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Abstract. Several physiological functions, including body temperature, sleep, physical
activity, mood, and cognition are controlled by circadian clock genes, and abnormal
circadian rhythms are associated with the development of lifestyle-related diseases. In
our research the adaptive capabilities of the body and a causal relationship of circadian
rhythm disturbances depending on the person’s chronotype in case of changing time
zones have been investigated. An activation of adaptive mechanisms due to increased
heart rate, respiratory rate and increased index of Kerdo have been revealed under sharp
change in climate and time zones with the most pronounced changes in the group of
people with a predominant activity in the evening hours; they required longer time to

adapt and return to their previous mode, and thus showing higher risk of pathological

223



desynchronosis development, but persons with an intermediate chronotype have the
least violations, which indicates sufficient level of adaptive capabilities of the body.
Key words: chronotype, climate zone, time zone, features of adaptation, young

people

Biological rhythms play a leading role in the adaptation and regulation of living
systems in cyclically changing environmental conditions. The human body is a
complexly organized system, where all systems are in constant interaction with each
other and with the external environment [1, p. 273]. Currently, the chronobiology is
actively developing field of science. The factors of time, periodicity of body functions
are fundamental to human health as temperature, microbial, and other effects [2, p.
80]. According to the data of some studies, more and more attention is now being paid
to studying the mechanisms of the biological temporal structure [1, p. 275; 3, p. 258; 4,
p. 189]. The disturbance of circadian rhythms leads to the formation of the main form
of chronopathology which is desynchronosis, the reasons for the development of which
are the influence of stress factors, night shift work, a change in the climate zone and time
zone, leading to a violation of the temporal organization of physiological functions and
in the final manifestation is realized in a pathological state.

Stability and independence from random influences, and ensuring maximum
adaptability are the main criteria for biological rhythms, which, directly, must be in
constant balance to avoid violations of the physiological functions of the body. As a
result of studies, it was found that circadian rhythms are endogenous in nature and,
despite the preserved near-daily rate, the actual duration of the day is approximately 25
hours and requires daily “tuning” [5, p. 49]. For this, the circadian system uses various
external factors, but the most important synchronizing signal for it is the light regime,
and first of all, the time of sunrise [6, p. 4; 7, p. 153]. This mechanism is carried out
by changing the luminous flux, which interacts with the specific pigment melanopsin
in the retina and transfers information to the central structure of the biological clock
— the suprachiasmal nucleus of the hypothalamus [7, p. 154; 8, p. 90]. Daily dependence
Is characteristic for the functioning of most body systems such as respiratory,

cardiovascular, etc. Thus, the violation of circadian rhythms is the cause of the
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regulation disease — desynchronosis, which, ultimately, leads to disruption of the
organization of the functions of the human body and subsequent structural damage.
All of the above emphasizes the relevance of the topic we have chosen and the
prospects for further research, and also determines the aim, which is to study the
adaptive capabilities of the body as a result of the violation of circadian rhythms in case
of changing time zones and climate during the winter holidays.

To achieve this aim, we set the following tasks: to assess the adaptive capabilities of
the body and establish a causal relationship of circadian rhythm disturbances
depending on the person’s chronotype in case of changing time zones.

Materials and research methods. The study involved 70 healthy people aged 18 to

38 years traveling from Kharkov to different countries (Table 1).

Table 1

Environmental conditions in countries of arrival

Country Kharkiv Thailand OAE Egypt Dominican
Departure/ republic
arrival

Average —3°C +28,5°C +22°C +19°C +26°C
temperature

Time difference +5 +2 no —6

The indexes characterizing functional state of organism have been analyzed during 3
days before departure from Ukraine and 3 days after arrival to Ukraine. The following
parameters were investigated: systolic arterial pressure (SAP, mm Hg), diastolic
arterial pressure (DAP, mm Hg), pulse pressure (PP, mm Hg), heart rate (HR,
bpm), respiratory rate (RR, pm), axillar temperature (t, °C); index of Hildebrand (IH)
was calculated by following formula: IH = HR/RR [9, p. 305].

Depending on result of IH all examined people were classified on 3 groups according
to chronotype: IH above 5 was considered as an early — morning type of chronotype

(I group of examination, 16%); IH in range of 4.0-5.0 was considered as an
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intermediate type (Il group of examination, 53%); IH less than 4.0 was considered as
a late — evening type (111 group of examination, 31%).
Table 2

Dynamics of indexes before and after travelling in young people with different

chronotypes
Index /
| group I group Il group
group
before |after | % before |after | % before | after | %
69,6
HR 82,3+ 83,3 71,3+ | 74,2 63,1+
1,2% 4,1% +4,4 |10,3%
(bpm) 6,1 +7,3 4,6 +3,8 3,3 .
RR 155+ |170 |9,7% |172+ |16,3 |-52 |16,8+ |16,7 0.6%
(om) 3,1 ] |* 1,9 |20 |% |31 |x26 |
SAP 120+ | 4,0 116+ 123+ 114+ | 118+
12548,9 6,0% 3,5%
(mm Hg) 6,2 % 7,7 8,4 9,3 6,7
DAP 81,4+ 80,2 |-1,5 |74,1+ |74+ |-0,1 |68,7+ |62,9 2 4%
(mm Hg) | 5,4 60 (% |81 |90 |w |49 |37 |
PP 43,6+ 39,8 |-8,8 [419+ |49+ |16,9 |453+ |551 |21,6%
(mmHg) | 2,6 +4,4 | % 3,7 34 |%* |32 +2,8 | *
Body
36,7+ [36,9 36,8+ |36,7 |03 |36,6+ |36,9
temperat 0,5% 0,8%
0,6 +0,3 0,7 +0,9 | % 0,7 +0,9
ure (°C)
* p<0.05
**p<0.01

Results and their discussion. The results of the studies represented in Table 2
indicate the reliability of our expected results and confirm that a sharp change in
climate and time zone leads to changes in circadian systems and adaptive reactions of
the body, as proved by the average changes in the physiological parameters of the

body’s systems all participants and their fluctuations within different groups.
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Analysis of HR dynamics allowed to reveal that index increased in all groups of
examination with most pronounced value in Il group of examination (more than
10%, p<0.05), but in I group the HR value almost remained unchanged (p>0.1).
Analysis of SAP has shown reduction in value of the index in people of | group,
slight increase in index in examined people of group Ill, with most pronounced
increase among people of Il group. Dynamics of DAP has shown decrease in index in
people of 11l group and also slight reduction has been observed in people of I group
and among people of Il group the DAP remained unchanged (p>0.1). The following
dynamics was revealed during analysis of PP with the most pronounced increase in
value among people of Il group (21,6 %; p<0.05), reduction of index in people of |
group (8,8%; p>0.1) and moderate increase (16,9%; p<0.05) in examined people of Il
group.

Such changes can be interpreted as various individual mechanisms of adaptation and
response to stress. A decrease in blood pressure indicates functional tension of the
regulatory mechanisms and in the capacity of adaptive capabilities.

To restore the body after stress, such as a flight to another country, numerous
functional systems and adaptive mechanisms are activated. However, it should be
noted that this is all connected with the individual characteristics of the organism, its
chronotype and adaptive capabilities, for stressors of the same type. Nevertheless, it
was noticed that the more abrupt the change of time zone (in this case, the Dominican
Republic), the more adaptive systems are activated and more depleted.

Conclusions.

1. Analysis of the parameters of circadian rhythms and physiological parameters of
cardiovascular and respiratory systems under sharp change in climate and time zones
allowed to reveal an activation of adaptive mechanisms due to increased heart rate,
respiratory rate and increased index of Kerdo.

2. The most pronounced changes have been revealed that in the group of people with
a predominant activity in the evening hours; they required longer time to adapt and
return to their previous mode, persons with an intermediate chronotype have the least

violations, which indicates sufficient level of adaptive capabilities of the body.
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3. Identified changes in the circadian system and the inconsistencies of chronotypes
(pathological desynchronosis) are an important pathogenetic link of the various
diseases, weakening of the immune system and emotional overstrain. Based on the
data of our own research and many others it is necessary to focus on the importance
of an individualized approach to groups of people under the given conditions of
disorganization of adaptive reactions. It should be noted that the determination of the
chronotype and related features of the functioning of the brain is an important task for
solving problems associated with optimizing the working and resting conditions of
people, since mental activity can be improved due to the proper combination of
working hours with periods of physiological recovery of working capacity, i.e. with a
chronotype. These findings suggest the feasibility of studying this problem and the

prospects of research on this topic.
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