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METABOJIN3M HUTPO30OTHNOJIOB IIPU AJVIEPTUYECKOM BOCITAJIEHUN

Ouabra Bragumuposna KO3WHA

TOY BIIO Cubupckuii eocyoapcmeenubiili meduyurckuii ynueepcumem Poczdpaea

634050, e. Tomck, Mockoeckuii mpakm, 2

B 0630pe paccMOTpeHbI TyTH U MEXaHW3MbI 00pa30BaHMsI HUTPO30THOJIOB. [IpoaHaTM3UPOBAaHO YYacTHe JaHHBIX MeTa-
GOJIMTOB OKCHUJIa a30Ta B PETYJISILIMU aJUIEPrMYECKOro BOCTaleHUs] U (DOPMUPOBAHUN OKUCIUTEILHOTO U HUTPO3WIUPYIO-

1IIETO CTPECCOB TIPH OPOHXUATBHON acTMe.

KiroueBbie cioBa: MCT36OJ'[I/I3M, OKCHJI a30Ta, HUTPO3OTUOJIbI, aAJUICPTUICCKOC BOCIAJICHUE.

ITo coBpeMeHHBIM MpEACTaBJICHUSIM BOCIaJIEHUE
nIpixatebHBIX ImyTeit (AI1) ciyXXuT OCHOBHBIM MOp-
¢onornueckuM TIPU3HAKOM OpPOHXMATBbHON aCTMBbI
(BA), ompenmensiolinM €€ KIMHUYECKUE CHMIITO-
MbI [1]. OgHUM U3 BaXKHBIX JIEMEHTOB XPOHUYECKO-
0 BOCIAJICHUS M TUIOKCUYECKOTO COCTOSIHUSI IIpU
BA saBnsieTcst HapylieHUe KJIETOYHOIO MeTaboJiM3Ma.
IIpu maronormyeckux IMporeccax, KOrga TeMIIbl Te-
HepupoBaHMSI aKTMBHBIX (opM kuciopoga (ADK)
MPEeBBIIIAIOT (PYHKIMOHAJIbHBIE BO3MOXHOCTU aHTH-
okcugaHTHou cuctembl (AOC), dopmupyercs coc-
TOSTHME, 0003HAYaeMoe KaK OKUCAUMEAbHbI cmpecc.
VYcyryonenue metaboau3aMa MPOUCXOAUT TIPU COMYT-
CTBYIOLIEC MHTeHCHM(UKaLUX OO0pa3oBaHUsl OKcHIA
azota (NO*), kotopslii B3ammopeiictByeT ¢ ADK ¢
obpa3zoBaHMeM aKTUBHBIX (hopM a3zora (ADPA), ompe-
JEJISTIOINX UHUILMALIUIO HUMPOUAUPYIOUe20 cmpecca
B opranm3me [2]. BciencTtBme MHOroo6pasms XuMH-
YeCKUX peakiuil 1 KOpoTKoro reproaa xu3Hu ADA
MX TOYHasg MeTabosiMyeckas cyapda in Vivo OCTaeTcs
HesicHoi. Kpome TOro, mouytu HEBO3MOXHO TMPUITU-
caThb KaKoi-1m00 3 @EeKT B €CTECTBEHHBIX YCIOBUSIX
onpeaeneHHoMy Metabonuty NO°. TeM He MeHee He-
KOTOpble cTabmwibHble GopMbl ADA onpenesiorcs B
KMIKOCTHBIX Cpeflax W TKaHsSX opraHusma [3].

B marHOM 0030pe paccMOTpPEeHBI BOIIPOCHI, KACcaro-
myecsi MeXaHM3MOB 00pa3oBaHUs, MeTabojau3Mma u
perymsauuu HUTpo3otuojoB (RSNO), Bkmovas Omo-
XUMMYECKNE M TeHETUYECKHME aCIEKThl pPa3IMYHbBIX
MaTOJIOTMYECKUX ITPOIIECCOB, CBSI3aHHBIX C Hapylle-
HueMm Mmetabonusma NO*° ipu BA.

[Ipexne yeM mepedTH K TMOAPOOHOMY OITMCAHMIO
HAKOIUIGHHBIX K HACTOSIIEMY BpEeMEHM HaHHBIX O
B3anMoIIpeBpameHusx mMetadoamutoB NO* B mpoliecce
aJUICPrM4eCKOr0 BOCIIAJICHUSI, XOTEJIOCh ObI 0003Ha-
YUTh OMOJIOTMYECKUE KOMIIOHEHTBI, YyBCTBUTEIbHBIE K
CABUTAM PEIOKC-TIOTEHIIMAJIA KJICTOK M UTPAIOIIIE POJIb
B CTAaOMIM3AIMU OKUCIUTEIbHO-BOCCTAHOBUTEIHLHOTO-
TOMEOCTa3a Ha KJIETOYHOM, OpPraHHOM U OpraHM3MEH-
HoM ypoBHe. CorIacHO COBPEMEHHBIM IIPENCTaBICHM-
sIM, 0oDeCIieYeHre BOCCTAHOBJICHUSI PEIOKC-TOMEOCTas3a

3aBMCHUT OT CHUCTEMbl AHTHOKCHUIAHTHBIX (DEPMEHTOB,
CHCTEMBbI TPAaHCIIOpTA LIXMCTEMHA, TeMOKCUT€HA3bl U THO-
penokcuHa. ®epmentaTnBHast AOC BKIIIOUAET CyIepoK-
cummuemytasy (COJ), myTaTMOHIEpOKCHUIA3y, KaTajia-
3y. K HepepMeHTaTUBHBIM aHTUOKCUIAHTAM OTHOCSITCSI
ackopbuHoBasi kuciora (BuramMmuH C), a-ToKodepo
(ButamuH E), rmyratmon (GSH), kapotuHouasl, ¢ia-
BOHOMABI M nAp. bajmaHc 3Toil CHCTEMBI CYILIECTBEHEH
JUTSI BBDKMBAHWS OpraHW3Ma U COXPAaHHOCTU 30POBbSI.

B psime paboT mpomeMOHCTPHUPOBAHO, YTO IIPU
YCWJIEHUM CBOOOMHOPAAMKAIbHBIX TIPOLIECCOB Y
0oJIbHBIX JeTKoi BA HabmogaeTcss MHAYKLUS aHTHU-
OKCHMIaHTHOM 3allMThI, MPUBOISIIAS K YBEIUUCHUIO
aktnBHOCTH (depMmeHTOB AOC. Ilo Mepe yTsKene-
HUS TeyeHUsI BA BO3HMKAaeT HECOOTBETCTBUE MEXIY
CKOPOCTHIO CBOOOTHOPAAMKAIBLHOTO OKHWCICHUS U
BO3MOXHOCTSIMU aHTUOKCUAAHTHBIX (DEepMEeHTOB,
YTO MPUBOIMUT K MHTUOMPOBAHUIO TTOCTenHUX [4, 5].
Suzy u coaBT. moka3zaHa cTabuiabHOCTh paboTel AOC
Yy 3I0POBBIX BOJOHTEPOB B OTBET HA BBEJCHUE all-
JepreHa (IokazaTeJu U3Mepsiii B OpOHXOAaJlbBEO-
JsipHOM JaBaxe). HampoTtus, y 6onbHBIX BA uepes
HECKOJIbKO MUHYT Mocjie OpoHxocmadMa Habioaa-
Jnoch cHkeHue aktuBHoctu COJI (33 = 11 mpotuB
69 = 14 EJ1/mi, p = 0,002), ypoBasa GSH (165 % 46
nmpotuB 282 + 66 MkM, p = 0,015) 1 CKIIOHHOCTb K
MOBBIIICHUIO COAEPKAHUS OKUCICHHOTO TIJIyTaTHUO-
Ha (15 £ 8 mpotuB 8 * 2 MxM, p = 0,33), 4To MO~
TBEpKIAaeT MOTEHIIMAJIbHO BO3MOXHBIN BKiag ADK
n ADA B Bocrtanenue I [6].

Layratnon. Ctpykrypa, MeTa0013M, (DYHKIMH

KirroueBoit aHTMOKCUAAHT W PemoKc-0ydep KieT-
KM — TpunenTtun riayratuoH. GSH cuuTaloT oiHUM U3
OCHOBHBIX ITPOTEKTOPOB IPU OKHCIUTEIBHOM CTPEC-
ce, CBOeoOpa3HOl «JIOBYIIKOil» CBOOOMHBIX paguKa-
JIOB, KOTOPBII CIIOCOOEH K S-TIyTaTUOHWIMPOBAHUIO
6enkoB [7].

Thymamuonosas cucmema BKIIOYaeT B CeOsT TIIy-
TatuoH (L-ramma-riyraMui-L-UuCTeMHWITIULNH),
[JIyTaTHOHIIEPOKCHIA3y, IJIyTaTUOH-S-TpaHchepasy
(GST), rmyraTUOHpEAYKTa3y.
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GSH — HU3KOMOJEKYISIPHBIN TUOJI, Npeodianaro-
it (90—95 % ot Bcex BHYTPUKIIETOYHBIX HU3KOMO-
JIeKyJIsIpHBIX SH-comep:kaliyx coemnMHEeHU ) BO MHO-
TUX PACTUTEIbHBIX, MUKPOOHBIX M BO BCEX KUBOTHBIX
KJIETKaX, B KOTOPBIX €ro MOJIIpHasi KOHIICHTPAIUs
(1—15 MM) BoiIIe, YeM KOHIIEHTPAIS OOJIBIIMHCTBA
oprannyeckux BellecTB. GSH m3o0miyer B 1IUTO30-
ae (1—11 MM), sanpe (3—15 MM) U MUTOXOHAPUSIX
(5—11 MM), sBasisch TIaBHBIM BOIOPACTBOPUMBIM
AHTUOKCUJAHTOM 3TUX KOMMApPTMEHTOB KJeTKu [7].
Bbuocunres n katabommsm GSH omnuchIBaloTcs Tak
Ha3bIBa€MbIM TJYTAMUJIbHBIM IIMKJIOM. [Ipubnusu-
TeabHO 90 % TayTaTMOHA HAXOOUTCS B BOCCTAHOB-
sneHHoM cocrosgsHuu — GSH u oxono 10 % B HopMe
MpUXOAUTCSI Ha okuciaeHHyio ¢opmy — GSSG, mm-
cynbua TIyTaTUOHA.

ITockoneky GSH cuHTE3MpyeTcsT B LIMTO30JIe, a
B MUTOXOHIPHUSIX OTCYTCTBYIOT (DepMEHTHI, HE00-
xomumble miag cuHTeda GSH, To ero MuTOXOHAPU-
AJIbHBII IIyJI TIOIOJHSETCS ITyTeM OBICTPOM aKKyMy-
gsuun GSH u3 uuroruiasmel. OnucaHoO HECKOJIBKO
MUTOXOHAPHUAIbHBIX O€JIKOB, TPaHCIOPTUPYIOIINX
GSH: GSH-tpaHcnokasbl, AWKAapOOKCUJIATHBIA U
2-0KCOTJTyTapaTHbI MepeHoCcYnKH [§].

GSH saBnsercst cy0cTpaTOM aHTUMOKCUIAHTHBIX
¢epMEeHTOB, KOTOpbIE YYACTBYIOT B OOECHEeYECHUU
aHTMOKCUIAHTHOM 3alllUTBl OT 3HAOTCHHBIX M 3K-
30reHHbIX IIpookcugaHToB. GSH mnopmepxuBaeT
OKHCJIMTEJIbHO-BOCCTAHOBUTEIbHBIN  OaylaHc, He-
obxoauMbIi g penapauuu U skcrnpeccun JHK.
XopourM MapKepoM OKHMCIHMTEJIbHOTO CTpecca B
OpraHu3Me SBIISICTCSI YMEHbIIEHWE BHYTPUKIIETOU-
Horo cooTtHoueHuss GSH/GSSG. OxucautenbHbIi
CTPECC MOXET MPUBECTH K CYIIECTBEHHOMY HaKO-
mwieanio GSSG, 4TO, B CBOIO OUYepedb, MOXET BbI-
3BaTh OKHUCJICHME TUOJIOBBIX TPYMII OCJIKOB ILIa3Mbl
n (unu) 6eJKoB OazojiaTepajbHBIX MEMOpPaH KJIETOK
TKaHU M MX MHaKTUBanuio [9]. O posm BHYTpPUKIIE-
TouHOro M BHekjJeToyHoro GSSG u3BeCTHO He-
MHoro. IIpoaeMmoHcTpupoBaHoO in vitro, yto GSSG
B BBICOKMX KOHIEHTpALUAX M3MEHSIET aKTUBHOCTh
depmeHTOB [10], BEI3BIBAET alloNTO3 B KJICTKaX JICH -
kemMuu dejoBeka JuHuu U937 M B KieTKax SMu-
JEePMOUIHON KapLMHOMBI yejaoBeKa JuHuu A431 ¢
ydyacTueMm kacra3z 3 u 9 3a cueTr HmayH-peryisuuu
aHTHAMNOITOTUYeCKOro Oenka Bcel-2, akTuBanum
MAP-kuna3s p38 [11, 12].

I'naBHble 3awumnusie @ynkyuu GSH HampaBieHbI
Ha YCTpaHEeHWEe OKHCIUTEIBHOTO CTpecca U pe3roMu-
poBanbl Masella u coaBr. [7]:

1) GSH — xodakTop HECKOJbKMX (DepMEHTOB
AOC, nanpumep rayratuonnepokcunassl, GST;

2) GSH yyacTByeT B TpaHCIIOpPTE aMUHOKMUCIOT
Yyepe3 Ia3MaTuIecKylo MeMOpaHy;

3) GSH Ha pa3HBIX YPOBHSX CIIOCOOEH IIPEPhIBATh
MPOLIECCHI, IPUBOIAIIME K aKTUBALUM IMEPEKUCHO-
ro OKHWCJEHMS JIMIUAOB, HedepMEHTaTUBHO 00e3-
BpEXMBasi TMAPOKCWJIBHBIA paguKadl W CUHIJIETHBIN
KHCJIOPO, KAaTaJIUTUYECKH 3a CUET IJIyTaTUOHIIEPOK-
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cuIasbl — TEPEKUCh BOAOPOAA, 3a CUET TJIyTaTUOH-
nepokcnpaspl 1 GST — ruapomnepekucH JUITHAOB,
Ha BCEX YPOBHSIX YMEHbIIAsh KOJUYECTBO CBOOOMHBIX
paavKajoB;

4) GSH cnocobeH BOCCTAaHOBUTH IO aKTUBHOMN
¢opmul Buramnuel C n E [13].

CI10COOHOCTh INIyTaTMOHA BOCCTAHABIMBATh CaMbIe
BaXKHbIE aHTHMOKCHUIAHTHI CBI3aHA C PEIOKC-CTaTyCOM
mapel GSSG/2GSH. YcraHoBlIeHa BBICOKAsST YYBCTBH-
TEJIbHOCTh K CABUTaM ITOCJICAHEro IJIs LIEJIOTo psiaa
0eNKOB, y4yacTBYIOLIMX B Ipoliecce Tepeaayu pery-
JISTOPHBIX CUTHAJIOB, TAKMX KaK TPAHCKPUIILIMOHHBIC
daxropsl NF-xB, AP-1, nporennkuHassl JNK, p38 u
MAPK, kmHaza penenrtopa K MHCYJIUHY, CEMEICTBO
TUPO3MHOBLIX ocdaras u ap.[14].

Taymamuonnepokcudasza  kamaauzupyem  peax-
I, KOHEYHBIMU IIPOAYKTAMU KOTOPBIX SIBJISIOTCS
OKMCJICHHBIN TJIYTaTUOH M BOJAa, JUOO OKMCIEHHBIN
[JIyTaTAOH U CIIUPT, — IIPOM3BOMHOE KMPHOM KHUC-
JIOTBI WJIM JPYTOro MOABEPTHYTOTO IIE€POKCUIALINN
BeleCTBa, OOBIYHO He 00Jamalolee KJIeTOYHOI TOK-
CUYHOCTBIO:

2GSH + H,0, - GSSG + 2H,0
2GSH + ROOH — GSSG + ROH + H,0

HeobxomumMo OTMETWUTH, YTO TIIYyTATMOHIIEPOKCH-
Jla3Hasl peakivs in vivo SIBJISIETCSI OCHOBHBIM ITyTEM
obpazoBannsa GSSG, MMEIOIIEro BEICOKYIO OMOJIOTH -
yeckyio aktuBHOCTh. GSH paccMarpuBaloT B KayecT-
BE OCHOBHOI'O KOMIIOHEHTa peloKc-Oydepa KIETKH,
YCTOMYMBO MOAAEPKUBAIOLIETO XapaKTEPHYIO IJIST Hee
BOCCTaHOBJICHHYIO cpefy. TakuM o0pa3oM, BEITIOJTHE-
Hue epMeHTaMM CHUCTEMbI IJTyTaTUOHA (PYHKIIUIA 110
MOJIEPKAHUIO TUOJI-IUCYIB(UIHOIO paBHOBECUS U
AHTUOKCUJAHTHOM 3alllMThl BO MHOTOM OIIPEIE/IsSIeTCs
BO3MOXHOCTSIMU KJIETKH IO OBICTPOI HapabOTKe BOC-
CTaHOBJICHHOW (hOPMBI TIyTaTHOHA.

Xumnueckne B3ammoneictsusgs wmexny GSH n
ATKUIMPYIOIIMMU COSAMHEHUSIMU  Kamaauupyromes
GST [15]. DT epMeHTH! 3alUUIIAIOT OT Pa3JIMYHBIX
TOKCHYHBIX IIPOAYKTOB IEPEKMCHOTO OKMCICHUS JIM-
muaoB (TUMa 4-ruApOKCUHOHEHAIIS ), T00aBIsIsI MOJIe-
kyay GSH x Tokcuny. Ilpu 3Toil peakuuu 3amachbl
muToxoHAapuaabHoro GSH pacxomyrooTcst 1 B mocie-
JIYIOLLIEM BOCITOJIHSIIOTCSI U3 LIMTO30J1s1 [16].

Tnymamuonpedykmasza kamanusupyem NADP - H-
3aBucuMoe BoccTaHoBiaeHue GSSG po GSH. [lna
OCYILECTBJIICHUS JaHHOI peakiuy TpeOyeTcs MPUCYT-
CTBUE B TKaHsX Bbicokoro ypoBHs1 NADP - H. Equn-
CTBEHHBIM 3HAYMMBIM UICTOYHMKOM BOCCTAHOBJIEHHOM
¢opmbel NADP gaBisgeTcs ximodeBasi peakiysl IIEHTO-
3o0(pocaTHOro Myt MeTabOIM3Ma YIJIEBOJOB C yya-
CTHUEM TJI0K030-6-(ocdataernaporeHassl, KoTopas
U JTUMUTUPYET BO3MOXHOCTU PEIOKC-ITUKINPOBAHMS
[JIyTaTMOHA B YCJIOBUSIX, XapaKTEPU3YIOIIUXCSI aKTH-
BallMeil IIPOIECCOB IePOKCUIAIINN.

Hutposornoani. CTpykrypa, MeTad0m3M, (hyHKIMH

C npyroit ctoporsl, GSH — ocHoOBHOI (hOHI MO-
OounbHBIX SH-TpynIl B KiIeTKe, KOTOPBIE IO BIMSTHU-
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€M OKCHIa a30Ta OKUCITATCA C OGpaBOBaHI/IeM DOHIOO-
TCHHBIX 6pOHXOZ[I/IJ'[aTaT0pOB — HUmMpOo302aymantuoHoe
(GSNO):

NO* + GSH < GSNO

ITo nanusiM Gaston u coaBT., GSNO u HUTpo3U-
JIMPOBaHHBIEC OCIKN OOBIYHO TTPUCYTCTBYIOT B JIIT ve-
JIOBE€Ka B KOHILICHTPAUMSIX MPpUOIU3UTEabHO OT 0,5 mo
1 MKM, TIpu 3TOM MO CBOEMY OpPOHXOIMIATUPYIOIIE-
My npeiictBuro NO* 6omnee gveM B 100 pa3 acdpdexkTns-
Hee TeopwinHa [17]. OyHKUMOHATBHASI aKTUBHOCTD
moboit n3opopMmbl NO-CHHTa3bl HENMOCPEIACTBEHHO
BeneT K ¢popmupoBannio RSNO B TKaHsX, KJIeTKax U
BHYTPUKJIETOYHBIX KOMITapTMeHTax [18].

S-HATPO3MIMPOBAHNE — 3TO B3aUMOICUCTBUE C
SH-rpymnmnoii aMMHOKUCIOTBI M THOCTTPAaHCISLIMOH-
Hast MomMdUKaIMs, U3MEHSIONIAsl aKTUBHOCTh Oejka
[19]. O6HapyxeHo, yTo obpazoBaHue RSNO mpouc-
XOJIUT B TUAPO(POOHBIX yyacTKax KJIETKU (Hampumep,
B MeMOpaHax), B JIM30COMaX, MeMOpaHe MUTOXOH/I-
puit [20].

B Hacrosiiee BpeMsi TOUHasl IOCIEA0BATEIbHOCTD
XUMMYECKUX peakuuii odpazoBanuss RSNO He ycta-
HoBJieHa [21]. PackpreiTne metameit peryiIsiiiy M BHY-
TpU- U BHEKJIETOYHBIX YpoBHeil RSNO Haxomutcs Ha
CcTaguy HakoIleHus JaHHbIX [19]. B paborax, mpo-
BeICHHBIX rpyrioi ncciaemoateiaeii n3 CIIA, moka-
3aHO, yTo NO*® MOXET pearupoBaTh HEIIOCPEACTBEH-
HO C THOJIAMU WJIM UX paauKajlaMu ¢ oOpa3oBaHUEM
HuTpo30TuosoB SNOs win pagukaioB SNO* coort-
BETCTBEHHO; pamukaibl SNO*® MOryt OBITh CTAOWMIIM-
3MpPOBaHbI 3a CUET IOTEepU 3JIeKTpoHa (0OpasoBaHUE
SNO) wiu nnporoHupoBanus (pagrukan SNOH*") [22].
Zhao 1 coaBT. IPOIEMOHCTPUPOBAHO, YTO OKMCICHUE
NO* no NOT, conpoBoxkmgaemoe peakumeir ¢ SH-
rpymnmnamu, Takxke BefeT K (opmupoBaHuio SNOs u
MOXeET 9(PHEKTUBHO KaTaIn3UPOBATHCSI KUCIOPOIOM,
apoMaTUYeCKUMM COEAMHEHMSIMA M MOHAMHU MeTal-
JIOB IIepeMEHHOI BaJleHTHOCTHU [23].

Ha skcnepuMeHTanbHOM Moaeau acTMbl Que u co-
aBT. YCTAHOBJICHO, YTO PAcIaj IUTO30JbHBIX HUTPO-
30THOJIOB perynupyeT peaykraza GSNO (GSNOR).
Ha wmpbimax-Hokayrax GSNOR™~ 6bU10 TMOKa3aHo,
yro GSNOR oxkucisier BoccTaHOBJIEHHYIO (hopMy
NAD(P)H, ¢ obpa3zoBaHrueM OKMCJICHHOTO IJTyTaTHO-
Ha (GSSG) u NO°, u BoccranasnuBaeT NAD(P)*,
dopmupys S-bOpMUI-TIIYyTaTUOH, KOTOPBIM MOXKET
OBITb Jajiee OKWCJICH IO MYPaBbMHOM KHUCJIOTH U
YIJIEKUCIIOro Ta3a [24].

CUuTaloT, YTO KJIETOYHBIE TPAHCIIOPTEPHI PETyIu-
PYIOT JOCTYITHOCTh HU3KOMOJIEKYJISIPHBIX HUTPO30-
THOJIOB M CTEPEOM30MPATEIbHOCTh CYILIECTBEHHA IS
TpaHCMeMOpaHHOTO TpaHcropTa. Tak, Hanpumep, du-
3uosiorndeckue ahekTsl (OpoHXOAMIATALINS, PETYIU-
pPOBaHME COCYIMCTOIO TOHYCa) S-HUTPO30-L-1McTenHa
HE MOTYT OBITh BOCHOJHEHHI ero D-m3omepom [25].
Kpome Toro, Bo3MOXHO y-TJyTaMUJI-TpaHCHEeNTHAa3a
U aucyiabpuanzoMepaza 00JET4al0T ITPOHUIIAEMOCTD
Kj1eToyHoi MeMopanbl i SNO [26, 27].
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S-HUTPO3MIMPOBAHUE OYE€Hb CXOMHO ¢ dochopu-
JmpoBaHueM. bosee Toro, m HUTPO3WIMPOBAHUE, U
dochopuarpoBaHue SIBISIIOTCS PeryasaTopaMu KJie-
TOYHBIX (pyHKITMA [19].

C TouykHM 3peHUs] (OPMUPOBAHUS OPOHXOJIECTOUHOM
MaTOJIOTUM HEOOXOAUMMO OIMCaTh JPYrUe BaXKHBIC
mynbel NO* — 00pa30BaHHbBIN IIPY HUTPO3IWIMPOBAHUI
SH-rpynmnsl remornobuna (Hb) S-rumpozoeemoenobun
(Hb—SNO) u nipu HUTpO3UJIUPOBAHUM TeMa — HUM-
pozoeemoenodbur (HbNO), urpampiiye 3HaAYUTEIbHYIO
pOJIb B PETYJIMPOBAHUM COCYAMCTOIO TOHyca U obec-
MeYCHUM TKAHEH KUCIOPOIOM.

DyHnaMmeHTaIbHbIE pabOThI, CBUIACTEIbCTBYIOIINE
0 coBMecTHOM Koomeparuy NO® u mapbl «OKCHu/me-
30KCUTEMOITIOONH» B PETYJIMPOBAHUU COCYIUCTOIO
TOHYyca, ObUIM IIpeAcTaBieHbl ele B 1996 roay [28].
ApTtepuanabHas KpoBb, Ooratas okcuHb, B cocymax c
HM3KUM TaplyaJbHBIM JaBJICHUEM KUCIOpOIa OCBO-
ooxmaeT NO*, okasbIBasg Ba3oAMIATUPYIOIINI 3 hEKT
[29]. Singel u coaBT. 0OOHAPYXXWJIU B apTepUATBHOM KPO-
B Kpbic okojio 0,3—0,4 uM Hb—SNO u orcyrcTBue
Hb—SNO B BenosHoit. Hb—SNO — 310 coenmnHeHne,
ob6pazoBaHHoe npu peakuuu NO* u SH-rpynnst Hb (B
nosjoxenun Cys93 B-uenu Hb). Beuio HaiineHo, uTo
Hb—SNO, Haxomsce B R-koHbopmanuu (okcuHb),
nepexogutr B T-koHdopmarmio (me3okcuHb) ¢ BEHI-
JIeJICHUEM KHCIIOpoIa U IIOCTeAYIOIMM pPa3phIBOM
HUTPO30TUOJILHOUM CBSI3U U ocBoboxaeHuem NO-.
ABTOpaM yHajoch IoKa3arh, uro Imommumo Hb—SNO
KakK B IJIa3Me KPOBU, TaK M B COCTaBe 3PUTPOLIMTOB
cymectByeT 1 Hb—NO, oOpa3oBaHHBIN 3a cUET peak-
mun NO* ¢ cooctBerHHo reMoM. [Tpmuem Hb—NO 006-
HApyXUBAJICAd KaK B apTepUaJIbHON, TaK U BEHO3HOM
kpoBu Kpeic (0,6 1 0,9 HM cooTBeTCTBeHHO) [29].

OtHocutenabHo conepxkanusi Hb—NO u HbS—NO
B KpPOBM 4YeJOBeKa IIOJYyYEHBl pa3lWYHbIe NaHHBIE.
Tak, McMahon u coaBT. cooOlIWIN 00 OonpeacaeHUNU
2,5 mxmonb/a1 Hb—NO u 2,5 mxmonb/a Hb—SNO
B apTepuajabHOM KpoBU M 5 MKMOJIb/1 Hb—NO u
0,8 MxMosb/1 Hb—SNO B BeHO3HOI KpOBU 4eI0BeKa
[30]. Hammporus, Gladwin m coaBT. TIpm Mcclie10BaHUN
00pa3loB KPOBU YeI0BEKa IPEACTABUIM IIPOTUBOIIO-
JIOXHBIE JaHHbBIC, CBUIIETEILCTBYIOIINE 00 OTCYTCTBUU
pa3IMYuii 110 COMepKaHNIO0 BApUAHTOB HUTPO3UIUPO-
BaHHoro Hb B aptepuanbHoii (150 amonas/mn Hb—NO
u 161 amonb/1 Hb—SNO) u BeHosHoit (160 HMOJIb/1
Hb—NO u 142 amons/n Hb—SNO) kposu [31].

Oco0060 HeOOXOOIMMO OTMETUTh, YTO M OKMCJICHHAS
(Hb(Fe**)—MerHb) m BoccranosinenHas (Hb(Fe?'))
¢opmbl Hb Moryt B3aumoneiictBoBath ¢ NO*. OnHa-
KO peaknus okucieHHou ¢opMbl ¢ NO* odbpatuma, 1
CKOPOCTb €€ CpaBHMTEJIbHO HeBeInKa. Hampotus, pe-
akus pe3okcnHb ¢ NO® mpaktuyecku HeoOpaTuma,
M OrpaHHWYeHa JIUIIIb CKOPOCThIO Auddy3uu.

Hutposunupoanue Hb crmoco0CTBYeET yaydlleHUIO
TpaHCIIOpTa KUCJIOPOAa K TKaHSIM, ITOCKOJBKY IIpHU
pH 7,4 cpomcrBo HuTpo3uaupoBaHHoro Hb x kwc-
JIopoay BbIllIe, YeM HaTWUBHOTrO Oenka, a mpu pH 5,8
HabmogaeTcsT oopaTHOe — HUTPO3MIMPOBaHHBIN Hb
JIy4llle OCBOOOXIAET KUCIOPO/I.
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ITogBoast uTor, MoxHO cka3atrh, YTo Hb—SNO u
Hb—NO mpencraBiasgior coboit Takoi Xe CTaOMIBHBIN
nyn NO-, xak 1 GSNO, u 1ipu onpeneaeHHBIX YCIIo-
BUSIX MOTYT TakKxke ocBOoOOXmaTh NO*.

@DyHKIMH HATPO3OTHOJIOB:

1. K HacrosiieMy BpeMeHU IIOJIY4YeHBI JaHHEBIE,
MOATBEPXKAAIOIINE TMPSIMYI0 3aBUCUMOCTb MEXIY
ypoBHeM GSNO u yacTtoToil 6MeHUsT peCHUYEK OpOH-
XuaJibHOro aepena [32].

2. B psage paboT MPOAEMOHCTPUPOBAHO, YTO
oponxomunatupytonmii addekr GSNO He 3aBUCHT
oT aktuBHOCTM UI'M® u, BeposTHO, OOYCIOBJIEH
S-HUTPO3MIMPOBAHNEM MOHHBIX KAHAJIIOB U PEIIEIITO-
poB MuonuToB [33, 34].

3. JIrooete SNOs o0amaioT OpOHXOOMIIATHPYIO-
M 3¢p@GEeKTOM M yBEIMYMBAIOT HACBIIIEHWE TKAHU
JIETKOTO 4YejioBeKa KuciopoaoMm [35, 36].

4. HuTpo3uibHbIe KOMILJIEKChI TeMOIJTO0MHA Y4acT-
BYIOT B PETYJMPOBAHUU COCYAUCTOTO ToHyca [33].

5. ITpotuBoBupycHbie apdexTsl SNOs onpenesi-
I0TCSI MHTUOMPOBAHMEM BMPYCHBIX LIMCTEUHCOMAEP-
XalllMX TMpoTeas; YCTAHOBJICHBI aHTUOAKTepHaTbHBII
1 aHTUMUKoTHYecKuit 3¢ dekTel SNOs, HO oHI 60-
nee cioxHBI [37, 38]. DTO MOATBEpXKOAECT BAXKHYIO
porb SNOs B caHanny oT WH(PEKIIMOHHBIX ITaToTe-
HOB, CIIOCOOCTBYIOLIMX ITOCTOSTHHOM NEPCUCTEHLINU

BOCHAJICHUSI B CJIM3UCTON O0O0OJIOYKE JbIXaTeIbHBIX
MyTEW.

6. S-HurtposunpoBaHue ONoCpeayeT aHTH- U IIPO-
anonToTu4eckuii agpdexr. MHrnbupoBaHue amnomnrosa
MIPOMCXOIUT 3a CUYET peaKInil IeHUTPO3WIMPOBAHMS/
HUTPO3WINPOBaHMs Kacma3. HekoTophle Kacma3bl KOH-
CTUTYTUBHO HUTPO3WIMPOBAHBI, HAXOISICh B HCAKTUB-
HOM cocTossHMU. Tak, IEHUTPO3UIUPOBAHKUE KaCMa3bl
3 u Kacmasbl 9 NPUBOAUT K COoeAMHEHUIo0 ux ¢ Fas-
JIMTAaHAOM U BBIXOAY U3 MMTOXOHAPHUAJILHOIO IIPOC-
TpaHctBa [20]. Kpome Toro, BaXXHBII IMpOAINIONTOTH-
yecKuil 3(pPeKT ormocpeoBaH S-HUTPO3WINPOBAHNEM
MIMLepadbaeTua-3-docdaraernaporeHassl, CI0co0-
cTByd ee B3amMogeilictBuio ¢ E3 muraser Siahl m
YOMKBUTHH-OIIOCPEAOBAHHOMY pacrany (HUTPO3U-
Jmpylowmmii crpecc) [39]. Jdpyroit MexaHU3M ydacTus
B PEryJsldM aIlonTo3a IIpeacTaBJIeH WMHIrUOMpOBa-
HueM NF-kB [40]. TakuM oGpa3oM, peMoaeIipoBa-
Hue OpoHxoB mpoucxoauT NO-orocperoBaHHBIMU
MeXaHU3MaMM IIpU HUTPO3UIMPOBAHUM/IECHUTPO-
3UJIMPOBAaHUM OEJKOB, OIPEIETSIONIMX aKTUBALIMIO
TPAHCKPUITLMOHHBIX (DAKTOPOB, 3KCIIPECCUIO T'€HOB,
MMOCTTPAHC/ISILIMOHHYIO PEryJISIIMI0O aKTUBHOCTH TIPO-
BOCTIAJIMTEILHBIX MEIUATOPOB M IIepEeKIIoUeHre Ha
peanu3aluilo  aHTUAONTOTMYECKUX  3(PdeKTopoB

(puc. 1).

NF-kB
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Gusuonoeuueckux mexanuzmos; O®HO-o — pakmop nexposza onyxoneii ¢ HH®-y — unmeppepon-y AIF — axmop, undyyupyiowuii
anonmos, EPO — nepoxcuoasa so3unogunos, MPO — muenonepoxcudasa, iNOS — undyyubenvnas NO-cunmasa.
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MTtak, HUTPO3OTUOJBI MOJ IeWCTBUEM psima (ep-
MEHTOB CHOCOOHBI mHoHMpoBaTh NO® M TeM caMBIM
obecrnieunBath (pusnonorndyeckre >PGEKTH OKCHIA
a30Ta Ha HEKOTOPOM PacCTOSHMM OT MECTa €ro CHH-
Te3a. OOHAKO K HACTOSIIEMY BpPEeMEHU HAKOILICHBI
JIaHHbIC, CBUAETEJIbCTBYIOIINE O Oe(pUIIUTE HUTPO3O-
THOJIOB B OpOHXMAJIbHOM ceKpeTe Ipu bA, HecMoTpst
Ha BbICOKMIT ypoBeHb NO* B BbIIBIXa€MOM BO3IyXe |3,
17, 41, 42].

[Touck nmpuyuH HapylieHus AenoHupoBanus NO*
HHUTPO30TUOJIAMU HAXOIUTCS B COCTOSTHMM HaKOTLIe-
HUST JaHHBIX. BO3MOXHO, TPOMCXOAUT aKTUBHBII Me-
TabO0IM3M HUTPO3OTHOJIOB (C BICBOOOXIeHHEM NO*)
W THUOJIOB (BCIEACTBUE OKHUCIUTEIBHOIO CTpecca).
HeobOxomumo ydecth M (hepMEHTAaTUBHOE COITPOBOXK-
nenne B Metabomm3ame GSH n GSNO. Tak, n3BecTHO,
yTo Karaautudeckas aktuBHocTb GST obGecreunBa-
eT xuMudeckue B3aumMogeicTeus mexny GSH u an-
KWINpyloInMu coequHenusimu [2, 15]. 1 momumo
toro, uto GSH coBmectHO ¢ GST yuacTByeT B pe-
akuusax obesBpexuBanusa, GST, B3auMomeincTBys c
GSH, crocobcTBYeT €ro MOHM3aLWK A0 TJyTaTUOHO-
Boro THoJaTHOro moHa GS~, KOTOPHIM HYKIICODUIh-
HO arakyeT 2meKTpodunbHEIN NO® ¢ obpaszoBaHneM
GSNO. Takum o00pa3oM, ITOJHOE WA YaCTUIHOE
cHikeHue aktuBHocTH GST MOXeT IoBjeYb 3a CO-
601t ymeHsblieHne oopazoBanuss GSNO. B moarBepx-
IeHWe HallMX pa3MBIIUICHUI MHOTOYMCICHHBIMH

VCClIeoBaTeIsSIMU ObUTM YCTaHOBJIEHBI acCOLMAIIAM
MOJTUMOP(GHBIX BAPUAHTOB «HYJIEBBIX» TEHOTUIIOB Te-
HOB GSTTI, GSTMI n GSTPI ¢ aTtormmueckoii BA,
KaK B OTIEJIBbHOCTH, TaK M B KOMOMHAILIMU APYT C ApY-
roMm [43, 44, 45, 46].

HWutencuBHOe obpaszoBanue NO* npu BA sBisgercs
KJIIOYEBBIM COOBITMEM BOCIIAJICHUS IIPU 3a00JIeBAHUSIX
HIT [47]. OnHako, k coxaneHuto, NO* He MpOsIBIIsSIET
CBOIi OpoHxoauIaTallMoHHBINA 3 dekT. [Touemy?

Hutposunupyromuit  crtpecc, (HOpMUPYIOLINIA-
csl IpU OpPOHXOJIETOYHOI TAaTOJIOTMU, OIpPENeIsieTCs
nmatopusznonorndeckumu ypoBHsiMmu NO°* m RSNO
[48]. Ompako MeXaHM3MBI yYacTHSI METaOOJIMTOB
NO* B ero MHUIMAIMKM JO CUX IIOP HE IIOHSTHHI.
Ilo muenuro Foster u coaBr., 3HaumMmas Gpaxkmus
0CIKOB MOIBEPraeTcsl HUTPO3UJIUPOBAHUIO B OTCYT-
CTBHUE Kucjoponma U 6e3 ydactust pemykrasel GSNO,
MOATBEpKAasl CYIIECTBOBAHME Pa3IMYHBIX MEXaHM3-
MOB HMTPO3WIMPOBAHUS U JIEHUTPO3WIMPOBAHUS.
C npyroit CTOpOHBI, IPU MOBBIILIEHUU KOHLIEHTPAIIUU
NO* cnocoonocts COJl koHkypupoBath ¢ NO* 3a
O pe3Ko mamaer, NPUBOMS K peakiuu Mexay NO*
u O] c obpa3oBaHNEM TOKCUYHOTO MEPOKCHMHUTPU-
ta (ONOO™). Kpome TOro, mpm mHTEHCU(UKAIIUU
BocnajieHuss akTuBHOCTb AOC CHIXaeTcs, TeM ca-
MbIM HE OCTaBiisisa InaHca il yruiusanuu APK u
AQDA. B HemaBHUX MCCIETOBAHMUSIX ITOKAa3aHO, YTO
aKTUBallMsl HUTPO3WIMPYIOIIETO CTpecca, a MMEH-
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A3 HbFer+NOy 2AT®
LUTPYILTHH NO NII_;:SEIIEDOTHDEHH 6-docho- T

GE3G + — [THKOTINS

Hutposoremornobus ] ommnm fopm NADPH TTHOKOHAT \
: HbNO 2H,O+0, [ '\ /' S

Tmorozo-6-
; e2+ [myramios- | | Dimyrarsos- bocdammermpo-
H2O2 e e e 2 naKTaTa
IT® \\ / \ / \\'111-01{030-
ot onctas < moros
2 ImyTaTHOH
D
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1c ad* , MHOPETARCAIRA

TTEpOKCHHMTPHT

Ty TaTHOK-5-
aHCepasa

NO™3
GENO
o+ 2t HurposormytatHon
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Puc. 2. Mooenv peaxyuii NO* npu 6ponxuansroii acmme. Qbosnavenus: — —— = — peakyuu, 6 xo0e komopwix peazupyem NO's
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nepexucHoe oxkucierue aunudos, MJA — manonoswiti ouanvoezuo.
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HO S-HUTPO3WIMpPOBaHME KomIuiekca I B MUTOXOH-
npusix (NADH-youxuHoH okcumgopenykrasbl, C-I) B
M30JIMPOBAHHBIX KapAMOMUOLIMTAX KPBIC BBI3BIBAJIO
nocjenymolyo npoaykuuio ADPK MuToxXoHApHaIb-
Horo mpoucxoxaeHus [49]. Bce BbllllecKkazaHHOE
0YepuYMBaEeT 0OPA30BaABIIMICS TMATOJOTMYECKUIN KPYT
(et TOJIOXKUTEIbHON OOpaTHOM CBSI3M); MpPU HeE-
OOCTAaTOYHOW AaKTUBHOCTU aAHTHUOKCUIOAHTHOM 3a-
IIATH GajlaHC B CUCTEME <«ITPOOKCHUIAHTBHI — aHTU-
OKCHUIAHTHI» CMEIaeTCss B CTOPOHY MPOOKCHIAHTOB,
oIpenessasi IOCAeAyIONyl0 HHTeHCU(pUKAIIUIO HU-
TPO3UJIMPYIOIIET0 CTpecca, YTO, B KOHEUHOM CYETe,
M MOXET MpeApellnTh TpaHchopmanuio (GHU3NO0JI0-
TUYECKM aJalTUBHBIX pEaKIMi B TATOJIOTUYECKUE.
[IprunHHO-CIIEACTBEHHBIE CBS3M HECOOTBETCTBUS
MIPOCTPAHCTBEHHO-BPEMEHHOTO OajlaHca MEXIy TIe-
Hepaumeir n yaaaeHueM APA nu ADK no koHia He
BBISICHEHBI. TpurrepaMm OKMCIUTEIBHOTO M HUTPO-
3UJIAPYIOIIETO CTPECCOB MOTYT OBITh pPa3HOOOpa3HbBIE
(aKkTophI, OT TeHETUIECKNX Me(EKTOB IO YMCTO CTO-
XaCTUUYECKMX COOBITHI (HAIlpUMep, CTEIeHbh BOCCTa-
HOBJIEHHOCTH PEIOKC-KOMIIOHEHTOB B JAaHHBIM MO-
MeHT). TeM He MeHee, OTCYTCTBUE 3alIUTH OT ADA n
A®K ¢ ogHOI CTOPOHBI M HEOOXOAUMOCTh MHTECHCHB-
Horo obpa3oBaHust NO* (C TOUKM 3peHMs OpraHu3Ma
D11 OpOHXOAMIATALIMOHHOTO 3(deKTa) MpUBOAUT B
KOHEYHOM CUeTe K ITOBPEXKIECHUIO KJIIETOYHOTO OKpY-
JKeHHUS 32 cYeT 00pa30BaHMUS TOKCHYHBIX METa0OJIM-
0B — ONOO™ 1 3-HUTPOTUPO3MHA, BOBJICUCHHBIX B
peMoeIMpoBaHNe TKaHU OpOHXOB IIpu BA.

B monTtBepxkmeHne Hammx paccyxkmeHuii Edward
M. Henderson and Benjamin Gaston omyGimMKoBaIn
BBIBOJIBI KacaTeJIbHO HEIaBHUX KJIMHUYECKMX JOKa3a-
TeJbeTB [50]:

1) mMeTabonu3M S-HUTPO3OTHOJIOB HapylleH IIpU
BA y yenoseka;

2) unHranupyembiii NO* MOXeT OBITb TOJIBKO OMO-
MapKepoM I MeTaboIM3Ma (pHU3MOJTOTUIECKU BBICO-
KHX YPOBHEM OKCHMIIA a30Ta;

3) ouoxuMmuecKuii oTBeT Ha BocnaneHue JI1 siB-
JISIETCS LIEHTPaJIbHBIM B MAaTO(MU3NOIOIUH aCTMBL.

B 3akmioueHune 0030pa Bce BBIIIE CKa3aHHOE IIPO-
WIIIOCTPUPOBAHO Ha PUC. 2, KOTOPBIA JEMOHCTPUPY-
€T CJI0XHOCTb BiausgHMsI NO® 1 ero MeTabOJUTOB Ha
KJICTOUHbIE MEXaHU3MBbI BocIiajieHus npu BA.

HanpHeiilliee M3ydeHue MPUYMH HapyLIeHUs «JIe-
noHupoBaHust NO*» HUTpO30THOIAMU Y OOJBHBIX BA
MTO3BOJIUT 00JIee TOUHO PACKPBITh MEXaHU3MBI aJljiep-
TMYECKOTO BOCIAJIEHUS B BO3AYXOHOCHBIX IIYTSIX U
YTOUHUTH TATOTeHETUYECKHME acMeKThl aTONMUYeCcKOi
OpOHXMATBHOM aCTMBI.
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METABOLISM OF NITROSOTHIOLS AT AN ALLERGIC INFLAMMATION
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In the review ways and mechanisms of formation nitrosothiols are considered. Participation of data metabolites nitric
oxide in regulation of an allergic inflammation and formation oxidative and nitrosative stresses is analysed at a bronchial

asthma.
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