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I.- KAHATbI: MOAJTUHHBIE «BOAUTENW» CEPOEYHOIO PUTMA?

B. E. Tonka4yée

Kagbedpa knuHudeckoli papmaxonoeuu Bon MYy

B atom o630pe packpbiThl thuanonornyeckas 3HaYMMOCTb, OCHOBHbBIE OTSIMYUTENbHbLIE CBOMCTBA M MOMEKynapHas
opraHusauus f-kaHanos, yvacTsylowWmux B reHepauuu ¢asbi «MeANEHHON AMacTonu4eckol Aenonsipusauum» B MuoLmTax
cuHoaTpuanbHo yana (ysna Kuca-®neka), putmoreHese, a TaKke B MOAYNALUWN OEATENbHOCTU cepAlia aBTOHOMHOW He-

PBHO CUCTEMOMN.

Kniovesbie cnosa: cmHoatpuanbHbii y3en, f-kaHanbl, «neicMenkepHbIi» MOHHbIA TOK, usabpaamH.

I -CHANNELS: AUTHENTIC «PACEMAKERS»?
B.E. Tolkachev

In this review the basic physiological significance, the main specific properties and the molecular structure of native f-
channels participating in the generation of the phase of «slow diastolic depolarization» in myocytes of sinoatrial node (Keith
and Flack node), and important for the heart rate and modulation of the cardiac function by autonomic nervous system are

described.

Key words: sinoatrial node, «funny» channels, pacemaker ionic current, ivabradine.

ABTOMaTn3m cepaua, To ECTb «CNOCOOHOCTL cepaey-
HOM MbILLILIbl K NEPUOANYECKOMY COKpaLLeHuio 6e3 Kakux-
nunb0o BHELLHUX BO3REWUCTBWIA 38 CHET COOCTBEHHbBIX BHYT-
PEHHUX MEXaHW3MOB, UrpaeT O4HY U3 KIo4YeBbIX porei B
obecneyeHnm HenpepbIBHO LIMPKYNALMK KPOBK, Noaaep-
XaHUM NOCTOSHCTBA apTepuanbHOro AasneHn U yHKLM-
OHUPOBaHUA CepAeYHO-COCYANCTON CMCTEMbI B LIENOM»
[11]. du3monoruyecku cTonb BaXKHOE CBOWCTBO UMEET MU-
OreHHyto npupoay n 06ycnoBneHo HanMYNeM Tak HasbliBa-
eMol «nNpoBoAsiLLEl CUCTEMbI cepaLa» — aTUNuUYHOM
rnagkomMblLLIEYHOW TKaHW, COCTOSALLENR U3 crieuunanusnpo-
BaHHbIX KApANOMMWOLITOB, OTBETCTBEHHbIX, BO-NEpBbIX, 38
CMOHTaHHY0 reHepaLuuio NoTeHumana AeicTBus U, BO-BTO-
pbiX, 3a NpOBEjeHNe BO3HMKLLIEro BO3OYXAeHUA Ha pabo-
yue KNeTku Mmokapaa.

B Hopme crioHTaHHOe BO3OYXaEeHME BO3HUKAET B
cuHoaTpuansHom y3ne (SAN, cokp. oT aHrn. SinoAtrial
Node) — BbicokocneLmanuampoBaHHo obnacTtu, noka-
NW30BaHHOW B CTEHKE NpaBoro npeacepaus, oTkyaa
BOfHa BO3OYX/AeHNA pacnpocTpaHAeTca Ha Muokapa
npeacepanin, aTpMoBEHTPUKYNAPHbLIA y3en u ganee
cnepyet no nyyky Muca, 3aknioYEHHOMY B MEXXKeny-
AOYKOBYIO neperopofky, # sonokHam [llypkuHbe, o6-
pasyoumm cybaHaokapananbHyl0 CETb, Ha MUOKapLa
XKeSyA04KOB.

HecoMHeHHO TO, YTo B hopMUpoOBaHuUN cepaed-
HOro pUTMa B LIeSIOCTHOM OpraHu3ame nNpuHUMaeT yyac-
TWE MHOXECTBO MEXaHW3MOB Kak UHTpa-, TaK U 3KCTpa-
KapAuanbHOro NPoUCXOXAEHWSA, O4HAKO NpeBanupylo-
el ABNAETCHA TOYKa 3pEHUS, COrflacHoO KOTOpOo Yac-
TOoTa cepAeyHbix cokpatjeHun (MCC) rnaBHbiM 0Bpa-
30M onpeaensieTcs CNOHTaHHON NEPUOANYECKON aKTUB-
HOCTbIO HECKONbKUX Hanbonee Bo36yAUMbIX KNETOK Cu-
HoaTpuanbHOro yana, KoTopblil BCrneacTane aToro 6bin
HasBaH UCTUHHbIM BOAUTENEM PUTMA, UNU NEUCMelKe-
pom nepsoro nopsaaka [1, 3]. CnocoBHOCTbIO K CMOH-
TaHHOMW reHepauun noTeHunana gencTBusa B TOW unu
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WHON cTeneHn obnafatoT KapanoMMOLIWTbI BCEX OTAE-
NoB NPOBOASLLEN CUCTEMbI, OAHAKO UXx coBCTBEHHas
puTMuUYeckas uMnynbcauuns nogasneHa Bo3byxaeHu-
€M, 3apoXAaloWmMMCs B CUHOATPUanbHOM y3ne, 1 CHu-
XaeTcsa no Mepe NPoCTPaHCTBEHHON yaan&HHOCTHN OT
SAN, 4TO NO3BONAET rOBOPUTL O ABNEHUN «rpagueHTa
asToMmatuun» [11]. OHM nonNy4Ynnu Has3BaHWe NaTeHTHbIX
BOAUTENEN pUTMA, NOCKOMbKY pOfb NENCMENKEPOB OHU
npuoBpeTalT TONbKO B Cly4Yae NOBpEXAEHUS pUTMO-
reHHbIX CTPYKTYP CMHOaTpuUarnbHOro yana, nubo yrparbl
CBSI3U C HAMN.

Kak n3BecTHo, BO BpeMs AMacTonbl, B COOTBET-
CTBUU C HACTYNNEHNEM MexaHU4eckoro paccnabnexus,
BuoanekTpuyeckas akTUBHOCTb KNeTok paboyero muo-
Kapga CHUXaeTCsl, MpY 3TOM 3HAYEHUSA UX MeEMOpPaHHO-
ro noTeHuuana npubnuxatoTcs K TakOBbIM B COCTOSIHUN
nokos (- 80 mB). Kapguomuouutbl SAN, HanpoTus, xa-
pakTepusyloTcs Hanu4umem ocoboi passl «MeaNeHHON
AnacTonuyeckon genonapusaumm» B AUHaAMUKE NpoTe-
KaHus noterumnana gencraus. lNocne okOHYaHWS NOTeH-
Lumnana fencTeus, MembpaHHblil noTeHuuan He ctabu-
nusnpyeTcs Ha ypoOBHE MakCUMarnbHOro gnacronuyec-
koro (-60/-70 mB), a meaneHHO CHWXaeTcs ¢ npubnu-
XXEHHO NOCTOAHHOI CKOPOCTbIO 40 TEX MOP, NOKa OH He
JOCTUrHET KPUTMYECKOro 3Ha4YeHus, Nocsne Yero BO3-
HUKaeT oyepeHON noTeHuuran geincrena. «MeanexHas
AnacTonuyeckas Aenonsapu3auusa» CHUTaeTCst O4HOM U3
BaXKHEWLIMX NpUYmMH, 0BycnaBnuBaloWmMx Nnepmogmyec-
K MOBTOPSAIOLLYIOCA aKTUBHOCTb MUOKapaa, M, COoT-
BETCTBEHHO, ONpeAensowmnx cepaeYHblin putm. Mo stum
NpuYMHam oHa 3aKOHOMEPHO cTarna 06 bEKTOM MHOXe-
CTBa nccrieqoBaHuid, Lesblo KOTOPbIX CTaNo BbiSICHE-
HUS TOHKUX KNETOYHbIX MEXaHU3MOB, NexXxalynx B oc-
HOBE eé& reHepauum. :

HecmoTps Ha npogomkaioLmecs aebatbl 0 TOM, YTO
MUMEHHO CITyXXWUT NEPBONPUYMHON HaNU4ns dasbi MeaneH-
HOW AuacTonu4eckoii Aenonapusawuum, B HacTosLLee Bpe-
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M5 OGLLEeNpU3HaHHLIM CHUTETCA TO, YTO rMaBHas Porb B
BO3HWKHOBEHMMN, @ Takke perynsauum atoi assl npuHaa-
NEXMUT TaK Ha3biBaEMbIM /- KaHanam (OT aHrm. funny —_
3a6aBHblI, HEOBbIYHbIN).

C momeHTa oTKpbITUS B 1979 rogy B kKapANOMUOLM-
Tax SAN KponvkoB, MOHHBI TOK, 0BYCrOBREHHbIN Hannumu-
€M 3TUX crieLndmryecknx kaHanos, Obin TLWaTenbHo uecne-
£oBaH [8]. B pesynbrare 3TOro nonyyeHb! cBEAEHUS O Lie-
Nnom psfe BaXKHeNLINX 0COBEeHHOCTeN 3TUX KaHarnoB, Ko-
TOPbIM OHU 1 06s3aHbI CBOWMM HasBaHueM [1, 2]:

1) nonHas akrueaLs npy runeprnonspusaumum Memo-
paHbl;

2) MefineHHasn KMHETUKA aKTUBaLMn/ eakTUBaLum;

3) cMelLaHHas oHHasA NPoHULaeMocTs Ans Na‘n K;

4) ABOHAA 3aBMCUMOCTb CTEMEHU aKTUBALIM KaK OT
BEM4MHbLI MEMOPaHHOTo NOTeHLMana no okoH4YaHum dasbi
penonsipusalum, Tak 1 OT KOHLIEHTPaLIW UHTpaLiennonsap-
Horo LAM®.

MoTeHuunan pesepcun ans |- kaHanos cocTaenserT -
20/-10 mB, yTo yKkasbiBaeT, BO-NEpBbIX, Ha CMeLLaHHyo
NPOHULIAEMOCTb AN MOHOB HATPUS U Kanusa W, BO-BTOPbIX,
Ha TO, YTO MOHHbIA TOK ABAISIETCA BXOAALIUM NPV AUacTo-
NYecknx sHaueHnnax membpaHnHoro notexuuana. OTHolLe-
Hue nposogumocTen ans Na* n K* cocrasnsieT nopsaaka
0,27 [1, 2]. 3Ta BenunynHa BO3pacTaET Npu yBenuieHuu
BHEKIETOYHOMN KOHLEHTpauum kanus [1, 2]. dusuonoruyec-
Kast 3Ha4YUMOCTb 3TOrO SBNEHUS 3aKNOYAETCH B YacTuY-
Hoit koMneHcayun 6pagukapavanbHoro addekTa runep-
kanuemun. Kak UsBecTHo, BbICOKUE SKCTpaLEensonsipHbIe
KOHLieHTpaummn K* fenonsipusyior MemobpaHy, Y4To B CBOIKO
ouepeb, NPUBOAWT K yMEHbLUEHUIO Yncna f-kaHanos, cro-
COBHbIX ObITb aKTMBUPOBaHHBLIMI MO 3aBEPLLIEHWIO MOTEH-
Lnana gencTens, u, CrneaoBaTenbHO, CHUXKEHUIO CKOPOC-
TV pasBuTus hasbl MeaneHHoN SMacTonnYeckon Aenons-
pusaumu.

Kakum xe 06pasom npoucxoguTt yHKLMOHpOBaHWe
[- xaHanos?

MeicMenkepHbill MEXaHW3M, NPUBOASLLNIA K reHe-
pauuu pasbl MeANIeHHOW ANAcTONUYECKON AEnonspu3a-
Liuu B KapgmomMuoLMTax npoBogsLleil cucTeMbl cepaLa,
MOXeT BbITb OO BLACHEH CneayLMMmn nocneaoBaTenb-
HbIMM NpoLeccamu: akTueauus f-kaHanos HacTynaeT Bo
Bpems hasbi penonsipusauuu, B TE4eHUe KOTOPOi MeM-
BpaHHbIiA NnoTeHUwan gocTuraeT yposHs -40/-50 mB. Bxo-
AAWWIA Yepes 3T KaHarbi MOHHbIA TOK Mo cBOeMy ad-
(bekTy ABNAETCH aHTaroHUCTOM 3ameNEeHHOro BbIXOAS-
LL|ero kanneBoro Toka, 0TBETCTBEHHOrO 3a NPOLECC pe-
nonspusaLuu, KoTopas nNPoJoHKaeTcs 40 TEX NOp, NoKa
He ByneT AOCTUrHYT YpOBEHb MaKCMMarbHOro Auacro-
nuyeckoro noteHuyuana (-60/-70 mB). MNpouecc meaneH-
HOM aenonAapuaauumn, o6yCcnoBneHHbI BXOASLMM Yepes
|-TOKOM, NPUBOAUT K AOCTUKEHMIO NOPOra aKTMBaLum Gbi-
cTporo Bxoasiero Ca?- Toka U Havyany cnegyoLlero
noteHuwana nenctsusi. Bo Bpems ero Bocxoasiuei dasbl
(BbicTpOii Aenonapusaumnu) /- kaHanbl UHaKTUBMPYIOTCA
[3, 4].

OGnacTb cMHOATPUaNbLHOTO Y3ra y MIeKonNUTaIoLLNX
GoraTo uHHepBUpOBaHa BONOKHAMM Kak napacumnaTty-

BEcTHUR BomTVNE

Bbinyck 1 (25). 2008 15

| ===

YEeCKOro, Tak h CUMNAaTUYeCKoro OTAENOB BereTaTuBHoM
HEePBHON CUCTEMbI!, OCYLLIECTBIAIOLWUX KOHTPOMb cep-
AEYHON [esATeNbHOCTU Yepes MyCcKapUHOBLIE XOMNUHep-
rMyYeckue u B-aapeHepriuyeckue peLenTopbl COOTBETBEH-
HO [1, 3]. CumnaTuyeckan CTUMYNALMS, KaK U3BECTHO,
MPUBOAUT K YCKOPEHWIO CepAeYHOoN fesiTeNbHOCTH, Bbl-
3biBast NOMOXUTENbHbIE XPOHOTPONHLIE (YBENUYEHue
HCC) n nHoTponHbie (yBenuyeHue Cunbl COKpaLeHunit)
apekTsl. MapacumnaTuyeckme BNUAHUSA, HANPOTUB,
OKasblBaIOT OTpULIaTENbHbIE MHOTPONHBLIE U XPOHOTPON-
Hble 3 EKTbI, YMEHbLUAIOT CUNY COKPaLLEHWit 1 3ames-
NS0T cepAeyHblii puTMm.

UckniounTenbHas husnonornieckas 3HauumocTb /-
KaHanoB 3aKnio4aeTca He TONbKO B reHepaLuun CroHTaH-
HOro BO30yXAEHURA, HO TakKe U MOAYNALMKN CEPAEYHOrO
pyUTMa aBTOHOMHOW HEPBHOW CUCTEMOIA.

Kak nocpefcrsom f-kaHanoe peanusyrorcst aeKTbi
OTAENOoB BereTaTusHoOW HepBHOW CUCTEMbI?

HopagperanvH v agpeHanvH — HEMpPOTPaHCMUTTe-
pbl cumnartuyeckoro otaena BHC — uHayumpytot cMelle-
HVe rnopora akTueauum 3TUX KaHanoB B CTOPOHy Gonee
NONOXUTENbHbIX 3HAYEHUA MemBpaHHoro noTteHuuana,
yBENUYUBas Y1CNO KaHanoB, CNOCOBHbIX ObITb 3a4EWCTBO-
BaHbl B TeYEHME (hasbl AUaCTONUYECKON Aernonspusanuu,
¥, cregoBaTenbHO, CKOPOCTb e€ passutus [3,4]. MexaHuam
AeiicTena agpeHanuHa Ha f-kaHanb! BknoYaeT B cebs Tpu
OCHOBHbIX 3Tana [1]:

1) cBAsbIBaHWE agpeHanuHa ¢ B, aapeHepruyec-
KUMU peLienTopamu, NpusoasiLiee K B3auMoaencTeuio
Monekynel peuentopa ¢ ctTumynupyrowmm G, — ben-
KOM;

2) aKTuBaumy hepMeHTa afeHUnaTLuKnask!, ysenu-
YeHue buocuHTesa LAMO;

3) HernocpeacTBEHHOE CBA3bIBaHUE Morekyn LAM®
C |- KaHanamu, NpuUBOASILLEE B UTOre K YBENMYEHUIO Yac-
TOTbI COKpaLLeHuit cepaua.

B Hopme nmeeT MecTo TOHUYECKOoe BarycHoe BRus-
HWe Ha ieAaTenbHOCTb cepALia, 3KNepPUMEHTanNbHO NoaBep-
XAaemoe Tem, YTo Npu nepepeske BOokoH bnyxaatolie-
ro HepBa, UHHEPBUPYIOLLIMX CUHOATpUarnbHyto obnacTs, Ha-
GritoaaeTcs CTOMKOE yBENMYEHNE YacToThl U CUSlbl cepaey-
HbiX cokpatLieHnii. OTpuLaTenbHbie XpOHO-, @ Talke UHOT-
pOnHbIe BNUSHUA OCYLLIECTBAAIOTCA NapacuMNaTUYEcKum
OTAEnoM Mpu CBSA3LIBAHWK aLleTUnxonmHa ¢ M-xonuHope-
LenTopamu 3a CHET MHrMBUpoBaHUs chepMeHTa afeHunar-
LiMKNasbl, YTO NPUBOANT K CHWKEHWIO KOHLIEHTPALIN BHYT-
pukneToyHoro JAM® — BTOPUYHOrO nocpesHuKka Mogy-
NALMU aKTUBHOCTMU /- kaHanos [2, 4]. AUETUNXONUH BbI3bl-
BaeT yBENMUUYeHue nopora aktmsaumm (CMeLLeHne Kpusoi
Ha rpadbuke BNeBo, B CTOPOHY Bonee oTpuLiaTenbHbIX 3Ha-
YeHun membpaHHoro noteHumana), He BnNusist Ha obiyee
KONMUYECTBO KaHanoB, CNoCOBHbIX K NPOBEAEHUIO MOHHOTO
Toka [1] (puc. 1).

Takum 06pa3om, aLeTUnXonvH, Kak U HopaapeHanuH,
JIMLLb U3MEHSIOT BEeSIM4MNHBI NOTEHUMana, ipu KOTOPOM yBe-
JIMYnBaeTcs BEpOSITHOCTL Nepexoaa kaHaroB U3 3aKpbITo-
o COCTOSIHUSA B OTKPbITOE, 6€3 U3MEHEHUSA X CYMMAaPHOM
nposogumoctu [1, 3].
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B paHHUX uccnenoBaHuAX AeiCTBUE aueTunxonu-
Ha, 3aMeAnsioLLee YacToTy CokpallieHuil cepaua, obino
06bACHEHO OTKPLITUEM XOMMH3aBUCUMbIX KanuesblX Ka-
HanoB. OHaKo e BnocneacTeun ObIno gokasaHo, YTo
OTpULIATeNbHbIE XPOHO- U UHOTPOMHbIE 3PPEKTbI, UMEto-
LLKe napacumnaTMYeckyo Npyupoay peanusytoTca UMeH-
HO 32 CYeT WHMMBUTOPHOrO BO3AENCTBMUA Ha /- KaHanb.
KoHueHTpauus aueTunxonuHa, Heobxogmmas Ans 3Toro
ropasgo HWXe Tol, YTo TpeOyeTcs ANA OTKPLITUA Kanue-
BbiX kKaHanos [1, 4].
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Puc. 1. Mogynauusa cepAg4yHoro putmMa aBTOHOMHOW He-
PBHOW CMCTEMOW NOCPEACTBOM M3MEHEHUs1 BENIUYUHbI
MOHHOro Toka uepes f-kaHanb!: (a) usonpeHanvH (appeHoMu-
METHUK) YCKOPSIET, @ aueTUNXOomNuH 3ameAnsieT 4acToTy CMOHTaH-
HOR aKTMBHOCTU B M3ONUPOBaHHLIX Kapauomuoumtax SAN nyTém
YMEHBLUEHUA KPYTU3HbI HApaCTaHWA ANACTONUYECKOW Aenonspu-
3aumm; (b) n3onpeHanuH yBenuuueaeT, a aueTunxonuH ymeHblua-
eT /-Tok BO BpeMs CTyneH4aToi akTUBaLuM KaHanos; (c) ato
CBSI3aHO CO CMELLEHMAMW KPUBOW, OTpaXaloLlei 3aBMcuMOCTb
MEXAY UNCIIOM 33/eiCTBOBaHHbIX /- KaHamnoB v BEJIMYNHON
memBpaHHoro noteHunana [3]

Ba)xHO OTMETUTb, YTO MOANDUKELIUA aKTUBHOCTK
KaHanoB, NPOUCXOASLLAA NPU YBENUYEHM NGO yMEHb-
LLIEHUM BHYTPUKINETOYHON KOHLIeHTpauuu LAM® He sB-
NSIETCA KMHA303aBUCUMON, OCYLLIECTBINAETCSA NyTEM Nps-
MOrO CBA3bIBAHUS C KAHANOM, @ He KOBaNeHTHON Moau-
thukaumeii (poccopunuposaHmem/aedocthopunmpoBaHm-
€M), XOTS U 3TOT MEXaHW3M perynsiLumu cuuTaeTcs Bo3-
MOXHbIM [1,2,4].

Kak yxe Obi1o cka3aHo, HeCMOTpA Ha AoKasaHHYto
pornb /- KaHanoB B reHepaunu 1 perynupoBaxum asbl
MeAneHHol AnacTonMyeckoit fenonapuaaumu, B LIenocT-
HOM (POPMUPOBAHUW CEPAEYHOrO PUTMa NPUHUMAIOT MHO-
XECTBO MexaHW3MOB Kak 3KCTpa-, Tak U UHTpakapanans-
Horo npoucxoxzaeHus [1, 7]. pumepom ogHOro us noc-
nejHUX CHUTAETCH MBMEHEHWE BHYTPUKNETOYHON KOHLIEH-
Tpauum KanbLus 3a CYET ero BGbicTporo obmeHa mMexay
LIUTO30MEM U SHAONNA3MaTUYECKUM PETUKYITYMOM C BOB-
neyeHuem Na* — Ca?*— antunoprta. MHrubuposanme Bbl-
xopna noHoB Ca?* u3 LMCTEpPH 3HA0NMNA3MaTUYECKOro pe-
TUKYNyMa 3aMeAnseT cepaeyHblit puTM 1 NpensTcTBYeT
€ro YCKOPEHWIO, BbI3BAHHOMY CTUMYyIsiLmeN 3-aapeHope-
LienTopoB. ATOT (haKT cTan NoBOAOM K NPeAnonoXeHuio,
yTo UMeHHo Ca? ABNSEeTCA NOCPEAHVUKOM U3MEHEeHUA
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pUTMa CoKpaLLieHuil NoA, BNnsiHuem aapeHanuHa. Moxet
BbITb MOKA3aHO, YTO B 3TUX XXE YCMOBUAX HapyLiaeTcs
afpeHepruyeckas perynaums /- kaHanos, ofgHako npu
aTom ux LAM®-3aBucumasl Moaynsuusa He saTparmBaeT-
cq. CnepoBaTtenbHo, rMaBHOM NpuinHo Spuankapaman-
Horo acpdpekTa npy UHrMGMpoBaHuK 3-aApeHopeLenTopos
SBNSIETCH X (pyHKLUMOHaNbHOE pasobLeHue C /- kaHa-
nog, u noaaepxaHue Ca?'-romeocrasuca Henb3s CHUTaTh
HEe3aBMCHMbIM MEXAHU3MOM PEryTALMMA CMIOHTAHHOM aK-
TUBHOCTYW BoguTenei putma [3, 7].

CyLLECTBEHHbI NPOrpecc B NOHUMaHUM MOMNeKynsap-
HbIX OCHOB (PyHKLIMOHNPOBaHUS NeficMeikepHbIX /-kaHa-
nos 6bin ocywecTBNéH B koHue 1990-x roaos B CBA3N C
KNOHVpPOBaHWEM uX CyObeauHuUL — CeMencTBa Tak Hasbl-
Baembix HCN-kaHanoB, akTuBMpYOLMXCS npu runepno-
nApu3aLum MembpaHbl 1 yTpaumBaloLLMX CNoCOBHOCTL K
NpoBeAEHNI0 NOHHOTO TOKa NPU CBA3bIBAHUM C LMKnn4ec-
kumn Hykneotuadocdatamm (HCN — cokp. OT aHrn.
Hyperpolarization-activated, Cyclic Nucleotide-gated) [1,
2]. Y MnekonuTaioLmx Gbino BbAENEHO YeTsipe U30op-
Mbl aTux 6enkosbix monekyn (HCN1-4), npu sTom y 4eno-
BeKa, reHbl, KOAMPYIOLLME Kaxaylo M3 HUX, fiokanusosa-
Hbl B pa3Hbix xpomocomax [2, 3]. o CTpyKkType OHu ABNSA-
I0TCS TETPaMepamm, NPUYEM kaxxaasi us cybbeanHuL xa-
paKTepM3yeTCcs Han4ueMm LeCTU TpaHCMEMOPaHHbIX A0-
meHoB (S1—S6), 3 koTopbix S4 n S5 popmMUpytoT Nopy
kaHana. HCN-cy6beauHULIbl MMEIOT BONBT-CEHCOPHbI y4a-
CTOK Ha NONOXMTENbHO 3apsikeHHOM S4 foMeHe, a Taloke
[OMEeH CBS3bIBaHUSA LIMKNWYECKOFo HykneoTuagocdara
(CNBD — cyclic nucleotide binding domain), nokanuso-
BaHHOM Ha C-TepMuHarnbHOM chparmeHTe 6enkoBoit Mone-
Kynbl (pUC. 2). YCTAHOBNEHO, YTO NOCNEAHNIA y4acTByeT B
TOHUYECKOM NOAAEPKAHME KaHana B 3aKpbITOM COCTORA-
Haum. [1, 2].

S1 8528384583 P S6

Puc. 2. CxemaTuueckoe usobpaxeHue AOMEHHOW OpraHu-
3auuu HCN-kaHana — cy6beanHuLbl HATUBHBIX [, -kaHarnos
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CpaBHeHUe aMUHOKUCIIOTHOW NoCneaoBaTenbHOCTH
pasnuuHbIX 130opM NMoKasano, YTo TpaHcMeMEpaHHbie
JAOMEHBI, N0 cyTw hopMUpytoLLIME AAPO MONeKy b, 8 Tak-
»e CNB-gomeHb! ABNSIIOTCA BbICOKO KOHCEpBaTUBHbBIMY,
WaeHTUYHbIMY Bonee Yem Ha 80 % y pasnuyHbIX U30popMm.
O[QHaKo aMUHOKUCTOTHBIA cocTas N- n C-TepMyHanbHbIX
¢parMeHTOB KaHarnoB CyLIECTBEHHO pasnu4aeTcs, 4To
NO3BONAET CAENaTh NPEANONOoXeHWe 0 TOM, YTO UMEHHO
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OHM OTBETCTBEHHbI 32 HEKOTOpPbIE ocoGeHHocm 6MOdDV13VI-
YeCcKux CBOWMCTB OTAeNbHbIX N30(hopM, BKIOYAs NOporu
aKTuBaLMK, KWHETUKY aKTMBauuw/geakTusaumm, a Takke
Apyrue xapakrepucTtuku [1, 2].

AKTUBaLMSA, BO3HMKAIOLASA NPU CBA3bIBAHUM uAMrD
KaK ucTuHHbIMK f-kaHanamu, Tak n ux HCN aHanoramu, ces-
3aHa Co CMelLLeHeM MoporoB akTUBaLun B CTOPOHY Go-
nee NomMoXuUTENbHbLIX 3Ha4YeHW MEMOPaHHOro NOTEHLMa-
na, HoO MakcumarbHbIil YPOBEHb CMELLEHNUS CYLLIECTBEH
cpeau YeTbipéx usogopm [1, 2]. BeposiTHee Bcero, aTo
06ycnoBneHo pasnuYHoi cTeneHbl 6a3anbHOro UHrMbu-
TOPHOFo B3aumMoaeinctauns C-tepMuHansHOro oparmeHTa ¢
TpaHcMeMObpaHHbIMK JoMeHamu B ropasfo 6onbLueii cTe-
neHu, Hexenu BapnabenbHOW aUHHOCTbIO CBA3bIBAHUSA
UAM® ¢ CNB-gomeHom [1].

Kakum o6pa3om nosbilueHMe KoHUeHTpauuu LAMS®
NPUBOAUT K yBESTMYEHMIO YUCTA (DYHKLIMOHUPYHOLLUX /- Ka-
Hanos?

[ins oBbsAcHeHUA curMmomaanbHoro xapakrepa UAMO-
VHAYLIMPOBaHHOrO NOBbILLEHWUS YACNA OTKPLITLIX f-kaHanos
BCNeACTBWE yBENUYEHUS NOTeHLuana ux aktTueauum 6sina
npeasioXXeHa annocrepuyeckas runotesa, CornacHo KoTo-
poiA NeficMeikepHbIe KaHamMbi pacCCMaTpPUBAaKOTCS Kak TeT-
pamepbl, U Kaxaasa U3 YeTbipéx cydbeanHUL, UMetoLlas
BOSMbT-CEHCOPHbINA y4acTok U AOMEH cBA3biBaHUS LAM®,
NOAYUHAETCS NPUHLUMNY KOOPREPaTUBHOCTM: NPU NEPEXO-
[ie 13 3aKpbLITOro COCTOSHUA B OTKPbITOE OAHON U3 HUX,
COOTBETCTBYIOLLME KOH(HOPMALIMOHHbIE NEPECTPONKY Npe-
TepnesaloT 1 BCe ocTanbHble cybbeanHuubl [1, 2, 4]. An-
nocrepuyeckas rnoTesa NPUBOANT K AOCTATOYHO MHTEPEC-
HOMY 3aKIOYeHMIO: 4NN Toro, YTo6bl paccynTaTh akTUBK-
pyioLLiee feictene LAM®, He cnegyeT npeanonararh, YTo
HenocpeAcTBEHHOE CBA3bIBAHWE 3TUX MOJIEKY C 3aKpPbi-
ThIMU KaHanamu npMBOAMT K UX OTKpbITUIO. B AelicTBuUTENDb-
HOCTW, ANS 3TOrO HYXXHO NULLb Y4UTbIBATDL, YTO LAMO® 06-
napatoT 6onee BbICOKMM CPOACTBOM K OTKPbLITLIM KaHanam,
Hexenu K 3akpbITbiM. [yTem ceasbiBaHus ULAM® ycTpaHs-
€TCsl TOHU4Yeckoe MHrmbuposaHue kaHana f-kaHana C-tep-
MUHaNbHBIM Y4aCTKOM, OTKPbITOE COCTOSIHWE, Takum obpa-
30M, CTabUNM3NpyeTcs U cTaHOBUTCS NpeobnagaloLmm [1,
4] (puc. 3).

Bonee aetanbHas oueHka pacnpocTpaHEHHOCTH B
TKaHAX OTAENbHbIX U30chopM Bbina nonyyeHa ¢ NOMOLLLIO
METOL0B MOMEKyNApHON Guonorum (MMMyHOMapKUPOBKY,
CeBepHOro GnoTTHHra, BbICOKOYYBCTBUTENBHOMO aHann3a
C NOMOLLbIO 3aLMTbl OT puboHykneassl u 1.4.). Bbino yc-
TaHOBMEHO, YTO B CEpALE MMEKOMUTAIOLLNX UMEET MECTO
akcnpeccus nzodopm HCN1, HCN2 u HCN4, c cyLiecTteeH-
HbIM NpeobnagaHmem nocnesHei B cMHoaTpuanbHol 06-
nactu [1, 3].

OTnnYMs B KNHETMYECKUX U MOZYNUPYIOLMX CBOM-
CTBax HaTMBHbIX KaHanoB B TEX UNu UHbIX 0BnacTax cep-
Aua MoryT BbITh OTpaXaTb NPOCTOE pasrinyue B 3Kcrep-
cuun otaenbHbix nsocdopm HCN. OgHako snemeHTapHoro
3NEeKTPOU3NOIONMHECKOro aHanuaa HegoCcTaTouHo Ans
BbISIBNEHWS MONEKyNsiPHOW opraHvu3auuu /-kaHanos, no-
CKOMbKY HEobX0AUMO y4uTbiBaTh HECKONbKO YCNOBWMA,
CNOCcOBHbIX CyLECTBEHHbBIM 06pa30M BRUSATL Ha MX CBOM-
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crea [1, 2]. K npumepy, HaTuBHbIE KaHanbi MOryT npea-
CTaBnsiTb coboit reTepooNMroMepHbIie CTPYKTYpbl U BClea-
CTBUe 3TOro obnagarb NPOMEXYTOUHbIMU XapaKTEPUCTH-
Kamu, B 3aBUCUMOCTH OT TOro, Kakne nmeHHo HCN-n3o-
cpopMbl NpUHUMALOT yyacTue B ux obpasosaHum [2]. Kpo-
Me Toro, akTusHocTe HCN-kaHanoB MoxeT ObiTb MO K-
hmumpoBaHa B3aMMoOAENCTBUEM CO BCMIOMOraTernbHbIMM
B-cyGbeanHuLamu, CTPYKTYpPHbIMU NPOTEUHAMM, KOMMO-
HeHTamu uutockenerta. 3TO NO3BONSET NPEANONOXNTL
Hanuume «3deKTa-oKpyXEHUsI», UHa4Ye roBOPS TECHOW
B3auMOCBA3N Mexgy Gruousnyeckumm CBOUCTBaMM aTUX
130¢hOpM 1 TEM, B KEKMX UMEHHO YCNOBUSIX NPOTEKAET UX
dyHKyMoHupoBaHue [1, 2, 3].
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Puc. 3. Moaynauus dyHKLMOHANbHOW akTMBHOCTK f-kaHa-
nos nop BnuaHnem LAMO®: (a) cmelueHue rpacmka akTusaLmm
f-kananoB k Gonee NONOXWUTENbHLIM 3HAYEHUAM MeMBpaHHOro
noteHyuana; (b) 3aBUCUMOCTb BENUYUHBI CMELUEHNA OT KOHLEHT-
pauun LAM®; (c) annoctepuyeckan MOAENb, COTNAcHO KOTOPO
Mmonekyna UAM® ceasbiBaeTcsa C f-kaHanu B OTKPLITOM COCTOS-
HUW ropasno nNpoyHee, Hexenu B 3akpbiTom [3]

BnokaTtopbl MOHHBLIX KaHANOB NpefCcTaBnAlT coboi
Monekynbl, UHrMBupyoLMe, YaCTMYHO UM NOMHOCTLIO,
NpoXoXeHue noToka MOHOB Yepes Nopy kaHana. Mpume-
HEeHMe cenexkTUBHbIX 6nokaTopoB AaeT BO3MOXHOCTb yCTa-
HOBUTL BKIMa/, onpeAené&HHoro Tna uoHHbIX KaHaroB B ¢hop-
MUpOBaHUM BMO3NEKTPUUECKOW aKkTMBHOCTU KneTku [1].
UckniounTensHoe sHadyeHue /- kaHanos, cocTosillee He
TOMbKO B NYCKOBbIX, HO U KOPPUTUPYIOLLMX BAUSHUAX Ha
pUTMUYECKYI0 aKTUBHOCTb CepALia, 3aKoHOMEpHO caena-
10 ux o6bEKTOM MHOXECTBa UccnefoBaHuin, OgHOW U3
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Lieneit KoTopbIX ABNSETCS NOMCK COeAUHERUI, CnocobHbIX
cneuuduyecku B3auMoaencTBoBaTh C ITUMU KaHanamu,
3a CY&T Yero NoABNAETCA BO3MOXHOCTb HanpaBneHHo BIn-
ATb Ha cepAeYHblil puTtm [4, 6].

CHuxeHue UCC TepanesTuyecku obocHoBaHoO Ans
TakuX KapAVONOrMYECKUX COCTOSHUIA KaK XpoHMYeckas
CTeHoKapaus, uwemnyeckas 6onesHb cepaua v ap., ces-
3aHHbIX C NOBbILLEHHBIM PUCKOM OCTAHOBKY cepaua, no-
CKOJIbKY 3amefrieHne pUTMa, Kak M3BECTHO, ynydliaeT
MUOKapauanbHyo nepdy3uio BO BpeMs NporioHrMpoBaH-
HOM AMacTOfbl, @ TalkKe NOHWKAET NOTPeBHOCTL cepaey-
HOM MblLWLbLI B 06ecneyeHun kucnopogom [3, 6, 10].

3a nocnepHue rogbl ObINo HalgeHo HECKONbKO crne-
umnduuecknx 6nokaTopos /- kaHanos. 3T MoneKyrnbI, nep-
BOHa4anbHO Ha3BaHHbIE UCTUHHLIMUW «BpaanKapananbHbl-
MU» areHTamu, cnocoBHbl MHOYLIMPOBaTb 3aMenneHve
CepAEeYHOro puTMa 3a CHET YBENUYEHUS NPOAOIMKUTENb-
HOCTU (hasbl MEANEeHHON AMacTONNYECKONR Aernonspuaanui,
6e3 nosiBNeHns 3aMeTHbIX NOBOYHBIX MHOTPOMHbLIX 3 deK-
TOB, TUNUYHbBIX AJ15 NPenapaTos, aKTUBHO NPUMEHSIBLLINX-
CSl paHee Ansa 3aMeaneHnsa YacToThl COKpaLleHui cepa-
Lia, Takvx Kak aHTaroHMCTbl Kanbumvs 1 B-agpeHobnokaro-
pbi [1, 3, 4].

OpHako B HacTosiLee BpeMS eANHCTBEHHbIM npes-
CTaBUTENeM BblLLIEHa3BaHHOIo cemeiicTea Gpaavkapavarns-
HbIX areHTOB, AONYLIEHHbIM JO UCMNONb30BaHNUS B KNUHN-
Yyeckow NpakTuke, SsBnseTCsA npenapat usabpaguH (puc. 4)
(Mpokopanau®, Kopakcau®) [6, 9], aemocTpupyoLmi
Boree BblCOKylo CTeneHb cneuudnyHoCTY K f-kananam cu-
HOaTpHanbHOro y3na, HeXenn ero NPeALIeCTBEHHUKN —
danunamun, 3atebpanuH n LunobpaamnH (NPovn3BofHbIE BE-
panamuna — pacnpocTpaHéHHoro Grnokatopa Ca* — ka-
Harnos) [1].
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Puc. 4 CtpykTypa Mmonekynbl usabpaauHa [5}]

TUNU4HBIM CBOWCTBOM, XapaKTepHbim Ans 60bLIMH-
cTBa npenaparos, cHuxatowux YCC, asnsaeTcs saBucu-
MOCTb NPOU3BOANMOro MU 3P pekTa OT PYHKUUOHAb-
HOro BoBneyeHus f-kaHanos B reHepaLuio AnacTonuyec-
Ko# aenonsipusauum [1, 5]. Cneacrauem aToro ABNSETCA
akkymynsuvm acbdpekra MHrMGpoBaHUS NpenapaTromM UoH-
HOro TOKa B 3aBUCUMOCTW OT CTENEHWU aKTUBaLMmn COOT-
BETCTBYIOLWMX KaHanoB. Hanuyne Takoro cBOWCTBa 0COo-
GeHHO NoMNe3Ho Npu TepaneBTUYECKOM UCMONb30BaHNUK,
NOCKONbKY 3@ CYET HEero yhaevcsi, BO-NepBbiX, YMeHb-
LWnTb pUck passutus Tsxxenon 6pagukapaun (UCC me-
Hee 40 ya/MuH.), BO-BTOpbIX, 40OWUTbCS HaubonbLiero
CHWXEHWUA pUTMa npu BbICOKMX 3HaveHusx YCC, koraa
OOCTWKHME BpaaukapamanbHbii adhdekra npenapara Hau-
Honee xenaemo [4, 6].

Mpu nccriegosaHum gencTens nsabpagunHa Ha /- ka-
Hanb! U30NUPOBAHHBIX MUOLIMTOB CMHOATPUANBHOrO y3na
ObIno yCTaHOBAEHO, YTO Npenapar obnagaeT BLICOKOW ce-
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NEeKTUBHOCTbIO, HE 3aTparnsas Apyrne UoHHbIe KaHanbl
(3samepneHHbiit K*-Tok, L- n T-Tunbl Ca® -kaHanos), rpu
3TOM /-TOK CTOWKO yMeHbLuaeTcsi [1, 5]. [aHHbii adpdekT
vBabpagvHa npucyLl U ero NpepLecTBeHHUKaM, Takum
KaKk 3aTebpaauH unu umnobpaguH, BO34eNCTBUE KOTOPbIX
Ha f-kaHanbl B LLENMOM CBOAWTCS K CHWKEHMNIO Makcumarnb-
Hoii NpoBOANMMOCTH, 6€3 M3MEHEHNUS BENUYNHBLI MOTEHLN-
an-3aBUCUMOI akTuBaLmmn kaHanos [1, 4]. Bnokaga uox-
HOro ToKa uBabpaAMHOM NPOUCXOAMUT C BHYTPUKMNETOYHON
CTOPOHbI MeMGpaHbl, NPeUMyLLIECTBEHHO B TOM Criyvae,
€CInu KaHarnbl HaxoAsaTCA B OTKPbITOM COCTOSIHUW. Hanu-
yue B CTPYKType MOreKynbl npenapara nonoxurenbHo
3apsAXKEHHOro YeTBEPTUYHOrO MOHA aMMOHUA npeponpe-
henser TeHaeHumi k 6onee nerkomy nepemeLleHunio
MOMEeKynb! CKBO3b MOPY KaHana ¢ UHTpauennonsapHon
NoBEPXHOCTN MeMGpaHb! k HAapY>KHOI BO BpeMs eé ferno-
nApv3aLmnm, Koraa UoHHbIN TOK SBNSETCA BbIXOAALLUM U3
KMNEeTKN U HAYMHAETCA ecTeCTBEHHasA uHakTusaums f-kana-
nos [1, 5] (puc. 5).
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Puc.5. Unrubuposanue f-kaHanos npenapatoM meabpaau-
HOM: (a) yBEeNnuuYeHue NpoAOMKUTENLHOCTH hasbl MeANEeHHON
LMaCTONUYECKOW AENnonApu3anun NPMBOAUT K 3aMefeneHunio

cepaevHoro putma 3a cuéT; (b) CHWKEeHWe MOHHOro Toka 4epes

nopy f-kanana [t, 3]

OtnuyutenbHor ocobeHHOCTbI0 MBabpaguHa no
CpaBHEHMUI0 C Apyrumu OpaaunkapauanbHbiMu npenapa-
TaMu ABNSAETCS 3aBUCMMOCTb ero MHrubupytoLlero Bos-
aencrteug Ha f-kaHanbl OT HanpasneHusa NoToka NOHOB
yepes Hux [1, 3). DknepumeHTanbHo 370 BbINO NoATBEP-
XaeHo cneayowmm obpasom. [1ea uccnegyembix obpas-
ua (a) u (b) noaBepranuce NepUoaNHECKON akTusaLmm/
peaktusauun (-100/+5MB) WOHHBIX KaHanoB METOAOM
dukcaumm noteHunana (voltage-clamp) B npucyTcTBUU
0,003 mmonb/n neabpaaunHa. Bcnen 3a HacTynneHwem
nonHoro GnokupoBaHus MOHHOro Toka, obpaset (b) nep-
¢py3ampoBanu pacTBOpOM, COAEPXKAaLLUM MOHbI CS* B KOH-
ueHTpauun 5 mmonb/n. 3atem oba o6pasua AnuTeNnbHO
runepnonspu3osanu go -100 MB, nocne 4ero ctyneH4a-
Tas akrueauus/geaxktusauus (-100/+5 mB) 6bina Bo3o6-




HoBneHa. Cs* u3BecTeH kak HecenekTuBHbIil Gnokartop
f-kaHanos, aencTBylowmi akcTpauennionspHo. Kak u
OXWAanochb, BO BpeMA nepgysuy pacTBOPOM Conew Lie-
3151 MOHHOTO TOKa He ObiNo 3aperucTpupoBaHo [1, 5]. Kak
BUAHO U3 CpaBHEHWEe ABYX 3anuncei MOHHOro Toka, cae-
NaHHbIX A0 K Cpa3y nocre AnuTeNbHON runepronsapuaa-
Uum, 4acTu4Hoe ycTpaHeHue Brioka npoMcxXoauT TONLKO B
cny4ae oTCyTCTBUA MOHOB Cs* (a) (puc. 6).

HaunGonee npocTbiM 06bSICHEHNEM NONY4YeHHbIX pe-
3ynbTaTOB MOXHO CHUTATbL NPEAMNONOXEHUE, UTO ANUTENb-
HOM runepnonsapusauum camoi no cebe HepocTaTOYHO
Ana ycTpaHeHus bnokagb! f-kaHanos — Ans aToro Heo6-
XOAWMO Hanuune BXOAALLEro MOHHOMo ToKa. [lononHu-
TerbHbIM CBUAENLCTBOM 3TOrO MOXET CIY)XUTb OMbIT, B
koTopom AedcTBue nsabpaanHa uccnegyeTca npu pas-
NWYHOM KOHLIeHTpaLmu noHos Na* B pacTeope, nepay-
3upyowem nsonvpoBaHHbie muountbl SAN. Kak BugHo
(puc. 7), Npn CHWKEHHOM COAEPKAHUN HATPUS BO BHE-
KNEeTOYHOM NPOCTPaHCTBE KpMBas 3aBUCUMOCTUN BEMNYK-
Hbl MHrMBUPOBaHMs f-kaHaNoOB OT NPUNOXXEHHOrO NOTEH-
Unana cmewjaeTcs k 6onee oTpuuaTenbHbIM 3Ha4YEHMAM
nocnegHero [1].

tvabradine 3 pM
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Puc. 6. Yactuuroe ymeHbLueHue uHrubupyiowero sdpdekra
usabpagvHa nocne ANWUTENbLHOW rMNepnonspuaauum
meMGpaHb! (a) U OTCYTCTBUE yCTpaHeHus Briokaabl npu
ofHoBpemeHHoi nepdiyamu mccnegyemoro obpasua
pacTBopom, coaepxawmm nokbl Cs* (b) [3]
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Takum o6pasom, BenuumHy GriokMposanus f-kaHanos
B GonbLueit cTeneHn onpeaensieT UMEHHO 3MeKTPOXUMM-
YECKWiA rpafmeHT, Hexenu abcontoTHana TpaHcMeMbpaHHas
pasHoCTb NoTeHUManos. HbIMM cnosamu, UHrMGupoBaHue
I-kaHanoB MOXHO CYUTaTb «TOK-3aBUCUMBIMY [1, 3, 5]. Birio-
(husnyeckn aTy cneunduyeckyo 0CoBEHHOCTb MOXHO
OOBACHUTL TEM, HTO MOnekyna nsabpaavHa «3abpachiBa-
€TCsA» B NOPY C BHYTPUKNETOYHOW CTOPOHbI KaHana 1 KoH-
KYPUPYET C MOHaMK, TPAHCNIOPTUPYEMbIMI KaHANOM, 3a CO-
OTBETBYIOLLME YHACTKN CBA3LIBAHUA B TOT MOMEHT, Korga
MOTOK MOHOB HaNpaBIeH U3 KIETKM BO BPEMS AENOonspusa-
umu. Mpw runepnonsapusaLmn TOK MOHOB, UMEIOLLUIA Npo-
TUBOMNOIOXHOE HanpaBreHue — B KNeTKY, CNocobeH «BbI6-
pocuTb» Monekyny usabpaauHa w3 nopbl kKaHana, Tem ca-
MbiM yCTpaHuB ero 6riokuposanue [1, 3].
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Puc. 7. Pasnuuue B acpcpektax sBosgeincraus nBabpaaunHa B
3aBUCUMOCTU OT BHEKIETOYHOW KOHLIEHTpaLUU HaTpus [1]

Ucnbitanus neabpanuHa, NposeeHHbIe Ha XKUBOT-
HbIX NPY 3KCNEPUMEHTaNbHOM MOAENMPOBaHNUU ULLIEMUM
MUOKapAa, a Takke Ha NaunMeHTax ¢ XpPOHUYECKOU CTeHo-
KapAwei noaTsepAnY KapAUONPOTEKTUBHYIO TEpaneBTH-
4eckyto 3(hheKTUBHOCTL U NPOJEMOHCTPUPOBANM yryy-
LeHHOE BOCCTaHOBNEHUE COKpaTUTENLHO CNOCOBHOCTH
nopakeHHbIX y4acTkoB Muokapaa [1, 6]. Hauwbonee sax-
HO TO, YTO NpuMeHeHWe usabpaauHa B KOHLIEHTpaLMSX, He-
06X0AUMBIX ANS 3aMeNeHNs CEpAEYHOro pUTMa He Co-
NpPOBOXAAETCA NOGOYHBIMU MHOTPOMHBIMU 3ddeKTamu,
CBOWCTBEHHbIMM Apyrum GpaankapanantHbIM npenapartam,
33 UCKINOYEHNEM OrpaHUYEHHbIX BU3YarbHbIX HapYLUEHW,
CBSI3aHHbIX CO B3aumoaeincTemem usabpagu-a ¢ | -kaHa-
namu ceT4aTku, CXOAHBIMM C /-KaHanamu cuHoaTpuans-
Horo y3na [5, 6]. YacTuyHoe nHrmbuposaHue | -kaHanos
nBabpaguHOM Bbi3bIBaET POTONCUIO (NpexoasiLLee name-
HEHWE AIPKOCTU B OrpaHNYeHHo 0bnacTu 3puTenbHoro
nons), Hanpumep npu GbICTpoit CMEHE OCBELLEHHOCTM.
OgnHako aTo nobo4Hoe AENCTBUE BCTPEYaETCA LOBOMNBHO
peako KU ero nosBneHue, Kak NpaBumo, He MOXET CTaTh
NPUYMHOK OTMEHbI Ha3HaYeHus Npenapara U NONHOCTbLIO
COBMECTUMbIMU C MPOAOIMKEHNEM ero AOOPOBONLHOrO Te-
panesBTuuyecKoro ucnons3osaxus [6].
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CosfiaHue npenapaTos, ABNAOLLMXCS cneuvgpuiecku-
MU MHrMGUTOpamm f-kaHanos, UMeeT GorbLLINE NepCrexkTUBbI
B NraHe hapMaKonorMyeckoii KoppekLmmn saGonesaHnii, ne-
YeHuWe KOTOpbIX CBA3AHHO C HEOBXOAUMOCTbLIO 3aMeaNEHNs
cepaeyHoro putma. OfHaKo pasBuTHe KOHLIenLy Gruonoru-
YecKux «BoauTerei putmay He CBOAUTCHA TONMbKO NULLB K
MOVCKY COEAUHEHMUI, CNOCOBHbIX BNOKUPOBAaTL UOHHBIE Ka-
Harbl, 06ycrnoBnvBatoLLMe reHepaLmnio CrioHTaHHON aKTUBHO-
cTun [3, 4]. CoBepLLEHHO HOBbLIM HanpaBneHnem CNy>uT pas-
paBoTKa TeXHOMoMuii nonyyeHust Guonorueckux cybeTparos,
KoTopble, ByAy4n nepeHeCcEHHLIMM B TKaHM (K NpuMepy cep-
[IEYHYI0 UK HEPBHYIO) C NOBPEXAEHHbLIMY, NGO OTCYTCTBY-
IOLLIMMU COBCTBEHHBIMY NeACMENKEPHBIMU KaHanamu, Mor-
nv Gbl yoUNUBaTL UM MHAYLIMPOBAETL COCOBHOCTL K aBTO-
MaTuK, CMOHTaHHOMY 3apOXXaeHUIo umnynbcaLmm [1, 2]. BHe-
[peHue 3TUX HAHOTEXHOMOMMYECKMX METOA0B B AanbHenLIEM
MO>XXET CTaTb OCHOBOW 7151 MHHOBALIMOHHOIO Jie4eHns Hacnea-
CTBEHHbIX NATONOorUi, KOTopbie 0BYCNOBNEHb! HApYLEHVEM
aKkcnpecumn GenKkoBbiX MONEKyn, y4acTBYOLLIUX B NMOCTpoe-
HUW NOHHbIX KaHanos. KpoMme Toro, npumeHeHne Guonoru-
YECKUX «BOAUTENEN PUTMa» B KAPAWOTIOMM BNOSHE cnocob-
HO B Gy AyLLEM BbITECHUTbL UCMONMb30BAHWE ANEKTPOHHbIX Kap-
auoctumynsitopos [1].
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