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Koxca a MCp J.1 6 vtl:i J.1 zi p y r ne J.1 30 nJ.1pOBaHH ble :m J.1 ­

renn arn.u sre CJ.1 CTeM bl 51Bn5l101'C5I KJIaCCW-leCK J.1 M J.1 

M OLlen b H blM Yl 06beKT<:lMJ.1 Lln51 J.1 CCJleLl013aHYl 51 MeX<:l­

HYl 3MOB r pa uc nopra J.1 0H OB y epe 3 6 110nOr J.1yeCK J.1 e 

M e l\16 p a H bl. Tp au cn opr N a ' 13 OCMo p e r yn J.1pyIOWJ.1X 

3nJ.1Ten W I X npenc r a s n n er c060 i1 cnosor yro , MHo ro­

KOMn oHeHTHylo CJ.1 CTeMY, pano r a KOTOp OI1 ofiecrre­

YJ.1 l3ae1' C03LlaH J.1 e J.1 nonnepxcanue 3J1eK TpOJlJ.11'J.1ye­

cxoro J.1 sonnoro rO MeOC1'a3a. P a 3nJ.1YHbl e fienxon ue 
KOMnOHe HTbI cHOM CJ.1C1'e M b l MoryT 51Bn51T bCH MJ.1 We ­

HblO M5I OK J.1 Cn J.1Ten hH o ro crpec c a . Panee HaMJ.1 6bln o 

nOKa3aHO, -rro rpau cnopr Na" B KO)J(e n5lryw K J.1 M O­

Llyn J.1pyeTc H pa3nYlYHhIM J.1 OKJ.1Cn 5lIOW J.1MJ.1 areH 1'aMJ.1 

[ I ]. Bne pnu e 06 Hapy)J(e HO, -rro OKJ.1CJlCHHbIH m y-ra ­

TJ.10H (GSSG) J.1 e r o epa p MaKOnOr J.1yeCK J.1 11 anano r 

npe n ap ar rn y-r OKC J.1 M @ (" <1>A P M A -BA M " , M oc xaa) , 
npJ.1n O){( eHHble K 6 a30Jl a1'epaJIbHOM n OBepXHOCTJ.1 KO)l(J.1 

nsryuncu , J.1MJ.1TJ.1PYI01' LIe I1C1'B J.1 e J.1H c yn l1Ha J.1 CTl1MY­

nYl pYI01' 11) aH C3nJ.1TCnJ.1 aJ1bHbll1 1'pa Hcnop1' N a" . Kpo­
Me 1'01'0 , C u cno moo s auue x, YlH r H6J.1TOp a TJ.1p0 3J.1H ­

K J.1 Ha 3 r e H YlCT6i Ha HaM I1 an epasie Bbl 51 l3ne HO Y4a­

CTJ.1e 1'J.1 P0311 H K J.1 Ha3 B C1'J.1 M y n J.1pYIo w e M LleI1 C1'BI1J.1 

GSS G J.1 rn y To KCJ.1 Ma H a 'rp a n c rtopr N a' 13 KO:>Ke Jl5I ­

ryiuxu 121. 
vl313eCl'HO, 41'0 BfHHI H Yle J.1H CYJI J.1 H a n a r pa nc nopr 

Na" VlHJ.1 UVl I1f1y eTul CB5I3bI l3a H VleM rop sio u a c peuen­

TOpOM C c06CT Be H HOCi 1' J.1 P 0 3 J.1 H K J.1 Ha3H0 I1 aKTJ.1BH O­

CTbIO , JlOKaJl J.1 30 Ba HH bIM 13 6a 30n a Te p aJlbH0l1 MeM­

o p a ne 3n J.11'eJl VlaJl bHblX KJleTOK l3 J. Panee HaMI1 6 b ln O 

n OKa3aH O, -rro lleHCT13l1e I1H CYJlJ.1Ha Ha T pa HcnopT 

N a" 13 KO:>Ke JI 5Ir Y W K I1 3813J.1C J.11' 01' aKT J.1I3H OCTI1 TI1PO ­

3 J.1 H KI1Ha3 J.1 TJ.1p0 3J.1 H cj)Q c epa1'a3 J.1 ocyur ecr an ne-rca 
npn yyaC1'J.1J.1 epocepaTJ.1LIJ.1J1J.1H03J.11'OJlK I1H a3 (<1>l1- K vl ­

Ha3) 11 np01'e l1H K I1Ha3 bl C l 3]. B CB513J.1 C 31'I1 M n p en ­

C1'aBnHnOCh uenecoob pa au sn« J.1CCneLIOBaTb S03MO:>K ­

u yro POJl h CDY1-K J.1 Ha3 13 perYJl5l l LJ.1J.1 GSSG J.1 r n y r o «­

CJ.1 MOM 'rpaacno p r a N a" 13 KO){( e Jl 51ryWKI1 R a n a 

ternporari a C J.1CnOnb30B aHI1eM LlBYX CTpy KTy p HO pa3 ­

n J.14HbI X J.1 H r J.16 I1TOp 0I3 ¢OC¢aT I1LlJ.1Jl J.1 HOJI1 TOn- 3 - K J.1 ­

Ca HKI11- Ilemepoypectcuii eocyo apcm eennu i: )'Hueepc utnetn 

Ha3 (CD l1 - 3 - K J.1Ha3) 11 epo c¢aTJ.111J.1nI1H03J.1 TOn- 4 - KH ­

Ha3 ( CDY1- 4 -K YlHa3) OepTM (l H HYlHa H LY 294002 14 1· 

D.n51 p e rJ.1 CT p a UJ.1 11 aonsr-ara rtepn srx xapaxrep n ­

CTVlK ( B AX ) KO:>K11 J[51 r y w K I1 J.1 Cn o nb30BaJI J1 aSTOM a ­

TJ.1 3 J.1 pO BaHHYIO yC Ta H o BKy cjmJ(ca u J.1 J.1 n ore u uaana 

[S]. Vl 3 BAX o npen erm .nu 3neKTpI1 YCCKJ.1e napaver ­
p bl KO){(W TOK xoporxo ro 3aM bIKa H H5I I sc Usc = IT 
npa VT =,0. rne IT - T p a H C3 n J.1 Ten J.1 aJ1b H bIH 1'OK) . no ­

TeH UJ.1aJ1 OTKP blTO Ci uerm Voc (Voc = VT np n IT = 0, 
rne VT - TpaHC3 n l11'enl1aJIbH bl 11 nOTe H U l1aJI) J.1 TpaHC­

3TIJ.1 Te nl1aJ1bHY l0 n pOBO.ll J.1 MOCTb gT' Tpancn opr Na ' 
Oue HJ.1BaJlJ.1 KaK a M J.1J10p J.1LlcIYBCTB I1Ten bHbl ~ Isc [5J . 
H a puc yu x a x npa aeneu u peayn sraru TJ.1nJ.1Y HbIX 
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PI1C. I . K IIHcTI1I\~ ~U' l c H c H H ~ TUK~ xoporxoro J~M I, ll\ a­

H l1il Usc) Il OCJle uofiaan e u u n 100 \ 1K r ! \1.1 rIlYTOKCYI\1 a K 

6aJOnaTepaJli>HO fi n OBe[H H OCTYI I1HT ,I KTH U M YI ofipa fio­
T aHH OM 6 JlOKaT o p a.\1 H I jloccpa T Yl1Il1n I1H03I1TO.1 KI1 Ha J KO ­

»ce : lllrywKH 11 no cnenvro urero IlPI1Jl O>Kl:IH I Il 6JlO K~TOpa 

31ll1Te Jl l1Ml bHblX N~ f - KaH~ _1nB ( ENaC) <1MI1J10rl1fla . 1 ·­
I1:JMeHelil1il 'sc nocne ~o6all.1e H J11l rnyroKc YlMa K I1H ­

Ta KTH OM KO)l(c ; 2 - WIMeHe Hl1il Isc nocne ilo6aBJle Hl1 1l 

rnyr o xca ssa K KO>Ke, npenea parem.no o6pa6oTaH Hoi:1 B 

r e-reuae 30 MI1 H c o cropou sr a n l1KanbHOH nOBe p XHOCT I1 

200 HM LY 294002; J - HJ.\1e H e H I1Il Is C nocne nooasne ­
HI1H rJlyr()KC I1 ~ l a J< «o.xe , npen sapureru. xo ofipa fior a n ­

H o i1 B r e-reu a e 30 MI1 H co <:TOr OH bl 6 a30Jlmepa.nbHoi1 no ­
lJe r XHO CTl-1 I MK M ue p T Ma H HI1H OM . OLH1 H a pHilli CTpeJIKa 

cOOTBeTCTllycT MOMeHTy nneneuun B pacrnop rnvroxc u ­
Ma : nnOMl iaSi Crpcnxa .. MO~ I C I ny nncnClll1 Jl ~ pactno p en 

CTOflOH bl arl l l K <Vlb HO i i nOlle rX HOCT Il KO)l; II 20 \1K M a~-II1 ' 

JIOPI1Jl ;1. 
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41 8 KPYTELlKA51 ,I np. 

3Kc n epHMeHTOB C I1C nOnb30B3Hl1eM rn YTOKC l1M3 
(100 MKr/Mn). AHanorl1 4 HbiC 113HHble 6blnl1 noriyse­
Hbillml GSSG (100 MKr/Mn) . 

nOK3.1<lHO. YTO ll06a[JneHI1C 100 MKr/Mn GSSG 
I1nl1 100 MKr/Mn rnyroxc ava K fiaaonare pansaopr no­
Bep XHOCTI1 I1HTaKTHOM KO)f(11 n51rYWKI1 BbI3bIBaeT 
yaenu-reaue rpaucnopra N 3+. B cpennev (no pe ­
aynsrarav 10 3KC ne p I1MeHTOB) l sc B03paCTaeT sa 
40 .3 7 ± 11.24 (P < 0 .05) 11 20 .3 1 ± 1.04 % ( P< 0 .0 1), a 
Voc Ha 48 .05 ± 10.34 (P< 0.05) 11 19.64 ± 1.1 3% ( P < 
< 0 .01) llJUI GSSG 11 rnyro xcnsta COOTBel'CTBeHHO. 
Benl1 411Ha gr npu 3TOM He MeH5I eTC5I. Pau ee HaMI1 
6blno nOK<l3aHO. YTO OnlH IHl1e 6nOKaTOpoo (j)1;{- KI1 ­
Ha3 Ha r pa ucno pr N a" B xoxce n5lrY WK I1 3aBI1Cl1T cr 
KOHue HTp<lUI1I1 11 n lmno)f(eHI1}! are HTOO co CTOp OHbl 
armxan suoa I1nl1 6a30naTepaJIbHOM n OBepXHOCTel1 
KO)l<11 16] . B CB513 11 C 3T I1M 6bln l1 npoaeneuu -reri.rp e 
cepu u 31<C nep l1Me HTOB D.n51 xaxnoro 113 OKI1Cn5l 10­
WI1X areHTOB. B nepao jt 11 r perset; cep n n axc nepu ­
MeHTOB an l1KaJlb HYIO nOBepXHOCTb KO)l<11 n51rYWKI1 
npen aapur en suo I1 HKy6l1 pOBaJll1 e re-re uue 30 MI1H C 
BepTM3 HH l1HOM (5 00 HM 11 1 MK M D.n51 neps oa ce­
PI1I1) I1nl1 COelll1HeHl1eM LY 294002 ( 100 HM 11200 HM 
lln51 r persen ce pnu). B o BTOpOMI1 YeTBepTo M ce puax 
BepTM3 HHI1H 11 LY 294002 B aaanoru -uu. rx KOHueH­
TpaUI151X ll06aBMInl1 co CTOpOHbl 6a30naTepaJl bHOH 
nOBepXHOCTI1 KO)l<I1 . Hoene 3TOro B Ka:>K.LJ.OH cepuu 
3Kcnep I1MeHToB 100 MKr/Mn GSSG I1n l1 100 MKr/Mn 
rn YTOKC I1MCI O[JOllVlnl1 co CTOpOHbl 6a30naTepan bHoH 
nOBepXHOCTI1 KO)f(Yl J151rywK VI . 

06 HapY)l<eHO, 41'0 npenaapure.nsuaa YlHKy6aUI151 
KO)l(11 n5lrYWKVI C BepTMa HHI1HOM I1nYl LY 294002 cy­
weCToeH HO CHYl)K<leT CTI1 MyJI 11 pyiouiee lleHCT13Yle 
rnyroxc ar-ra Ha rpauc no pr Na ' (p uc. I). T aK, B n ep­
130H CepVlI1 3 KCne p l1Me HTOO yoenl1 yeH Vle anexrpn-re­
CKI1X x3 paKTepl1CTYlK KO)f(11 naryuncn no cn e n06aBJIe­
HI151 rnyroxcn va K xox e, npenaapnrensuo 06pa60TaH­
HOM BepTMaHHYl HOM B paJnVlYHblX KOHue HTpa u Y15IX, 
COCTaBVlno: fsc YBcn Vl Yl1nC5I u a 8.45 ±. 1.29 (P < 0.01) 11 
3.36 ± 0 .24 % (P< 0 .01 ) , a Voc H3 9.34 ± 2 .08 ( P< 0 .0 1) 
11 4 .0 1 ± 1.23% (P < 0 .0 1) lln51 50 0 HM 11 I MKM sepr ­
MaHHYlH 3 COOT BeTCTBeHHO. B r perse u cepz a axc ne ­
pYlMe HTOB YBeJ1 l1yeHl1e l sc COCTaBI1JIO 13.84 ± 3 .48 
( P <O.OI) 11 11.4 2 ± 4 .04 % (P <O.OI),a Voc - 15.01 ± 
± 3.4 3 (P< 0 .0 1) 11 12 .34 ± 4 .32 % (P < 0 .01 ) 1lJUI 10011 
200 HM LY 294002 COOTOeTCTOeHHO. Bo OTOpOi:1 ce­
p l1l1 3KCn ep l1MeHTOB fsc ysenHYI1JlC5I Ha 10 .4 5 ± 2.48 
( P < 0 .0 1) VI 6 .33 ± 2 .24 % (P < 0 .0 1), a Voc Ha 
1 1.3 I ± 3.33 ( P < 0 .0 1) VI 7. 12 ± 2.28 % ( P < 0 .0 1) 1lJl51 
500 HM Yl I :'vIKM BepTMaHHI1Ha COOTBeTCTBeHHO. B 
4eTBe pToH cepI1113Kcnep I1MeHToo!scYBenI1Yl1nc51 u a 
22 73 ± 9.48 (P < O.OJ) 11 19 .39 ± 8 .0 1% ( P< 0 .0 1), a 
Voc Ha 26 .51 ± 9.14 ( P < 0 .01) Yl 21.34 ± 9.21 % ( P < 
< 0 .0 I ) lln 51 100 11 200 HM LY 294002 COOToeTCTBeH­
HO. Bo scex 3KCnep Yl MeHTaX BeJ1I1YYlHa gr He Me H5I ­
nacs. CX011Hble peayn sraru 6blnYl nonyxe-n.r n p u 
npl1nO)l(e HYlI1 K xoxe ri a ryunc u , npensaparen sxo 06­
pa60TaHHoH Yl HrYl6V1TOpaMYl <t>V1 - KYlHa3. 100 MKr/Mn 
GSSG . 

1!0n yyeHHbie 11aHHbl e CBYllleTenbCTBYIOT 0 TOM, 
YTO 80 scex eap ua urax 3KCnep Yl Me HTOB finoxaropu 
<t>V1 -KYlHa 3 OKa3b lBalOT ll0303aBYlCYlMOe BnYl51Hl1e Ha 
3q)(peKT GSSG Yl rn yroxcusra Ha -rpaucnopr Na ' B 
xosce n51ry WKYl. 1'aK, npe11BapI1TenbH351 I1HKy6aUYl51 
KO)l<VI C HYl3KI1MYl KOHueHTpaUI151MI1 6nOKaTopOB 
cDVI- KYlHa3 npI1BOD,YlT K 3HalJYlTenhHO MeHbweMY (no 
cpaBHeHYlIO C D,eHCTBYleM 60nee OhlCOKYlX n.03) no­
n.a[JJIeHVlfO cTVlMynl1 p YfOwero llCHCT[JVl5I rnyTOKC I1Ma 
Yln Vl GSSG Ha rpau c no pr Na " . V1 3BeCTHO. YTO BCpT­
MCl HH VlH 11 LY 294002 aunsnorcn OblCOKO 3cj)(peKTVlO­
HblM VI finoxaro pasor CDI;{ - KI1Ha3. H I13KI1e KOHueH­
TpaUI1Yl 3TI1X are HTOB He0 6 paTI1MO I1Hrl16l1pYIOT ace 
113BeCTHbJeI'll nbl cDV1- 3-KJ1Ha3 , r orna KaK B 60nee au­
COK I1X (cy6MI1Kpo Mon5l p HbIX) KOHue HTpa UI151X sepr­
MaHHI1H 11 LY 294002 I1HrYl611pYIOT 11 <t>V1-4-KYlHa3bl 
[ 71. TaK I1M 06 pa3 0 M, peaynsraru Ha WI1X axcnepu­
MeHTOB CBYllleTen bCTBYIOT 06 yyaCTl1 11 <t>V1- KI1Ha3 B 
pe rynar cpa ov neM CTBI1Yl GSSG Yl rrryrokc uv a na 
r pan cn opr Na ' 0 KO)KC n nry urk» . On.HeIKO TO. YTO 
06a finoxaropa n.eHCTByIOT MeHee 3cj)(peKTI1BHO B Ma­
rn.rx KOHueHTpa UI1HX, xo ropsie cne UI1cj:J l1yeCKI1 I1 H­
rl16l1pYfOT CDYJ - 3- KMHa3bl , n0300n5leT npennono­
)l<I1Tb, YTO CDYJ-4 - KI1Ha3bl B 60nbweH CTene HI1. y eM 
<t>V1- 3- KI1Ha3bl , s o ane-reu u 031'01' npouecc , VI nYl )f(e 
aKTI1BaUI151 <DVI- 4- KI1Ha3 51Bn5leTC5I 60nee pa HHI1 M 
3TanOM B peanaaauuu cruuynapyrouiero n.eHCTBYl 51 
GSSG 11 rnyToKCI1Ma Ha TpaHcnopT Na" B xoxce ]\ 51 ­
ryunc n R. te mporaria . B 0 3MO)l<H O TaK)Ke, YTO <t>YJ - 4­
Kl1Ha3bl Moryl' ocnatinars I1Hrl16l1pOBaHI1e <DVI- 3­
KI1uaau . diocdiopnn Yl pys cj:Joc¢aTl1llYlJI 11 H0311Ton- 3­
dio cdiar, oCTaI0Il.ll-1I1C5I B xnerxe . 

V1 3BecTHo , YTO paanu-nr u e xrnoseaue Nav-rpauc­
nOPTI1PYIOw l1e 6enKYl, TaKJ1e KaK aMY1JlOpHllYYSCTBI1­
rensnue a rnrr en uan sa ste 6enKYl Na " -KaHaIlOB (ENaC) 
I1nl1 Na" / K+-AT cDa3bl, conepxar MHo roYI1 CneH Hble 
OCTaTK I1 UI1CTeI1Ha , xoropue 51BJI5I IOTC5I MI1WeHblO 1lJl51 
BHYTPI1- 11 BHeKIl eTOYHbl X OKI1CJ15110Wl-1.X 11 BOCCTaHaB­
J1 I1BaIOWI1Xare HTOB [8 , 9 ] . 0 11H3KO aaenen ue B KOHue 
xax no ro 31<cne p l1MeHTCI 0 paCTOOp , OMblOalOllJI1H 
anl1KaIlbHYIO n OBepXHOCTb KO)l<11 naryunca , fin oka­
r o pa E NaC - a v nn opan a (20 MK M) BbI3bIOClJ10 non ­
Ho e n011aBJ1eH l1e lsc ( p uc . 1) , YTO cBI111eTenbcTByeT a 
TOM, lITO Bfll151HHe GSSG 11 rflYTOKCI1Ma na TpaHC­
n o pr Na' CB5I3a HO n peu ayuiecreenuo C M011YJUJ UI1­
eH aKTI1BHOCTI1 ENaC. 

TaKI1M 06pa30M , HaMI1 an epsue nOKa3a HO y -ra­
CTl1e <D VI-KI1 Ha3 B CTYlMyJ1l1pyJOUJeM 11eHCTBI1I1 
GSSG 11 rflY TOKCI1Ma Ha r p au c n o pr Na ' B KO)Ke JHI ­
ryunca R. te mporaria. Ha OCHOBaHl111 pea ynsraros 
HaCT05lWei:i pafiors: 11 paHHI1X pa60T [ I , 2] MO)KHO 
npe11n0 J1 0)l<I1 Tb, YTO GS SG Yl rnyroxcuv Mo ryT BJa­
I1MOlleHCTBOBaTb C 60raTbiMYl UI1CTel1HOM 1l0MeHaMVI 
peuerrropa 11 ucyn« Ha B 6a30J1aTepan bHOH MeM6paHe 
anurenuansu u x KIleTOK, Bb13bIBaTb era Tpa HCaKTI1­
BaU l1fO 11 aanyckan, CYlrHallbHblM KaCKM, BKIlIO yafO­
WI1H TI1P0311 HKl1 Ha3b l Yl cDl;{ - KI1Ha3bl. 3 1'0 npI1B011I1T 
K CTI1MYJ151UI1I1 ENaC Y1 YBenl1yeH I1 10 rpauc nopra 
N a' B KO)Ke nnryunc n . 

IlO KJlNJ,bl i\ Kt\Ll EM VIVI H;\Y K TO\1 428 N~ 3 20U9 




