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PEAKIIHS TYYHBIX KJIETOK HA IEHCTBHUE NEPEMEHHBIX

MATHHUTHBIX IMOJIEHA B YCJIOBUSIX IN VITRO
Aby Xaoa P. X., Mapmeiniox B.C.

BBEJEHUWE

Tyunble wieTkd (nabpoLKThl) ABISIOTCS 00S3aTe/IbHBIM KOMITIOHEHTOM COCAMHHTE/IbHON
TKaHW. DTH KIETKH [PeACTaBRIsoT coOoH 0coOyro (yHKUMOHANBHO-TAOWIbHYHO TI'PYTHTY
KJIETOK, KOTOpbI€ Pacrojlaralorcs BO BCeX opraHax M TkaHsx. O 3HaueHUM TYYHbIX KJIETOK B
JKH3HEEATEIbHOCTY OpPraHU3Ma CBUACTEBCTBYIOT KOMHYECTBEHHbIE M KAuECTBEHHbIE MX
M3MEHEHHs TIPY Pa3IuIHbIX (PH3HONOrHYECKHX M NATONOTHYECKUX COCTOSHMAX opranmsMa [1-
3]. Mcxoms ¥3 TOro, WTO B TpaHylax Ty4HbIX KIETOK J0OCTATOYHO BEIMKO COZAEpKaHHe
rerapyHa, THCTaMUHA, NPOCTANIAHAWHOB M APYTHX OHONOTHYECKH aKTHBHBIX BELLECTB, TYYHbIE
KIETKM MHOTHMM HCCIEMOBATENAMY PacCMaTPUBAIOTCA KaK OCHOBHBIE TPOXYLEHTHI ITHX
coenmvHenmii. [loaToMy (yHKUMOHANBHOE 3HAaueHWe Ty4yHbBIX KJAETOK B MepBYIO ouepenb
CBA3bIBACTCS C  OWONOrHYecKOM pOJIbIO  YKa3aHHbIX BeleCcTB B  (PU3HONOrMYeckHX H
MaTo/IOrHYECKHX Tpotieccax. TyuHbie K/IETKH SBISIOTCS OOHHMH M3 3(P(EKTOpHBIX KIETOK,
KOTOpbIE BBLIIEJISOT MEMATOPbI BOCMAIeHHs (THCTAMUH, CEPOTOHMH, NPOCTariaHivHbl U Ap.)
MOCPENCTBOM  AerpaHy/siuvi. OHM  O4YeHb UYBCTBMTEIbHbI K HW3MEHEHMIO COCTOSIHMS
OKpYXKAFOLIIEH cpellbl H YYacTBYIOT B 3aITyCKE MECTHBIX BOCHA/IMTE/ILHBIX PEAKLMH, a TakkKe B
CHCTeMHOM pery/siuMi (hYHKLIMOHATIBHOM aKTMBHOCTH KJIETOK TKaHEeH, UMMYHHOH CHCTEMbI M
CHCTEMbI TeMocTa3a [4].

B Hactosiiee Bpems osnexrpomarHutHbie nons (OMI1) paccMarpuBaioT kak ogMH M3
robaNbHbIX IKONOTHYECKHX (DAKTOPOB, BMAIOIUMX HAa OPraHW3M YENOBEKA M >KHBOTHBIX.
Hurepec k maHHON npobieMe MOCTOSHHO BO3PACTaET B CBI3H ¢ ObICTPLIM pocToM ypoBHs OMIT
TEXHOTEHHOI'O MPOUCXOKIEHHS H HEODXOIMMOCTHIO THIMEHHYECKOTO HOPMHPOBaHHUS (POHOBBIX
SMIT [5,6]. OnnoBpeMeHHO C 3THM TIpEACTaB/seT HHTepec W3yueHWe OMONOTHYECKOro
Jevicreust OMIT ¢ xapakrepucrikamu, OnM3KMMHM K ecTecTBeHHbIM BapHaism DMIT B
paboTax psina aBTOPOB JIOCTOBEPHO YCTAHOBJIEHA BbICOKas OHOMOrHYecKast akTUBHOCTb KpaiiHe
cnabprx OMIT [6,7]. CornacHo runotese OMI1 ecTeCTBEHHOTO NPOMCXOMKIAEHHS MOTYT
BBICTYTIATH B POJIM MocpeAHHKa B MexaHn3Max ConHeuHo-Onocdeptsix caseil [6]. Cnenyer,
OfIHAKO, OTMETHTH. YTO MONEKYMNSApPHbIE M KJIETOYHbiE MeXaHu3mbi BozaeHcTtsus OMII Ha
GHONOrHYeCKHE CUCTEMBI OCTAIOTCS HESICHBIMM.

B nmunoTHbIX uccrenoBaHugx in vivo Obila OOHapy)XeHa BbICOKas 4yBCTBUTENIBHOCTh
TYYHBIX K JEeHCTBHIO KpaifHe HU3KOYACTOTHOTO MarHUTHOI'O MOJISt CO CIOXKHBIM CIIEKTPOM.
OpHako BOMPOC O TOM, ABASETCS M PErHCTpUpYEMas peakuH s TYUYHbIX KJIETOK OTBETOM
Ha HernocpencTeeHHoe Aciicteue OMII, unu xe 310 OTBET KWIETOK HA CUCTEMHO-TKaHEBbIE
M3MEHEHHS CBOMCTB MEXKJIETOUYHOrO0 MATpPUKCa, Bbi3BaHHbLIE AEHCTBHEM YKa3aHHOrO
duznueckoro gakropa.
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B cBa3u c 3TMM LeNblO HACTOALIMX HCCNENOBAHHI SBMJIOCH H3yYeHHE BIIHAHKE
KpailHe HH3KOuacTOTHOro mnepemeHHoro maruutHoro monst KHY IleMII Ha ypoeens
JerpaHyJIs LM TYYHBIX KJIETOK B YCIOBHAX in Vitro.

MATEPHAJIBI H METO/IbI

HccinenoBany  mnepuroHealbHble  TydHble KIETKHM 6-TM  MECS4HBIX  OelibIx
OecroponHbIX Kpbic. JKHBOTHBIX [AEKAalIMTHPOBAH, MOCHE 4Yero ObICTPO MPOBOIWIM
CMBIBAHHWE TYYHBIX KJIETOK M3 nepuTOHeaibHOH momocty 15 mn Ttemoro (37°C)
(GU3HONOrMYECKOr0  pacTBOpa M HEMENJIEHHO TPOM3BOAWIIM  OUEHKY CTereHH
JerpaHyauuy Ty4HbIX Ki1ETOK. TTOSyHYeHHYIO CYCMEeH3HIO KIIETOK B (hHU3MOIOrHYeCKOM
pacTBOpe HCIONB30BAIM B MOCIEAYIOLEM IKCIIEPHMEHTE.

YpoBeHb (CTerneHp) AeraHyNsUHMH TYYHBIX KJIETOK OINpeAensid MCTOXHUMHUYECKUM
METOJAOM, OCHOBaHHOM Ha OLEHKE UHMTOMOPPOJIOTHUYECKUX OCOOEHHOCTEH KIIeTOK,
(HUKCHPYEMBIX M0 KOJHYECTBY M PACMONOKEHHUIO IpaHyl, 3aMOHAOIMX UMTOIIa3My [8].
['panynei, conepxaiye OHOJIOTHUECKM aKTHBHbIE BELECTBA, OKPAIUMBAIM MyTeM S-H
MHHYTHOH HHKyOauMy Ty4HsIX kj1eTok B 0.3%-HOM pactTBope HEeHTpajbHOIO KpacHoro,
nocjie 4ero C MOMOLIBI0 MHKPOCKOMA MpH yBedHueHHH x420 ¢ HCIonb30BaHHeM
HMMEpPCHH BH3YyanbHO OLIEHHBAIM CTENEeHb MOP(OIOrHUeCKUX U3MEHEHHIA.

B 3aBucHMOCTH OT CTENEHH AErpaHyJIalMH TY4YHbIC KJIETKH KiaccHpHLMpOBany Ha 5
rpynm: 0 — HWHTaKTHble KIETKH, TIpaHylbl pPaBHOMEPHO pachpefieneHbl [0 BCeH
UMTOIUIa3Me M 4€TKO KOHTYPHPYIOTC#; | — [KJEeTKH HMeKT MHHHMalbHbIe
Mopdonoruyeckue WU3MEHeHHMs, BblpaXatomuecs B OrpyOIeHHH LMTOMNa3MaTH4YeCKHOM
000N0YKH W MOSBIEHHH eAWHHYHBIX BaKyoseH B LMTOIUIa3Me KJIETKH YBENHYHBAIOTCS B
pa3Mepax, Habniopjaercs yCWIeHHE Kpackd; 2 — OTYérnHBOE HapylUeHHE LEeITOCTHOCTU
KpaeB KJIETKM, BaKyOJlM3aUWs UHUTOIUIa3Mbl; 3 — rpyOeie Mopdonoruiyeckue H3MeHeHHs
TY4YHbIX KJIETOK, OCTaliIeHHe OKPAacKH, YMEHblUEHHEe I'paHyJl, BaKyonu3auus; 4- KJIeTKH
ne(OpMUpPOBaHbI, [MTOMIA3Ma CHIBHO BaKyOJNH3HPOBaHA, BOKPYr sAep COXPaHEHbI
eIMHHYHBIE CITab0 OKpaHIEHHBIE rPaHYJIbI.

B kaxaoM obpasue ananuzupopann 100 kieTok, MOACUUTHIBAS TPU ITOM YHCIIO
KJIETOK, MPHHAIeXAIIMX K pa3sHbIM KjaccaM, oXxapakTepu3oBaHHbiM Bblie. [Tokasarens
CTENeHH JerpaHyasUHH TYUHBIX KJICTOK PaCCUHTBHIBAIM KaK CyMMY NPOM3BEeEHHH HOMepa
KJlacca Ha KOJIMYECTBO TYYHBIX KJIETOK, OTHOCAUIMXCS K AaHHOH rpynme (Kjaccy).

[lepeMeHHOE MarHHTHOE [0j1I€ CO3faBajld C ToMouplo kojiey [enbMrombua.
HcrodyHHKOM TOKa CyKHN TeHeparop rnepeMeHHoro toka ['6-28. KoHTposs MHAYKLHM
CO3JaBaeMOoro Mo OCYIUECTBIANM C NMOMOILBIO MUKpoTeciameTpa [-79,

OnbITHRIe 00pasupl, MOMEIUEHHbIE B T[UIACTHKOBBIE IpoOHpkH oObeMOM 2 M,
noasepranu so3xeticrerio KHY [IeMII ¢ pasHoii skcnosuuueit u yacrotoid. B kauecTse
KOHTPONS HCMONB30BajM 00pasup! CYCMEH3HH TYYHBIX KJIETOK, KOTOpble HAXOMWIMCH B
ToH >xe naboparopuu npu ¢GoHOBBIX ypoBHsaX [leMIl, xapakrepHsIx AJIs AaHHOMH
naboparopud 15-40 HTn. [ng OueHKH BO3MOXKHOTO BIMSAHHUA pa3ivyuié B YPOBHe
toHoBbIx OMII B MecTax pacroiosKeHHs! ONBITHBIX H KOHTPOJIbHBIX 00pa3loB MPOBOKIIH
3KCNepUMEHTbl ¢ NOKHBIM Bo3geHcTBuem OMIL B atoM ciydae onbitHeie oOpa3zusi
nomelyaiv B Koabua ['enbMronsua, HO He moaBepraii Bo3aekcTeuo OMIT
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Crarucrrveckyto gocropeprocTts BausHus KHY I1eMII na yposess nerpanynauuu
TYYHbBIX KJIETOK OUEHHBAIM N0 KPpUTEpHIO CThIOJEHTA.

PE3YJbTATHI U OBCYKIAEHUE

B nmepBoii cepuH IKCNEpUMEHTOB MPOBOJHIM HCCAEIOBAHHE BIIMSAHHUS UMITyBCHOIO
[TeMII yacroroit 8 I'uy unmykumei 25 MxTn Ha CNOHTAHHYIO JAETrpaHyAAUHIO 1abpoIHToB
B ycnoBusx in vitro. llonydeHHsle pe3yibTaThi, NpeAcTapjieHHbIE Ha pUHCyHKe |,
CBH/IETENLCTBYIOT O TOM, YTO B YCIIOBUSIX M1 VifrO NPOUCXOIHT CIIOHTaHHas AerpaHysiiums
TYYHBIX KJIE€TOK B mpouecce HMx HHKyOaumu npu 37°C. Cregyer OTMETHTb, UTO
NOBpllUEHHE YpPOBHS JerpaHylsuHHd KICTOK SBASETCS HMX HOPMalbHOW peakuueil Ha
H3MeHeHHe CBOMCTB OKpy»amolleil cpelbl. Y BeTMYeHHe JaHHOFO [OKa3aTesls B YCIOBHSIX
in vivo OTMevan psSI MCCIeJOBATENEH, KOTOpPLIE BBOAMIH KHMBOTHBIM TOJKOKHO
(usronoruueckuii pacreop [1].

Bosneticteue umnynncHoro IleMIl npuoaMno k AOCTOBEPHOMY TTOBBILIEHHIO
YPOBH$ IerpaHy sty N1abpouToB (pHc. 1), 4To, ¢ 0IHOM CTOPOHDI, MOATBEPKAAET paHee
BBIABIEHHYIO Ha BBICOKYIO YYBCTBUTENIBHOCTH [JaHHOH I'pynnbl KIETOK K BO3AEHCTBHIO
9JIEKTPOMArHHUTHBIX TMOJIEH, a ¢ IPYrol — yKas3biBaeT Ha BO3IMOXXHOCTBH OCYIIECTBIEHHs
HMH MarHUTOpeLenTOPHbLIX YHKUHI B opraH13Me.

B toxe Bpems, Noay4eHHblE JaHHbIE HE PACKPLIBAIOT CYTH MOJEKYIIPHO-KICTOUHBIX
mexanu3Moe BiausHus [leMIT kpafine HM3Kkux yactor. CornacHo wWHpPoKo obcyxaaemMo
runoTese o BeAyuieH ponaM mapamMeTpHUYECKOro pe3oHaHca B MeXaHM3Ma OMOAOrHYecKoro
neticreus cnabeix I[TeMIl KHY, ocHoBHON MuweHsto neciictsus [leMIT sasasiorcs
sHyTpHiteToutsie Honbt Ca’", K', Na', Mg®", H" u apyrue uonst [7,9]. YunrsiBas, 4o B
peanu3alMM TpPOLECCOB AerpaHynsuuu nabpountoB wobi Ca’’ WrparoT omHy U3
Kiouesbix poneit {2,3.8], HaMM H3yueHa 3aBMCMMOCTb PEAKUMU TYUHBIX KJIETOK OT
yactoThl [leMIT B nonoce 0-100 ['u ¢ warom 2 ['u. B nannoii cepuu sxcnepumeHToB
HCMO0AB30BaMH CUHYCOHANIbHOE MarHWTHOE none uHaykuuei 25 mxTi.
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Puc. 1. CnonraHHas nerpaHyisuust TyYHbIX KJIETOK B YCAOBMSAX I VilrO B MHTAKTHBIX
o6pa3uax v pH Bo3/1eHCTBUH UMITYILCHBIM MATHUTHBIM 10J1eM yacToTow 8 ' 25 mkTh.
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Ha pucynke 2 nmokazaHa 3aBUCHMOCTb peakuuu nabpouuros ot yactors [leMIL. Kak
BUJIHO, JETPAHYNSAUHS TYUHBIX KJIETOK CYLIECTBEHHO MOBBIILIAIACH TOJBLKO [IPU NeHCTBHH
IleMI1 B y3kux uactoTHbIX nuanmasoHax: 2; 8-10; 50; 72-74 I'u. OgHOBpPEMEHHO C 3THM
CHH)XEHHE CKOpPOCTH JerpaHyisuMu Habnroganock npu BosupeicrBuu [leMIl 32-34 Tu.
MosekynspHO-KJeTOYHbIE MEXaHM3Mbl BbISBJACHHON YacTOTHOH 3aBHCHMOCTH Majio
MOHATHbI, ofiHaKo oOpaiyaer Ha cebst BHUMaHME TOT (akT, 4TO Ha yacTorax OJM3KMX K
napaMeTpUuECKOMY  Pe30HAHCY HOHOB Ca’™ Opv  MOCTOSHHOW  COCTAaBAMIOLLEH
reomaruurHoro nons 47.5 mxTn Habnionanoch TopMoKeHHe CIOHTAHHOW nerpaHynsiuuy
Ty4HbIX KJeToK. Bo3MoxHO, NaHHas 3aKOHOMEpPHOCTh CBUAETENLCTBYET O TpaBote
aBTOpOB, pa3BHBAIOUIMX WK [1apaMeTpHyeckoro pesoHaHca [7]. Oanako, aaHHas
THroTe3a  He oObicHAeT NpOTHBONONOXKHBIH 3(deky, Bbi3bIBaEMbIH AeicTBHEM
MarHMTHOro mnojis uvacrorod 8 I'm, kxoropas sfABnsercs 4-0if rapMOHMKOH OCHOBHOI
YacTOThI TapaMeTPHHECKOro pe3oHaHca U1 HOHOB Ca”".
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Puc. 2. YacToTHas 3aBUCHMOCTb PEaKLIMM TYUHbIX KJIETOK Ha 1eHCTBHE CHHYCOHWIATBHOIO
[MeMI1 unnyxumeit 25 mxTn. [pumevanus : cTpenxaMy yKaszaHbl FpaHHibl BAPLUPOBAHUS
nokasaresjiell JerpaHyaiumMy B SKCIIEPUMEHTAX C OKHOH 3KCIO3HIHEN.

Heobxomumo ofparuts BHHMaHHe TaloKe Ha (akT CTUMYJSLUMH AerpaHylsudH
TYYHbIX KJIETOK MaCHUTHBIM NOJEM MpOMbILINeHHOH YacToThl 50 'y, DTo ykaspiBaer na
HeoOX0MMMOCTh JallbHeHIInX uccnenoBaHuii Biustus [leMIT npoMpliineHHbIX YacTOT Ha
)KMBBbIE CHCTEMbI C LIEABIO COBEPIUEHCTBOBAHUA TUFHEHHYECKHX HOPM W TepecMoTpa
npeaensHO ToNyCTHMBIX ypoBHeH nuay kuuu [TeMIT KHY,

BBIBO/IbI

|. BozgelicTeue cnaboro nepemMEHHOro MarHWUTHOrO NOAs KpaiHe HW3KMX 4acToT

H3MEHSIET CKOPOCTbL CMOHTAHHOH JerpaHy/istiiid TY4HBIX KJIETOK B 3KCNEepUMEHTax in
Vitro.
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2. Bb]pa}l(eﬂHOCTb H Hanpasil€eHue peaKilMH KJIETOK 3aBHCHT OT HacTOTbl H BpEMEHH

skcro3uiHd. Yactorsl 2; 8-10; 50; 72-74 T o6nanaior CTUMYAHPYIOLIUM JENHCTBHEM,
torna kak wactorsi 32-34 [y NOpUBOAST K CHHXKEHHIO CKOPOCTH CIOHTaHHOM
JlerpaHyJisiiHy Ty9HBIX KIETOK.

3. Beicokas YyBCTBHTEIBHOCTh TYYUHBIX KJIE€TOK K HH3KOYACTOTHBIM MArHHTHBIM

ooisaM NO3BONIACT MNpeanosararh, 4TO AaHHas rpynna KIETOK ABRA€TCd OOHHUM M3
KJIIOUeBBIX 3BCHHEB B CHCTEMHOH peakuuu oOpraHudmMa 4YenOBCKa H JXKHBOTHBIX Ha
nepuoau4ecKre reo-réejiHoMarHiTHbie BO3MYLIEHHS .
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