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Poccus

H3yueHo sausHue HebaazonpussmHuIX hakmopoes sHewHell cpedbl Ha 0CHOBHbLIE NAPAMEMPbl OKUCAUMENLHO20 CMpecca
y npakmuyecku 300po8blX uchvlmyemblX. [lpakmuvecku 30oposvle 006p080bYbl Oblau nodeepeHymul delicmauro
UCKycCmeeHHO co30aHHol unepmepmuu. Yepes nodesieHHble UHMEPBAIbI 8PEMEHU Y YHACMHUKO8 UCCAe008aAHUS
onpedeasiauyposerv M/JA 8 naasme Kposu, AKMugHOCMb K/AH04Ye8blX AHMUOKCUOAHMHBIX hepMeHmo8 8 3)pumpoyumax.
Iocsae 30 dHell npebbleaHus 6 ycA08UAX 2unepmepMuu y UCnblmyembsix OblL10 8blsI8AEHO cmamucmu4ecku
3Hauumoe ygeaudeHue codepxcanusi MJJA (Ha 62 %), a makace cHudxceHue akmusHocmu kama.aaswel (Ha 11 %) u
aaymamuoHnepokcudaswet (Ha 19 %).

Knto4yeBbie cnoBa: akTuBHble popMbl Kuciopoaa, cBoboaHopaankaibHoe OKUCAeHue, MaaoHuAananbaerns, Ka-
Tanasa, rinyraTMoHnepokcuaasa, Cynepokcuancmyrasa

OXIDATIVE STRESS IN HYPERTHERMIA
M.K. Osyaeva, A.K. Tikhaze, V.Z. Lankin

Russian Cardiology Research and Production Complex, Moscow, Russia

Oxidative stress is a risk factor for disease development and cardiovascular system, diabetes, neurodegenerative
diseases, etc. The resulting product is thus free radical lipid peroxidation - malondialdehyde (MDA) is atherogenic
modification of low density lipoproteins (LDL), so that they acquire the ability to be rapidly accumulated in the cells
of the vessel walls, causing pre-aterosklerotic lipoid damages. The aim of this study was to investigate the effect of
high temperature (one of the environmental factors) for key operating parameters: the content of secondary products
of free radical oxidation polyene lipids - MDA in blood plasma and erythrocyte antioxidant activity of key enzymes.
Hyperthermia was triggered in practically healthy volunteers (6 males, 22-46 years). The analysis was made using
a recording spectrophotometer Hitachi-557 (Japan). The statistical analysis was performed using the non-paramet-
ric Wilcoxon-test (AtteStat program). MDA levels in the blood plasma, the activity of key antioxidant enzymes in
erythrocytes were determined through divided intervals in study participants. A significant increase in MDA content
(62 %) and reduction of catalase activity (11 %) and glutathione peroxidase (19 %) were revealed after 30 days in
the conditions of hyperthermia test.
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Hapyuienue peryasuuu cBo60JHOpaJUKaIbHbBIX
peakU Ui CONPOBOXAAETCS HEKOHTPOJUPYEMBIM He-
¢dbepMeHTAaTUBHBIM OKHCJIEHHUEM TOJIMEHOBBIX JIMTTHU0B
Y aBTOOKHC/IEHUEM YIJIEBO/IOB, a TAK)KE OKUCIUTEIbHBIM
MOBpEeXJAEHHUEM GEJIKOB U HYKJEHUHOBBIX KUCJIOT, YTO
NPUBOJUT K BOSHUKHOBEHUIO TaK HAa3bIBAEMOT'0 OKHC-
sutenbHoro crpecca (0C) [4, 8], xapakTepHu3ylolierocs
HaKOIlJIEHWEeM NepBUYHBIX (OpraHUYecKue rujporne-
POKCH/bI) U BTOPUYHBIX (KapOOHU/IbHbIE COeJUHEHHS)
BbICOKOTOKCHUYHBIX IPOAYKTOB CBOGOJHOPAAUKAIBHOTO
OKHCJIEHHS B KPOBU U TKAHSX BCJIEACTBUE YCUIEHHOTO
reHepUpoOBaHUs aKTUBHBIX ¢opM kuciopozaa (ADK),
TaKUX KaK CyNepOKCHUAHbIA aHUOH-PaJUKaJ, NepoK-
cu/J, BOLOpoJa U Jp. U/WJIU NMOJaBJeHUsI aKTUBHOCTH
yTuansupyrommux APK aHTHOKCUIaHTHBIX GepMeHTOB
[4, 8, 12]. Kpome Toro, OC siBisieTcs paKTOpOM pHcKa
BO3HUKHOBEHHUSI U pa3BUTHSA 3a00J1eBaHUH CepZleuHO-CO-
CYZAMCTON CHCTEMBbl, CaxapHOro AuabeTa, HelipoJereHe-
paTUBHBIX 60Jie3Hel U Ap. [4, 3, 7, 13]. O6pasyrowuiica
npu OC npoAyKT cBOGOAHOPAZAMKAJIbHOTO OKUCIEHUS
JIMIIMJIOB — MaJIOHOBBIHN guanbaerus (M/IA) - BbI3bIBaeT
aTeporeHHy0 MoAuUKALUIO JUIONPOTEUZ0B HU3KON
miotHoctH (JIITHIT), BcieacTBre yero oHU npuobpeTa-
I0T CIIOCOBHOCTb YCKOPEHHO HaKaIlJIMBAaTbCS B KJIeTKaX
CTEHKH COCY/IOB, BBI3bIBAsA NIPeAaTEPOCKIEPOTHIECKHE
JIMTIOU/I03HbIE TOBpexaeHus [ 5, 6,9, 14]. Llesnbio HacTos1-

11ei paboThI GBIJIO0 UCCIEJOBAHKE BIAUSHUSA IIOBBIILIEHHON
TeMIepaTypbl (OJUH U3 He6JIaronpUsATHLIX GaKTOPOB
BHeLIHeH cpe/ibl) Ha Kito4eBble mapameTpbl OC: cozmep-
>)KaHHe BTOPUYHOTO NPOJYKTA CBOGOJHOPAUKAIBHOIO
OKHUCJIEHUS MOJIMEeHOBBIX aunuzsos (M/IA) B niasme
KPOBHU M aKTUBHOCTb KJIIOYEBBIX 9PUTPOLUTAPHBIX aHTU-
OKCHU/IQHTHBIX GEepMEHTOB.

MATEPUAJ1bl U METObl

B uccnespoBaHue, KOTOpoe NPOBOAUJN Ha 6ase
MeJHMKO-TexHu4Yeckoro komiiekca (MTK) UHcTtuTyTa
MeJIMKO-6100oTuYecKux npo6sem PAH, Bkatouuan
6 MpaKTHYeCKH 37J0POBBIX A0OPOBOJIbLEB MY CKOTO
nmoJia B Bo3pacTe 22-46 neT. Bce yyacTHUKHU 3Kcne-
pUMeHTa NMPOILJIHU NpeJiBapUTelbHOEe MeAULMHCKOe
ob6csejoBaHUe U NMOJNUCAAU UHPOPMUPOBAHHOE CO-
rjacve Ha BKJIIOUEHHUe B HCCIeZloBaHUe. B TeyeHue
30 nHel J0GPOBOJIBIBI IPOKHUBAJIU B OTPAaHUYEHHOHU
M30JISILIUU B UCKYCCTBEHHO CO3/JaHHbIX KJIMMaTHYeCKUX
YCJIO0BHUSX, UMEBIIUX MeCTO B UwJie-aBrycte 2010 r.
B I. MockBa. TemnepaTypa B JHeBHOe BpeMs KoJieba-
Jack B npezenax 30-38 °C npu BaaxkHoctu 30-60 %;
TeMIlepaTypa B HOYHOe BpeMs cocTaBJsiiaa 23-31 °C
npy BaaHOCTU 50-75 %. Bce nepemelieHUss Mexay
NOMeIleHUAMHU ObLJIM CTPOTO perJiaMeHTHPOBAaHbI JJis
npesoTBpalleHUsl HapylleHUH yCTaHOBJIEHHBIX Napa-
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MEeTPOB OOMTAHUS; HOPMAaTUBHBINA YPOBEHb MUKPOOGHOU
06CceMeHeHHOCTH ra30BON cpeibl MOAJEpKUBAJICH 32
cyeT paboThl yCTAaHOBKH //151 06e33apaKMBaHUsA BO3/1yXa.
B3aTHe BeHO3HOU KPOBU MPOBOAU/IN yTPOM HATOILAK B
BaKyTelHepbl pupmbl Monovette, cogeprxkauiue 3/TA B
KauecTBe aHTUOKCHUJAAHTA U aHTUKoarynsaHTa. Cogep-
»KaHHe BTOPUYHBIX IPOAYKTOB CBOGOJHOPaMKaIbHOIO
okuceHus (nmpeumyilecTBeHHO M/IA) B n1a3Me KpOBU
OTpesesisiJiv 110 peakluu ¢ 2-TU06ap6UTypOBOM KuC-
JIOTOH B KUCJIOU CpeJie, aHAJIU3UPYs KOJIUYeCTBO 06pa-
30BaBLIETOCsl TPUMETHHOBOTO KOMILJIEeKca NpU 532 HM
[2]. AKTUBHOCTb KaTaJjia3bl ONpeessid 0 CKOPOCTU
YTUJIM3aLMU [IepOKcHa Bojopoza npu 240 uMm [1]. 3a
e/JMHULY aKTUBHOCTH KaTasla3bl IPUHUMAJIU KOJIhYe-
CTBO ¢pepMeHTa, He06X0AMMOe /Jis BOCCTAaHOBJIEHUS
1 mxmosa H,0,/MKH. AKTUBHOCTb CeJleH- CoJiepKallen
riyTatTuoHnepokcuaassl (GSH-Px) onpegesnsiiu B conpsi-
YKEHHOU TJIyTaTUOHPEeAYKTA3HOU CUCTEME 110 CKOPOCTHU
okucsaenuss NADPH npu 340 uwm [1]. [Ipu pacuere Ha-
YaJIbHOW CKOPOCTU BBOZAUJ/IU NIONIPAaBKy Ha HedpepMeHTa-
TUBHOEe OKHCJIeHHe IJIyTaTHOHA 3a BpeMs peakLMu. 3a
euHULYy akTUBHOCTH GSH-PX mpyHHMManu KoJM4ecTBO
bepMeHTa, HE06X0AUMOE [JI1 OKUCJTIEHUsA 1 MKMOJIs
GSH/MUH. AKTUBHOCTb aHTHOKCU/JAHTHBIX GepMEHTOB
BbIpaxasu B eJj/THb; pe3ynbTaThl, IpeAcTaBleHHbIe
Ha pUCYHKe 1, BbIpakeHbI B MPOLEHTAX OT UCXOJHOTO
ypoBHs1. Onpe/iesieHUsI IPOU3BOAMJIY, UCIIOJIb3YS PEru-
ctpupytomui cnektpodorometp Hitachi-557 (Anonus).
CTaTucTUYeCcKy0 06paboTKy pe3y/IbTaTOB IPOBOJUIIH,
HCIO0JIb3Ys HellapaMeTpUieCKUH KpUTepuil BUuikokcona
(mporpamma AtteStat).
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Puc. 1. Vi3meHeHne cogepxaHns MasOHOBOrO ananbaernaa
B nia3me Kposu (3), a TakKe akTUBHOCTU MyTaTUOH-
nepokcuaassl (1), katanassl (2) B apuTpoLmTax mc-
NbITYEMbIX MPY 9KCNEPUMEHTANIbHOWN rMNepTEPMUN.

PE3YJIbTATbl U UX OBCY>XXAEHUE

['nepTepMusi MOXKET IPOBOLMPOBATh 1OBbILIEHHOE
renepupoBanre AOK [10, 11]. [Ipu cBo60gHOpagUKaIb-
HOM OKHUCJIEHUU JIMNIUZOB B IJ1a3Me KPOBY HaKallJMBa-
eTcss M/IA, KOTOPBIN MOXHO pacCMaTpUBaTh B Ka4eCTBe
mapkepa OC [4, 8, 12]. CTanMoHapHasi KOHLIEHTpaLUs
M/IA B 1a3Me KpOBH onpefiesisieTcsl ABYyMst paKTopaMHu:
BO-TIEPBbIX, UHTeHCUPUKanuel o6paszoBanuss ADPK u
CBOGOZHOPaAUKAIBHBIX UHTEPMeANATOB, HHULIUHPY-

IOLUX OKUCAEeHHUe JUIUAHOro cy6erpara [4, 8, 12] u,
BO-BTOPBIX, CHI)KeHUEeM 3QPEeKTUBHOCTH NPUPOLHBIX
AHTUOKCHIAHTHBIX CUCTEM, BK/IH0Uasi aHTUOKCUAAHTHbIE
depmenThl, yTUAM3UpyOLKe ADK 1 [pyrue npookcu-
JaHThI [4, 8, 12]. Pe3ysibTaThl HALIKX NPE/IIECTBYOIIUX
HCcCaeL0BAaHUHM yKa3bIBajJd Ha TO, YTO YBeJUYEHUE
YPOBHSI IPOAYKTA CBOGOJHOPAUKAIbHOTO OKHUCIEHUSA
M/IA npu ofHOBpPEMEHHOM IOJABJIEHUN aKTUBHOCTHU
AHTHUOKCU/IAHTHBIX GepMEHTOB ABJISETCS HaJeKHbIM
kputepueM Hanuuus OC [1, 2]. [IpupogHbie aAuKap6o-
HUWJIBI, B YacTHOCTH M/IA, MOryT MHTMOUPOBATh AHTH-
OKCHJAHTHbIe $epMEHTHI, YTO JOKHO IPUBOJUTH K
yBeJIMYEHHIO CTallMOHAPHON KOHLIEHTPaLMi TOKCUYHbBIX
aJIb/IETU/IOB B IJ1a3Me KPOBU U YCYTYOBJISTh IPOSIBJIEHUS
OC BcaepcTBUEe cHHXKeHUA 3QGEeKTUBHOCTH YTUIN3ALUU
A®K [1]. Ucxoas U3 3TOTO, B YCJIOBUSX FHIEPTEPMUHA
MOXHO ObLJIO 0XUJATh NposiBaeHUa OC, B 4aCTHOCTH
yBeJIMYeHUe CoAepraHUsl MPOAYKTOB CBOGOAHOPALU-
KaJIbHOI'O OKMCJIEHUsI U OJJHOBPEMEHHOe CHUXKeHUEe
AKTUBHOCTH aHTUOKCUJAHTHBIX pepMEHTOB B KPOBH. 3a
BpeMsl HCCJleJOBaHUSA y UCTIbITYEeMbIX CYLIeCTBEHHO Bbl-
poc (Ha 62 %; p < 0,001) ypoBeHb OZJHOTO U3 OCHOBHBIX
IPOJYKTOB CBOOOJHOPAAMKAJIBHOTO OKUC/IEHHUS 0-
JINEHOBBIX TUNUA0B - M/IA - B 1azMe KpoBH (puc. 1) u
OJIHOBPEMEHHO B 3pUTPOLUTAX CTATUCTUYECKH 3HAUUMO
CHU3UJIACh AKTUBHOCTb aHTHOKCUJAHTHBLIX pepMeH-
TOB KaTaJsasbl (Ha 11 %; p < 0,01) u GSH-Px (Ha 19 %;
p < 0,045), oTBETCTBEHHBIX 32 YTUIU3ALUIO IEPOKCU/A
BOZ0POJA U JIMIIOIMJPONEPOKCUO0B (puc. 1).

CyieoBaTe/NIbHO, OJYYEHHbIE JaHHblE 0JHO3HAY-
HO JI0Ka3blBAaIOT, YTO NPU MOJEJUPOBAHUU SKCTpe-
MaJIbHBIX YCJOBUM NMPUPOAHOU Cpesbl Y YYaCTHUKOB
akcnepuMeHTa pa3Buica OC. 3To noATBepKAAETCA
KaK CylLleCTBEHHbIM yBeJMYEeHUEM yPOBHS MPOAYKTA
CBOOOAHOpaAUKaIbHOrO oKucaeHuss - MJIA, - Tak u
CTAaTUCTUYECKU 3HAYUMbIM CHUXXKEHUEM aKTUBHOCTH
KJIIOUEBBIX aHTUOKCUJJAHTHbIX GepPMEHTHBIX CUCTEM
(katasnasel U GSH-Px), 4To, corsiacHO JaHHBIM paHee
BBINOJIHEHHBIX HAMH HcCJIeZ0BaHui [1, 2], ABaseTcs
xapakTepHbIM nposiBieHueM OC. B mociesHue rofbl
06Ccy>/jaeTcsl BOSMOXKHOCTb Pa3BUTHS OCJI0KHEHUH 3a-
60J1eBaHUI CEPIEYHO-COCYJUCTOMN CUCTEMBI, CBSI3aHHBIX
€ I7106a/IbHBIM U3MEHEeHHEeM KJIMMaTU4eCKUX YCJI0BUH.
[TocKoJIbKY MOXXHO CUMTAThb yCTAaHOBJIEHHBIM, 4To OC
WrpaeT BaXKHYIO POJIb B 3TUOJIOTUM U NaTOreHese aTe-
pOCKJiep03a U ero ocJoKHeHuH [4, 7, 13], ucxons us
pe3yJIbTaTOB HACTOSAILEro UCCAe0BaHUsl, HeTaTHBHOE
BJIMSIHME aHOMAaJIbHbIX OBBIILIEHUH TeMIIepaTyphl OKPY-
»Karllel cpefibl B IPOrpecCUPOBaHUM aTepoCKIepo3a
HeJb3s1 HeJOOLLeHUBATbh.
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