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O ~(H OI1 H3 OCHo n H blX OKHCJHITCJl bH O- BOCCTa HOBH­

TCJl b Hb lX CII CTCM e KJl CTKa X 51 nJ15l e T C5T C lJCT C~Hl r.nyra­
T llO H/OKI ICJlC HHb l l1 r nYTaTlIO H (GSH/GSSG). Pan ee 
I-Ia~rH 6bl Jl O no xasa uo , 'ITO GSSG II e ro CHHTCT W IC­

CI( u C! auan or npenapar rnYT OKcml @ (q)APMA­

BAM. Mocxsa) YBCJlWHiB<lIOT BHy T p HK JICTO'lHy fO 

ICa2+],.1< 0 HLI,CHT paLl, I I IQ C a2 +. Bbl 3bl Ba51 ~10611 .nl 1 3 a­
LI,lIfO Ca 2+ j U TClncllrapn rH-CJ yncTBllTcnb Hb lx Ca-r-ne­
n o II rrcprrr oucan s nsrx xtaxpocparax x psrcs: [l ] . B TO 

)I<C llPC ~ I5T ,\I CXa IHI'3Mbl . o nocpcnyio ume perynsrr op­
HOC n c ucrnne GSSG I I I'n yro xcn xia n a ICa2+j " OCTa ­

I-0TC5I Hl'H CHbI MI1 , 

Ha KJlC TK a X 3 nH )], c p ~ 1 0I 1 ,1l, Hoit K 8 P Ll, ll HOMb l I ICJlO ­

BCI, a nnnun A431 yCTClHOB.TJ. CHO, 'ITO GSSG H r.n y ­

TOKC HM nbl 3brnalDT Tp Cl HCaKTI1Ba Ll,HJO p c u errro p a 

s n u n c p n nm.n o ro CI)a KTOpa p OCT 8 II ax-rnaaumo cro 

COOCT BCHHOI1 T l l P0:.l ll HI<JJ WU H0 I1 ClKTI I£lHOCTfI r2 . 31 . 
B ncpu-roucam.m.rx xraxpocparax Tal0KC H,Il,cHTml)lI­

U11P OBClHbl peucrrrop i.i C COOCTBC HHOtr TlIP0 :.lI I HI<II­

Ha3110(1 aKTII BHOCTblO r4]. 3nl peuc rrr o pm. te T l lPO ­

3JIHI<I[J-ra3bl . CO)],C P)K a W.I1C B 3I<CT p a KJI CT O' I Hb IX )),0­

~ IC H Cl X ylJil CT KII , 6 0 n r rb l c WICT eIlH OM, TaK)l( e ~ lorYT 

5Hl .rr 51 T b C5I WIWCII51 MI I )],.rI5I GSSG II rJlY T O KC I1~Ia, Kpo­
MC r o r o , ll:.l13 CCTH0, '11'0 OK HC.TJ. I ITCJ1b Hb l (1 crpecc I I 

yxre n uureu uc COOT HO WC HlI 5I GSH/GSSG BH yTpH 

K.rrCT KII Bb I3bI B<lIOT 1 13 ~ ICHC H l rc 8KTI-lBHOCTII PCjlOKC ­

lJYSCTSI IT CJl bH bl X epCP~I CHTO B , B n epayio o -repcns r u­

P0311I-lKllH Cl 3 II T l l P 03IJ[-[cl) Oc epaT83 [5.6], 'ITO n pu no­

,[( lI T K YBCJ1 WI CHHIO CpOCcj)OpIlJIllpOBaHIl5l 6 eJl KOn no 

T ll p OJ I IH.\/ 

AJl51 Bb l51BJ1C Hl l5J nO:.l M0>K1iO(1 p O. 111 q)OCCP OPIlJllIPO­

ll<lHI I51 n o T IIP0'3I1HY n ,Il,6iCTBIHI GSSG II rrryr oxcuxra 
ira ICa2+], B rrep trro ncarn.m.rx ~l a K poc l ) a rax xpsicur ~ILI 
HCCJICJJ, OSil .nl1 BJlfl5lHI IC na C <I ~+-OT B e'r, IIH)],y lJ,lIp ye ~l b l i1 
GSSG 11J1I1 rrryro xcnsroxi. ,Il,I3Y x crp y x rypn o ra3 JTlI'T­

HblX I1Hl'1I 611T OPOB Tllp0 31lHKHIIaJ - rC!HIC r e1"IHa II 

~ I CTIIJl -2 .5- )_1, 1 1 l'JI )], POKCI1UH H I ·I(\M 8 T a (M,D,Ll) , a TaK)K C 

unruorrropa Tl lrOJI IH CPOC cj)ClT Cl3 opTOB a HZI,Il,3Ta Na. 

n OApo 6H O npouc n ypa xym.ruuu po sa n n» Ma Kp o ejl a­

COHI,/II - nell1 ('/ iuyP cO;UII rocyoapcm (3 0 1H biD 

\'H I{Ij('P CI {II /(:111 

rO I3 11 aBTOM Cl TI 1311 p 0I3ClHH a51 YCT ClHOBKa )],JI5I IT3~ I CP C­

HlI 5I rCa2+]; C II C11 0JlbJOBmJHC ~1 C!lJlyo pCCLI,eIlTHOm 

JO Hjla Fura - 2 AM o rrucunst pauce 171. 3Kcn c pIl~l c H ­

T b I npono unnn ITPII KOM Ha THo rt rcn nepa-rype 20­

22°C Ha 2-3 CYT KY JlbTll BI l p OBaHII5I KJl CT OK , Ha p lI­

cynxax npC,Il,CTClBJI CHb l P C3YJl bTilTbl, no.rrY'ICHHbI C 

)],Jl51 rJIy T o KCIlMa. Ananoru -nn.re nanrn.re norry -rcnu 
npn HCn OJl b J OBaHHYI GSSG (1 00 ~IKrhIJl). 

n OK3 3 aH O , 'ITO ['IHK y 6 a Ufl 51 sraxporbaron B TC' IC ­

HH e 2 0 MH H c iaO M Kr/ WI rnYToKCI I ~ la CYW.CCTBCH HO 

nos s nuaer [Ca 2+ ];. 'ITO OT p ,DKaCT ~J0611 JJll3 aUHI0 

Ca2+ H3 BHYTPl l KJ1eT OlJ Hb IX Ca 2+- ,Il,CITO. ,D,06 ~I BJl eHfr C 13 

napyxory to cpen y 2 MM Ca" Bb l 3b l Ba CT BXOA C a2+, 

06yCJI0I3JICHH bll\ nO-BH,Il,UM oMy. onycTowCHIIOI 

Ca 2+-p:cn o (puc , I a). AoGa Bn CHI1C 100 MKM rC HII­

CT Clhl 3 (puc. l a) IlJll125 ~I KM M :~lJ, ( H C n oxasauo) na 

cj)OH C paa an a ure r ocn n x o n a Ca2 ' n OJlH OCT blO nonaa­

Jl5TeT y uertuucu ue rCa2+ 1;. BbunaHHoe r J1 YT o KcIIMml. 

11 eo aa p a uia c r [Ca2 +] , K O,13aJlb llo~ IY y pOI3 HIO . KPO ~I C 
'roro, n p c)],Bap IITCJIb H<l5T lIHKy 6 aL\Il 51 M a K p oql a r o B C 

100 MKM rcun cr c tm a B TC'I CHHC 7 ~trIH )],0 BBC)],CHI15I 

100 MKr/~JJI r n y -ro x c u u a npaKT H'-l CCKII nO JIHOCT blO 

nonas n n c r YBCJl W [CHI IC rCa2+1;. Bb I 3 b I BaC~IOC rn y­
TOKCm IO~l. I I n O,ll,aI3JI5ICT BXO,ll, Ca2+ ( p u c , 16). I'I HrJI ­

6 Hpo Ba HlIc BXOA3 C a 2+. B bI 3b lB a e~'1O ra r JIYT o KcIIM Oi\1. 

rrp rr ,Il,eIlcTB IH I rC HI1CTc(IHa JI.nIt J'v1 ,D,lJ, cornacycrcsi C 

n OJIY'l CI THbI M ll HllM H pance ,Il,3 HH b l~1f1 0 TO ~ I , 'I T O rc ­

HlI CT diH fl MAlJ, nOjl3 B.rI>II OT BXO,ll, Ca2+. ~I H )(Y lll1PYC ­
Mbl11 A T e!>, YT<]:>. rn n c n r apnnrou H UH K JlOn b 5l30HI1­

KOBO~I Kli cnoTo(1 B n c p HT OH CaJ1b Hbl X Ma xporbarux 
Kp b l Cbl [71 . 

06WH (1 y pO BCHb rpocrpop un u pona n nn 6 CJl KOB no 

r u poam ry B KnCTKC KO HTp0J1 l1pyCTC51 npOTlIBO nO­

.rIO>KHbI M AC I1 CTBHC ~ J n rr03 fl11KI lHil3 II TllP03 1I HCI)O C­

cj)a T c13, Y BCJIWICHYIC ypOB H5I c!JOCC!) OPl l.rIIIP0 I3<lHII 51 

MO>KCT 6bITb 13bl:.l13iH1 0 non snuc n n c u aKTl lI3H OCTH 1'11­

P03flHKllH Cl 'J H.rIll y~I C H bw cmIC~1 aKTH BHOCTH TlIPO­

3I1HC[)OCcj)( lTlI 3 rs, 91. 
D,Jl51 Bb l5T BJlC H I !51 B03i\10>KHO (1 p o rin Tl IP03I1HCP OC­

Cpa T a J B YBcn w lcHllIl rC a 2+]; n o n jlerlCTB ll e~ 1 GSSG 
un n rnYToKC l- I ~ I<l ~ lb I II Cll OJIb 30 Ua J1l1 1I11 rl1 6llTOp 1'11­

P031l HCPOCcjJilTCl3 o p r o n a n anar Na, 113M CH5lIO U\III~1 6a­

nanc MC>K)],y aKTIIBH OCTbfO 'l'I IP0 3H HK lIHCl:3 II '1'I I PO­
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Bpc .\H1, M IIH 

PIlC. L B 'll H llm e n ::H I ICTdiHZI II 0 PTOllclH8 iWT <l Na (N a, V0-1) u n 3cjxpeKT r ,1Y T OKCI I ~18 11<1 [C,, 2+1; S rre pur on ea nsnu x M<lK p oq)n ­

r ax. p e rucrpauua norr y u c a a rpyn ru.i n p e n c ra a n s e r c 0 6 0 ( 1 au rKa;.KiHI H )l .1H 11'3 40-50 K.'1e TO K II T llnll 'IH bl(1 napu )l .1H 3-7 3 KC­

n cplI.\leHToB . a - r - CM . B Te K CTe . 

311HCp Oc cl)a T <1 3 . ITo K a 3a HO, 'ITO A06aBnC I-llIC 5 0 MKM 

o pTOBa HaA<lT<I Na aa 2 M IIH AO BBCACHIl51 10 0 "IK r htn 

r. ryroxcuua Bb13 blllaCT HCI<OTOpOC YCHnC HIlC Bb l­

.i a a u n o r o rn YTO KCll ~l O~ 1 C a 2+-OToCT a , CB>13aH HOrO C 

~ lo6I1 JU I 3 al\I Ie(1 Ca2+ 113 ne n o . a T a lOKC nOCJTCAY lO ll.\C ­

I'o BXOAa Ca2+ HOJ Ha pY>f(HOI1 CPCAbI (puc . I B) . J],06ao­

JICHHC r-emrcrejura u a cj:JOHC pa 3BIIBWCI' OC5! BXOAa 

Ca2+ npHBoAIIT K 130313pall.\CHllIO [ C a 2+J, K 6a3 aJIb HO­

~ lY ypOBHlO. Tax ns: 06pa30 M , rrpcnaapi rr cm.nas 06­

p a6 0 T K<l KnCTOK o p r o e a a an a-r o « Na YClIJTImaCT HH ­

Ay u Il P0I3 a+I Hb l(1 rnyTo Kc HMOM BXOA Ca2+, IIO HC 

npen orn p aur a c r n OCJICAYlowe c llH nroll p o BmIHe BXO­

na Ca2+ r CHllCTe(IH OM. 3 1'0 cornacyercs C nonY'-IC H­

Hb I MI1 aaxm p a u c c AaH H bl MH a TOM , ' IT O n p CAbIH K Y­

Ga Ul 15I KnCT OK C o p T OB a HaAaTOM Na YCII JTl1BaCT 

AT<p -lfHAyuHp Ol3aHHbIll BXOA C a2+, 1-10 H C npCAOT­
2npauiacr nocn cnyiouree II1-1rll6up OBaIHIC BXOAa Ca + 

rC H IlCTC rIHO ~l 17 ]. YC llnCI-Il1C OXOAa C a2+ opron a n ana­

1'0,\ 1 Nu n OAT BCp >KAa CT Ba >KHOCTb aKT IlBa l~ I Hl T llPO­

311I-1KIII-I <13 An 51 cT It Myn 5!l~ lH l BXOAa Ca2+, 

Ha pnc . l r nO Ka3a HO COBM CCTIIOC )~c lkTBHC r c an ­

crc ti n a If o proaa uannra Na Ha yBcn WIC HYIC [Ca2+] ;, 

Bb I '3b J[J a C ~ I OC rnyTo KcI1M OM. Kn c T K H HHKy6HpoBan u 

C 50 ~I KM o pros auanarn Na II 100 MKM rC I-IlfCTc(1H3, 

n o c n e -rcro aa Kn CT Kll E03ACilcTBo BaJUf 10 0 MKrh1.n 

r JTyTOKcIIM a II -iep ea 16 "IIIH BOOAHJllI B Ha p y >l(Hyl o 

cpcny 2 M M C a 2
+. HaOJIIo J:\a c T c 5I nOA a Bn CHl l C 06C IlX 

CP<l 'J Ca2+-oTBcT a , Ob l3blBa CMoro rn y T o KClI/'.I OM. Ta­
I<H /'. I oopaso» , OpTOBaIw )),a T Na HC npenor npaumer 
HHr HOHpOBaHHC axon a C a 2+ rC l-IlfCTCIlH O/'. 1 I-l B T OM 

CJIy'JaC, xorna ooa ono x ar o pa )),06aBJI5!I:OT C5I )),0 n p n ­

JIO>KCHH5I rnyroxcmr a . 

MO>I<HO npc )J.nOJIO>I<IlT b , 'ITO crtrxrynnun» BXO)J.' \ 

C a 2+ n OA )),CHCTB I1CM GSSG I!.n Il rnYTOKCIl~ra 06y­

cnoan ena aKTHBauucfl T1IP03 HHK l flla3 , nO BbIWC IH I C ~1 

(POCcjJOpn.rUlpOBa H H5I n o T II P03H HY C a 2+- Ka l-l<lJT<) B 

n n a 3M <lTHtl CCK O(1 MCM6p<lH C nrm CB>I3aH Horo C xa n a ­

nO M p erYJI5!TOpHOr o ocnxa . BOOJ~IO >K H O T aK>I<C, 'ITO 

!3l>13b I Ba CM a 51 rJIyT o Kc llM OM HJIII GSSG ~106 11mI3 <l u l! 51 

C a 2+ H3 neno CB5I3 a Ha C cj:J occj:JOpI1JIl1p OBa HI1CM no 1'11­

p0311 Hy H aKTI lBalJ, lIe}1 KaHaJIa Ca2+- Bb I6 p o c a p c uen­

ropa HH03 I1Ton- 1,4 ,S -TP lIcpoccj:J aTa B ~ I CM 6paHC 3H ­

Aonm13MaTWICCKoro pCTIIKynYM<l [ 10] . 

Mlf W CH5!l\lH An>! KOBa JIC HTHO(I xr onndnrxaunn 
GSSG I1nl1 rn YToKC I ·I /'. I O ~l Mory T 6blTb Ca M I! T Hp 0 3I IH­

qJOccj) a T <l3 bl , c o n e p xcaume B Ka Ta.nII THtI C C KO ~l J\OMe­

,aOK.nA,Llbl AKA,LlEfvlH H HA YK TO.\I 417 .N ~ 2 2007 



3 POJIb TI1P 0 3Y1HKYIHA3 11 THP0 3YIHcpOCCJ)AT A3 

He C!JYHKUI IOH3JTb HO Il3 >KH L [ (1 ocr3TOK lj)ICTCI1H3, KO­

TOp bl(1 AOJDKCH 6bITb Il IlOCCT3H0 l3JT e HHOM COCT 0 5I­

HIH! nJTH OCYLUCCTl3JT eHH5I c[JOCCp a T 33Hoti 3 KTIIBHOCT II 

[8. J l] . 

TaK [ I ~ 1 0 6p3 30M , H3 M I1 BITCpBblC n OK3'3,UI O y-in­
CTflC TYipOJIIHKH H3 3 [I T Hp 0 3I lHqJOCep3T33 B YUCJIWIC­

I-HII I rCa2+1,. BbI3bIB 3 e~ IOM Gsse I1JTI1 rJlyrOKCI1MOM, B 

n Cp[lTOHC3JTbHbIX MClKpocjJarax xpsrcsr . Y '[HTbIB35I, 

' ITO r eHIICTe1"IH II MAU 6 JT OIO lp YlO T Wl1pOKHrl cnexrp 
T llPOJllHKIIH 33. ~ I O )l<HO npCnnOJTmKIITb , ' ITO B pcr-yrrs­
TOpHOM ; tefICT BIH I rJ lYTOKCII lvIa IIJTH GSSG I-Ja [Ca-"] , 
~lO rYT y ' 13 CTB0l3LlTL K3 K peuerrropm.r e, TaK 11 UI1TO­

nJTLlJ M ClTlFlCCKIIC H lp03 11 HKHH 33bl. 
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