. Concentration of 
glucose in blood of behaviorally active and 
passive specimens insignificantly declined by 
the 8th day of repeated stress loads (in com-
parison with that in the previous periods), but 
remained above the initial value.  

The obtained results expand the exist-
ing views on the specificity of metabolism 
of mammals in different conditions. Earlier, 
gender peculiarities of the consequences of 
a chronic and acute stress as of one the 
main etiological factors inducing a metabol-
ic syndrome, were characterized. In particu-
lar, it has been discovered that changes of 
some biochemical parameters of blood in 
male rats – content of glucose, R-reactive 
protein, uric acid and cholesterol – are more 
significant in an acute than in chronic 
stress. The opposite results were obtained in 
experiments on female rats [29].  

Recently a new model of a chronic psy-
chosocial stress has been developed [30]. It 
was found that in these experimental condi-
tions «dominant» mice (judging by behavior) 
were characterized by a normal metabolic 
phenotype, while «subordinate» specimens 
were predisposed to disorders in metabolism. 
It was found that specificity of functional re-
lationships that determine sensitivity to insu-

lin and maintain constant level of glucose and 
lipids, makes a contribution to the peculiari-
ties of metabolic processes in these animals.  

The results of our experiments indicate 
that the dynamics of disorders of carbohy-
drate metabolism in repeated stress, in partic-
ular, the blood glucose level, is different in 
specimens with different parameters of beha-
vior and with different sensitivity to negative 
emiotiogenic factors. 

Conclusion 
Thus, the animals with different para-

meters of open field behavior having different 
sensitivity to adverse consequences of nega-
tive emotiogenic loads, are characterized by a 
number of peculiarities of carbohydrate meta-
bolism. In the conditions of physiological 
norm, the content of glucose in blood of be-
haviorally active rats resistant to stress expo-
sure, is lower than in passive specimens pre-
disposed to stress.  

It was found that repeated stress loads 
in rats in the form of 4-hour daily immobili-
zation were accompanied by hyperglycemia. 
However, in these conditions the dynamics of 
concentration of glucose in blood is different 
in animals with different characteristics of 
behavior. In active specimens an increase in 
the blood glucose level was most expressed 
after a single immobilization, and in passive 
rats – on the 3rd day of chronic stress. By the 
end of observation – the 8th day – the ana-
lyzed parameter remained above the basal 
level both in behaviorally passive, and in be-
haviorally active animals.  

The data presented by us indicate the 
necessity for individual approach to study 
of mechanisms of initiation and develop-
ment of post stress disorders of physiologi-
cal functions. 

 
______________________________________________________________________________ 
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