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Cocyaucras naTosiorvs POAO/IKAET 3aHUMATL BEAYILHEE MECTO B CTPYKTYPE 3300/1eBAEMOCTH JIMKBUAATOPOB 1OC/IELCT-
Bt aBapum Ha YAIC u B OTAA/IEHHOM TEPUOAE 10CT1€ KATACTPODbl. ITO ONpPEENSET HEOOXOAUMOCTb U3YYEHNS OCHOB-
HbIX [ATOrEHETUYECKUX MEXaHU3MOB 3800/1€BaHMY, BO3HUKLUMX 104 BO3[EVICTBUEM KOMIIEKCA MOBPEXAAIOLNX PaKTO-
POB. B CTatse MoKasaHo, YTo y JIMKBUAATOPOB NOCIEACTBI aBapun Ha YAIC Hab/IOAAIOTCS UMEHEHNS rTOKa3aTe/ien
TUNOGU33PHO-THUPEONAHO-HALMOYEYHUKOBLIX OPMOHOB, CABUIM B CUCTEME JINITONEPOKCUAALIMN U HTUOKCUAAHTHOV 3a-
WNTbl,  BErETaTUBHON M UMYHHOM — perynisuymn. 3Tu  QDaKTOpbl — ONpeAEssoT — aKTUBHOCTL — KOMIIEHCATOPHO-
FPUCTIOCOBUTETILHBIX MPOLIECCOB OpPraHu3Ma. ABTOpamMu YCTaHOB/IEHO, YTO Y JIMKBAAATOPOB OC/ELCTBMN aBapmi Ha YA-
3C aaanTauymoHHbIE QDyHKLMN ITOPHU3EPHO-TUPEOUAHO-HAAMTOYEYHNKOBON CHUCTEMbI YIracatoT C POCTOM TSIKECTH NATON0-
rum o1 QyHKUMoHanbHou (A3 1-4 crenenn) 4o opraHndeckov (MBC /3 2-vi crenenn), a npu coqerarm UbC u fi3 - B
3HAYUTE/ILHON CTENEHN UCTOLYAIOTCS. B cucteme CBOBOAHO-PaANKAIbHOO OKUC/IEHNUS JIMITUAOB Y STUX BOJIbHBIX YCU/In-
BaKOTCA IPOLECCHI JIMIOMEPOKCUAALMM, a TEKKE UMEET MECTO KOMITEHCATOPHOE HAITPSIKEHUE CHCTEMbI GHTUOKCUABHTHOMN
3aLUNTbI, KTUBHOCTb KOTOPOU IPU COYETAHHOM MaTo/IOMm 3aMETHO CHIKAETCS. [IDOCTIEXUBAETCS 3aBUCUMOCTL KITNHY-
YECcKuX IPosIBIEHM 3a60/1eBaHMY, OPMOHA/ILHO-METAO0/IMYECKUX U3MEHEHMY, COCTOSHUS LEHTPA/IbHOU U nepugepu-
YecKou reMOANHAMUKY OT HarpPaBiIEHHOCTH BErETaTUBHON PEry/Isaumi 1 aToreHETUYECKUX MEXaHU3MOB €€ HAPyLLIEHNH.
C pOCTOM TSDKECTU COCYAUCTON U COMYTCTBYIOLLEH CErMEHTaPHON U HALCErMEHTAPHON BEreTaTuBHOU NaTonorum y K-
BUAATOPOB NOCNEACTBIN aBapmm Ha YASC HabnogaeTcs naaeHne MOLHOCTHU BEFETATUBHON pery/isimm CUCTEMb! KDOBO-
06paLLEHNS CO CABUIOM 6a/1aHCa B CTOPOHY MapacuMIaTMYecKoro 38eHa 1 pas3banaHcupoBaHNEM BereTaTMBHoU obecrie-
YEHHOCTH AESTEILHOCTH. TakuM 06pazoM, QOPMUPOBAHNE, MaHNPECTALMS U TPOrPECCHPOBAHNE CEPAEYHO-COCYANCTBIX
3a60/1€BaHMV 1104 BO3AEUCTBUEM KOMITIEKCA OBPEXAAIOLUNX @PAKTOPOB UMEIOT B CBOEH OCHOBE NATOI0MYECKUE U3ME-
HEHUS, OOYCIIOB/IEHHBIE CHIKEHUEM aKTUBHOCTH KOMIIEHCATOPHO-MPUCIIOCOBUTE IbHBIX IPOLECCOB OpraHu3Ma, M CooT-
BETCTBEHHO TPEBYIOT KOPPEKLMA.

KntoueBble crnoBa: rOpMOHbI, NEPEKNUCHOE OKUCIIEHWE NUNNAOB, aHTUOKCUAAHTHAsi CUCTEMA, BereTaTMBHas HEpBHasi CUC-
TeMa, NMKBuaaTopbl NocneacTeu asapmm Ha YA3C.

[OuHamika 3axBopltoBaHOCTI MiKBigaToOpiB Hacnigkis 06CTEXEHNX), HA OpraHiaM NIAUHM Oiany XiMiYHO arpe-
ofHiel 3 HambiNbLNX TEXHOreHHUX katactpod y CBITi - CVBHi peyvoBMHU, SKi BUKOPUCTOBYBaNucs AN nunonpu-
aBapii Ha YAEC — xapakTtepu3syBanacb nocTtyrnoBumM 3po- OyLleHHs | geakTuBaLlil NOBEPXOHb, @ TaKoX XPOHIYHWIA
CTaHHAM, noynHaroum 3 1989-1990 pp. Ha nepluomy eta- CTPEeC, L0 MaB MPOSIOHIOBaHUA xapaktep (TuM Ginblie B
ni copmyBanucb (YHKLiOHaNbHi CUHAPOMW @ BEreTo- ymoBax 00’EKTMBHOI CWTyaLii, KOTpa NOCTINHO 3MiHIOBa-
CYOWHHOI ANCTOHIT, aCTEHIYHWUIA , aCTeHO-HEBPOTUYHUIA Ta nacb) i BMAMB SIKOro 34aTHWIA NOpyLlyBaTU MOTMBALINHY
iH. B noganbwomy ua naTosoris peanisyBanacb B opra- cchepy ocobucTocTi [6]. Hacnigkom gii 4aHoro komnnekcy
HiYHY: rinepToHiYHY xBOpoOYy (I'X), ANCUMKYNATOPHY €H- MOLLKOZXKYIOUMX (hakTopiB MOXe OyTW MOpyLUEHHsT 3ara-
uedanonaTito (OE), iwemiyHy xBopoby cepus(IXC). Bi- NbHUX adanTauiHUX peakuii, WO 3HMKYE NpoLecn npu-
NbLUiCTb aBTOPIB NOB’A3Y0Tb Liei nNpouec 3 Aiero KoMnne- CTOCYBaHHS O HECTIPUSTIIMBUX BMIUBIB, @ B psai Bunag-
KCY MOLUKOOKYUN (hakTopiB, sKi BUNNMBaNu Ha opraHiam KiB NpMBOANTL OO PO3BUTKY NMaTonoridyHux posnagis [2]. B
nioanHM B yMoBax niksigauii Hacnigkis asapii B YopHo- OCHOBI 3pMBY KOMMNEHCATOPHO-NPUCTOCYBarbHUX MpoLe-
6uni. Cnig BiA3HauMTW, WO XBOPOOM CMCTEMU KPOBOODIry ciB nexaTb BigNoBigHI 3MiHM rinodi3apHO-TUPOIgHO-
NPoAOBXYIOTb 3aMMaTy NpoBigHE Micle B CTPYKTYpi 3a- HagHMPKO3ano3HOI CUCTEMU, NPOLECIB NEPEKUCHOIO OKU-
XBOPOBAHOCTI nikBigaTopiB i y BigganeHoMmy Big 4acy cnexHsa ninigis (MOJ1), cMCTeMU aHTUOKCMOAHTHOTO 3axXu-
kaTtacTtpodu nepioai [4,7,10,12]. 5e3ayMOBHO BaXNIMBUM € cty (CAQOS), imyHHoro ctaTtycy, remoctasy [11,15,18].
BMJ/IMB 3aranbHOBIJOMUX YMHHWKIB PO3BUTKY CYOWUHHOI AktyansHoto ans JIHA Ha YAEC e npobnema BereTa-
natonorii y gain nonynsuii [10,16,19]. OgHak, He MOXHa TUBHUX OMCAYHKUIN K OQHOTO i3 MPOBIOHUX MEXaHi3MiB
BUKNIOYNUTU | Aito oOMexXeHux agantauiiHuX MOXXITMBOC- aucagantauii [3,13,17]. CermeHTapHi i HagcermeHTapHi
Ten, gucperynsuii 6araTbox MexaHi3amiB, 34aTHUX NpuBe- BereTaTuMBHi LIEHTPU 34INCHIOTb BNNUB Ha (PyHKUiOHa-
CTW He TinbKkn A0 WBKUAKOro hopmMyBaHHS, a 1 Nporpecy- NbHWIA cTaH BGaraTboX CUCTEM i OpraHiB NMOOUHKU, BaXn-
BaHHS 3aXBOPIOBaHb. BOK € iX ponb B perynsuii kpoBoobiry. KniHiyHi cnocTe-

Mu npoBoamnu OGCTEXeHHs1 MikBigaTopiB Hacnigkis PEeXEHHA MNepeKkoHNMBO CBig4yaTb Ha TIiCHMA B3ae-
aBapii (JIHA) Ha YAEC, OinbuwicTb 3 sAknx npautoBana MO3B’A30K HEPBOBOI CUCTEMMU, HecneuundivyHoi pesncTeH-
Tam y 1986-1987 p.p., KONK KpiM NPOMEHEBOr0 YMHHUKA THOCTI Ta iMyHoreHesy. [loka3aHO BUMHWKHEHHSI CYyMpecin
(003a 30BHIWHLOrO PiIBHOMIPHOrO ramMmma-OnpPOMiHIOBaHHS iIMyHHMX peakuii y nognHu npu ctpecax [9,18]. Mpose-
nauieHTiB cknagana, 3a aHvMu parBincbKKoMaris, Big 5 OeHi OocnigXeHHsA Ha iMyHOCMMNaTeKTOMOBaHUX TBapu-
po 50 Gep - B cepegHbomy 18,5, BigomocTi 6ynu 85% Hax nokasanu, cuMmnaTUYHUIA BiOdiN BereTaTVBHOI Hep-

* Lumysanns npu amecmauii kadpie: JXgaH B.M., LLitomrens B.fO. CyanHHa nartosioris y JIKBIAATOPIB HaCugKie aBapii Ha YAEC:
@opmyBaHHS, MaHigpecrTawis, nporpecysaHHs. Or/sg irepatypu i BIacHnx 4ocipkeHs. — 2013. — T. 17, Ne 3-4. — C. 13 -16.
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BoBOI cuctemu (BHC) saBnsieTbcsi ehepeHTHOK NaHKo
perynsauii iMyHHUX peakuin. MNMpurHiyeHHs agpeHepriyHmx
MeXaHi3MiB CYnpOBOMAXKYETbCA MNOOABSIEHHAM cneuungiy-
HOi peakuii Ha aHTureH. CumnaTMyHa HepBoBa cucTema
CTUMYIIOE OYHKLIT NiMAOIAHOT TKAHUHKW, a KaTexonamiHu
€ MefiaTopamu, IO aKTUBYKOTb NENMKOLUUTM i dharoumTu.
Peryniotounin BNNuB KaTexonamiHiB Ha iMyHHi  peakuii
peanisyloTbecs YUepe3 agpeHopeuenTopu [9,29].

KniHiyHi  cnocTepexeHHs  MNiOTBEPOXYOTb  He-
Bif'eMHicTb aucgyHkuii BHC i ropmoHanbHoro romeocTta-
3y [23,24]. MNokasaHo, WO NpOorpecyBaHHst CyAMHHOI na-
Tonorii y JIHA Ha YAEC Big dyHkuioHanbHoi (OE 1-ro
CT.) 0o opraHivHoi (IXC- cTtabinbHa cTeHokapgis Hanpyru
II-1Il ®K, OE 2-ro cT.) cynpoBoa)XyBanocst 3miHamu rino-
izapHO-TUPEOigHO-HAOHNPHUKOBOT CUCTEMU, NPUYOMY il
agjanTauinHi PyHKUiT HeyxunbHO 3racanu , a Npu NoeaHa-
Hin natonorii (IXC ta OE 2-ro cT.)- 3Ha4yHOK Mipol BU-
CHaxxyBanucb [22]. Tak, HavBULWW piBEHb KOPTMU30MYy
cnoctepiraecas npu  OE  1-ro  cT.(943,56134,48
HMonb/N),Todi sk y xBopux Ha IXC, [OE 2-ro cT. BiH OyB
BiporigHo 3HwxeHun (548,37+27,61 Ta 461,47+21,34
HMonb/N BignoBsigHo, p1<0,01, p2<0,01). Omxe, TpuBane
Hanpy>XeHHs1 KOMMEHCATOPHO-NPUCTOCYBarbHUX MNpoLe-
ciB 3 YacoM MOXe MPMBECTU OO BUCHAXEHHSI OCHOBHUX
MeXxaHi3miB aganTtadii. Y rpyni xeopux 3 noegHaHHam IXC
Ta AE 2-ro cT., nepebir sikoro Big3HayaBcs GinbL BMpa-
XKEHOK  KHiHiKO-Bi0XiMiYHO-(PYHKLIOHANBHOK  TSRKKICTHO,
piBeHb KopTusony oyB BiporiaHo 3HUXKEHUIN
(287,38+16,56 HMOnb/N) MOPIBHAHO HE TiMbKX 3 MOKas3-
Hukamu xsopux Ha [E 1-ro c1.(p1<0,01), a Takox 3 noka-
3HMkamn xBopux Ha IXC (p2<0,01) ta OE 2-ro crT.
(p3<0,01). MapanensHoO BiAMIYEHO 3MiHW BEreTaTMBHOrO
pearyBaHHSA opraHiamy XBOpuX. AHani3 NoTYXHOCTi crnek-
TPY HemporymoparnbHOi perynsuii cepueBoro putmy [5] y
pocnigpkeHux JTHA Ha YAEC BUSIBUB MOro 3HMWKEHHS 3
pocTom TsKkocTi natonorii (Mpu AE 1-ro cT. - 2367+1706
mc> , npu IXC - 1737+1241 mc?, [IE 2-ro cT.- 173741241
Mc?, IXC B noeaHanHi 3 [IE 2-ro cT.- 531+314 mc?) 3i 3cy-
BOM GanaHcy perynauii B 6ik napacMmnaTuyHOT NaHKu.

Mopi6HO [0 NokasHWUKIB KOPTU30My Yy rpynax XBOPUX
Oyna guHamika piBHS TpurMoaTUPOHiHY ( npyu OE 1-ro cT.
2,4+ 0,16 Hmonb/n , npu IXC -2,13+0,07, npu OE 2-ro cT.-
1,69+0,17, npm IXC +[E 2-ro cT.- 1,41Hmonb/n - p1<0,01,
p2<0,01, p3<0,05). PiBeHb TMPEOTPOMHOrO rOPMOHY 3Mi-
HIOBABCS CTaTUCTUYHO HEBIPOriaHO.

MigBuweHHs rinogisapHO-TMPEOiAHO-HaAHUPKOBOI Ta
cuMnaTo-aApeHanoBoi aKTUBHOCTI — HaMBaXMUMBILLMX
KOMMOHEHTIB ajanTauilHOl CUCTEMW OpraHiaMmy nioguHu
Bifirpae BaxnuBy 3axucHy ponb. Ane Tpusane Hanpy-
XKEHHS LUMX  MeXaHi3MiB 3 4YacOM MOXe CTaTu MOLLKO-
DXKyloUMM  (DakTopoM, 34aTHMM MOPYLUMTU KpOBOMOCTa-
YaHHA CWUCTEeMM i OpraHiB, 3HU3UTU IMYHITET i CNpUATU
TpaHcopMaLii yHKLIOHANbHUX CYAMHHUX MOPYLUEHb Y
TSKKI chopmu cyauHHoi natonorii — IXC, AE, 'X. He Bu-
KMIOYEHO, WO [aHi 3axBOpoBaHHS, cpopMoBaHi Ha Tni
NPOIOHrOBaHOro CTpecy, BNMBaKTbL Ha OENPECID KOM-
NeHcaTOpPHO — NPUCTOCYBabHNX MPOLIECIB, HA LLIO BKa3ye
3HKEHHHS B HALWOMY AOCHiAKeHi NOKa3HMKIB KOPTU30y,
TPUNOATUPOHIHY y xBopux Ha IXC, [E 2-ro cT. Ta 3 iX
NnoeaHaHHAM.

Cnig Bu3HaumMt , Wwo y xBopux Ha IXC i OE , gki He
6panu yyacTi y nikeigauii aBapii Ha YAEC, guHamika pis-
HIiB KOPTWU30IMY i TPMNOOATUPOHIHY 3 POCTOM TSKKOCTI na-
Tonorii 6yna NpoTUNEeXHO - BOHW nigsuwlyBanucs. Cno-
cTepirascs BULLMIA piBEHb KOPTU30My @ y XBopux Ha IXC —
y 1,4 Ha OE 2-ro cT. — y 1,5, a Ha IXC B acoujauii 3 OE
12-ro cT.- y 2 pasu, Hix y xBopux Ha [E 1-ro ct. 3miHn
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piBHA TPUWOOTUPOHIHY XapakTepuayBanuncsl Takow X
CMPSIMOBAHICTIO.

[MponoHroBaHum CTpec i HasIBHICTb CyAWHHOI NaToro-
riit y JIHA Ha YAEC npu3BogdATb TakoX A0 akTuBadii npo-
uecis MO i HanpyxeHHa CAOS3, ska NOCTYNoOBO BUCHa-
XKYETbCS B Mipy MpOrpecyBaHHsl CyaAWHHWX po3nagb
[22,24]. Lle 3yMOBMIOE YLIKOOKEHHS KMITUHHUX MeMOpaH,
NOPYLUEHHS1 MiKPOLMPKYNAUil, peonoriyHnX BlacTUBOCTEN
KPOBI, iIMYHITETY i ycknagHwe nepebir 3axBoptoBaHHA. Y
xBopux Ha IXC ta [OE, ski He 6Gpanu yyacTi B nikeigauii
HacnigkiB - aBapii, TaKOXX BUSBNEHO MiOABULLEHHS aKTUB-
HOCTi NPOOCMAAHTHOI CUCTEMW, ane Ha OOHI Hanpy>XeHHs
CAQBS BignoBiaHO 40 TSHKKOCTI naTonorii.

Hamwn pocnigxyBanuce ocobnmsocTi nepebiry IXC Y
JIHA na YAEC Ha Tni TnpeoigHo-BeretatmBHUX oucgyH-
Kuin [23]. Bigomo, wo IXC ycknagHeTbCS NOPYLLUEHHAM
BHC [3,20,21,28,30]. BaxknuBum € ix 3Ha4YeHHsA Ons Bu-
HUKHEHHS1 neTanbHUX aputMmin [8], 6e360Mnb0BOI iWwemil
Miokapaa [14], panToBoi cmepTi [27].

[pw NopiBHAHHI NapameTpiB YHKUiIOHANbHOIO CTaHy
BHC i wwutonogibHoi 3anosn (LL3) npoctexeHa 3anex-
HICTb MiX XapakTepoMm BereTaTMBHUX peakuiii i KOHLEHT-
paui€elo TUpPeOoiAHUX FOPMOHIB: CMMNATUKOTOHIT Bignosigae
X MigBULLEHHA NapacuMnaTUKOHIi- 3HWKEHHs. 3BepTana
yBary TakOX BifCYTHICTb HanexHoi BignoBidi LeHTpanb-
HUX PerynaTopHMX MeXaHi3aMiB Ha AMHaMiKy TUPeoigHMX
rOPMOHIB (Mp¥ NOPIBHAAHHI MOKa3HWUKIB TMPEOTPOMHOrO ro-
PMOHY Yy XBOPUMX SIK 3 MIOBULLEHUM, TaK i3 3HWKEHUM iX
piBHeM, p>0,5), WO MOXe CnpUATM NOrMUBNEHHIO TUPEOi-
OHUX ONCAYHKLIN .

Y xBopux 3 MigBULLEHUMW MOKa3HUKaMU TUPEOIOHMX
rOpMOHIB CMOCTEpiranock NepeBaxxHO 3pOCTaHHsI BereTa-
TMBHOI peaktuBHocTi (BP), BeretatuBHoro 3abeasne-
YyeHHs pisnbHocTi (B3[), Wwo 3ymoBnioe posnag peryns-
TOPHUX MEeXxaHi3aMiB, Mopyllye aganTauiiHi peakuii cep-
LEeBO-CYAMHHOI CUCTEMM | BMMMBAE Ha KIiHiYHI NposiBu
IXC. Y nauieHTiB nopsg 3i CTeHOKapAUTUYHUMUK CroCcTepi-
rannucb TakOX He XapakTepHi Ans Hei TpvBani po3nuTi
Goni B AinsHUi cepus,BiavyTTA CepuebuTTa , BeretatuBHi
KpU3n cumnaTo- afpeHanoBOro xapakrepa, Taxikapais,
MUroTNMBa apuTMis, ekcTpacucTtonis, nigsuwieHHs AT.
3a paHmmm peoeHuedanorpadii (PEIN) i peoBasorpadii y
XBOpUX MNepeBaxano MnigBULLEHHS CYAUHHOTO TOHYCY.
CynyTHboto IXC natonorieto yacrTile cnocrepiranu rine-
pnnasito wutonodibHoto 3anosm (MU3), MX 1 ct., MX I cT.,
OE 1-ro cT. Y XxBOpUX 3i 3HMXKEHUMU NOKa3HNKaMUN TUPEO-
IAHMX rOpMOHIB nepeBaxano 3HwxkeHHs BP i B3[. Lle €
03HaKoK MMOOKUX MopylleHb aganTauiiHuxX YHKLIA
BHC i cynpoBogxyBanoce Ha PEIN npu npoBegeHHi dyH-
KuioHanbHMX nNpo6 BigcyTHICTIO abo HaBiTb Napagokca-
NBbHOK peakuield CyAuH Ha HaBaHTaxeHHs. Lle moxe
NPVBOAUTM OO 3pMBY KOMMEH-CaTOPHUX Pe3epBiB CyauH
rOMOBHOIO MO3KY, a TakOX HeadeKBaTHOCTI KpOBOMO-
cTayaHHs Miokapaa i o6TsKeHOCTi UMM KOpoHapHOT na-
TOnorii. Y XBOpUX L€ rpynu cnocTepiranvce pecnipatop-
Hi  po3nagu, BereTto-CyAWHHI  MapokcM3mMu  Baro-
iHCYNSpPHOro XapakTepy, O3Haku cepLeBOi HeaoCTaTHOC-
Ti, Opagikapais, ekctpacucrtonis. Cepen CynyTHiX 3axBo-
ptoBaHb YacTiwe 3ycTpivyanacb W3 i AE 2-ro cT. Mpmn
PEI — pocnigkeHHi y XBOpUX nepeBaanu aHi npo 3Hu-
XKEHHS CYOWHHOTO TOHYCY, 3aTPYOHEHHS BEHO3HOrO Bif-
TOKY.

BpaxoBytoun Baxnusy ponb BHC B perynsuii cepue-
BO-CyAMHHOI cuctemn [26], Mu npoBOauNY AOCHIAXEHHS
BEreTaTMBHOIO CTaTycy B MOEQHaHHI 3 MNOKa3HMKamu
LEeHTpanbHOI i perioHapHOI reMoguHaMiku y XBOPUX Ha
IXC 3 BeretaTMBHUMM NMOPYLUEHHSMMN MPU OCTEOXOHAPO3i
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xpebTa (OX), OE, IN'L3 [25]. Y xBopux Ha IXC 6e3 cynyT-
HbOI MaToONOrii NepeBa)ana eyToHisl, aAeKkBaTHUIA Bapi-
aHT BP i B3], y 6inbwocTi (40%) cnocTtepiraBcs eykiHe-
TMYHMI TUN remoamHamikn. MNpu IXC B noegHaHHi 3 OX
nepesaxana CMMNaTUKOTOHIS i FINOKIHETUYHWIA TUM remo-
OnHamikm (cepuesun iHaekc — Cl - 1,76+0,05 J'I/XB'MZ, 3a-
ranbHUn nepudepunuHnin  onip-3NO - 2591,56165,71
JJ,VIH'CM'C_S) i MepeBaXkHO Yy XBOPMX 3 BinbLUO OABHICTIO
3axBoptoBaHHSA Ha OX, BuMpaxeHum GONbOBUM CUHAOPO-
MOM, M’A30TOHIYHUMM Ta HENPOAMCTPOIYHUMUN 3MiHaMM,
TPUBOXKHO-IMOXOHAPUYHUMKU po3nagamu. JIHA Ha YAEC
cepep Takux xsopux 6yno 59%. 3a gaHmmn PBI™ Ta PET
cnocTepiranacb pisHoHanpaBneHiCTb NOKa3HWUKIB CyaANHO-
ro TOHyCy, ane nepeBaXXHO MOro NiABULLIEHHS , LLO 3yMO-
BNtoe 3HWXKeHHs Cl i dopMyBaHHs FiNOKIHETUYHOrO TUNy
KpoBoObGiry. ¥ xBopux 3 noegHaHHam IXC Ta W3 3 nig-
BULLEHUMW NMOKa3HUKaMWU TUPEOiAHOro romeocTasy nepe-
Ba)kana cumnaTtukonartisa, niguweHHs BP  T1a B3[, tun
remoamHamika y 69,8% xBopux (3 Hux 31% - «4opHO-
OunbLUi») OyB rinepkiHeTUyHWIiA. 3a nokasHukammn PEI y
XBOPWX Big3HAYEHO O3HaKW CyOWHHOI AUCTOHIi, B HEpPBO-
BO-NCUXIYHOMY CTaTyCi Big3Ha4yanucb nigsueHa TpuBO-
XHICTb , HepBOBO-M’'si30oBa 30yanuBICTb, po3gpaToBa-
HicTb. Y xBopux Ha IXC 3 AE y 59,7% ( 3 Hux — 42% NHA
Ha YAEC) BunagkiB BUSIBNEHO MNOKIHETUYHUIA TWUM reMo-
anHamikn (Cl - 1,83+0,04 J'I/XB'MZ, 3MO - 2001,4+92,8
JJ,VIH'CM'C_S), JoMiHyBana napacMMnTOMaTUKOTOHIS,
ocnabneHHs MexaHi3miB ayToperynsuii i nepw 3a Bce
cumnatuyHoro Bigainy BHC . Y xBopux Ha OE 2-3-ro cT.
crnoctepiranocb 3HuxkeHHs 3O npu Bcix remoanMHamiy-
HUX TUNax, WO CBiAYNTb MPO 3MEHLUEHHS CUMMATUYHMX
BNNMBIB Ha CyaAWHHWIA ToHyc. 3a AaHnmmn PET y GinbLuocTi
XBOPMX CMOCTepiranock yTpygHEHHS BEHO3HOTO BiATOKY,
3HKEHHA 06’€MHOro LUBUAKOCTI MO3KOBOIrO KPOBOTOKY.
TakuMm umHOM, npw noeaHaHHi IXC | OE, ocobnueo i3
3pocTaHHAM TshkkocTi [E, ocnabnioTbCa CUMNATUYHI
(rinepepriyHi) i nigcuniolTbCa NapacuMnaTuyHi (TpodoT-
POMHi) perynaTopHi BNAmeu, OPMY€ETLCH MNOKIHETUYHNI
TUMN remoAuHaMmik1, crnocTepiralTbCcs AeNPeCcUBHI po3na-
OV | nacuBHe BiOHOLLEHHSI 0O XBOPOOMW, sike YTpyOHIOE
peabiniTauio XBopuX.

AHani3 nokasHuKiB BeretaTMBHOI piBHOBaru, ogepxa-
HUX MeToOoM KappaioiHTepBanorpadii, nokasas, LWO
HanagekBaTHILLIOK € PeakTUBHICTb NpPWU rinepKiHeTU4HO-
My TWNi reMofguHaMikn. 3HUXeHa i 3BOPOTHS peakTuB-
HICTb CBIAYUTb NPO NOPYLUEHHS B3aEMOAII epProTPponHuX i
TPOPOTPOMHUX CTPYKTYp. HalmeHLWw goctaTHa Beretatu-
BHa piBHOBara MNOEAHYBanocb 3 riNOKIHETUYHUM TUMOM
remoavHamikn i nepesaxana y xsopux Ha IXC 3 OX ta
IXC 3 [E. CnocTepiranacsi Takox Aesika 3aKOHOMIpPHICTb
3MiH B3/l npwu pisHux BapiaHTax kpoBoobiry. Mpu rinepki-
HEeTUYHOMY Bif3HayeHa HaamipHa B3[ 3a YCC T1a AT,
rinokiHeTu4yHoMy - abo HepocTaTHA, abo He y3rogxeHa 3a
KoMmnoHeHTamu (HagmipHa 3a YCC i HegocTaTHA 3a AT),
WO MOXHa po3uiHBaTW Ik Hanbinbw AucaganTaTUBHI
3MiHn. [lekomneHcauia BeretaTtMBHMX YHKLUIN nopyLuye
agjanTauinHi peakuii cepus Ta CyauH, afeKkBaTHICTb Kpo-
BOMOCTa4YaHHA MiokapAda B Pi3HUX yMoBax AisfibHOCTI i
6e3cymMHiBHO BnnmBae Ha nepebir IXC.

Taknm 4YnHoM, hopmyBaHHSA, MaHidecTauida i nporpe-
CyBaHHS CyAMHHOI naTonorii y nikeigaTopiB Hacnigkis
aBapii Ha YAEC matoTb B CBOil OCHOBI AvMcaganTauiiHi
MeXaHiamu, cepef SKUX BaXkIMBOK € POJib FOpMOHarb-
HUX MOpYLUEHb, 3MiH MPOLECIB NEPEKUCHOIO OKUCIEHHS
ninigis i cMCTeMN aHTUOKCUAAHTHOrO 3axUCTy, iIMYHHOTO
romeocrasy y TiCHOMy 3B'A3Ky 3 BeretaTuBHWMMK po3na-
AaMu LUeHTparnbHoro i nepudepuydHoro reHesy. Lie Heob-
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XigHO  BpaxoByBaTM nNpu  po3pobui  nikyBanbHO-
NPoMinakTU4YHMX 3axoAiB 3 iHAMBIAyanbHUM MigX040M A0
peabiniTauii KOXXHOro y4acHuKa Lux TparidHux i ogHovac-
HO repoivyHUX Noain.

BunoBHunock BXxe u4BepTb CTOMITTA 3 yacy YopHo-
OGunbcbkoi aBapii, ane CnNpuYMHEHi HeK MeauyHi i couia-
NbHi NpoGnemMn 3anuwaTbCs akTyanbHUMU | Ha Cboroa-
Hi. po ue cBigyaTb HedaBHi MOAii HA aTOMHIN cTaHUil
"®dykycuma" B AnoHii. Hacnigkn TexHoreHHux katactpod
NPOJOBXYHOTb XBUMIOBATU NIOACTBO.
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English version: VASCULAR PATHOLOGY IN LIQUIDATORS
OF THE ACCIDENT AT CHERNOBYL NUCLEAR POWER PLANT:
FORMATION, MANIFESTATION, AND PROGRESSING.
LITERATURE REVIEW AND OWN INVESTIGATION"

Zhdan V.M., Shtompel V. Yu.
Higher State Educational Establishment of Ukraine “Ukrainian Medical Stomatological Academy”, Poltava.

Vascular pathology keeps fundamental place in the morbidity structure among liquidators of the accident at Chernoby/
Nuclear Power Plant in spite of the remote period after the catastrophe. This determines the significance for studying
basic pathogenetic mechanisms of the diseases occurring due to the influence of complex disturbing factors. This re-
search paper shows that the liguidators of the accident at Chernobyl Nuclear Power Plant demonstrate the changes in
the indices of pituitary-thyroidal-adrenal hormones, shifts in the system of lipoperoxidation and antioxidant protection as
well as in the system of vegetative and immune regulation. These factors determine the activity of compensatory and
adaptive processes in the human body. The authors have found out that the adaptive functions of pituitary-thyroidal-
adrenal system fade inversely proportional to the growth of pathologies ranging from the functional (the first stage of
discirculatory encephalopathy (DE)) to organic (ischemic heart disorder of the second stage of disculatory encephalopa-
thy (IHD)), and these functions become weaker in combinations of IHD and DE in the liguidators of the Chernoby! acci-
dent. In the system of the free-radical ljpid oxidation for theses patients the processes of ljpoperoxidation are noticed to
become more intensive, and the compensatory tension of antioxidant protective system shows the decrease in its activity
in cases of comorbidities. There is a dependence of clinical manifestations of the diseases, hormonal and metabolic
changes, state of central and peripheral hemodynamics on the direction of vegetative regulation and pathogenetic
mechanisms of its disturbances. In proportion to the aggravation of vascular and concomitant segmental and supraseg-
mental vegetative pathologies in the liquidators of Chernoby! accident the capacity of vegetative regulation of circulatory
system fails to function normally shifting towards the parasympathetic section and unbalancing of vegetative supply.

Thus, the formation, manifestation, and progressing of cardio-vascular disorders under the influence of complex disturb-
ing factors are mainly caused by the pathological changes determined by the decrease in activity of compensatory and
adaptive processes of the organism and, therefore the proper correction is necessary.

Key words: hormones, lipid peroxidation, antioxidant system, vegetative nervous system, liquidators of Chernobyl acci-

dent.

The dynamics of morbidity among the liquidators of
the Chornobyl accident which is known as the planetary
technogeneous world catastrophe was characterized by
gradual growth starting in 1989-1990-s. The functional
syndromes as vascular dystonia, asthenic syndrome,
astheno-neurotic syndrome developed at the first stage.
Then this pathology turned into the organic one including
hypertension (H), dyscirculatory encephalopathy (DE),
ischemic heart disease (IHD). Most authors connect this
process with an action of complex damaged factors that
affected on the human organism in the conditions of lig-
uidation consequences of Chernobyl disaster. It is im-
portant to mention diseases of circulatory system are
widespread in the structure of liquidator's morbidity and
in the further period from the beginning stage of catastro-
phe [4,7,10,12]. Undoubtedly, certain commonly known
factors also contribute to the occurrence of  vascular
pathology in this population. [10,16,19]. However it is im-
possible to exclude an impact produced by the limited
adaptive resources, unbalance of many mechanisms that
may result not only in rapid development of the diseases
but in its progression as well.

We examined the liquidators of Chernobyl accident
who worked at the Chernobyl Nuclear Power Plant for
1986 -1987, when except the radial factor (a dosage of
exterior homogeneous gamma-irradiation for patients
ranged from 5 to 50 rem (roentgen equivalent man). The
mean value for 85% of the liquidators made up18.5 rem
according to the information reported by the regional mili-
tary registration and enlistment offices. These persons
were also severely exposed to the influence of chemically
aggressive substances, which were used for dust reduc-

tion and deactivation of surfaces, they also experienced
long-time chronic stress (especially in the conditions of
objective situation, which was often changing due to
many factors) which disturbed the motivational personali-
ty sphere [6]. The impact produced by the complex of
above-mentioned disturbing factors resulted in the follow-
ing consequences which included the disturbance of
general adaptative reactions, which failed to adapt to un-
wanted influences, and in some cases could lead to the
development of pathologies [2]. The failure in functioning
of compensatory and adapted process compensatory
and adapted processes mainly consists in some changes
that occur in the pituitary-thyroidal-adrenal system, in the
system of lipid peroxidation and antioxidant protection, in
immune status and hemostasis [11,15,18].

The problem of vegetative dysfunctions as one of the
leading mechanisms of dysadaptation takes on special
significance for the liquidators of Chernobyl accident
(LCA) [3,13,17]. Segmentary and suprasegmentary vege-
tative centers affect on the functional condition of human
systems and organs as well as they are responsible for
regulating blood circulation. Clinical researches convinc-
ingly demonstrate the close interdependence between
the nervous system, non-specific resistance and
immunogenesis. There has also been shown the devel-
opment of immune suppression in humans under stress
[9,18]. The investigations on immunosympathetic animals
have demonstrated the sympathetic section of vegetative
nervous system (VNS) is an efferent section in the regu-
lation of immune response. Depression of adrenergic
mechanisms is accompanied with the suppression of
specific reaction on antigen. Sympathetic nervous system

* To cite this English version: Zhdan V.M., Shtompel V.Yu. Vascular Pathology in Liquidators of the Accident at Chernobyl Nuclear Power
Plant: Formation, Manifestation, and Progressing. Literature Review and Own Investigation / / Problemy ekologii ta medytsyny. - 2013.
-Vol 17, N0 3-4, - P. 17 -20.
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stimulates  functions of Iymphoid tissue, and
catecholamines serve as mediators activating leukocytes
and phagocytes. Control influence of catecholamines on
immune reactions is performed by means of
adrenoreceptors [9, 29].

Clinical studies confirm the interrelation between the
VNS dysfunction and hormonal homeostasis [23, 24]. It
has been shown the progress of vascular pathology in
LCA which ranges from functional DE of the 1t stage to
organic condition (coronary heart disease (CHD) - stable
exertional angina of Il-lll FC, DE of the 2 stage) is ac-
companied by the changes in the pituitary-thyroidal-
adrenal system, and its adaptative functions steadily
fade, and in cases of comorbidities, for instance, in a
case of CHD and DE of the 2™ stage they become con-
siderably exhausted [22]. So, the highest level of cortisol
was observed in DE of the 1% stage (943,56+34,48
nmol/l), while in the patients with CHD, DE of the 2
stage it was likely < lowered (548,37+27,61 and
461,47+21,34 nmol/l accordingly, p1 < 02,01, p2 < 0,01).
Thus, the prolonged tension of compensatory adaptative
processes can lead to exhaustion of the main adaptative
mechanisms.

The patients with the comorbidities of CHD and DE of
the 2" stage manifested the course which was marked
by more expressed clinical, biochemical and functional
severity, and the level of cortisol was likely lowered
(287,38+16,56 nmol/l) in comparison not only with the
indices of the patients with DE of the 1% stage (p1<0,01),
but also with the indices of the patients who had CHD (p2
< 0,01) and DE of the 2 stage (p3< 0,01). At the same
time the patients were observed to show the changes in
the vegetative reaction. The analysis of neurohumoral
regulation of the heart rhythm spectrum power [5] in LCA
under the observation found out its decrease simultane-
ously with the growth of pathology severity (in DE of the
1% stage - 2367+1706 mc?, in CHD - 17371241 mc?, in
DE of the 2™ stage - 1737+1241 mc?, CHD in combina-
tion with DE of the 2" stage - 531+314 mc?) with the shift
of regulation balance towards the parasympathetic sec-
tion.

The dynamics of triiodthyronin (Ts hormone) in the
patients was identical to the dynamics of cortisol indices
(in DE of the 1t stage - 2,4+ 0,16 nmol/l, in CHD-
2,131£0,07 nmol/l, in DE of the ond stage - 1,69+0,17
nmol/l, in CHD combined with DE of the 2nd stage - 1,41
nmol/l, p1<0,01, p2 <0,01, p3 <0,05). The level of thyroid-
stimulating hormone was changing statistically uncertain-
ly.

The increase in activity of pituitary-thyroidal-adrenal
system and sympathico-adrenal system which are the
most important components of human adaptative system
performs a major protective function. But prolonged
tension of these mechanisms may turn into a damaging
factor with time, which can interfere the blood supply of
systems and organs, lower the immunity and promote
transformations of functional vascular disorders into se-
vere forms of vascular pathology as CHD, DE, essential
hypertension. It is possible to assume that these diseas-
es which have developed against the background of pro-
longed stress produce an influence upon the depression
of compensatory — accommodative processes. In our
study this is pointed out by the indices of cortisol,
triiodthyronin in the patients with CHD, DE of the 2"
stage and with their combination.

It is necessary to emphasize that the patients with
CHD and DE who did not take part in the elimination of
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the Chernobyl Nuclear Power Station accident show the
reverse dynamics of cortisol and triiodthyronin levels
which increases in accordance with the aggravation of
the pathology. The highest cortisol level was observed in
the patients with CHD (it exceeded in 1,4 times), in the
patiens with DE of the 2M stage (it exceeded in 1,5
times), and in the patients with both CHD and DE of the
2" stage this level was doubled in comparison with the
patients who had DE of the 1t stage. The changes in
triiodthyronin level were characterized by the identical
directedness.

The prolonged stress and the presence of vascular
pathology in LCA lead to the activation of lipid peroxida-
tion processes and to the tension of SAOP which gradu-
ally runs out as the vascular disorders progress [22, 24].
It results in the cellular membranes damage, the disturb-
ances in microcirculation, rheological blood properties,
immunity, and complicates the course of the disease.
The patients with CHD and DE who did not take part in
the elimination of consequences of the Chornobyl acci-
dent demonstrate the increase in the activity of
prooxidant system but against the background of SAOP
tension according to the severity of the pathology.

We investigated the characteristics of the course of
CHS in LCA against the background of thyroid-vegetative
dysfunctions [23]. It is known that CHD is complicated
with disturbances of vegetative nervous system (VNS) [3,
20, 21, 28, 30]. These disturbances rank the leading po-
sition in the development of lethal arrhythmias [8], latent
myocardial ischemia [14], sudden cardiac death [27].

When comparing the parameters of the functional
state of the VNS and the thyroid gland (TG) it is possible
to observe an interdependence between the character of
autonomic reactions and the concentrations of thyroidal
hormones: thus, sympathicotony is characterized by their
elevation, while parasympathicotony is characterized by
their lowering. Some attention should also be pain to the
absence of appropriate response of central regulatory
mechanisms to the dynamics of thyroidal hormones
(comparing the indices of thyroid-stimulating hormone in
the patients with both their elevated and lowered level, p>
0.5), that may contribute to the aggravation of thyroid
dysfunction.

The patients with elevated indices of thyroidal hor-
mones mainly demonstrate the increase in autonomic
reactivity (AR), vegetative supply of body vitality (VSV)
that determines the disturbances in regulatory mecha-
nisms, in the adaptive responses of the cardiovascular
system and affects the clinical manifestations of CHD.
The patients were observed to have not only anginal
pain, but long-lasting diffuse cardiac pain, palpitation,
vegetative crises of sympatho-adrenal character, tachy-
cardia, cardiac fibrillation, extrasystole, the growth of ar-
terial pressure. According to the data obtained by
rheoencephalography (REG) and rheovasography (RVG)
the patients predominantly had increased vascular tone.
Such conditions as the thyroid hyperplasia (TH), essen-
tial hypertension (EH) of the | stage, EH of the Il stage,
and DE of the | stage were registered to be the concomi-
tant pathologies for CHD. The patients with lowered indi-
ces of thyroidal hormones mainly manifested the reduc-
tion of vegetative reactions and VSV. This might be con-
sidered as a sign of profound disturbances in adaptive
functions of VNS and was accompanied with the absence
or even paradoxical vascular response under exertion
that was shown with the REG functional tests. This may
lead to the failure of compensatory reserves as well as to
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the inadequacy of myocardial blood supply and in this
way to the aggravation of coronary pathology. The pa-
tients of this group were observed to have the respiratory
disorders, vegetative-vascular paroxysms of vago-insular
nature, signs of heart failure, bradycardia, extrasystole.
TH and the DE of the Il stage were registered as the
commonest concomitants diseases. REG findings found
out the weakening of vascular tone and difficulties in ve-
nous outflow.

Taking into the consideration the important role of
VNS in the regulation of the cardiovascular activity [26],
we carried out the studied vegetative status conjunction
with the parameters of central and regional hemodynam-
ics in the patients who had underlaying CHD and such
comorbidities as vegetative disorders in spinal
osteochondrosis (SOCH), DE, TH [25]. The patients hav-
ing CHD and no comorbidities demonstrated the preva-
lence of eutony, adequate VR and VSV, and in most pa-
tients (40%) the eukinetic type of hemodynamics was ob-
served. In cases of CHD and concomitant SOCH the
sympathicotony and hypokinetic type of hemodynamics
dominated (cardiac index - Cl - 1,76 + 0,05 I/ min m? ,
total peripheral resistance - GPR - 2591,56 + 65,71 dyn
cm e s'5) mainly in patients who had longer course of
SOCH, pronounced pain syndrome, muscular tonic
neurodystrophic changes, anxiety and hypochondriacal
disorders. The LCA made up 59% of there patients. Ac-
cording to the RVG and REG findings there were regis-
tered differently directed vectors of vascular tone, but
mostly it increased, that led to the lowering of Cl and the
formation of hypokinetic circulation type. The patients
with CHD and increased indices of thyroidal homeostasis
demonstrated the predominance of sympathopathy was
dominated, increased VR and VSV. 69.8% patients
(among whom LCA constituted 31%) were observed to
have hyperkinetic type of hemodynamics. REG findings
pointed to the signs of vascular dystony, neuropsycholog-
ical status showed increased anxiety, neuromuscular ex-
citability, irritability.

59.7% of the patients with CHD and DE (among
whom LCA made up 42%) demonstrated hypokinetic
type of hemodynamics (Cl - 1,83 %= 0,04 I/minem?,
General peripheral resistance (GPR) - 2001,4 + 92, 8
dynes-cm-s’s), prevalent parasympathycotony,
weakening of mechanisms responsible for autoregulation
of VNS and especially its sglmpathetic division. In the
patients with DE of 2" and 3" stages GPR was recorded
to decrease in all the hemodynamic types that pointed
out the decrease in sympathetic influences upon the
vascular tone. According to REG findings most patients
had venous outflow obstruction, decreased volume and
rate of cerebral circulation. Thus, in cases of the
combination of CHD and DE, especially in increasing
severity of DE, sympathetic (hyperergic) regulatory
influences become weaker while parasympathetic
(trophotropic) ones become stronger, the hypokinetic
type of hemodynamics develops as well as depressive
disorders and passive attitude to the disease, which
complicates the rehabilitation of the patients may occur.

The analysis of parameters of autonomic balance
obtained by cardiointervalography has shown that the
most appropriate reactivity is registered in hyperkinetic
type of hemodynamics. Lowered and reversed reactivity

points to the disturbances in interaction between
ergotropic and trophotropic structures. The least
sufficient autonomic balance was combined with

hypokinetic type of hemodynamics and prevailed in

19

patients with CHD and such comorbidities as SOCH and
/ or DE. There was a particular regularity in changes of
vegetative supplying of vitality (VSV) in different variants
of circulation. The hyperkinetic variant was marked by
excessive VSV in heart rate and blood pressure, while
hypokinetic variant was characterized by insufficient or
uncoordinated with components (excessive in heart rate
and insufficient in blood pressure), which might be
regarded as the most inadaptative changes.
Decompensation of autonomic functions disturbs the
adaptive responses of the heart and blood vessels, the
adequacy of myocardial blood supply in a variety of
conditions and certainly produces an impact on the
development of CHD.

Thus, the formation, manifestation and progression of
vascular disease in liquidators of the Chernobyl accident
is based on the mechanisms of inadaptability, among
which the leading role belongs to hormonal disorders,
changes in lipid peroxidation and antioxidant protection
system, immune homeostasis in close association with
autonomic disorders of the central and peripheral
genesis. This should be taken into account when
developing patient-oriented therapeutic and preventive
measures for the rehabilitation of each member of those
tragic and at the same time heroic events.

A quarter of a century has passed since the
Chernobyl accident happened, but it gave rise to grave
medical and social consequences which are still urgent
nowadays. This is evidenced by recent events in the
nuclear power plant "Fukushima" in Japan. Unfortunately,
the consequences of technogenous catastrophes are still
threatening the mankind.
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