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MeTto0M IBOWHOTO «Caxapo3HOI0 MOCTHKa» OBbLIO U3y4EHO BIIMSHHE
runpored cynsdhumaa (NaHS) ma rmagkomeimeunsie kietku (I'MK)
taenia coli mopckoii cBuaku. NaHS npuBoaui K MOAaBICHUIO Tapa-
METPOB BBI3BAHHOW AJIEKTPUYECKOH M COKPATUTEIbHOM aKTHMBHOCTH,
YTO COMPOBOXKIAJIOCH PAa3BUTHEM THIIEPIONSPHU3ALNN U CHIDKEHUEM
COMNPOTHUBIIEHNS] MeMOpaHbl. DTOT 3P HEKT NPeNOTBPAIIAETCS U3BECT-
HBIM OJIOKATOPOM KaJIMEBBIX KaHAJIOB TeTpasTuiaMMonueM (TDA).

KiioueBble c1oBa:
I'mpporen cynbdun, TerpasTuIaMMOHUWH, ABOWHOW «caxapos-
HBII MOCTUK», TIIagKue MBIIIIEI, taenia coli.

B Hacrosiee Bpems ruaporer cyiabbun (HoS) Hapsagy
¢ NO u CO npu3HaH HOBBIM I'a30BbIM ITOCPEIHUKOM, KOTODPBII
BOBJICKAETCSl B PETYISIUIO (QYHKIUA B TKAHSIX MIICKOITHTAO-
umx [7]. HyS — 3/I0BOHHBIAH M TOKCHYHBIH ra3. Ero Tokcud-
HOCTh CBSI3aHA C TEM, UTO OH SIBJISCTCS MOTCHIIHAILHBIM pEBEp-
CHBHBIM UHTUOUTOPOM ITUTOXpoM C OKCHIa3bl HA KOHIIE DJICK-
TPOHHOW TPaHCIOPTHOM Iienu MUTOXOApUi. B Boje u mnasme
KpOBH OH BefmeT ce0s Kak ciabas KWCIIOTa U JUCCOIUHPYET
cienyromum obpasom: HyS - HS™ + H'. Pky npu 37 °C co-
craBisier 6,76; cinenoBarenbHo, korma NaHS wimu H,S pactBo-
pstoT B pactBope Kpebca, koropsiii 3a0ydhepuBaerca mpu pH
7,4 u 37 °C, to obpazyercst 18,5%-it HoS u 81,5%-it HS (u
elle Cien SZ’; pKy= 11,96), cornmacHo ypaBHeHUIO XeHIep-
coH—Xaccennpbaxa [7, 9].

DHJIOrEHHO CEPOBOJIOPOJ CUHTE3UpyeTcs: (epMeHTa-
TUBHEIM (puc. 1, @) u HehepMeHTaTUBHBIMHA (pUC. 1, 6) TyTAMHU.
Cybcrparom mnsi (hepMEHTATUBHOTO CHHTE3a CEpOBOIOPOIA
SIBIIIETCSL Cepocojiepkainas aMUHOKuciora L-muctenH, koto-
past moj e CTBUEM MHUPOJOKCATb-5-hochaT3aBUCUMBIX DH3U-
MOB, BKJIIOYasi IIUCTOTHOHHH-B-cuHTazy (CBS) m mmcrormo-
HuH-B-mazy (CSE), ciyxut nctounukoM Hapaborku H,S. Ona
MOXET IMOCTYNaTh B OPraHU3M C Mulled, o0pa3oBBIBAThCS B
pe3ynbraTe pacnaaa OeNKOB M CUHTe3upoBatbess u3  L-
METHOHWHA B TPOIECCe TPAHCCYIbOUPOBAHHUS, T MPOMEK Y-
TOYHBIM TIPOIYKTOM SIBIISIETCSI TOMOLMCTEMH. OHIOTEHHO-
SH3UMOTHYECKAs TPOAYKIUsA HpS B TKaHAX MIIEKOMUTAFOIIUX
ocBelleHa B psze pador [3, 10, 14].
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Puc. 1. a — dbepmeHTaTHBHBIN yTh 0Opa3oBaHus ruapored cyibduma [Lowicka, Beltowski, 2007];
CDO - uucratnonuH guokcurenasa, SO — cynbdumokcurenasa, CSE — nucratnonus y-nuasza, CBS —
IUCTaTHOHWH B-CHHTa3a; 6 — HehepMEeHTaTUBHBIN ITyTh CHHTE3a cepoBopopoaa [Wang 2002]

C nomoripio Gpepmenta CBS u3 romolucTerHa 1 HUCTEMHA 00pa3yeTcst UCTOTHOHUH ¢ 00pa-
30BaHMeM rujiporeH cynbduaa. C momompio Gepmenta CSE mporcxoauT npeBpalieHne IUCTenHa B
THOLMCTHH U MUPYBaT. THONHUCTHH ajiee IpeBpalaeTcs B MUCTENH ¢ 00pa30BaHUEM CEPOBOIOPOAA.

JpyruMm, MeHee BaKHBIM HCTOYHHUKOM CEPOBOIOpOna SIBISETCA HeepMEeHTaTHBHOE BOCCTa-
HOBJIGHHE CEPBl B CEPOBOAOPOJA BO BpPEMsI OKHCIEHHS TIIOKO3bl. Bce CyliecTBeHHBIE KOMIIOHEHTHI
3TOr0 He(hepMEHTATUBHOTO IMYTH B HOPME MPHUCYTCTBYIOT B €CTECTBEHHBIX YCIOBHSX, BKIIOUAs IO-
CTaBKY CEpBHI.

Psin monmydeHHBIX 9KCIIEPUMEHTALHBIX JaHHBIX CBHJCTENLCTBYET O TOM, 4yTO HyS B kadecTBe
MocpenHuKa MOXKEeT 00eCredrnBaTh HE TOJHKO JIOKANBHYIO, HO W JUCTAaHTHYIO PEryISIHI0 B Pa3iind-
HBIX TJIaJKOMBIIICYHBIX 00pa3oBaHmsX [5].

B rnaakoii mpimie mirekonuraomux HpS or 0,025 10 0,1 MMOJB- T BBI3BIBAET KOHIICHTpA-
[IHOHHO-3aBUCUMOE pacciiabieHre B a0pTe, MOAB3I0NIHOM KHIIIKe, TIOPTaabHOW BeHe u Vas deferens u
BIIEUET 32 COOO0I CHIDKEHHE CIOHTAaHHOW COKpaTUMOCTH B Matke [4, 10, 12, 13, 15].

Cepneuno-cocymucteie 3 dexrsr HyS y MitekonuTarommx 3aKifodatoTcsi B CHUKEHUN KPOBS-
Horo naBieHuu, momobHo neiicteuto NO. Ilo kpaitaeit mepe, HekoTopbie 3 dexTrl aefictus H,S Ha
IJ1aJKUe MBIIIIBI COCY0B ONOCPEYIOTCS yepe3 npamyro aktupanuio AT®d-uyscrButensubix K ka-
HanoB [16, 18]. C mpyroit croponsr, H,S-onocpenoBanHas Bazopenakcanys MOXKET BOBIIEKATh He-
AT®-acconuupoBaHHYIO MOBHILEHHYIO TpoBoauMocTh AT®-uyBcTBuTenbHbIX K' Kananos. Kpome
aToro, cocyaucteie 3gdextsr H,S He cHmxkatoTest 6mokamoir NO / pacTBoprMas TyaHHIAT IHKIa3a
IyTHA Peryisiuy, MmoKaseiBas, uro HyS-onocpenoBanHas Ba3openakcaius oreprupyeT He3aBUCUMO OT
ul'M®-o6pazoBaHusi.

[loTeHnmanpbHEIMM  Ba30aKTUBHBIMA ~ MEXaHHW3MaMH, KOTOpble MOryT sBiAThCA  Op-
3aBUCHMBIMH, BKITIOUAIOT B cebst H,S-B3anMoneiicTBue ¢ rem-0Oenkamu, TAKUMH KaK IIMKIOOKCHIa3a, a
Takke 00pa3oBaHHWE IMPOAYKTOB CYIb(HIHOIO OKWUCIEHWsS, HampuMmep Cyibpura u THOCYIb(aTa.
B aopre kprichl ¢usnonornveckue KoHmeHTparmu H,S omocpemytor nmubo cokparienue, 1udo pac-
cra0ieHue B 3aBUCUMOCTH oT HampspkeHus O, [6]. B cepnednoit meime miiekonutaromux HpS cHu-
JKaeT COKpPATUMOCTh IN VIVO u iNn Vitro, okaseiBasi mpssMoe MHIHOUpYyolee fAeiicTBre Ha L-THIT Kaib-
LIMEBBIX KaHAJIOB KapauoMuouuToB [11].
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Puc. 2. Cunres nucrenna [Lowicka, Beltowski, 2007]: GSH — rayrarnon; GSHS — rimyratron cunTe-
taza; GCS — y-miyramwmucrenH cuHTeraza; SAH —  S-ajgeHosmiromonucrenH; SAM —  S-
azeHo3uNMeTHoHnH; MS — wmernonmn-cuHTasza; 5-CH3THF — 5-merwnrerparuapodonar; 5,10-
CH2THF — 5,10-metunenterparuapodoinat; MTHFR — merunenrerparuapodonat peaykrasa; CBS —
LHUCTAaTHOHHMH b-cuHTa3a; CSE — nucratnonns g-nuasa; HCy — romorucrenH

Cystine

B oTHOIIEHNM TAJKUX MBI KeTyJOYHO-KAIIEYHOTO TPAaKTa MMEIOIINECS JIUTEpaTypHbIe
JAaHHBIC HE JAIOT OJHO3HAYHOTO MPENCTABICHNS O MexaHn3Me AecTBus H,S. B 3T0i cBSI3M BO3HHKA-
€T HeoOXOIMMOCTh M3YYECHHUSI OCHOBHBIX 3aKOHOMEPHOCTEH U 0COOSHHOCTEH pealn3aluy CUTHATLHON
¢dhysaxmun HyS B rankoMpIedHpIx 00pa30BaHMsIX MTHIIEBAPUTEIBHOTO TPAKTa.

Llenbro HacTOAIIEro WCCIEMOBAHMS SIBIJIOCH M3YUEHHUE BIUSHUS PA3TUYHBIX KOHIIEHTpAUn
THAPOTeH Cynb(uIa Ha TMOKA3aTeNnnd IEKTPUIECKON W COKPATUTENFHOW aKTUBHOCTH TJIAJKOMBIIIIEY-
HBIX KJIETOK taenia coli mopckoit cBUHKH.

Marepuajibl 1 MEeTOAbI HCCIeT0BAHHS

OO0BeKTOM HcCIenoBaHus SBIUTUCH ThaakoMbiiednsie npemapaTsl (I'T]) taenia coli Mopckux
cBuHOK (Maccoit 500—700 rp.) mmpunoit 0,5-0,7 mm u mmuHON 10-12 MMm. UccnenoBanue 3mexTpo-
(PU3MOTIOTNYECKUX CBOWCTB IJIaJKUX MBIIII TPOBOAUIN METOJOM ABOMHOIO «CaxapO3HOr0 MOCTHKA
B Moau(ukanun ApremeHko U IllyOpl, KOTOPBIN MO3BOSUI OAHOBPEMEHHO PETHCTPUPOBATH JJIEK-
TPUYECKYIO U COKPATUTENHHYIO aKTUBHOCTE [ 1]. HopmansHbril pactBop Kpebcea, KOTOpBIN HCITONB30-
Bajicsl B ombITax, umen cruenyromuii cocra (MM): NaCl — 120,4; KCL — 5,9; NaHCO; — 15,5;
NaH,PO, — 1,2; CaCl, — 2,5; rirokosza — 11,5.

B kauectBe sx30reHHoro ponopa H,S ucnons3oBancs ruapocynsdun Hatpust (NaHS), koro-
pelii B BoHOM pacTBOpe aucconuupyer Ha H,S™ u Na¥, a zatem H,S™ pearnpyer ¢ H,O u obpasyer
H,S ras3 B konuenTpaiuu 1/3 ot MossipHoii koutienTparnuun NaHS [3].

KucnorHocts pacTBOpoB noazep:xuBaiu B npegenax 7,35—7,40, remneparypy — B Juana3oHe
36,5-37,0 °C. Ilpu manHoOil KMCIOTHOCTH 1 TemnepaType 18,5%-it HS™ annona kom6unupyercs ¢ H',
¢dopmupyst H,S [7]. Dra peakuus 3HaunMo He n3MeHsieT 3HayeHue pH B 3a0ydepeHHoM pacTBope
Kpebca naxxe npu HanOoJIBIIMX UCTIONB3yeMBbIX KOHIeHTpausax NaSH.

[lony4eHHBIE 3KCIIEpUMEHTAIbHBIE JaHHbIE OOCUMTHIBAINCH U BBIPAKAIUCH Kak B a0COMIOT-
HBIX €AMHUIAX, TAK M B TIPOLIEHTAX 10 OTHOIICHUIO K UCXOAHBIM MIOKA3aTENSIM.
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Pe3yabTaThl HMcciie10BaHU

B nopmaneHOoM pactBope KpebGca momocku taenia coli Mopckodl CBHUHKH, Kak IPaBHIIO,
o0Nlaiany CIOHTaHHOW 3JIEKTPUYECKOH aKTHBHOCTBIO, TEHEPUPYS CIOKHBIE TMOTEHIIUATbI ACHCTBHS,
COCTOSIIIME M3 MEUICHHOH BOJHBI, HA TpeOHE KOTOPO BO3HUKAIN MHKOBBIC TIOTEHIIUANBI JICHCTBUSL.
Kaxxnpiit Takoil 3JeKTpUYECKUH KOMIUIEKC COMPOBOXKIAJICA COKpAaTHUTEIbHBIM OTBeTOM. [leiicTBue
MOJIApU3YIOMIUX TNPAMOYTOJIbHBIX HMIIYJIBCOB JSJICKTPUYCECKOIo TOKa pa3HH‘IHOI>'I TMOJIAPHOCTHU
COIPOBOXKJAIOCh Pa3BUTHEM 3JIEKTPOTOHUYECKUX ITOTCHLHMAIOB. ['MIIEPIONAPU3YIOLNIME HMITYJIbCHI
TOKa IMPUBOAMIIN K Q)OpMHpOBaHI/IIO AHBJICKTPOTOHUYCCKUX ITOTCHIMUAJIOB, IIO BEIMYUHE KOTOPBIX
OLICHHMBAJIOCH COIPOTHBIICHHE MeMOpaHbl. OHHM XapaKTepH30BaIMCh pacciabneHneM ['M-monocoxk,
BC€IIMYMHA KOTOPBLIX 3aBUCEIIa OT CHJIbI TOKAa. HeﬁCTBHe JACHOJIIPU3YIOIINX HMITYJIbCOB TOKa
MNpUBOAMIIO K TCHEpaluu OJHOIro HJIHn HECKOJIBKUX IIOTCHIIMAJIOB I[eI>'ICTBI/IH Ha IIJ1aTo
KaT3JICKTPOTOHMYECKUX IMOTCHI[UAIOB U pa3BUTHIO (Pa3HOrO COKparieHus (puc. 3).

Ipumenenne rugpore cynbguma Harpus (NaHS) B xormenTpammu ot 10° 10 10° M He oxa-
3BIBAJIO CYNICCTBEHHOTO BIMSHHS Ha TMapaMerpbl IIEKTPUYECKOW W COKPATUTEIBHOW aKTUBHOCTH
I'MK taenia coli.

B konuenrtpanumn 10 M NaHS BbsBan MOJJABJICHUE CIIOHTAHHOW 3JIEKTPUYECKOM U COKpa-
TUTENTFHOW aKTUBHOCTH, THIEpIIONsApu3anuio MmeMopanbl BennunHoil 0,3—0,5 MB u cHmkeHue Benu-
YUHBI COMpOTHUBIeHUs MeMmOpansl Ha 13,6 £2,3 % (n=6, p>0,05), cuia BBI3BAHHBIX COKPAIEHHI
ymenbmanach Ha 11,6 1,4 % (n=6, p>0,05). OgHOBpEMEHHO C 3TUM CHU)KAJICS TOHYC TJIaJKOMBIIIIEY-
HBIX mpernapatoB. [1o Mepe JelcTBUsI Mpenapara MPOUCXOUIIO MOCTENEHHOE BOCCTAHOBIICHHUE BEIH-
YUHBbI MeM6paHHOFO ImoTreéHuurasiaa, COInpoTUBIICHUA MeM6paHI)I, BOCCTAHOBJICHNE BO36y21HMOCTI/I n cu-
JIbI BBI3BAHHBIX COKPAIICHUH JI0 NCXOAHBIX 3HAUYEHUH B HOpMaJbHOM pacTBope Kpebca k 6—7 MuUH.

B konuertpamuy 10~ M rugpores cynb(uy HATPHS THIICPIIONPU30BAT MeMOpaHny Ha 0,8—
0,9 MB, cumxkan comnporusieane Ha 24,3 +1,7 % (n=6, p<0,05), a cuiia BbI3BAaHHBIX COKPAIICHHI
yMmeHbIanack Ha 42,7 £2.3 % (n=6, p<0,05) oT HCXOIHBIX 3HAYECHHI B HOPMAIBHOM pacTBope Kpeo-
ca. Jlanubii apdext coxpansics B reueHue 10—12 mMuH.

B xoHmentpamun 4-10° M NaHS BbI3bIBaI HITEPIOISPH3ALHAI0 MEMOPAHB! BETHIHHON 1,2—
1,3 MB, camxenne conpoTuBiaeHUs MeMOpaHbl Ha 32,6+ 1,2 % (n=6, p<0,05) u momHOE MOAaBICHUE
BBI3BAHHOM 3JICKTPHUECKOM U COKPATUTEIBHON aKTMBHOCTH. JlaHHBINM 3G (hEKT COXpaHSIICA B TEUCHUE
12—-13 muH. OKOHYAHHUE ACHCTBUA XapaKTE€PU30BaI0Ch BOCCTAHOBICHHE BETMYNHBI MEMOPAHHOIO I10-
TEHIMaJIa U COMPOTHBIIEHHUS, BOCCTAHOBJICHHMEM BBI3BAHHON M CIIOHTAHHOW 3JEKTPUYECKON M COKpa-
tuTenpHoM aktuBHOocTH I'TI taenia coli (puc. 3).

Jnist u3ydenust ponu kanueBoit mpoBoguMoctr memopanbl [ MK B adpdexrax NaHS ucmonn3o-
Basics TerpastTiiaMMonst (TDA), H3BECTHBIH GI0KATODP KAaITHEBBIX KAHAIOB, B KOHIeHTparmu 102 M.
Cumraercsi, 9T0 B JaHHOW KOHIIEHTPAIMM OH BBHI3BIBAET MHTHOMPOBAHWE HE TOJNBKO IOTEHITHAJI-
3aBUCHMBIX KaJHEBBIX KAHAJIOB, HO ¥ KaJbIIHH-aKTUBUPYEMBIX KalUEBBIX KaHAIOB [5].

JeiictBue TOA xapakTepr30Basioch Turiepronsapusanueid memopans ' MK, yBenmuenuem co-
MIPOTHUBJICHNS, TIOBBIICHHEM TIapaMeTPOB CIIOHTAHHON W BBI3BAHHOW DIIEKTPUUYECKON M COKPATHTEIb-
Hoil akTmBHOCTEIO. Ha sToM (ore NaHS B xomrentparmu 4-10° M BBI3bIBaT THIICPIIOISPH3AIIIO
memOpanst Ha 0,4-0,5 MB, cHmxenne conporuBnenns Ha 15,6 +1,2 % (n=6, p<0,05), a cuna BrI3BaH-
HBIX COKpallleHn# cHmkanack Ha 17,7 +1,4 % (n=6, p<0,05).
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Puc. 3. BausHue ruaporeHcyiibhuaa HaTpus (4 10 M) Ha DIEKTPUUECKUE U COKPATUTENHHEBIE CBOM-
crBa rnaakux Mbiiil t. coli Mopckoit cBuHKH. Perucrpaliysi 3arucH IpOBOIMIOCH HA CAMOIHINYIIIEM
noternuomerpe KCII-4. 3aech u manee A1-A3 — ardnexkTporoHnUeckue noreHnuansl; K1-K4 — xato-

nektporoHudeckue nmorernuansl; C1-C4 — cokparieHne; HIDKHSS KpUBasi — dJIEKTPUIeKas, BEPXHSIST —
COKpaTuTeNnbHast aKTHBHOCTh

JanHbill 3G ekt ObUT KpaTKOBpeMEHHBIM (3—4 MHH.), B JAalbHEHIIIEM POUCXOIUIO BOCCTa-
HOBJICHHE J0 MCXOAHBIX 3HAYECHHWH BIJIOTH JIO0 MOSBIECHHS aHOAOPAa3MbIKATEIbHBIX OTBETOB M CIIOH-
TaHHOU JJEKTPUYECKON U COKPATUTENHHON aKTUBHOCTH (puc. 4).
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Puc. 4. Biusiaue rugporencynbduaa Hatpus (4-10°° M) Ha aiekTpuueckie U COKPATHTEIbHEIE CBOM-
cTBa raaKux Mbiy t. Coli Mopckoii cBuHKH Ha (oHe nelicTBHs TerpasTiiaMMonus (10 ° M)
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Taxum 00pa3oM, MOMyYEHHBIE PE3YNIBTAThl CBUACTEIBCTBYIOT O TOM, YTO TUAPOTreH Cynb(u
MPHUBOAUT K TIOAABIICHUIO MMAPaMETPOB CIIOHTAHHOW M BBI3BAHHOW 3JIEKTPHUYECKOH W COKpATHTENbHON
AKTHBHOCTH TJIaJKOMBIIIEYHBIX KJIeTOK taenia coli Mopckux CBUHOK, YTO COMPOBOXKIACTCS PA3BUTHEM
TUIEPIOJISPU3AIMYA U CHUXKCHUEM COIPOTUBIICHUS MeMOpaHbl. ITOT 3P PEKT CYIIECTBEHHO MPEIOT-
Bpamaercsi TDA, M3BECTHBIM OJIOKATOPOM KaJMEBOH MPOBOTUMOCTH MEMOpPAaHBI TJaJKOMBIIICYHBIX
kierok. [To Bceil BeposTHOCTH, 3G HEKTHI TUAPOTeH CyIb(UAa OMOCPeayIOTCs He TONbKO uepe3 ATO-
3aBHCHMBIC KallMeBble KaHaibl, mojgooHo I'MK cocynoB, HO M uepe3 aKTHBaLUIO MOTEHIWAI-
3aBHCHUMBIX KaJIHMEBBIX KAHAJIOB M KaJbIUK-aKTHBHPYEMBIX KAJMEBBIX KaHAJIOB, YTO TPeOYyeT Nalb-
HEUIINX UCCIIECIOBAaHUH.
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