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DYNAMICS OF FREE RADICAL OXIDATION INDICES AND ANTIOXIDANT PROTECTION
IN MALE RATS' HEART UNDERGONE VARIOUS TYPES OF STRESS

©0. V. Denefil, S. S. Riabokon, I. R. Mits
I. Horbachevsky Ternopil National Medical University

SUMMARY. Any change of external or internal environment causes body's responses that facilitate its adaptation.
Pathogenesis of stress reaction study is always topical asitis aimed at the investigation of optimal adaptation mechanisms
to impaired agents.

The aim - to study the dynamics of free-radical oxidation indices and antioxidant protection in male rats’ heart un-
dergone chronic prenatal, postnatal stress and their combination.

Material and Methods. The study was performed on 44 white non-pedigreed pubertal three-month-rats. Prenatal
stress was induced by keeping pregnant female rats in narrow pencil case for an hour. Postnatal stress was induced in 1.5
to three-month- rats by keeping them in cages with living space restriction twice as much. Combined stress comprised
using two methods. Contents of peroxide lipids oxidation products and antioxidant protection were determined in the
heart.

Results. Psycho-emotional stress in three-month-rats causes activation processes of peroxide lipids oxidation and
antioxidant protection regardless of stressor’s period action. On the basis of correlations study it was proved that deve-
lopment mechanisms of chronic stress depend on life-period when stress was sustained.

Conclusions. Processes of peroxide lipids oxidation in all modelling types of stress are intensified in young male-
rats’ heart during the effect of chronic psycho-emotional stress. Activity of enzyme part of antioxidant protection
increases simultaneously with the increase of LPO products in the heart. It is more manifested in prenatal and postnatal
stress. Intensification of glutathione system action and disturbances of its activity, especially in animals that undergone

prenatal stress were also marked.

KEY WORDS: prenatal and postnatal stress; rats; antioxidant system; lipid peroxide oxidation.
Abbreviations: DC - diene conjugates; LPO - lipid peroxide oxidation; SOD — superoxide dismutase; TBA —
thiobarbituric acid; TC - triene conjugates; GSH — reduced glutathione; GP - glutathione peroxidase; GR — glutathione

reductase.

Introduction. The question of acute and chronic
stress, functional disorders of physiological systems
of the body that are associated with it are under con-
sideration of many practitioners and theoretical ex-
perts. It should be noted that stress and its conse-
quences are the most frequent causes of morbidity
and mortality in the developed countries [1; 2].

Cardiovascular, endocrine, immune systems are
mostly affected in chronic stress and higher nervous
activity is disturbed [3; 4; 5].

Activation of sympatho-adrenal and hypothala-
mo-pituitary-adrenal axis systems is the main trigger
action of body’s response reaction on stress. Pro-
longed glucocorticoids release is observed in chronic
stress. Excessive and constant high concentration of
glucocorticoids in blood causes immunosuppression
[6], development of thymus atrophy, gastrointesti-
nal ulcers [7; 8; 9], cardiovascular pathology, depres-
sion [10; 11].

Stress effect on pregnant and their descendants,
children, adolescents is harmful. Chronic diseases of
various organs and systems occur due to hypothalamo-
pituitary-adrenal axis regulation in prenatal and post-
natal stress as well. These diseases may develop in any
age and even have stressor remote effect [12; 13].

The increase of diseases caused by stress as a
general pathogenetic agent determines permanent

significance and topicality of this study. The investi-
gation of general pathogenetic agents of stress-in-
duced diseases is aimed at the development of ge-
neral measures of their correction.

The aim - to study complex action of chronic psy-
cho-emotional stress on young male rats’ bodies ex-
perienced in prenatal and postnatal periods of their
development. Estimation of principal pathogenetic
fFactors of chronic psycho-emotional stress impact in
trials permits to extend existing conceptions about
its development mechanism on these conditions and
proves possible ways of disorders correction.

Material and Methods. The research was carried
out on the base of Central Scientific Laboratory of
I. Horbachevsky Ternopil National Medical University
(attestation certificate No. 053/13 of 03.04.2013).

All trials were carried out before noon in specia-
lized premises at 18-22 C, relative humidity 40-60 %
and brightness 250 lux. Experiments were carried out
according to European Convention for the Protection
of Vertebrate Animals used for Experimental and
Other Scientific Purposes (Strasbourg, 03.18.1986),
decision of the First National Bioethics Congress
(Kyiv, 2001) and the Decree of Public Health Care Mi-
nistry of Ukraine No 690 of 09.23.2009. Bioethics
Commission of I. Horbachevsky Ternopil National
Medical University (Minutes No. 35 of 05.05.2016) did
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not find out any violation of morals and ethical norms
in carrying out the research work.

The research was carried out on 44 white non-
pedigreed pubertal three-month-male rats, weight
from 85 to 155 g, keeping in the same premises on
basic diet and vivarium regime [14].

Prenatal stress was induced in pregnant female-
rats by standard methods [15]. Rats in the third tri-
mester of pregnancy — from 15 to 21 days were kept
in narrow pencil cases for an hour in order to repro-
duce the experiment. The number of newborns was
7-8, and 8-10 newborns were in the female group
with non-induced stress. Death of some infant rats
was marked among newborns at the age of 1-3 days
in the female group with induced stress during preg-
nancy. Mortality was 20 %. Infant-rats were kept in
standard conditions, on standard diet of vivarium till
month age with female-rats. Then rats were isolated
from female-rats and seated apart in separate cages
for three months.

Postnatal stress was induced in 1.5-3 month-rats.
Rats were kept in cages with living space restriction
twice as much (the requirement for adult-rats is
8-10cm? per rat). They were fixed backs downwards
for an hour in the day of experiment whereupon in-
vestigation was carried on [16].

Combined stress included the usage of two
methods: prenatal and postnatal stress. Randomi-
zed selected rats of prenatal induced stress group,
1.5 months of age were in the conditions of living
space restriction for three month period. They were
fixed backs downwards for an hour in the day of ex-
periment whereupon investigation was carried out.

Infant rats born from non-induced stress female
rats that were in standard vivarium conditions on or-
dinary diet till three months of age were selected
for control group.

Euthanasia of rats in all experiments was perfor-
med by total heart blood letting after previous so-
dium thiopental anaesthesia (60 mg/kg of animal
body weight intraperitoneally).

Indices evaluation of LPO in animals’ heart was
performed at DC and TC concentration levels and
evaluated by the method [17]. SOD activity in
homogenate of the heart was determined by the
method [20]. Catalase activity in heart homogenate
was determined by the method [21]. GSH concentra-
tion by the method [22]. GP activity and GR activity
was determined by the method described in the
study [23].

Statistical processing of digital data was done
by means of Excel (“Microsoft”, USA) and STATISTICA
6.0. (“Statsoft”, USA) using parametric and nonpara-
metric methods of received data evaluation in Sys-
tem Statistical Research Division of I. Horbachevsky
Ternopil National Medical University.

Arithmetic mean value of sampling (M), its dis-
persion and error of the mean (m) were calculated
for all indices. Accuracy of value differences be-
tween independent quantity was determined at
normal distribution by Student criterion, otherwise —
by U criterion of Mann-Whitney test, correlations —
by Pearson criterion (r) [24].

Results and Discussion. Activation of LPO is
non-specific response to any kind of stress effect.
Thereby we assessed changes of LPO indices in the
heart of young male-rats during chronic psycho-
emotional stress sustained in prenatal, postnatal pe-
riods of their development and in the combined
stress periods.

Significant activity of LPO processes was marked
in male-rats hearts during all methods of chronic stress
investigation (Figure 1). So, DCindex was increased in
male-rats that sustained prenatal stress comparing
with control group up to 53.1 % (p<0.001), postnatal -
up to 44.4 % (p<0.001), combined - up to 56.1 %
(p<0.001).

Concentration of TC was respectively increased
to DC: in male-rats sustained prenatal stress compar-
ing with control group up to 56.6 % (p<0.001), post-
natal — up to 45.3 % (p<0.001), combined — up to
57.1 % (p<0.001).

TBA-active products concentration was also in-
creased during all types of stress (Figure 1). The con-
tent of TBA-active products in male-rats that sus-
tained prenatal stress was increased comparing with
control up to 124.1 % (p<0.001), postnatal stress- up
to 85.7 % (p<0.001), combined stress — by 136.3 %
(p<0.001).

Indices of antioxidant system were changed to-
gether with LPO activation. The activity of enzyme
part of antioxidant system in rats’ heart was conside-
rably increased (Figure 2). SOD activity in male-rats
sustained prenatal stress comparing with control
rose in 14.9 times (p<0.001), postnatal stress - in
18.0 times (p<0.001), combined stress—in 17.8 times
(p<0.001).

Catalase activity in all experimental groups was
also increased comparing with control. Enzyme ac-
tivity in male-rats after sustained prenatal stress
rose in 2.6 times (p<0,001), postnatal stress —in 2.9
(p<0.001), combined —in 2.2 (p<0.001). Minimal (the
lowest) activity increment of catalase was marked in
animals with combined stress (comparing with pre-
natal - by 16.7 % (p<0.01), postnatal — by 30.1 %
(p<0.001).

In estimation of glutathione system indices in
rats’ heart (Figure 3) it was determined that in male-
rats with prenatal stress comparing with control the
increase of GSH concentration is marked by 47.9 %
(p<0.001). GP activity in male-rats was also reliably
increased by 69.9 % (p<0.001).
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Figure 1. LPO indices changes in the heart of male-rats sustained various types of chronic stress.

note: * —indices are significant comparing with control .
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Figure 2. Indices changes of enzyme part of antioxidant system in rats’ heart sustained various types of chronic
stress.

Notes: 1. * —indices are significant comparing with control; 2. ** —indices are significant comparing with prenatal stress; 3. ## — indices
are significant comparing with postnatal stress.
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Figure 3. The changes of glutathione system indices induced by chronic stress in animals’ heart.
Notes: 1. * —indices are significant comparing with control; 2. ** — indices are significant comparing with prenatal stress.
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GSH was increased by 19.19% (p<0.05) in postna-
tal-stress rats comparing with control. Values were
less (smaller) in this group of male-rats then in prena-
tal stress animals by 24.1% (p<0.02), and comparing
also with female-rats sustained postnatal stress by
16.2% (p<0.01). GP activity was significantly increased
comparing with control in male-rats (by 72.2 %,
p<0.001). GR activity was increased by 57.8 % (p<0.01).

LPO products and antioxidant system were si-
multaneously increased during experiments. Corre-
lation analysis of received biochemical indices was
carried out for clarification of discovered mecha-
nisms changes.

It was established that in intact male-rats there
were no significant correlations between LPO and
antioxidant system indices (Table 1).

Table 1. Correlations between lipid peroxide oxidation products and antioxidant system in intact male-rats

Correlation Correlation Correlation
Index coefficient P coefficient P coefficient P
DC TC TBA-active products
SOD -0.14 p>0.05 0.01 p>0.05 -0.32 p>0.05
Catalase -0.10 p>0.05 -0.12 p>0.05 -0.38 p>0.05
GSH 0.58 p>0.05 0.41 p>0.05 -0.48 p>0.05
GP -0.23 p>0.05 -0.30 p>0.05 -0.21 p>0.05

Strong negative correlations between LPO and
SOD experimental products were revealed in male-rats
during prenatal stress. Thus, between DC and SOD -
r=-0.76 (p<0.05), between TC and SOD - r=-0.73

(p<0.05), between TBA-active products and SOD -
r=-0.81 (p<0.05). Strong negative correlations between
TBA-active products concentration and GP were also
established — r=-0.75 (p<0.05) (Table 2).

Table 2. Correlations between lipids peroxide oxidation products and antioxidant system
in prenatal stress conditions

Correlation Correlation Correlation
Index coefficient P coefficient P coefficient P
DC TC TBA-active products
SOD -0.76 p<0.05 -0.73 p<0.05 -0.81 p<0.05
Catalase -0.47 p>0.05 -0.37 p>0.05 -0.,30 p>0.05
GSH -0.26 p>0.05 -0.21 p>0.05 -0.22 p>0.05
GP -0.50 p>0.05 -0.55 p>0.05 -0.75 p<0.05

Strong positive correlations between LPO prod-
ucts and catalase were revealed in male-rats during
postnatal stress (Table 3). Thus, between DC and

catalase - r=0.83 (p<0.05), between TC and catalase-
r=0.83 (p<0.05), between TBA-active products and
catalase-r=0.91 (p<0.05).

Table 3. Correlations between lipids peroxide oxidation products and antioxidant system caused by postnatal stress
conditions in experimental animals

Correlation Correlation Correlation
Index coefficient P coefficient P coefficient P
DC TC TBA-active products
SOD -0.03 p>0.05 -0.02 p>0.05 0.27 p>0.05
Catalase 0.83 p<0.05 0.83 p<0.05 0.,91 p<0.05
GSH -0.16 p>0.05 -0.17 p>0.05 -0.23 p>0.05
GP 0.44 p>0.05 0.44 p>0.05 0.32 p>0.05

Strong negative correlations between all ex-
perimental products of LPO and catalase were re-
vealed in male-rats sustained combined stress
namely between DC and catalase - r=-0.94 (p<0.05),
between TC and catalase - r=-0.94 (p<0.05), between
TBA-active product and catalase - r=-0.99 (p<0.05)
(Table 4).

Thus, despite of indices increase of antioxidant
system activity in chronic stress it was marked their
involvement in antiradical, antioxidant and antioxi-
dation protection.

Conclusion. Processes of lipids peroxide oxi-
dation in all modelling types of stress are intensified
in young male-rats’ heart during the effect of chronic
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Table 4. Correlations between peroxide lipids oxidation products and antioxidant system in male-rats caused
by combined stress

Correlation Correlation Correlation
Index coefficient P coefficient P coefficient P
DC TC TBA-active products
SOD -0.05 p>0.05 -0.06 p>0.05 -0.16 p>0.05
Catalase -0.94 p<0.05 -0.94 p<0.05 -0.99 p<0.05
GSH -0.87 p<0.05 -0.89 p<0.05 -0.85 p<0.05
GP 0.19 p>0.05 0.20 p>0.05 0.13 p>0.05

psycho-emotional stress. Activity of enzyme part of
antioxidant protection increases simultaneously with
the increase of LPO products in the heart. It is more
manifested in prenatal and postnatal stress
(superoxide dismutase and catalase activity is
increased). Enzyme part of blood antioxidant system
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ANHAMIKA MOKA3HUKIB AHTUOKCUAAHTHOIO 3AXUCTY TA BIJIbHOPAAUKAJIbHOIO
OKMNCHEHHSA B CEPLI LLLYPIB-CAMUIB, AKI 3A3HAJIN BMNJIUBY PISBHUX BUAIB CTPECY

©0. B. AleHedinb, C. C. PA60KOHD, I. P. Miy,
TepHoninibcbKul HauioHaabHUl meduyHul yHisepcumem imeHi I. A. lopbavyescbko20 MO3 YkpaiHu

PE3IOME. Ha 6yab-AKy 3MiHy 30BHILLIHbOI0 Y/ BHYTPILUHLOrO CEpeoBMLLA OPraHi3M BiAMNoBiAa€E peakuiamu, AKi
CNpuATb MPUCTOCYBaHHIO A0 Hel. Mpobaema BMBYEHHA NaToreHesy CTPECOBOI peakLil € aKTyas/IbHOM i Ha CbOrOAHI y
3B'A3KY 3 HEOOXiAHICTIO AOCNIAXKEHHA ONTUMA/IbHUX MEeXaHi3MiB afanTaLii 40 Pi3HMX MOLKOAXKYOUMX areHTiB.

MeTa - BMBYMTM AMHAMIKY MOKA3HMKIB aHTMOKCUMAAHTHOrO 3aXMCTy Ta BiJIbHOPAAMKASIbHOMO OKMCHEHHA Y cepui
LLypiB-caMLiB, AKi 3a3HaJIM XPOHIYHOIr0 NpeHaTasIbHOro, NOCTHATA/IbHOIO CTPECY Ta iX NOEAHAHHSA.

MaTepian i MeToau. [locnig>keHHS BUKOHAHO Ha 44 6innx 6e3nopoaHnX CTaTeBO3PiINX LiypaxX-CaMLUaX BikOM 3 Mi-
cAui. XpOHIYHWNI NpeHaTasibHUI CTPEC BUKJIMKAJIN LUAAXOM YTPUMYBAHHAM BariTHMX CaMuLb NPOTAroM 1 roAnHN B TiCHUX
neHanax. Micns Hapoa KeHHA OAHOMICAYHMX TBAPWH Biglydanu Bi caMuLb i BiAcaf KyBasiv B OKPEMIi KJTiTKN. XPOHiYHMI
NOCTHaTa/IbHUM CTPeC Y WYypPiB BUKJIMKAAM 3 1,5 A0 3-MiCAYHOrO BiKY LLJIAXOM YTPUMYBAHHA Y KJIITKAX 3 06MeXeHHAM
>KUTTEBOrO NPOCTOPY BABIYi, y AeHb Aocniay iX dikcyBasiv NpoTArom 1 rognMHu CMHKOK AOHM3Y, MiC1a Yoro NpoBoAn/Iv
nocnig>keHHA. MoegHaHNI CTpeC BKJIHOYaB 3aCTOCYBAHHA HAa OAHMX LLypPax ABOX METOAMK: MPEeHaTasIbHOro i NocTHaTa lb-
HOro cTpecy. B cepui BM3HaYya M BMICT NpOAYKTiB NEPEKMCHOIrO OKMCHEHHSA J1iniAiB, aHTMOKCMAAHTHOI CUCTEMMU.

Pe3ynbTaTU. XpOHIYHNIN NCMXOEMOLIMHNI CTPEC BMKJIMKAE aKTUBALLiH0 NPOLIECiB NepeKNCHOro OKMCHEHHA NiniAiB i
AHTUOKCMAAHTHOIO 3aXMCTY He3asiexHo Big nepioay aii ctpecopa. Ha nigctasi BUBYEHHA KOpenauUiHnX 3B'A3KiB AoBee-
HO, LLIO MeXaHi3MM PO3BUTKY XPOHIYHOIO CTPeCy 3aJiexaTb Big nepiody XuTTa, Koaun 6yB nepeHeceHuni cTpec.

BUCHOBKM. Y cepLi MOJIoANX LLypPiB-CaMLiiB NpK il XPOHIYHOI0 MNCMXOEMOLIMHOrO CTpecy iHTeHCUIKYTbCA Npo-
Lecy NepeknCcHOro OKMCHEHHA JIinifiB Npu ycix 3MoAe1b0BaHMX BUAax ctpecy. O4Ho4YacHo 3i 36iNbleHHAM y cepLi Npo-
AykTiB MOJ1 3poCTa€E aKTUBHICTb GEPMEHTHOI TAHKM aHTUOKCMAAHTHOMO 3aXMCTY, BUPAXKEHiLLEe 3a NPEHATAJIbHOro i NOCT-
HaTaJIbHOrO CTPeCy, Ta aKTUBYETbCA PepMEHTHA J1IaHKa aHTUOKCUAAHTHOT CUCTEMM KPOBI, WO Hanbisiblue BUPaXXeHo 3a
NOCTHaTa/IbHOro cTpecy. TakoX BigMiyeHO iHTeHcMdiKaLilo pobOTN CMCTEMM [IYTATIOHY, @ TAKOX MOpPYLUEHHA T Aissb-
HOCTi, 0c0O6/IMBO Y TBaPWH LLLO 333HAIM NPEHATa/IbHOro CTpecy

KJIFOYOBI CJIOBA: npeHaTa/ibHUI | NOCTHATa/IbHUI CTPEC; LWYPW; aHTUOKCMAAHTHA CMCTEMA; NepPeKNCHe OKMUC-
HeHHsa ninigis.

OUHAMUKA NOKA3ATEJIEN AHTUOKCUOAHTHOMW 3ALLUTDI
N CBOBOAHOPAAUKAJIbHOIO OKMNCJIEHMA B CEPALE KPbIC-CAMLLOB,
NOABEPIrLUMXCA BO3AENCTBUIO PA3JINYHbIX BUAOB CTPECCA

©0. B. leHedunb, C. C. PA60KOHb, N. P. Muy,
TepHono/ibckull HAUUOHATbHbIU MeduyuHcKkul yHUBepcumem umeru Y. . fopbavyesckozo MO3 YkpauHbi

PE3FOME. Ha nto60e naMmeHeHne BHELIHEN NN BHYTPEHHEN CpeAbl OPraHM3M OTBEYAET peakunsimMun, KotTopsble Crno-
co6CTBYIOT NpUCNocobaeHuIo K Held. NpobaeMa M3yyeHns naToreHesa CTPECCOBON peakLmn ABASETCA aKTyalbHOM M Ha
CEerofHAWHNN AeHb B CBA3N C HEOHXOANMMOCTbIO NCCIEA0BAHNSA ONTMMAJIbHbIX MEXAHU3MOB aZanTaLnn K Pas/iMyHbIM
NOBPEXAALLMM areHTam.

Lenb — N3y4nTb ANHAMUKY NOKa3aTesiell aHTUOKCMAAHTHOW 3aLMTbl U CBOBOAHOPAANKAIBHOIO OKUC/IEHNS NNu-
[10B B cep/Lie KpbIC-CaMLIOB, MOABEPTLINXCA XPOHMYECKOMY NPEHATa/IbHOMY, MOCTHATA/IbHOMY, a Tak>ke KOMBUHNPOBaH-
HOMY CTpeccy.

MaTepuan u Metoabl. ViccrienoBaHME BbINOJHEHO Ha 44 6enbix 6ecrnopoAHbIX NOJIOBO3PeSbIX TPEXMECAYHbIX
KpblCax-camL,ax. XpOHNYECKNIM NPeHAaTa IbHbI CTPECC BbI3bIBAIM NYTEM COZepPXKaHMA BepeMeHHbIX CaMOK B TECHbIX Mne-
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Oa2n1a0u iimepamypu, OpU2iHaIbHi 00CAiIONCeHHS, no2/1s0 Ha npobsiemMy, BUNAOOK 3 NPAKMUKU, KOPOMKI NOBIOOMJIEHHS
Hanax B TevyeHne 1 yaca. Nocne poxaeHNA 0AHOMECAYHbIX XXMBOTHbIX OT/y4asIn OT CAMOK M MOMELLAIN B OTAE/IbHbIe
KNeTKN. XPOHMYECKMI NMOCTHATA IbHbIN CTPECC Y KPbIC Bbi3biBaan € 1,5 o 3-MecAYHOro Bo3pacTa NyTeM COAEpP>KaHMsa B
KJ1eTKax C BABOE OrPaHNYEHHbIM XXN3HEHHbIM MPOCTPAHCTBOM, B A€Hb OMbITa X GUKCMPOBANM B TeYeHMe 1 4aca CnnH-
KOW BHW3, MOC/Ie Yero NpoBOANAN NCC/iefoBaHMA. KOMOUHMPOBaHHbIN CTPECC BKJIOYA NPUMEHEHNE HA OAHMX KPbICax
NpeHaTasibHOro M MNOCTHATAJIbHOIO CTpecca. B cepaue onpeaensanu cogep>kaHne npoaykToB NepekncHOro OKMCIeHnA
NMNNA0B, aHTUOKCUAAHTHOM CUCTEMBbI.

Pe3ynbTaTbl. XpPOHNYECKMI NCUXO3MOLMOHAJIbHbIN CTPECC Bbi3bIBAeT akTMBALMIO NMPOLLECCOB NEPEKNCHOTO OKNC-
JIEHNA IMNNA0B M AHTUOKCMAAHTHOM 33LLMTbl HE3aBMCMMO OT NepUoaa AeNCTBMA CTpeccopa. Ha 0CHOBaHWKM M3y4veHus
KOPPENALUMNOHHBIX CBSI3EM [0KA3AHO, YTO MEXaHM3Mbl Pa3BUTUA XPOHNYECKOrO CTPEeCCa 3aBMCAT OT MEPMOAA XXU3HW, KOT-
Oa bblJ1 nepeHeceH cTpecc.

BbiBoAbl. B cepaue Mo04bIX KPbIC-CAaMLLOB NMPWY BO34ENCTBUM XPOHNYECKOTO MNCMXO3IMOLMOHANIbHOIO CTPeCca MH-
TEeHCMOULUMPYHOTCS MPOLIECChI MEPEKMCHOMO OKUCIEHMA MNAoB. O4HOBPEMEHHO C YBE/IMYEHMEM B CEPALLE NPOAYKTOB
MOJ1 Bo3pacTaeT akTMBHOCTb GEPMEHTHOIO 3BEHA aHTMOKCMAAHTHOM 3alUMTbI, 6osblle NPWU NPeHaTasIbHOM M MOCTHaA-
TaJ/IbHOM CTpecce, U akTMBUpyeTca GepMEHTHOE 3BEHO AHTUOKCUAAHTHOWM CMCTEMbI KPOBU, HanboJsiee BbipaXkeHHOE Mpu
NOCTHaTa/IbHOM cTpecce. Tak>ke 0TMeYeHa MHTeHCMPUKaLMA paboTbl CUCTEMBI F1YTaTUOHA, HapyLUEHME ee AeATEeIbHOC-
TW, 0COBEHHO Y XXMBOTHbIX, NOABEPTLUNXCA NPEHATa/IbHOMY CTpeccy.

KJIKOYEBDIE CJIOBA: npeHaTa/ibHbIA 1 NOCTHATaJIbHbIN CTPECC; KPbICbhl; aHTUOKCMAAHTHAS CMCTEMA; MePEKMCHOe
OKWCNIeHWe NNNNAoB.
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