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Correction of immobilization stress by melatonin 
in rats under conditions 
of dark deprivation

A b s t r a c t  — In this study, we have evaluated the 
effectiveness of melatonin in correcting stress in rats that 
occurred after dark deprivation and mobility restriction. The 
main group of animals (n=6) received melatonin in order 
to overcome stress. The obtained indicators for assessing 
the stress level (vertical activity, freezing, the number of 
boluses) in the main group of rats were compared with the 
indicators of the control (animals received placebo, n=6) 
and intact (n=6) groups. As a result, when the daylight 
lengthens, rats develop stress, which is manifested by a 
change in the activity of the animal. We have proved that 
the use of melatonin reduces hyperactivity in rats by 1.5 
times (p<0.01) and the duration of freezing is reduced by ⅓ 
(p<0.05).
Conclusion: In animals treated with melatonin, physical 
and vegetative activity was significantly higher compared to 
the placebo group. Therefore, melatonin helps to overcome 
immobilization stress in rats under conditions of dark 
deprivation.

K e y w o r d s  — Stress, melatonin, dark deprivation, activity 
disorder, circadian rhythm, desynchronosys.
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organization of a person and lead to the development 
of pathological processes in a particular physiological 
system [3]. The development of desynchronosis is ac-
companied by a decrease in the night peak of melaton-
in levels, which occurs due to a violation of circadian 
rhythms. Therefore, the presence of the correct rhythm 
of melatonin production is a necessary condition for a 
healthy body. It is known that people experience stress 
when moving to work from the middle latitudes to the 
Far North due to a violation of the seasonal rhythm of 
melatonin secretion. This is confirmed by the facts of 
an increase in depressive states and alcoholism in this 
contingent.

Aim: 
to evaluate the effectiveness of melatonin in the cor-
rection of immobilization stress in rats in a situation of 
dark deprivation.

M e t h o d s
The object of the study were 18 sexually mature 

white rats weighing from 200 to 400 g, contained in 
standard vivarium conditions. All procedures with ani-
mals were performed according to the Guidelines for 
the Care and Use of Laboratory Animals. We divided 
all the animals into 3 equal groups: 1 group (main, 
n=6), 2 group (control, n=6), 1 group (intact, n=6).

The animals of groups 1 and 2 were in dark dep-
rivation conditions for 10 days. Then we placed all the 
rats of these groups in immobilization chambers for 
one hour to create a model of a stress reaction. The ani-
mals of groups 1 and 2 were in stress mode for 10 days. 
At the same time, we administered melatonin at a dose 
of 1 mg/kg intramuscularly to all rats of group 1 during 
this period, and we gave an intramuscular injection of 
0.9% NaCl solution as a placebo to animals of group 2.

The rats of the third group formed an intact 
group, we did not perform any manipulations with 
them and were kept on a rational diet throughout the 
entire time of the experiment.20 days after the end of 
the experiment, we evaluated the following indicators 
in all animals of the three groups: vertical activity (the 
rat taking a vertical position), freezing (freezing in 
place), the number of bolluses (the act of defecation). 
We took the sign of "high motor activity" in rats as 
normal and interpreted it as the absence of anxiety and 
stress in a particular animal.

I n t r o d u c t i o n
Nowadays, a person's professional activity is often 

associated with the need to change time zones. Certain 
jobs require constant presence in conditions of round-
the-clock illumination, especially for night shift work-
ers [1]. Circadian disorders are also inherent in people 
living in the polar day zone, as well as those who make 
frequent business trips with a change of time zones. In 
such cases, desynchronization of the daily biorhythms 
of physiological functions develops in the human 
circadian system [2].

Desynchronosis is one of the most powerful stress 
factors for all body systems. With frequent occurrence 
and prolonged course, it can weaken the circadian 
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Statistical processing was carried out with the 
calculation of arithmetic mean values (M) and their 
errors (m). The reliability of differences in the groups 
was calculated using the Mann-Whitney test. The dif-
ferences were considered significant if p<0.05.

R e s u l t s
The indicators of motor activity, namely vertical 

activity, in the rats of the first group were 1.5 times 
lower compared to the intact group (p<0.01) (Fig. 1). 
This fact indicates that dark deprivation and impaired 
mobility leads to stress. However, we found that the 
vertical activity in the group of rats treated with me-
latonin was significantly higher by 22% compared to 
the intact second group (p<0.05) (Fig. 1). This means 
that anxiety melatonin helps to reduce stress levels and 
helps to neutralize anxiety disorders in the animal.

Fig. 1. �Vertical activity in rats of the studied groups

Fig. 2. �Indicators of freezing in rats under immobilization stress after dark 
deprivation

The number of boluses reflects the state of the 
autonomic nervous system. Therefore, the more boluses 
there are, the more pronounced the stress reaction in 
the animal. The highest number of boluses per day was 
in the experimental group of rats receiving placebo — 
24.1+1.7. This indicator had significant differences with 
the group of animals receiving melatonin — 16.5+2.3 
(p<0.05). In the animals of the intact group, the number 
of boluses per day was minimal (7.8+1.1), but there were 
no significant differences with the first group(p>0.05).

D i s c u s s i o n
 Circadian rhythms are important for the normal 

development and functioning of the nervous system. 
Violations of circadian rhythms suppress the function 
of the nervous system and lead to the formation of 
stress, which has been proven in animal models [4]. 
The systemic response to stress, aimed at eliminat-
ing or reducing stress, is accompanied by changes in 
behavioral, vegetative, motor, sensory, cognitive and 
other functions of the body [5].

It is known that melatonin contributes to the 
modulation of circadian rhythmicity. Melatonin is 
also involved in the regulation of blood pressure and 
the autonomic cardiovascular system, the regulation 
of the immune system, as well as in various physiologi-
cal functions [6]. Melatonin synthesis and secretion 
are enhanced in the dark and suppressed by light. 
Low concentrations of melatonin are usually found 
in patients with neurological diseases and mental 
disorders [7]. Positive results of the use of melatonin 
were obtained in the correction of mental and behav-
ioral disorders, such as attention deficit hyperactivity 
disorder. Melatonin has an effect on the organs of the 
gastrointestinal tract. Arendt J. et al. It was noted that 
melatonin protects the gastrointestinal tract from ul-
cers by reducing the secretion of hydrochloric acid and 
increasing the secretion of bicarbonate of the duodenal 
mucosa [1]. Melatonin also promotes the regeneration 
of the epithelium of the intestinal mucosa. These fac-
tors indicate the properties of melatonin to correct the 
state of the autonomic nervous system.

Our study demonstrates that animals that are 
in conditions of round-the-clock illumination and 
impaired mobility experience stress. This stress reac-
tion can be successfully compensated by administering 
melatonin to animals. We noted that the vertical activ-
ity in the main group of rats improved by 1.3 times, the 
number of freezing decreased by 1.5 times, and viola-
tions of vegetative reactions were practically leveled.

C o n c l u s i o n
Light desynchronosis leads to the development 

of stress and anxiety-depressive disorders. The restora-

Another indicator of stress is freezing (freezing 
of the rat without movement). We noticed that the 
duration of freezing during one hour of observation in 
the first and second groups of animals was more than 
ten times higher than in the intact animals (Fig. 2) 
(p<0.001). However, against the background of the 
use of melatonin, the activity of rats improves, and the 
duration of freezing decreases by 33% (p<0.05).
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tion of circadian rhythms helps to reduce stress, helps 
to maintain the balance of higher nervous activity, 
which contributes to the correction of behavior, mood 
and intellectual functions of an individual. We proved 
that animals treated with melatonin had significantly 
higher physical activity, and anxiety indicators were 
lower compared to the placebo group. This means that 
melatonin contributes to the successful overcoming 
of the consequences of induced stress, burdened with 
desynchronosis in rats.
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