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Materials and methods. Intrauterine exposure to electromagnetic radiation was simulated using a high-
frequency generator G4-190-3/1, equipped with a P-6-23A radiating antenna. To evaluate the reproductive
system, a morphological examination of the testes and measurement of blood testosterone levels were per-
formed. Morphometric methods were employed to quantify histological findings. The area of Leydig cell
nuclei was measured, and the optical density of stromal connective tissue was assessed using the PAS
reaction. The proliferative activity of spermatogenic epithelium cells was determined through an
immunohistochemical reaction to the Ki-67 antigen.

Results. In this experiment, the consequences of intrauterine damage to the testicles of male offspring
were observed. We can presume that there is not only intrauterine damage, which may undergo
regeneration later in life, but also the formation of epigenetic changes of regulatory factors that affect the
expression of genes determining the morphofunctional state of the spermatogenic epithelium. Epigenetic
changes developed during intrauterine period can manifest throughout the offspring’s lifetime after birth.

Conclusions. Functional and morphological changes were found in the testes of sexually mature young
males, offspring of mothers exposed to low-intensity centimeter-level electromagnetic fields during preg-
nancy. Hypoplastic changes in the testicles, a decrease in the proliferative potential of the spermatogenic
epithelium were revealed. Hormonal stimulation of spermatogenesis (hypertestosteronemia and an increase
in the number of Leydig cells and the size of their nuclei) obviously have a compensatory nature. The
obtained results provide the basis for large epidemiological studies with the involvement of a wide range of
specialists in both medical and technical specialties.
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ETOJIOrO-BETETATUBHI KOPEJ/IATU EKCTEPUMEHTAJIBHOIO
HEUPOIEHHOIO CTPECY

"X apKiBChKWIA HaLiOHaNbHUI MeanYHNiA yHiBepcuTeT, Xapkis, Ykpaita
2XepCOHCHKMI epaBHUI yHiBepcuTeT, XepcoH-IBaHo-OpaHkiBchK, YkpaiHa

Memoto pobomu cmano KomnnekcHe AOCiOXeHHs emorio2o-ee2emamueHUX MexaHi3mie hopMy8aHHsT eKc-
rnepuMeHmarnbHO20 CmMpeco8o20 cmaHy, a MaKkoX 6CMAaHOB/IeHHST 83aEMO38'A3KY MK 8USBYEHUMU KOperis-
mamu ma cripoba euseuMU MOKa3HUK YU epyrly MOKa3HUKI8, SIKi Matomb MpO2HOCMUYHI UiHHOCMI Or1sl 8UHUK-
HeHHs1 nopyweHb cepueeoi disinbHocmi 8 ymosax HelipoeeHHo20 cmpecy. Mamepianu ma memodu. Hocrii-
OXeHHs1 b6yro nposedeHo Ha 254 cmamegospinux wypax-camusx niHii Wistar 8 ymoeax modeni «KOHgiKm
agpepeHmMHux 36yoxeHb». Pesynbmamu. Bidomo, wjo nocmiliHuMu ma 3aKOHOMIPHUMU Kopernsimamu cmpe-
cosuX cmaHie € emorioeiyHi ma ee2emamuesHi peakuii, Ul0 8UKOHYOMb peaynsimopHOo-adarmueHi ¢hyHKUIT.
Ompumati e pesynbmami docnidxeHb daHi 0o38051510Mb 8iA3Ha4YUMU, WO MeapuHU 6CIX mMpbOX murosoai-
YHUX 2pyn 8idnosifasiu Ha ro4amoK cmpecosozo 8rugy meHOeHuieo 00 30ibUWEHHST Yacmomu cepuesux
CcKopo4deHb. binbw mpueane nepebysaHHs1 8 KOHGIKMHIU cumyauii y meapuH | ma Il epyn cynpogodxyea-
J10Cb M0BEPHEHHSAM Yacmomu Cepyesux CKopoYeHb 00 8UXIOHUX 3Ha4YeHb, a y meapuH Il epynu — do Oo-
CMOo8IpHO20 ypisaHHA cepuebumms. SkicHUl aHani3 eapiauiliHux Kpugux mfokasas, wo 0o cmpecogoeo
ennusy y meapuH | epynu nepesaxasnu 8a20MOHIYHI (npase MosioxeHHs gapiauiliHoi Kpueoi - rnpagogpama),
a y meapuH lll epynu - cumnamomoHiyHi (nigoepama) peaynsimopHi 8nnaueu Ha cuHycosul 8y3os. [Toyamok
CcmMpeco.o:2o 8rnugy npu3sodus y meapuH 6cix 2pyn 00 3MileHHS 8apiauiliHux Kpusux esigo. Ane y meapuH
| epynu uye 3cyHeHHs1 cyrnpoeodxys8anocsi po3WUpeHHsIM sapiauitiHux kpueux (83%), a y meapuH Ill epynu —
38yxeHHAM (67%). BucHosku. Takum yuHoM, e pesyrbmami rposedeHux docnioxeHb 6yrno ecmaHo8/1eHO
Yomupu murnu 3MiH cepueso2o pummy rpu rnposioH208aHoMy (pomsizcom 3 200uH) nepebysaHH meapuH 8
ymosax cmpecy. BcmaHoereHo Kopessiuito M emosio2o-murosnio2iyHuMu ocobnueocmsMu meapuH ma ro-
PYWEHHSMU cepuyesozo pummy. TeapuHU 3 8UCOKOIO 4acimomoio cepyesux apummiti Ha miii cmpecy makox
8uSsBIANU MIOBUWEHHS 8M/1U8Y CUMMNAaMUYHOI HEPBOBOI cucmeMu Ha CUHycosuli 8y30s1, asne 3i 3MEHWEeHHSIM
gapiabenbHOCMIi cepyesozo pummy.
KntoyoBi crnoBa: cTpec, Lwypu, enekrpokapgiorpadisi, cepueBuin putMm, apuTMmii, MOAENoBaHHS, iHAUBIAYyanbHO-TUMNOMOriYHi 0COGNUBOCTI.
Bctyn Lle nosicHoeTbca TUM, WO npobnema emouinHo-

ro cTpecy B cuny cBoei 6e3nocepeaHboi NpuU4eTHO-
CTi OO0 BWMBYEHHA MeXaHi3MiB PO3BUTKY 3axBOPIO-
BaHb MCMXOCOMAaTMYHOI OpieHTauii Mae npsame Big-
HoLleHHs 0o GiocouianbHOro cratycy Ta nepcrek-
TUB PO3BUTKY MNoanHu [2, 3].

Hanbinblw LWMpOKi MOXMMBOCTI Ta MepcrnekTueu
BMBYEHHS NPUPOAN Ta MexaHi3MiB PO3BUTKY eMO-
LLiIMHO-CTPECOBUX CTaHIB BigKpMBaE MOAENOBaHHSA

B opHin 3i cBoix pobiT I'. Cenbe [1], 3 iM'AM siKo-
ro noB'A3yeTbCs MOCTAaHOBKAa Ta MO4YaTOK pO3poOKu
npobnemmn cTpecy, 3asHauvMB, WO CTaH CTpecy Y
NIOaVHN Tak camMo CTapui, sik cama nioguHa. He-
3BaXkatoum Ha ue, npobrnema cTtpecy, a, 0cobnmeo,
€MOLINHOro CTpecy HUWHI € OAHIE0 3 HarakTyanbHi-
WKX i TOMYy iHTEHCMBHO pO3pPOGMSETECA Pi3HUMMU
daxiBusmMn meanko-6ionoriyHoro npodinto.

Tom 24, Bunyck 3 (87) 117



AKTyaABHi IPpOOAEMH Cy4YaCHOI MEAHIIHHH

LUMX CTaHiB Ta ix nposBiB y TBapwH [4, 5, 6], ocHOBM
akoro 6ynu 3aknageHi .M. CeueHoBum, LI1. TMaB-
nosum Ta N.K. AHOXiHUM.

MocTiHMMKM  Ta  3aKOHOMIpPHMMW  KOpensiTamn
€MOLINHO-CTPECOBMX CTaHiB € BeretTatuBHi peakuii,
O BWKOHYKOTb PErynaTopHO-aganTuBHi - dOYHKLT.
OpHMM 3 BaxknuBUX MexaHiaMiB aganTtauii BereTa-
TMBHOI CUCTEMW OpraHiamy € 3MiHW B AisifIbHOCTI
CepLeBO-CyaANHHOI CUCTEMU, LLO BIApPI3HAETBCA BU-
COKOK YYTNMBICTIO Ta BUTOHYEHICTIO edeKTUBHUX
Bignosigew [7, 8].

CnekTp 3MiH cepueBOi [AisiNbHOCTI, WO pPO3BU-
BalOTbCA B yMOBaxX €MOLINHOT Hanpyrk, Ayxe LWun-
POKMM — Bi4 (PYHKUiOHANbHUX A0 rNUBOKMX HE3BO-
POTHUX MeTabonivyHNX Ta CTPYKTYpPHO-
MOPEOMOriYHMX, WO fexaTb B OCHOBI iLUeMiYHOT
XBOpPOOM cepus Ta iHdapKTy Miokapaa.

B naHumi Yac npogoBXKye BUKIMKATU 3HAYHUIA iH-
Tepec OOCMiAHUKIB Te, WO BMHWKHEHHSI Ta PO3BUTOK
€MOL}iIiHO-CTPECOBMX CTaHIB 3aneXuTb He  TifbKu
Bil XapakTepy Ta KiNbKiCHMX napameTpiB CTpecopa,
a 1 Big iHOMBIQYaNbHO-TMNOMOrIYHNX OCOBNMBOCTEN
XiMiYHMX Ta dpisionoriyHMX getepMiHaHTIB 06'ekTa
cTpecosoro Bnnumey [9].

Y TOW camuin Yac KOHKpeTHa ydacTb nepeniye-
HUX BULLE CUCTEM, XapaKTep IXHiX B3aEMWH Yy Mpo-
ueci (OpMyBaHHS EeMOLNHO-CTPECOBUX CTaHiB,
NPOrHOCTUYHE 3HAYEHHSI OKPEMMX MOKA3HUKIB Ta ix
KOMMMNEKCIB - HaA3BMYaMHO BaXknvBe AN BUHMK-
HEHHA ANChYHKUIM Ta dOpMYyBaHHS KOHKPETHOro
BMAY NOpYyLUEeHb cepueBoi gianbHocTi. MNMpoTe n goci
BCi Ui HHOAHCKM Ta iX B3aeEMOAis 3anuvialoTbCA He-
AOCTaTHLO BMBYEHMMM [10].

MeTa po6oTtu

KomnnekcHe [OCHiAXKEHHS €Tonoro-
BereTaTMBHUX MeEXaHi3MiB (OpMyBaHHA ekcnepu-
MEHTanbHOro eMOoLiNHO-CTPECOBOro CTaHy, a TakoX
BCTAHOBIIEHHS1 B3aEMO3B'I3KY MK BUBYEHUMW KO-
pensitamm Ta crnpoba BUSABUTU MOKA3HUK YU rpyny
NOKa3HUKIB, SKi MarTb MNPOrHOCTUYHI LHHOCTI Ans
BMHWKHEHHS] MOpYLEHb CepueBol AisnbHOCTI B
yMOBaXx HENMPOreHHoro cTpecy.

MaTepian Ta meToau gocnigkeHHs

HocnigpxkeHHs nposedeHO Ha 254 ctaTteBo3pinux
Lwypax-camuax niHii Wistar saroto 200-250 rpam 3
ypaxyBaHHAM OCHOBHMX MpUHUMMIB GioeTukn 3rigHo
3 KOHBEHLU,E NPO 3aXMCT TBapUH.

[ns BMSBNEHHS KPUTEPIIB BMAINEHHS BCepeauHi
niHii Wistar rpyn TBapvH 3 OQHOTUIMHUM pearyBaH-
HAM Ha CTaHOapTHY CcuTyauild BMKOPUCTOBYBamnwu
MeTOoauKy Bigkputoro nons [11].

[na BuAineHHs TUNOMNOriYHUX rpyn BUKOPUCTO-
ByBanun ropusoHTarnbHy JTOKOMOLO, L0 [03BOSUIO
po3ainuTn TBapuH Ha 3 rpynu: | rpyna — 3 HU3bKUM
piBHEM TOpPM3OHTaNbHOI NokoMouii — 112 TBapuH
(41,2%), Il rpyna — 3 BUCOKOH FOPU3OHTarbHO
nokomouieto — 51 (20,1%) Ta Il npomixHa rpyna —
91 (35,8%).

[ns cTBOpeHHS y TBapyH CTPECOBOrO CTaHy He-
raTMBHOIO XapaKTepy BMKOpUCTanNM MOAENb «KOH-
NIKT adhepeHTHUX 30ymKeHb» [12].

BignoBsigHo oo uiei mogeni TBapuHU niggasanu-
Csl anepiognyHoOMy BNNMBY MOAPA3HUKIB, Y Pe3yrb-
TaTi y HUX hOpMyBaBCH €MOLINHO-CTPECOBUIA CTaH
— CTpec HEBU3HAYEHOCTI.

B sikocTi BeretatMBHOroO Kopensita emoLifiHOro
CTpecy enekTpokapgiorpadiyHo BMB4YaBCHA cepLe-
BMI PUTM Ta BereTaTtuMBHi MeXaHi3Mu Noro peryns-
L.

Pe3ynbTaTtu gocnigxeHHs

OTpumaHi B pesynbTaTi AocCnifKeHb OaHi [o-
3BOMAITL BIA3HAYUTK, LLO TBAPWHWU BCiX TPLOX TU-
MOSOriYHMX rpyn Bignosiganu no4vaTky CTPecoBOro
BNAMBY TeHAeHuieo A0 30inblUeHHs 4acToTn cep-
uesunx ckopoyveHb (YCC). binbw TpmBane nepeby-
BaHHA B KOH(pMIKTHIN cuTyauil npu3Boguno y Tea-
puvH | Ta Il rpyn go nosepHeHHs YCC go BuxigHuX
3HayeHb, a y TBapuH Il rpynn — go gocTosipHOro
ypi3aHHs cepuebuTTS.

PeHOMEHONOrYHNA  aHani3 enekTpokapaiorpam
nokasas, WO KpiM BuLLe3ragaHux XpOHOTPOMHUX
3MiH Ha TNi CTPecoBOro BNAUBY Yy LypiB Mann micue
APOMO-i  6aTMOTPOMHI  MOPYLUEHHS, WO MNposBns-
0TbCHA Pi3HMMUK apuTMisaMu (puc. 1).

PesynbTtaT AOCHIIKEHHS 4acTOTU BUHUKHEHHSA
apuTMmi npencrtaeneHi B Tabnuui 1. BugHo, wo B
CTaHi CMOKOI MOPYLUEHHSA CEepLeBOro pUTMy Y BCIX
nigoocniaHuX TBapuH Oynu BIACYTHI i nounHann pe-
€CTPYBaTUCS TifMbKM 3 MOYaTKOM CTPECOBOro BMMu-
By. [pn ubOMy HaMeHLla 4YacToTa nopylleHb cep-
LeBoro puTMy mana micue y TBapuH | rpynu, a Ham-
Ginbwa — y TBapwvH Il rpynu.

KpiMm BigMiHHOCTEN Y 4YacTOTi BUHWKHEHHS NOpPY-
LUEHHS CepueBoro puTMy y TBapuH Pi3HMX TUMONO-
rYHUX rpyn Mana Micue pisHa BUPaXKEHICTb 1X Yy
npoueci NporoHroBaHoro crpecy. BaasLin 3a ocHo-
BY O3HaAKy HAsfBHOCTI YM BiACYTHOCTI NopylUeHb ce-
pLEBOro pMTMYy Ta BiABOMIKAYUCL Bif, KOHKPETHUX
noro nposeis, 6yrno BuaineHo 4 Tunu guHamiku no-
pYyLLEHb CepLIEBOro puTMYy:

1 Tvn - 3MiHX cepLeBoro puTMy 3'aBNAOTLCA Mi-
CNsi NepLUMX LUKMiB CTPECOBOI Ajl, WBUAKO 3HUKAE i
3'aBnsAeTbcs 3HoBY nicns 20-30 uukniB CTpecoBoro
BMIUBY;

2 TMN — NOpYLUEHHS CEepLEeBOro pUTMy peecTpy-
IOTbCS MiCNSA NepLUMX LMKITIB CTPECOBOI Aii, LWBUAKO
3HUKAIOTb i BinbLUe He 3'ABNATLCS;

3 TMN — MNOPYLUEHHS CepLEBOro pUTMy BUHMKKa-
toTb nicns 20-30 uunkniB CTPECOBOro BMNIIMBY;

4 TN — NOPYLUEHHS CepLeBOro pUTMy, WO 3'AB-
UnN1ea nicns NepLunx UKKNIB CTPecy, YTPUMYHOTbCA
NPOTAroM YCbOro nepiogy JOCHIAKEHHS.
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Puc. 1. [opyweHHs1 cepyeso20 pummy ricriss cmpecoegoi Oii
(EKT wypa Ne89, Ill epynu, || cmaHOapmHe gidgedeHHs1, weudkicmb cmpidkonpomsixku — 30 Mm/c)

lMpumimku: 1 — do cmpecoesoi dii: cuHycosul pumm; 2 — fiicns 1 yukmy cmpecogoz2o 8rusy; rnoimorHi ekcmpacucmonu;
3,4,5,6-nicna 5, 10, 20 ma 30 (8i0noeidHO) YuKIlie cmpecog8o20 8nugy: MOHOMOMHA WITyHO4YKO8a eKcmpacucmornisi
3a muriom bi2eMmiHii, TonimorHi ekcmpacucmornu, wo nepexodsims 6 651okady 8HyMpIWHbOWTYHOYKO80I MpogiOHoCMI

Tabnuys 1
Hacmoma suHuKkHeHHs1 (8 %) nopyweHb yHKYit Miokapda wypis

(36ydnusocmi ma nposidHocmi) y npoueci ghopmyeaHHs eMOUilIHO-CmMpPeco8o2o CUHOPOMY

Mepiog gocnigXeHHs I(r:’i);rf; I(Ir:;:);xa II(Inr:;/ g)a
DoH - - -
Micnsa cTpecoBoro BNMBY: BCbOro 25,0 50,0 36,7
nicnsa 1 ymkna 25,0 50,0 13,3
nicns 10 uuknis 4,2 41,6 10,0
nicns 20 uuknis 8,3 25,0 30,0
nicns 30 uuknis 8,3 25,0 33,0

BcTtaHoBneHo, Wo y TBapuH | rpynu B AvHamiLi
CTpecoBOI Ail Manu Micue nepLunii, pyruin Ta yet-
BepTun; y TBapuH Il rpynn — gpyrum ta 4eTBepTum;
y TBapwH Il rpynu — gpyrui, TpeTin Ta YeTBepTui
TMNW OUHaMIKM NopyLleHb cepuesoro putmy. [Mpu
UbOMY MpeBantoyuM TUMOM AWHaMIKM NOpYLUIEHb
cepueBoro putMmy y TBapuH | rpynn 6yB gpyrun, y
TBapuvH |l rpynu — yetBepTUin, a y TBapuH Il rpynn —
TpeTin.

[nsa pocnimkeHHa poni aBTOHOMHOI HEPBOBOI
cUCTeMM y perynsuii cepueBoro putMy BUKOPUCTO-
ByBanu OyHKLUil0O po3noAiny AMHaMiYHUX psagiB Kap-
JioiHTepBanis.

AkicHM aHani3 BapiauiiHUX KPMBWUX  MOKasas.,
O OO CTPEecoBOro BNAvBY Yy TBapwiH | rpynn nepe-
Ba)kanu BaroTOHIYHI (MpaBe MONOXEHHs1 Bapiauin-
HOl KpuBOI - npasorpama), a y TBapuH Il rpynu -
CMMNATOTOHIYHI (niBorpama) perynstopHi  BRNAMBK
Ha CMHYCOBWUI BY30IT.

lMoyaTok CTpecoBoro BMNMBY NPU3BOAMB y TBa-
pvH BCiX rpyn OO0 3MilleHHs BapiauinHUX KpUBKX
BniBo. Ane y TBapwH | rpynu ue 3CyHEeHHs1 CyrnpoBo-
OKyBanocs pPo3LUPEHHAM  BapiauinHUX  KPUBUX

Tom 24, Bunyck 3 (87)

(83%), a y TBapuH Il rpynu — 3BykeHHAM (67%).
O6GroBopeHHsA

Pesynbtatn BuByeHHs YCC y npoueci cdopmy-
BaHHA €eMOL|iIMHO-CTPEeCcCoBOro CUHAPOMY B yMOBax
Mogeni «KOHMMIKT adpepeHTHUX 30YyMKeHb» CBia-
yaTb Mpo Te, WO 3a cepeaHboapUPMETUYHUM 3Ha-
YeHHsM nokasHnka YCC He MpocCTexXyeTbCs CyTTe-
BMX BiAMIHHOCTEN peakuii cepusi Ha HEeNpPOreHHUn
CTpec Hi B [AuHamiui opMyBaHHA eMOoUinHO-
CTPEeCOBOro CTaHy, Hi B 3arnexHo Bif iHOMBIgyasib-
HO-TUMNOMOriYHNX ocobnueocten TBapuH [3]. OTpu-
MaHi pesynbTaTi cBig4YaTb MPO BiACYTHICTbL OOCTO-
BipHOI Kopensuii MiX piBHEM pyXOBOI aKTUBHOCTI Y
Bigkputomy noni Ta YCC. Omxke, YCC He moxe Oy-
TV MapkepoM iHAMBIAYanbHO-TUMOMONYHNX 0C06-
nMBoCTEN Yy ApibHMX NabopaTopHMX TBAPWH.

BinbLw iHopmMaTMBHUM ANA BUABNEHHSA TUMOIIO-
rYHMX OCOBNMBOCTEN pearyBaHHsi Ha CTpec Yy Ha-
WMX OOCMIKEHHAX BUSBUNMCA aputmii. BcTaHos-
neHo, WO HanyacTilwe cepuesi apuTMii peecTpyBa-
NMCS y TBApVH 3 BUCOKOK PYXOBOK aKTMBHICTIO [13]
y Bigkputomy noni. Kpim usoro, y AaHux TBapuH B
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eKcTpakapaianoHin perynsuii nepesaxanu cumna- ocTaTouvHe 3aTBEPAKEHHST PYKOMUCY.
TWYHI BNNMBKM [2, 6, 14].

KoHdonikT iHTepeciB
BcTaHoBMEHO, WO TBApVHU 3 HNU3bKOK YacTOTO

BVHUKHEHHS] CEpLEBMX apuTMii Ha CTpecoBUN BincyTHin.
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Summary

ETHOLOGICAL AND VEGETATIVE CORRELATES OF EXPERIMENTAL NEUROGENIC STRESS
Pandikidis N.I., Maslova N.M., Dunaieva O.V., Danylchenko S.1.
Key words: stress, rats, electrocardiography, heart rhythm, arrhythmias, modeling, individual typological characteristics.

The study aimed to comprehensively investigate the ethological and vegetative mechanisms involved in
the development of experimental emotional stress, establish the relationship between these correlates, and
identify an indicator or group of indicators with prognostic value for the occurrence of cardiac dysfunction un-
der neurogenic stress conditions.

Materials and Methods. The study presents the results of research on the ethological and autonomic
correlates of emotional stress in 254 sexually mature male Wistar rats, using the "afferent excitation conflict"
model.

Results. Heart rhythm was studied electrocardiographically as an autonomic correlate of emotional stress.
The results of the research have shown that ethological and vegetative reactions that perform regulatory and
adaptive functions are constant and natural correlates of emotional stress states. The data obtained allow us
to note that animals of all three typological groups responded to the onset of stress with a tendency to in-
crease heart rate.
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Prolonged exposure to the conflict situation was associated with a return of heart rate to baseline values
in animals of groups | and Il, and a significant decrease in heart rate in animals of group Ill. Qualitative
analysis of the variation curves showed that vagotonic (right position of the variation curve — right graph) pre-
vailed in animals of group | before stress exposure, and sympathotonic (left graph) regulatory influences on
the sinus node prevailed in the animals of group Ill. The onset of stress exposure led to a leftward shift of the
variation curves in animals of all groups. However, in animals of group I, this shift was accompanied by a
widening of the variation curves (83%), and in animals of group Il — by a narrowing (67%).

Conclusion. As a result of the studies, four types of heart rate changes were identified during prolonged
(3-hour) exposure to stress. A correlation was established between the ethological and typological
characteristics of the animals and the occurrence of cardiac rhythm disorders. In animals with a high
frequency of cardiac arrhythmias under stress, there was also an increased influence of the sympathetic
nervous system on the sinus node, accompanied by a decrease in heart rate variability. Animals with a high
frequency of cardiac arrhythmias under stress also showed an increase in the influence of the sympathetic
nervous system on the sinus node but with a decrease in heart rate variability.
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