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ABSTRACT

The article presents the results of an experimental study, the purpose of which was to study changes in the cellular composition of the blood
of rats depend of their exposure time to cold. The obtained results indicate that the cold affects the activity of cells that provide nonspecific and

specific immune responses.

It is shown that the exposure of rats in our experiment for 7 to 30 days had a fairly long-term effect, as it led to suppression of the activity of
monocytes and neutrophils. However, we observed an increase in the number of leukocytes on day 14, which may be due to a short-term stimu-
lation of leukocytopoiesis. The number of lymphocytes in our study remained elevated throughout the experiment, maximally increasing by 7 and
30 days. We were also able to demonstrate a decrease in the number of platelets, which was an appropriate reaction of the body in response to
cold exposure, as platelets take a direct part in the repair processes observed when the tissue is damaged by cold, and also improve the migration
of leukocytes to the focus of inflammation. An increase in hematocrit was also established, which is one of the signs of a reaction to cold stress.

Thus, the present study revealed patterns of changes in the cellular composition of peripheral blood during cold stress in the experiment, which
were expressed in the features of the reaction from erythrocytes, platelets and leukocytes.
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Introduction. In connection with the
increased rates of development of the
Far North, the question of adapting the
human organism to life in northern lati-
tudes, where it is exposed to low natural
temperatures, is again becoming rele-
vant [7, 12].

It is known that the human body to
the negative impact of various environ-
mental factors corresponds to a viola-
tion of the state of regulatory systems,
accompanied by a change in the cellular
composition of blood [1, 5, 13, 14]. It is
shown that leukocytes play an important
role in the implementation of the protec-
tive reaction of the body. The phagocytic
activity of leukocytes is a nonspecific cel-
lular immunity of the body and depends
on the effect of any stress factors [10,
13, 14]. Further, this is accompanied by
changes in immunological reactivity, a
decrease in the adaptive capacity of the
organism, the development of transient
or persistent forms of secondary immune
deficiency [12].

Imbalance of the immune system af-
fects the formation, nature of the course
and outcomes of many pathological pro-
cesses. The highest incidence rates fall
on diseases of the respiratory, nervous
and sensory organs, and the circulatory
system [4, 9, 15].

Thus, the study of the mechanisms of
cellular adaptation of the blood system,
as well as the response of immune or-
gans, the search for ways to increase the
body’s resistance, prevention and treat-
ment of immune response disorders in
low-temperature conditions is extremely
urgent in the Sakha (Yakutia) Republic.

This study is part of a comprehensive
work related to the study of the mecha-

nisms of disadaptation in the Arctic and
the Subarctic. This work is carried out
taking into account the priority areas of
the scientific platform “Immunology” of
the state program “Strategy for the De-
velopment of Medical Science in the Rus-
sian Federation 2025”.

The aim of the study is to study chang-
es in the cellular composition of blood in
rats in the experiment, depending on cold
exposure time.

Materials & Methods.

Work has been completed at the De-
partment of Normal and Pathological
Anatomy, Operative Surgery with Topo-
graphic Anatomy and Forensic Medicine
at the M.K. Ammosov North-Eastern
Federal University’s Medical Institute.
25 male mongrel rats weighing 200-250
g were used as experimental animals,
aged 5-6 months. The animals were di-
vided into 4 groups: 1 group as control,
which were kept in standard vivarium
conditions; groups 2, 3, 4, 5 were animals
that were exposed to cold. The cooling
was carried out in the climatic chamber
“Vestfrost” (Denmark) at -10 + 20C [2, 7,
8] for 1 hour daily for 7, 14, 21, and 30
days.

The protocol of the experimental part
of the studies, used at the stages of ani-
mal maintenance, modeling pathological
processes and removing them from ex-
perience, was consistent with the prin-
ciples of biological ethics set out in the
International Recommendations for Bio-
medical Research with Animals (1985);
The European Convention for the Protec-
tion of Vertebrates used for experiments
or other scientific purposes (Strasbourg,
1986); Order of the Ministry of Health of
the USSR No. 755 of 12.08.1977 “On

Measures to Further Improve Organiza-
tional Forms of Work Involving Experi-
mental Animals”; Order of the Ministry of
Health of the Russian Federation No. 267
of 19.06.2003 “On Rules of Laboratory
Practice”.

The rats were decapitated in accor-
dance with the requirements of humanity
in accordance with Appendix No. 4 “On
the Procedure for Euthanasia (Killing) of
an Animal” to the Rules for carrying out
work using experimental animals (annex
to the Order of the Ministry of Health of
the USSR No. 755 of 12.08.1977). Blood
samples and serum were obtained during
decapitation of animal. Blood sampling
was carried out in glass tubes with an-
ticoagulant heparin in an amount of 5 ml
from the abdominal cavity on 7, 14, 21,
30 days. Hematologic examinations were
carried out immediately after obtaining
samples on the automated hematological
analyzer Abacus Junior 30, biochemical
studies were made on the Mindray BA-
88A biochemical analyzer with ready-
made solutions of High Technology. The
study of blood and blood serum was per-
formed in the scientific and research clin-
ical diagnostic laboratory for agricultural
and domestic animals at the Yakut State
Agricultural Academy.

Results & Discussion. As a result of
the experiment, it was established that
the blood cell counts in the control group
of animals kept under optimal tempera-
ture conditions were not accompanied by
deviations from the physiological norm.
While when assessing the condition of
the experimental groups of rats, changes
in the number of formed elements (from
0.5 to 1.3%) were detected, including
a decrease in the level of hemoglobin,
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Fig.1. Changes in the total number of leukocytes in experimental

animals in comparison with the control group

granulocytes, MCHC, an increase in the
number of hematocrit and MCV.

The results of the study indicate that
cold exposure affects the activity of cells
that provide responses to a nonspecific
and specific immune response. Thus,
the total number of blood leukocytes de-
creases on days 7, 21 and 30 at 52.9;
44.8; 50.4%, respectively, despite the
fact that on the 14th day there was a
slight increase (by 3.7%) (Fig. 1).

At the same time, the number of lym-
phocytes remains elevated thr oughout
the experiment, maximally increasing by
7 and 30 days (by 22.6% and 21.2%, re-
spectively) (Fig. 2).

MID — the indicator reflecting the con-
tent of a mixture of monocytes, eosino-
phils, basophils and immature cells is re-
duced by 7.1% on day 7; on the 21st day
by 45.6%; and 30 days by 62.1%; and on
the 14th day there was a slight increase
of 2.1%. The number of granulocytes
(eosinophils, neutrophils and basophils)
also decreases on the 7th, 14th, 30th day
of the experiment, and on the 21st day it
corresponds to the indicator in the control
group (Fig. 3).

A significant decrease in the total num-
ber of leukocytes on days 7 and 21 and
30 indicates that cold exposure is indeed
a stress factor for warm-blooded animals.
This correlates with the studies of E.G.
Kostolomova, where it is shown that pop-
ulations of isolated COCs react differently
to the duration of cold exposure [6]. Short-
term cooling is a factor that activates the
functional activity of monocytes and neu-
trophils, and prolonged cooling is a de-
pressant. In the studies of V.M. Nikolaev.
It was also noted that when adapting rats
to hypothermia, the indices of nonspecific
cellular immunity associated with phago-
cytic activity of leukocytes change [7].
Statistically significant decrease in the
average number of absorbed particles by
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Fig.2. Changes in the relative amount of lymphocytes in the experiment

in comparison with the control group

leukocytes in both the first and second
groups of experimental animals testifies
to the suppression of nonspecific cellular
immunity under the influence of negative
temperatures. We will assume that the
exposure of rats in our experiment for 7
to 30 days, which results in the suppres-
sion of leukocyte activity, was quite long.
However, the increase in the number of
leukocytes on day 14 (by 3.7% to control
and 59.6% compared to the index on day
7) is associated with a short-term stimu-
lation of leukocytopoiesis. In the exper-
iments of T.V. Abarashova et al., It was
also shown that male Wistar rats sub-
jected to combined (cold) swimming in
water at a temperature of + 70C showed
an increase in the number of leukocytes,
mainly due to a sharp increase in granu-
locytes. The authors claim that as a result
of the action of the cold factor, a specific
immune response is stimulated, and re-
actions of the nonspecific response me-
diated by leukocytes are suppressed [11].

There was also a significant decrease
in the number of platelets after exposure
to cold on the body. The observed chang-
es in the hematological status of these
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animals are consistent with the literature
data, which describes the decrease in
the number of platelets, as a reaction to
stress [17]. The decrease in the number
of platelets seems to be an appropriate
reaction of the organism in response to
cold exposure, as platelets take a direct
part in the repair processes that occur
when the tissue is damaged by cold,
and also improve the migration of leuko-
cytes to the focus of inflammation. Being
a highly active metabolite of arachidonic
acid, it is a potent inhibitor of aggregation
of the latter. Also, The authors indicate
a decrease in the enzymatic and medi-
ator potential of blood cells, as a result
of which their ability to form aggregates
decreases [16].

The increase in hematocrit and eryth-
rocytes is one of the quantitative charac-
teristics of the physiological “adaptation”
of the organism to the new conditions of
life. Increased hematocrit and simulta-
neous enhancement of the synthesis of
erythropoietin, stimulating the matura-
tion of red blood cells, may be one of the
signs of a reaction to stress, in our case,
cold [3].
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Fig.3. Changes in MID and granulocyte counts during the experiment
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Conclusion

Thus, cold exposure is a stress, ex-
pressed in the reaction from the whole
cellular composition of the blood. As a re-
sult of the action of the cold factor, a spe-
cific immune response is stimulated, as
indicated by an increase in the amount of
lymphocytes in the blood, and reactions
of the nonspecific response mediated by
other types of leukocytes are suppressed.
Reducing the number of platelets is also
represented as an appropriate response
of the body in response to cold exposure,
as platelets take a direct part in the repair
processes that occur when the tissue is
damaged by cold. Increased hematocrit
indicates an increase in the proportion
of blood cells relative to plasma, and is a
reliable criterion for responding to stress.

Further research will concern the
study of the processes of proliferation
and differentiation of immunocompetent
cells of organs and tissues of the lym-
phoid complex (spleen, thymus, lymph
nodes, MALT of hollow organs) under ex-
posure to cold.
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