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THE EFFECT OF VARIOUS MODES OF IMMOBILIZATION STRESS ON ORGANISM LESION IN
HIGH-RESISTANT AND LOW-RESISTANT TO HYPOXIC HYPOXIA FEMALE AND MALE RATS
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SUMMARY. Introduction. We are followed by everyday stress the response to which depends on gender, age,
individual reactivity, the state of various body functions.

The aim of the study - to determine interrelation between the stomach lesion, cytokines system and regulation
mechanisms as concerns to autonomous nervous system (ANS) in high-resistant and low-resistant to hypoxic hypoxia
(HRH, LRH) rats of different gender in response to various conditions of immobilization stress.

Materials and Methods. The experiments were carried out on 144 high-resistant and low-resistant (HRH, LRH) to
hypoxia female and male rats. The first group — control group, the second and the third — stress 1 and stress 2 (an hour-
long immobilization each 72 or 24 hours, 4 times). Interleukin (IL) content, necrosis swelling factor alpha (FSN-alpha)
were determined in blood. The amount of hemorrhages, erosions, ulcers, their rate and multiplicity were determined in
mucous membrane of the stomach. Variational cardiointervalometer method was carried out for examination of
variation range (VR), mode (Mo), mode amplitude(AMo), stress index(Sl). Statistical processing of digital data was done
by means of «Excel» and «STATISTICA» 6.0 programs.

Results. In control group of HRH-males compared to LRH concentration of IL-1 beta was less, IL-4 concentration was
higher. The increase of FSN-alpha, IL-10 is marked in males under stress 1. Under stress 2 in HRH IL-1 beta, FSN-alpha,
IL-10 were increased; in LRH FSN-alpha indices were increased. Higher concentration of IL-10 was marked in control
group of HRH-females compared to LRH. IL-10 beta, FSN-alpha were increased in HRH under stress 1, IL-1beta, IL-4, FSN-
alphawereincreasedin LRHunderstress 1;1L-10 indices were higherin HRH. Under stress 2 FSN-alpha, IL-6 were increased
in HRH, in LRH IL-10 and FSN-alpha were increased.

In cardiointervalometry study indices of AMo and Is were higher in control group of of LRH-males) were revealed in
LRH-males of control group. Under stress 1 Mo was increased; indices of AMo and Sl remained higherin LRH; VR remained
higher in HRH. Under stress 2 Mo indices were increased in HRH, AMo and Sl was decreased in LRH. Mo indices were less
compared to HRH. AMo and Sl were higherin control group of HRH-females. Under stress 1 in LRH Mo,VR were decreased
, IS indices were increased. Indices of Mo, VR were less in LRH females compared to HRH, but AMo and SI were higher.
Under stress 2 AMo indices were increased in HRH; in LRH Mo and AMo were decreased. Mo was less in LRH-females
compared to HRH.

Chronicstress was accompanied by ulcers of mucous membrane of the stomach, critical distinctions of ulcerogenesis
indices which depend on gender, hypoxia resistance and mode of stress were observed.

Conclusions. 1. The highest activity of anti-inflammatory cytokines of intact rats is revealed in HRL-males that
persists during various modes of stress.

The highest activity of proinflammatory cytokines was marked in LRH-females under stress 1, in HRH males —under
stress 2. Individual sensitivity to various modes of stress was revealed in HRH and LRH rats: sympathetic impacts by
humoral canals are decreased under stress 1 in males, in LRH sympathetic regulation by humoral canals is increased but
parasympathetic is decreased; the activity of sympathetic nervous system due to humoral impacts decreases in HRH
males under stress 2. As for nervous impacts, they are decreased in LRH males but increased in HRH females. The activity
of sympathetic nervous system by nervous canals is decreased in LRH- females and by humoral canals is increased.

Macroscopic injuries of mucous membrane of the stomach were marked in all groups of animals under chronic
stress.

KEY WORDS: stress; hypoxia; stomach; autonomous regulation.

Introduction. We are followed by everyday
stress [1] which usually has adaptive action but strong
and long-term stress causes lesion of different organs
and systems of the human body. It is well known that
stress identical in force and duration influences each
person differently. Reaction on stress depends on
gender, age, individual body reactivity, endocrine,
central and autonomous nervous systems condition
[2]. Psychosocial factors, genetically-induced neuro-
biological peculiarities of individual, epigenetic influ-
ences are determinant factors to stress vulnerability
or resistance [3]. In addition to disturbances of higher
nervous system [4] disorders of internal organs espe-

cially endocrine, cardiovascular systems [5], gastroin-
testinal tract etc. may occur among people. Inflamma-
tory diseases of internal organs often develop. The
determination of genetic links which would have re-
vealed the mechanisms of injured influence of various
stress rates for persons with different reactivity, may
contribute to the elaboration of individual methods
of their correction.

The aim of the study is to determine interrela-
tion between the stomach lesion, cytokines system
and regulation mechanisms as concerns to autono-
mous nervous system (ANS) in high-resistant and
low- resistant to hypoxic hypoxia (HRH, LRH) rats of
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different gender in response to various conditions
of immobilization stress.

Materials and Methods. The experiments were
carried out on 144 high-resistant and low- resistant
(HRH, LRH) female and male rats of Wistar line of dif-
ferent gender aged 5.5-6 months. Animals were di-
vided into 3 groups: the control group and 2 pilot
groups (undergone 2 types of stress). Each group
comprised 12 male rats and 12 females. The separa-
tion of individuals with various hypoxia resistance
from general group of animals was performed by
technique of Berezovskyi V. Y. (1978) [6]. Chronic
stress 1 was simulated by an hour-long immobiliza-
tion of rats their back down 4 times in 72 hours inter-
val between each stress episodes; stress 2 was simu-
lated by an hour-long immobilization of rats their
back down 4 times in 24 hours interval between each
stress episodes. Predominance of tolerant and resis-
tant adaptation strategies is typical for these condi-
tions [7].

All experiments were carried out before noon at
specialized premises, at 18-220C, relative humidity
40-60 %, brightness 250 lux. Experiments were car-
ried out according to European Convention for the
Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes (Strasbourg,
03.18.1986), decision of the First National Bioethics
Congress (Kyiv, 2001) and the Decree of Public
Health Care Ministry of Ukraine No 690 0f 09.23.2009.

Euthanasia of rats was performed by total heart
blood letting after previous sodium thiopental anae-
sthesia (60 mg/kg of animal body weight intraperito-
neally). The stomach and blood were taken for further
pilot research. The following interleukins (IL): IL-1be-
ta, IL-2, IL-4, IL-6, IL-10,the factor of swelling necrosis-
alpha (FSN-alpha) by means of immunoenzyme meth-
od using assay kits of “Granum” Company were deter-
mined in blood. In macroscopic examination of the
stomach mucous membrane (MMS) changes of mucous
membrane, the amount of hemorrhages, erosions
and ulcersin each animal's stomach were determined.
The rate (percent of animals available) and multiplici-
ty of hemorrhages, erosions, ulcers (quantity per one
animal) were estimated [8, 9].

Variational cardiointervalometer method was
used for examination of cardiac rhythm variability
[10]. The device “Cardiolab”(Kharkiv, Ukraine) was
used for registration. 1000 cardiointervals consis-
tently arranged R-R were recorded. By means of
computer program the following indices were esti-
mated: variation range of cardiointervals (VR, ¢);
modes (Mo, c); amplitude modes (AMo, %); stress
index (SI).

Statistical processing of digital data was done
by means of «Excel» (“Microsoft”, USA) and “STATIS-
TICA"6.0. (“Statsoft”, USA). Reliability of values dif-

ference between independent quantities was deter-
mined at normal distribution according to Student
criterion (statistic), in other cases by means of non-
parametric methods.

Results and Discussion. Lower concentration
of IL-1beta in 2.05 times (p<0.001) and larger con-
centration of IL-4 for 24.73 % (p<0.001) were re-
vealed in control group of HRH males in comparison
with LRH (table 1).

Under stress 1in comparison with control in HRH
considerable decrease of IL-1 beta indices (for 22.8 %,
p<0.02) and IL-4 (for 31.9 %, p<0.001), increase of
FSN-alpha (in 2.9 times, p<0.002), IL-10 (For 25.6 %,
p< 0.02) were marked. In LRN notable decrease of IL-1
beta (for 39.5 %, p<0.001), IL-6 (for 44.5 %, p<0.001),
IL-4 (For 25.9 %, p<0.001), the increase of FSN-alpha
(in 5.2 times, p<0.001), IL-10 (for 46.9 %, p<0.001)
were observed. Concentrations of IL-1 beta in HRH
were smaller (in 1.6 times, p<0.001), IL-10 (for 37.6 %,
p.0.001), but IL-6 were larger (for 50.2 %, p.0.001), IL-4
(For 18 %, p<0.001).

Under stress 2 compared with control group in
HRH considerable increase of IL-1 beta indices (in
2.3 times, p<0.001), FSN-alpha (in 8.2 times, p<0.001),
IL-10 (For 40.2 %, p<0.001) were marked, IL-4 indices
were decreased (by 22.7 %, p<0.001); in LRH notable
decrease of IL-1 beta (by 54.7 %, p<0.001), IL-4 (by
20.4 %, p<0.01) and the increase of FSN-alpha(in
5.9 times, p<0.001) were observed, while IL-1 beta
indices were higher(by 60.4 %, p<0.001), IL-6 (by
34 %, p<0.001) and IL-4 (by 22.5 %, p<0.01) in HRH.

Under stress 1 compared with stress 2 in HRH
indices of IL-6 were higher by 33.8 % (p<0.01), IL-1
beta indices were 3 times less (p<0.001), FSN-alpha
in 2.8 times less (p<0.001), IL-4 were smaller by
13.7 % (p<0.001); in LRH indices of IL-10 were higher
by 27.1 % (p<0.001).

Concentration of IL-10 is higher by 37.36 %
(p<0.001) in HRH females of control group compared
with LRH.

Considerable increase of IL-1 beta (by 25.9 %,
p<0.05), FSN-alpha(in 3.2 times higher, p<0.01), but de-
crease of IL-2 (by 38.1 %, p<0.01), IL-6 (by 62.7 %,
p<0.001) were marked under stress 1in HRH compared
with control group; considerable increase of IL-1beta
(by 26.9 %, p<0.05), IL-4 (by 10.8 %, p<0.001), FSN-
alpha(in 5,7 times higher, p<0.001) were observed in
LRH; while IL-2 indices were less (by 96.7 %, p<0.001),
IL-6 (by 91.8 %, p<0.001), IL-4 (by 18.5 %, p<0.001) and
IL-10 were higher(by 38.1 %, p<0.001) in HRH.

Under stress 2 compared to control in HRH con-
siderable increase of FSN-alpha (3.4 times higher,
p<0.01) and decrease of IL-1beta (by 30 %, p<0.001),
IL-6 (by 59.7 %, p<0.01) were marked; considerable in-
crease of IL-10 (by 37.7 %, p<0.001), FSN-alpha (7.3 times
higher, p<0.001) were observed in LRH while IL-2 were
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Table 1. Variations of interleukin indices in blood of HRH and LRH animals of different gender, caused by various modes
of stress, M+m (n=12)

Index
Group IL-1beta, pg/ml | IL-2, x103, pg/ml | IL-6, pg/ml | FSN-alpha, pg/ml | IL-4, pg/ml | IL-10, pg/ml
Males
HRH
Control 40.45+3.83 6.92+1.11 3.33+0.57 0.063+0.002 1.741£0.08 7.79+0.67
Stress 1 31.251£0.62" 7.75+0.82 3.73+0.46 0.181+£0.037" 1.18+0.01" 9.79+0.49"
Stress 2 95.114£2.77"% 6.00+0.61 2.47+0.08% 0.517+0.088"% 1.35+0.03™& 10,92+0,85"
LRH
Control 83.26+5.23™ 8.25+1.42 3.35+0.39 0.068+0.002 1.31+£0.03™ 9.17+0.61
Stress 1 50,34+£3.71"" 6.67+0.80 1.86+0.10"" 0.350+0.085" 0.97+0.03"™ 13.47+0.43"™
Stress 2 37.69+5.38" 5.00+£0.88 1.63+0.11™™ 0.396+0.056™ 1.04+0.100™™ 9.82+0.62%
Females
HRH
Control 55.79+5.04# 8.081£0.84 1.67+0.24% 0.056£0.001# 1.15£007# 15.04+1.00%
Stress 1 70.25£3.91"# 5.00+0.68"# 0.6210.07"# 0.18310.047" 1.131£0.03 16.66+1.45%
Stress 2 39.07%3.10"&# 7.17+0.50% 0.67£0.05"# 0.189£0.048"# 1.14+£006* 15.61+1.35%
LRH
Control 47.48+2.28* 9.50+0.73 1.53+0.11# 0.056+0.003# 1.211£0.06 9.42+0.86™
Stress 1 60.2413.85" 9.83+1.20™# 1.19+0.15"# 0.324+0.084" 1.34+0.03""# 10.31+0.48™#
Stress 2 42.38+4.74% 11.08+0.72"# 1.23+£0.19" 0.411£0.093"" 1.070.06% 12.97+0.50"&#

Footnotes: 1. * —indices are reliable in comparison with control;
2. ** —indices are reliable in comparison with HRH;

3.#—indices are reliable in comparison with males of relevant group;

4. & —indices are reliable in comparison with stress 1group.

less (by 54.6 %, p<0.001), IL-6 (by 83.4 %, p<0.001),
FSN-alpha (2.2 times less, p<0.05) in HRH.

Under stress 1 compared to stress 2 in HRH, in-
dices of IL-1 beta were higher by 44.4 % (p<0.001),
IL-2 indices were less by 43.3 % (p<0.01); in LRH indi-
ces of IL-1 beta were higher by 29.6 % (p<0.001), IL-4
by 20.3 % (p<0.001), indices of IL-10 were less by
25.8 % (p<0.001).

In HRH males of control group compared to fe-
males, IL-1 beta were less (by 37.9 %, p<0.02) and IL-
10 (by 93.1 %, p<0.001; indices of IL-4 were higher
(by 33.9 %, p<0.001), IL-6(by 49.9 %, p<0.01), FSN-al-
pha (by 16.4 %, p<0.002).

Under stress 1 in HRH males compared to fe-
males IL-1 beta were less (2.2 times, p<0.001) and IL-
10 (by 70.3 %, p<0.001); IL-2 indices were higher (by
35.5 %, p<0.01), IL-6 (higher by 83.3 %, p>0.001). Un-
der stress 1 in LRH males compared to females indi-
ces of IL-10 were higher (by 23.4 %, p<0.001), IL-6
(higher by 35.9 %, p<0.001); indices of IL-2 were less
(by 47.5 %, p<0.05), IL-4 (less 38.1 %, p<0.001).

Under stress 2 in HRH males compared to fe-
males, indices of IL-10 were less (by 42.9 %, p<0.02),
IL-1 beta were higher (by 58.9 %, p<0.001), IL-4 (high-
erby 15.4 %, p<0.02), IL-6 (higher by 72.8 %, p<0.001),
FSN-alpha (higher by 63.4 %, p<0.002). Under stress
2 in LRH males compared to females indices of IL-10

were less (by 32.1 %, p<0.001), IL-2 (2.2 times less,
p<0.001).

Therefore, the greatest activity of anti-inflam-
matory cytokines is revealed in HRH-females of in-
tact rats that also persists under various stress con-
ditions (regimes).The greatest activation of (anti-)
proinflammatory cytokines was in LRH-females un-
der stress 1 and in HRH-males under stress 2.

In cardiointervalography study of indices, higher
indices of AMo (by 70.1 %, p<0.001) and SI (2.5 times
higher, p<0.001) were revealed in LRH-males of con-
trol group. Under stress 1 Mo was increased both in
HRH and LRH (respectively by 7.9 %, p<0.05 and 8.7 %,
p<0.01); values of AMo and Sl remained higherin LRH
(respectively by 44.2 %, p<0.001 and 84.4 %, p<0.001),
but VR were higher in HRH (by 25.3 %, p<0.02). Under
stress 2 in HRH compared to control group Mo in-
creased precisely (by 20.6 %, p<0.02); in LRH AMo de-
creased (by 31.7 %, p<0.001), SI also decreased (by
38.9 %, p<0.02), Mo was less (by 15.9 %, p<0.05) com-
pared to HRL; compared to stress 1 in LRH indices of
Mo were less (by 7.3 %, p<0.005), AMo (less by 28.8 %,
p<0.001), Sl (less by 28.0 %, p<0.05).

In LRH females of control group indices increase
of AMo (by 39 %, p<0.05) and SI (by 65 %, p<0.05)
were also revealed. Indices changes under stress 1
were marked only in LRH: Mo was decreased (by 16 %,
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p>0.05), VR was less (by 24.5 %, p<0.05), Si was de-
creased (by 54.4 %, p<0.05).In LRH females compared
to HRH indices of Mo were less(by 10.6 %, p<0.05), VR
were less (by 58.6 %, p<0.05), but AMo, IS were higher
(by 99 %, p<0.05, 4.3 times higher, p<0.05). The follo-
wing changes of cardiointervalography indices were
observed under stress 2: in HRH AMo was increased
(by 17.1 %, p<0.05); in LRH Mo was decreased (by 9.5 %,

p<0.05), AMo was less (by 24.5 %, p<0.05).In LRH fe-
males compared to HRH Mo indices were less (by 8.4 %,
p<0.05). Under stress 1 compared to stress 2 in HRH,
indices of AMo were less ( by 54.3 %, p<0.05) and SI
(2.2 times less, p<0.05), but higher indices were of VR
(by 44 %, p<0.05); as for LRH indices were lower of Mo
(by 7.7 %, p<0.05), VR (by 37.5 %, p<0.05), higher were
AMo (by 30.6 %, p<0.05) and SI (by 41.1 %, p<0.05).

Table 2. Variations of cardiointervalography indices, caused by stress in HRH and LRH animals’ heart of different

gender (M+m)
Index
Group Mode, seconds Amplitude mode, % Variation range, x10, Stress index, x103, SU.
second
Males

HRH(n=12)
Control (n=12) 0.12810.002 28.32+£1.75 0.69+£0.07 18.20+2.70
Stress 1 (n=12) 0.138+0.004" 32.03+£1.45 0.60+0.05 20.89+2.76
Stress 2 (n=9) 0.154+£0.011" 33.13£4.48 0.78+0.11 22.47+5.93

LRH(n=12)
Control (n=12) 0.129+0.002 48.17+2.27" 0.80£0.03 45.36+5.47"
Stress 1 (n=12) 0.140£0.003" 46.20%£1.73™ 0.47+0.04™ 38.52+3.59™
Stress 2 (n=9) 0.130£0.002™& 32.914£2.77"% 0.60+0.10 27.72+4.44"%

Females

HRH(n=12)
Control (n=11) 0.144+0.003* 32.57+£1.37 0.57+0.03 20.72+2.05
Stress 1 (n=12) 0.138+0.004 24.72+2.98% 0.97+0.12% 12.19+2.48%
Stress 2 (n=12) 0.14510.001 38.15+1.79"% 0.54+0.04% 26.89+3.44%

LRH(n=12)
Control (n=10) 0.147+0.003# 45.27+2.80™ 0.53+0.06 34.1945.33™
Stress 1 (n=12) 0.123+0.003""# 49.20+1.96™ 0.40£0.02"* 52.79+4.43""#
Stress 2 (n=12) 0.133+0.003"™& 34.16%3.53"& 0.55+0.07% 31.12+6.12%

Footnotes: 1. * —indices are reliable in comparison with control;
2.**—indices are reliable in comparison with HRH;

3.#—indices are reliable in comparison with males of relevant group;

4. & —indices are reliable in comparison with stress 1group.

In indices comparison of HRH males and females
lower indices of Mo (by 12.3 %, p<0.05) were revealed
in males of control group, but under stress 1AMo indi-
ces were higher (by 22.8 %, p<0.05), Sl were higher (by
41.6 %, p<0.05); indices of VR were lower (by 54.7 %,
p<0.05). There were no reliable changes under stress
2.In LRH males of control group compared to females
indices of Mo were also less (by 13.9 %, p<0.05), but
under stress 1 AMo index was higher (by 6.5 %,
p<0.05) and SI was lower (by 37 %, p<0.05). There
were no reliable changes under stress 2.

Chronic stress was accompanied by ulcers of
mucous membrane of the stomach (table 3). Critical
distinctions of ulcerogenesis indices were observed.
These indices depend on gender, hypoxia resistance
and mode of stress.

The most significant changes of mucous mem-
brane of the stomach were observed in LRH females:
thinning and folding of mucous membrane (in rats

these are signs of gastritis), hemorrhages, ulcers. Re-
ceived data are matched with the increase of adren-
alin discharge by adrenal glands. Therefore activity
progress of sympathetic part of ANS in LRH females
contributes to the hardest lesion of the stomach.

Conclusions. 1. The highest activity of anti-in-
flammatory cytokines of intact rats is revealed in HRL-
males that persists during various modes of stress.

The highest activity of anti-inflammatory cyto-
kines was marked in LRH-females under stress 1, in
HRH males — under stress 2.

2. Individual sensitivity to various modes of
stress was revealed in HRH and LRH rats: sympathet-
ic impacts by humoral canals are decreased under
stress 1 in males, in LRH sympathetic regulation by
humoral canals is increased but parasympathetic is
decreased; the activity of sympathetic nervous sys-
tem due to humoralimpacts decreases in HRH males
under stress 2. As for nervous impacts, they are de-
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Table 3. Macroscopic changes of mucous membrane of the stomach caused by stress in high-resistant and low- resistant
to hypoxia (HRH, LRH) animals of different genders

Males Females
Group

HRH(n=12) | LRH(n=12) HRH(n=12) | LRH(n=12)

Control
Changes No pathologic changes

Stress 1
Thinning of stomach wall, (%) - - - 75
The number of animals with folding of mucous 9 6 6 9
membrane
Rate of hemorrhage, % 50 50 50 75
Rate of erosion, % 25 25 - -
Rate of ulcers, % 25 30 30 25
Multiplicity of hemorrhage 4.5 3.75 2.25 5.25
Multiplicity of erosion 0.75 1.00 - -
Multiplicity of ulcers 0.25 0.75 0.75 1.50

Stress 2
Thinning of stomach wall, % - - - 25
The number of animals with folding of mucous 4 2 - -
membrane
Rate of hemorrhage, % 50 50 25 75
Rate of erosion, % 8.3 - 8.3 -
Rate of ulcers, % 8.3 16.6 16.6 8.3
Multiplicity of hemorrhage 1.5 2.25 1.5 15
Multiplicity of erosion 0.25 - 0.25 -
Multiplicity of ulcers 0.25 0.5 0.25 5
The number of animals with pallor mucous 2 7 9 6
membrane

creased in LRH males but increased in HRH females.
The activity of sympathetic nervous system by ner-
vous canals is decreased in LRH and by humoral ca-
nals is increased.

3. Macroscopic injuries of mucous membrane of
the stomach were marked in all groups of animals
under chronic stress. LRH females are the most vul-
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BMNJIUB PI3HNX PEXXUMIB IMMOBIJTI3ALLIMHOIO CTPECY HA NOLIKOA>KEHHSA
OPrAHI3MY BUCOKO- TA HU3bKOCTIMKMX A0 FNOKCUYHOI FINOKCIi
CAMLUIB | CAMULD LLLYPIB

©10. M. OpauHcbkui, O. B. fleHedinb, M. O. PA60KOHb
JIBH3 «TepHoninbcbKkuli depxcasHuli MeduyHul yHisepcumem imeHi I. A. lopbayescbko2o MO3 YkpaiHu»

PE3KOME. BcTyn. [MOCTiMHO HAac CynpoBOAXKYOTb CTPECK, peakLia Ha AKi 3a/1eXnTb Bif CTaTi, BiKy, iHAMBIAYaNbHOT

PEaKTUBHOCTI, CTaHY Pi3HMX CUCTEM OpPraHi3my.

MeTa — BM3HAYMTM B3aEMO3B'A30K MiX YPaXXeHHAM LLJTYHKA, CUCTEMOIO LIMTOKIHIB i MexaHiamamu perynsuii 3 6oky
aBTOHOMHOI HEPBOBOT CUCTEMM Y BUCOKO- | HU3bKOCTINKMX A0 rinokcnyHoi rinokcii (Bl i HIY) wypis pi3Hoi cTaTiy Bianosiab

Ha pi3Hi pexunmu immobinisauinHoro ctpecy.

MarTepian i MeTogu. [locniam npoBeAeHo Ha 144 BMCOKO- i HU3bKOCTIMKMX Ao rinokcii (Bl i HIN) camusax i camunusx

wypi.. MNepLua rpyna — KOHTPOJIb, Apyra i TpeTs — cTpec 1 i cTpec 2 (oAHOroAMHHA iMMobinizauis KoxHi 72 abo 24 roanHn
4 pa3un). Y KpoBi BU3HAYaIM BMICT iHTepJienKiHiB (1J1), pakTopa Hekpo3y nyxsimH-asbda (PHM-anbda). Y cnm3osin 06010HUI
LWJIYHKA paxyBasiM KislbKiCTb KPOBOBMJIMBIB, €pO3ii i BMPA30K, IX YaCTOTYy Ta MHOXWHHICTb. MNpoBoann BapiauinHy
KapAioiHTepBaJIOMETPIto, BU3HAYaNM BapiauinHui posmax (BP), moay (Mo), amnnityay moam (AMo), iHAeKC HamnpyXXeHHS
(IH). CTaTucTnyHy 06p0o6KY LMPPOBMX AaHMX BUKOHAHO 33 AOMOMOrok nporpam «Excel» Ta «STATISTICA» 6.0.

Pe3ynbTaTu. Y KOHTPOJIbHNX Br-camuis, nopiBHAHO 3 HI, 6yna MeHLWow KoHUeHTpauis 1J1-16eTa, 6inblioto — 1J1-4.
Mpu cTpeci 1y camuiB BiaMiueHo 3poctaHHa PHM-anboda, 1J1-10. Mpwu cTpeci 2 y Bl 3pocaun 1J1-16eTa, PHM-anbda, 1J1-10,
y HI = 36inbwmnBca ®HM-anbda. Y KOHTPOSIbHUX BI-cammub, NopiBHSAHO 3 HI, 6yna BMLWa KoHUeHTpauia 1J1-10. Mpwu cTpeci
1y Bl 3pocnu 1J1-16eTa, DHM-anbda, y HI — 1J1-16eTa, 1J1-4, ®HM-anbda; y BI 6ynm 6inbwmmn 1J1-10. Mpwu cTpeci 2y Br
36inbwnnunca ®HM-anbda, 1J1-6, y HI = 1J1-10, PHM-anbda.

Mpu KapaioiHTepBanoMeTpii 6ynu 6inbLii nokasHMkK AMo Ta IH y KoHTposibHMX HI-camuig. Mpw cTpeci 1 3pocsia Mo;
3Ha4YeHHs AMo Ta IH 3anunwanuncs suwmmmn y HIL, a BP —y BT Mpwu cTpeci 2 y Bl 36inbwmnnaca Mo; y HI 3ameHwmnnca AMo
Ta IH, a nopiBHAHO 3 Bl 6yna MeHwWwow Mo. Y KOHTposibHMX HI-camuub 6ynn 6inbli AMo Ta IH. Mpu cTpeci 1y HI
3MeHwWwunnmca Mo, BP, Ta 3pic IH. MopieHAHO 3 BI'y HI caMuub NoKasHuKn Mo, BP 6ynn meHwmnmu, a AMo, IH — 6inbumnmn.
Mpwu cTpeci 2 y Bl 3pocna AMo; y HI aMeHwnancs Mo, AMo. MopisHsAHO 3 BT, y HM-camumub Mo 6yna MeHwWwoto.
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XPOHIYHMI CTPeC CynpoBOAXKYBABCA PO3BMTKOM BMPA30K C/M30BOT 0OOMOHKN LUNYHKE, CNOCTEPIrafnca CyTTEBI
BiAMIHHOCTI MOKA3HMKIB y/ibLlepOoreHesy, AKi 3a/1exXaTb Bif CTaTi, CTINKOCTI A0 TiMOKCii Ta peXumy cTpecy.

BUCHOBKM. B iHTaKTHMX LLYpiB Halbinblla akTMBHICTb MPOTU3anasibHMX LMTOKIHIB BigMiyeHa y Blr-camuupb, Wo
36epiraeTbca i Npu pPisHNX pexnmax cTpecy. Harnbinblia akTrBaLis Npo3anasbHMX UMTOKIHIB Npu cTpeci 1 Bigbynacay
HI-camuub, npu cTpeci 2 —y Bl-camuiB. BuasneHo iHaMBigyanbHy 4yTameicTb Bl i HI WwypiB 40 pi3HMX peXxnMis cTpecy:
npu cTpeci 1y caMuUiB 3MEHLUYIOTHCS CMMMNATUYHI BMJIMBY FYMOPasbHMMU KaHaslamu, y HI-caMuupb — 3poCTae cMMNaTUYHa
perynauisa rymopasibHUMM KaHaJlaMu, 3MEHLLYETbCA MapacMMMNaTMYHa; NPy CTpeci 2y Bl-camLiB 3MeHLLYETHCA aKTUBHICTb
CMMMNATUYHOI HEPBOBOT CMCTEMM 3@ PAXYHOK N'YMOpPaJibHUX BNJIMBIB, y HI-camUiB— HepBOBMX, y BM-caMnub BNIMB OCTaHHIX
36inbwyeTbes, Yy HM-camuub — 3MEHLIYETLCA aKTUBHICTb CUMMATUYHOI HEPBOBOI CUCTEMM HEPBOBMMM i 3pOCTAE MYMO-
PaNbHUMM WASAXaMK. Y BCiX Fpynax TBapuWH, AIKi 3a3HaJIM XPOHIYHOro CTpecy, BiAMiYeHO MAKPOCKOMiYHi MOLWKOAXKEHHSA
C/1M30B0T 060JIOHKM LLYHKA, ane HanbinbL ypa3nmeumm € HI camuui.

KJIKOYOBI CJIOBA: cTpec; rinokcis; WIyHOK; aBTOHOMHA perynsdis.

BJIMAHUE PA3JINYHDbIX PEXXMMOB MMMOBWJIN3ALLMUOHHOIO CTPECCA
HA NOBPEXXAEHWUE OPFTAHU3MA BbICOKO- N HU3KOCTONKNX
K TMNOKCHUYECKOU T’MMNOKCHN CAMLU,OB N CAMOK KPbIC

©10. H. OpabiHckun, O. B. fleHedunb, M. A. PA60KOHDb

BY3 «TepHonosibcKuli 20cydapcmaerHbil MeduyuHcKul yHusepcumem umeHu M. A. lopbavyescko2o
MO3 YkpauHbi»

PE3IOME. BBepeHue. [10CTOAHHO HAaC CONPOBOXAAOT CTPECChl, PeaKLMA HA KOTOPble 3aBMCMT OT N0J1a, BO3PacTa,
VWHAMBUAYANIbHOW PEAKTUBHOCTW, COCTOAHWSA PAa3/IMYHbIX CUCTEM OPraHN3Ma.

LLenb—onpenennTb B3aMMOCBA3b MeX Y MOPAXKEHNEM XKENYAKA, CUCTEMOW LLUTOKMHOB M MEXaHM3MaMW peryiaumnm
CO CTOPOHbI BEF€TaTUBHON HEPBHOW CUCTEMbI Y BbICOKO- M HU3KOYCTONYMBBIX K TMNOKCMYecKon runokcnm (B v HIMY) Kpbic
Pa3HoOro nosia B OTBET Ha Pa3/IMyHble peXnMbl UMMOBWIN33LMOHHOIO CTPecca.

MaTtepuan u metopbl. OnbiTbl NPpOBeAeHbl Ha 144 BbICOKO- M HU3KOYCTONYMBLIX K runokcun (Bl 1 HIM) camuax m
CcaMKax Kpblc. lMepBas rpynna—KOHTPOJIb, BTOPas U TpeTbsi —cTpecc 1 1 cTpecc 2 (04HO0YaCoBaA MMMOBMAN3aLMA KaxKable
72 vinn 24 yaca 4 pasa). B kpoBu onpegenanun cogep)xaHve nHtepaenknHos (MJ1), daktopa HeKpo3a onyxonen-anboda
(PHO-anbda). B camsncton obonouke eayaka CYMTaIN KOMYECTBO KPOBOM3JIMSAHMIA, 3PO3UIA U A3B, UX YaCTOTY M
MHOXeCTBEHHOCTb. MPOBOANN BaPMALMOHHYIO KAaPANOUHTEPBAJIOMETPUIO, ONPeAeN AN BapMaLMOHHbIN pa3mMax (BP),
moZy (Mo), amnantyay moabl (AMo), nHaekc HanpsixkeHus (MH). CTaTnctuyeckyto o6paboTky LMdPOBbLIX AAHHbIX
BbINOJIHAIN C NOMOLLbIO NporpaMm «Excel» n «STATISTICA» 6.0.

Pe3ynbTaTbl. Y KOHTPOJIbHbIX Bl-camuoB, B cpaBHeHMM ¢ HI, 6bi1a MeHblue KOHUeHTpauma WJ1-16eTa, 6osblie —
WN-4. Mpu cTtpecce 1y camuoB oTMeyeH pocT PHO-anbda, MJI-10. Mpu cTpecce 2 B Bl Bbipocan NJT-16eTa, PHO-anbda,
NN-10, y HI — yBennunnca ®PHO-anbda. Y KOHTPOIbHbIX BI-caMoK, MO cpaBHeHWto ¢ HI, 6b11a Bbille KOHLeHTpauus UJ1-
10. Mpw cTpecce 1y Bl Bbipocan NJ-16eTa, PHO-anbda, y HI — NJ1-16eTa, NJ1-4, PHO-anbda; y Bl 6b1am 6oablmMMm
MN-10. Npu cTpecce 2 y Bl ysennunnnce ®PHO-anbvda, NN-6,y HI — NJ1-10, DHO-anbda.

Mpu KapanonHTepBasioMeTpun bbian bonblume nokasaTesim AMo 1 MH y KOHTpoJibHbIX HI-camuoB. Mpu cTpecce 1
Bblpoc/sia Mo; 3HaueHrne AMo 1 MIH octaBanuck Bbicoknmm B HI, a BP —y BT MNpu cTpecce 2 y Ol yBennumnacb Mo; y HI
yMeHbLWnancb AMo un MH, a no cpaBHeHwto ¢ Bl 6bl1a MeHbLe Mo. Y KOHTPOJIbHbIX HI-caMoK 6bian 6onblue AMo 1 VH.
Mpwn cTpecce 1y HI ymeHbwnancb Mo, BP, 1 Bbipoc [P. Mo cpaBHeHuto ¢ B, y HI camok nokasatenn Mo, BP 6blin
MeHblue, a AMo, VIH - 6onbLue. Mpu cTpecce 2 y B Bbipocsia AMo; y HI ymeHbwmnance Mo, AMo. Mo cpaBHeHuto ¢ Bl y
HIr-camok Mo 6bl1a MeHblLue.

XPOHMYECKMI CTPECC CONPOBOXAAJICA PAa3BUTUEM SI3B CIN3NCTON 060104KM XKeNyaKa, Habto4aNCh CyLLEeCTBEHHbIe
pPa3/InumnA NokasaTesien yabLeporeHesa, KOTopble 3aBUCAT OT M0J13, YCTOMYMBOCTM K TMMOKCUMN 1 PEXMMA CTPecca.

BbiBOAbI. Y NHTAKTHbIX KPbIC HAM6O0/bLLIAS aKTMBHOCTb MPOTUBOBOCMAJIUTENbHbLIX LMTOKMHOB, OTMEYeHHan y Bl-
CaMOK, COXPAHAETCA M NPWU Pa3fINYHbIX PeXMMax cTpecca. Hanbonbluas akTMBALMA NPOBOCMASIUTENbHbLIX LMTOKMHOB
npu cTpecce 1 coctosnacb y H-camok, npu ctpecce 2 y Bl-camuoB. BbifiBNeHO MHANBUAYAJIbHYIO YYyBCTBUTENIbHOCTb B
M HI KpbIC K Pas/iMyHbIM pexumam CTpecca: npu cTpecce 1 y CaMLOB YMEHbLUAIOTCA CMMMNATUYeCcKne BAUSAHUA
rymopasibHbIMK KaHanamu, y HI-CamMOK — pacTeT CMMNATUYHAA peryasaumsa rymopasbHbIMKM KaHaslaMu, YMeHbLIaeTca
napacMmnaTtuyeckas; npu ctpecce 2 y Bl-caMLoB yMeHbLIAeTCA akTUBHOCTb CMMMNATUYECKOM HEPBHOW CUCTEMbI 33 CHeT
rymMopasibHbIX BO34encTBuM, y HI-caMLLOB — HEPBHbIX, Y Bl-camok BAnsAHWe nocnegHux ysenmunsaetcs, y H-camok —
YMEHbLIAETCA aKTUBHOCTb CMMMATUYECKON HEPBHOW CMCTEMbI HEPBHbIMUW U PAcTeT — 'yMOpPaJibHbIMK NyTaAMWU. Bo Bcex
rpynnax >XXMWBOTHbIX, MOABEPrLUNXCA XPOHNYECKOMY CTPECCY, OTMEYEHO MAKPOCKOMMYECKNE NOBPEXAEHMA CZIN3NCTON
060104KHM Xenyaka, Ho Hanbonee ya3BMMbIMUK ABAAIOTCA HI camku.

KJTFOUEBDBIE CJTIOBA: cTpecc; rmnoKcums; XeJlyl0K; aBTOHOMHAA perynauis.
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