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CTPYKTYPHBIE PEAKIINU CKEJIETHBIX MBIIII] KPBIC OXYS U BUCTAP ITPU OCTPBIX TOKCUKO-
METABOJIUYECKUX ITOBPEXIEHUAX, BBI3BBAHHBIX BYIITMBAKANHOM

Jles Mouceesuy HEITTIOMHAIINX, Makcum Anekcannposudy BAKAPEB, Biaaaumup T'epoeprosuy IMMMEPMAH

T'Y HUU pecuonanvroti namonoeuu u namomopgonoeuu CO PAMH
630117, Hosocubupck, ya. Akademuxa Tumakoea, 2

IIpu oCcTpbIX HApPYyIIEHUSIX KJIETOYHOTO TOMEOCTa3a, BbI3BAHHBIX OYMMBAaKaMHOM, B CIIEKTpE peakIuii TOMUHUPYIOT
YHUBEpPCAIbHbIE TUITbI TTOBPEXIESHUS MBIILIEYHBIX BOJIOKOH, CBSI3aHHbBIE C XapaKTepPHbIMU U3MEHEHUSIMU MUODUOPUII-
JIAPHOTO arlapaTa. DKCTpeMaJIbHBIM XapaKTep MaTOTeHHOTO CTUMYJIA, a TaKKe CTPYKTYpHO-MeTaboJIuIecKrue Xapak-
TEPUCTUKU BOJIOKOH-MUILEHEN B 3HAUMUTENBHOM CTENEHU OMPENesIIoT OCOOEHHOCTH 3TUX U3MEHEHUI: BbIpakeHHbIE
KOHTPAKTYPHBIE TTOBPEXACHUS TPEUMYIIECTBEHHO OEJIbIX MBIIIEYHBIX BOJOKOH, 3HAYMTEIbHOE KOJIMYECTBO pacrpo-
CTpPaHEHHBIX U CMEIIaHHBIX (hOPM. BBICTpOTa M MACCUBHOCTD CTPYKTYPHOM MEPECTPONKY CKEIETHO-MBIIIEYHON TKaHU
MacCKHPYIOT BOBMOXHBIE OTJIMUHMS B XapaKTepe AeCTPYKTUBHBIX PeaKLIUil MEXIY IByMsl IMHUSIMU XUBOTHBIX. CpaBHU-
TeJIbHAs olleHKa 3((PEeKTUBHOCTH perapaTUBHBIX MPOIIECCOB MTOKa3aia OTCYTCTBUE JOCTOBEPHBIX pa3IMuMii MEXIy pere-
HEepUPYIOLIMMHU TPYMIIaMU, YTO YKa3bIBaeT Ha COXpaHEHUE TTPOJIM(GEpaTUBHOTO W PETTOMYISITABHOTO TTOTEHIIMAIa MUO-
TeHHBIX KJIETOK-TIPEIIIECTBEHHUKOB MTPU HACJIEICTBEHHO 00YCIOBICHHON NUCGHYHKIIMM MUTOXOHIpUi y Kpbic OXYS.

KnoueBbie ciioBa: MeTabogMuyecKUe TOBPEXICHMS, pereHepauusi, OynuBakanH, Kpbickl JuHuM OXYS,
CKEJIETHBIE MBIIILBI, TOJSPU3AMOHHAS U 3JIEKTPOHHAsT MUKPOCKOITHS.

OCO0EHHOCTH CTPYKTYPHBIX PEaKIIMil MBIIIET-
HOI TKaHM B OTBET Ha OCTPhIE TOKCUYECKHME BO3-
OEWCTBUSI M XPOHUYECKHE TeHETUIECKH O0YyCIIOB-
JIEHHbIE HapyIIeHUs, IIPUBOISIIINE K CIOXHBIM
MeTa0OIMIYeCKNM MU3MEHEHUSIM Ha YPOBHE KJIIETKH,
HEIIOCTATOYHO M3YYEHBI. DTO CBSI3aHO KaK C OTHO-
CUTEJIbHOM PENKOCTHIO JTAHHBIX ITATOJOTHYECKUX
COCTOSIHUI, TaK M C HEIOCTAaTOYHOM MH(GOPMAaTUB-
HOCTBIO THCTOJIOTMYECKMX MCCIIeI0BAaHUI, ITPOBO-
IOSIIUXCS, KaK IIPaBWJIO, B CTaIMM Pa3BePHYTHIX
KJIMHUIECKUX IIPOSIBIICHUM, Korda HaOaomaemast
KapTUHA OTPaKaeT CJIOXHBIM pPe3yJIbTaT B3arMO-
OEWCTBUSI JECTPYKTUBHBIX M KOMIIEHCATOPHO-
MIPUCIIOCOOMTENIPHBIX peakiuii. B cBI3m C 3TuM
W3yYeHHE IIPUPOABI M3MEHEHUH B CKEJIETHBIX
MBIIIIIAX BO3MOXHO IJIABHBIM O0pa3oM IIPHM 3KC-
IIePUMEHTAIbHOM MOIEIMPOBAHMN MEXaHU3MOB U
ImapaMeTpOB Pa3BUTHUS ITaTOJIOTMUECKOIO IIpolIecca.

B ocHOBE MHOTOKCHMYHOCTH OyNMBaKanHa —
MECTHOTO aHEeCTEeTHUKA, BRI3BIBAIOIIETO IIPY BHYTPU -
MBIIIEYHOM BBEICHUH BBIPAXKEHHYIO JeT€HEePaIUIO
MBIIIIEYHBIX BOJIOKOH, — JIEXKAT YHUBEPCAJIbHBIC IO
CBOEM TpHUpPOIe HAPYIICHUS MUTOXOHIPHATHLHOIO
MeTabonmM3Ma, ITOMOOHBIE TeM, KOTOPhIe€ BO3HM-
KaloT TP HEKOTOPBIX MaTOJOTUUYECKHUX ITPOIIeccax
oburero xapakrepa [1]. B To ke BpemMs MeCTHbIE
¥ OOIIMe BO3MEHCTBUS CYIIECTBEHHO OTIMYAIOTCS
BBIPaXXEHHOCTBIO M JIWHAMUKON ITOBPEXKIAIO-
LIET0 CTUMYJIa, YTO IIPM CPaBHUTEIHHOM aHAIM3e
IO3BOJISIET OLICHMBATh POJIb 3THUX I1TapaMeTPOB B
(bopMupoBaHNM CTIEKTpa JECTPYKTUBHBIX PEaKIINit
[2—4]. bynuBakauH He OKa3biBaeT CYylLIECTBEHHOIO

TTOBPEKIAIOIIETO ACHCTBUS Ha KJIETKH-CATEJIUTHI,
COCYIBbI M HEPBHBIE OKOHYAHUSI, YTO O0ECIIEUNBAET
HEOOXONMMBIE YCIOBUS ISl PEKAIUTY/ISIIIANA IIPO-
rpaMMbl MHOT€HE3a M JaeT BO3MOXHOCTb OIICHKU
pereHepaToOpHOro ITOTEHIIMAa CKEJETHBIX MBIIIIL]
B Pa3IWYHBIX (DUIMOJOTMYECKMX W I1aTOJIOTHUYE-
CKHUX CHUTYaIlusX.

ITockonbKy XapakTep IereHepaTUBHBIX H3ME-
HEHUII B 3HAYUTEIHHOM CTEIIEHU 3aBHCUT OT
CTPYKTYPHO-METa0OIMIYECKNX XapaKTepUCTUK U
(DYHKIIMOHAJIEHOTO COCTOSIHUSI BOJIOKHA-MMIIICHU
[2, 5], a adPpekTUBHOCTL pereHepaTopHOM peak-
LIMX — OT MPOoJIr(pepaTMBHOTO IMOTeHIIMAIA KIIETOK-
MIPEAIICCTBEHHUKOB (IIPOTPECCUBHOE CHIDKCHUE
KOTOPOTO IIPOIEMOHCTPUPOBAHO C BO3PACTOM U
IIpA HEKOTOPBIX XPOHWYECKUX IereHEePaTUBHBIX
npoueccax) [6, 7], Obla ocTaBiaeHa 1LejIb U3YYUTh
0co0eHHOCTH MOP(OTreHe3a OCTPHIX ITOBPEXICHUI
MBIIIEYHBIX BOJOKOH, BBI3BAHHBIX OyIMBaKam-
HOM, y XXHUBOTHBIX AByX JMHUI — Bucrap u OXYS.
IIpencyimecTByioliee HampsKEHUE TOMEOCTATH-
YECKMX MEXaHM3MOB M aNallTUBHBIC IEPECTPOUKH
CKEJIETHO-MBIIIEYHBIX BOJIOKOH Y TPEXAeBpe-
MEHHO cTaperolux kKpeic OXYS [8, 9], cBg3aH-
HbIE€ C MPOrPECCUPYIOIIMMU HAPYLIEHUSIMU CTPYK-
TYpbl U QYHKIIMY MUTOXOHAPHI, CO30AIOT OCOOBII
(bu3moIornyecKmii KOHTEKCT M MOTYT IIPUBOAUTH K
CHIDKEHMIO alallTUBHOTO M pelapaTMBHOTO IMTOTEH-
IIMaia CKEJIETHBIX MBIIIII.

Marepuaj U METOIbI MCCJIeTOBAHUS

HNccnenoBano 38 xuBoTHbIXx OXYS u 38
Kpbic Bucrap B Bo3pacTe 6 Mec. ¢ Maccoil Teaa oT

Henomuawux JIL.M. — 0.m.H., npogheccop, dupexmop

baxapes M.A. — 0.m.H., 6e0.H.c. 1ab. 0bwell hamonoeuueckol anamomuu, e-mail: pathol@soramn.ru

IHummepman B.I. — k.6.H., cmapui.H.c.
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215 1o 340 r, KOTOPbIM TOHKOI U0 B LIEHTPaJIb-
HYI0 00JIacTh IepeaHell 00/1b11e0epIlIOBON MBIIIILIBI
peomwiu 0,2 mi 0,5%-ro pactBopa OynmMBakKamHa
(AnexkauH, «IlnuBa»). BeriOOp B KauecTBe MaTe-
puana sl 3KCHEPUMEHTAIBHOIO HCCIEIOBAHMS
nepenHel 00JblIEOEPLIOBON MBILIIBI O0YCIOBIEH
OCOOEHHOCTSIMU €€ CTPOEHMS, KOTOpbIE Tal0T BO3-
MOXHOCTb OLIEHUTb PEaKlMI0 Pa3IUYHbIX TUIIOB
MBIIIIEYHBIX BOJIOKOH Ha moBpexaeHue [10]. 3abop
maTepuaja mpousBoauau yepe3 3 4, 1, 3, 7 u 14
CyT. ¥ BCeX XXMBOTHBIX ISl KOHTPOJIS 3abupanu
KOHTpaJIaTepaJibHyI0 MHTAKTHYIO MBIIIIY, B ABYX
clyJyasX Ha KaXIOM CpPOKE SKCIIepUMEHTa B Hee
Beoawan (0,2 MJI CTEPUJIBHOIO HM30TOHUYECKOIO
pacTBopa. B KauecTBe KOHTpPOJISI MCIIOJb30BaIU
TakXe IO 5 MHTAKTHBIX OJHOBO3PACTHBIX KUBOT-
HbIX KaXIOW JTUHUM.

IIpenapaTbl MBI B <«HATSDKEHUHM ITOKOS»
noJjiyyajJu 1O ONMcaHHOW MeTomuke [2, S5]. Jas
CBETOONTUYECKOIO MCCeNoBaHUs (parMeHThl
MbII puKcupoBanu B 10%-M HeiiTpaabHOM Gop-
MaJiuHe, 00pabaThIBaJIM IO CTAHAAPTHON METOAUKE
U 3aKJIOYaIM B napaduH, yUUTbIBas OPUEHTALIUIO
MBIIIEYHBIX BOJOKOH. [TapadrHoBBIe Cpe3bl OKpa-
LIMBaJIM TeMaTOKCWIMHOM W 303MHOM B coyYeTa-
HuM ¢ peakuueir Ilepica, mo Meroay BaH ['m3oHa
C JOKPAacKOHN 3JaCTUYECKUX BOJIOKOH PE30PLIMH-
¢ykcuHom Beiirepta, craBuiaun PAS-peakiiuio.

Jst BBISIBAEHMSI COCTOSIHMST (PUOPUILISIPHOIO
arrmnapara MbILIEYHBIX KJIE€TOK B MOJISIPU30BAaHHOM
CBeTe McCieaoBaar MapaMHOBbIE OKpallleHHbIE U
HEOKpallleHHbIe CPe3bl C MPOIO0JbHO OPUEHTUPO-
BaHHBIMM MBbILIEYHBIMY BOJOKHAMU.

JJ1s 3JIeKTPOHHO-MUKPOCKOIIUYECKOro HUCCe-
noBaHus (ukcupoBaHHele B 4%-M mapadop-
MapAeruae o0pasupl mocrdukcupopaiu B 1%-M
pacTBOpe YETHIPEXOKKMCHU OCMUS M Iocje 00e3BO-
>KMBaHUS 3aKJIOYaJIM B CMECh BIIOHA U apajauTa.
ITonyroHkue (1 MKM) cpe3bl OKpalllMBaJIl peaKTh-
BoM IIudda u 1%-M pactBopom asypa I1. Yiabrpa-
TOHKME cpe3bl Moaydyanau Ha yiabTpatome LKB III,
KOHTPACTUPOBAJIM YypaHWIALEeTaTOM W LIMTpaTOM
CBMHIIA, M3YYaJIUM B 3JEKTPOHHOM MMKPOCKOIIE
JEM 1010.

Ha crepeoTunHo oOTOOpaHHBIX MOMEPEYHbBIX
napauMHOBBIX M TIOJYTOHKMX Cpe3ax H3 1LeH-
TpaJbHO o0jacTu TepeaHeil OoJblIedeploBOM
MBIIILBl [OPU MOMOIIM CTEPEOJOTHUUYECKUX METO-
UK C VCIIOJIb30BaHMEM TECTOBOM peILeTKU MPOBe-
J€eHO M3MEepeHue CpelHell IUIOIIAAUN MONepeyHOro
CeYeHHUs] MBbIIIEeYHBIX BOJOKOH. IIpu craructu-
yecKoil o0paboTKe MaHHBIX MNPUMEHSUIM KpUTe-
puit CTblOJEHTAa; pa3inyusl CUMTAIM 3HAYUMMbIMU,
€C/Id BEepOSITHOCTh OWIMOKM P Oblia MeHblIe
0,05.
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Pe3yabraThl Hcce10BaHUS

B nepenneit 6oJibliie0epIOBOI MBILIILIE PA3JIM-
YalTCs ABE 30Hbl — HapykHas, COCTOSILAs Mpeu-
MYILIECTBEHHO M3 O€JIbIX MBIIIEYHBIX BOJOKOH, U
BHYTPEHHSIsI, OCHOBHAsA 4YacThb MBIIIEYHBIX BOJIO-
KOH B KOTOpOW MMEET TUIWYHbIE IS KpPacHBIX
BoJIoKOH mpu3Haku [10]. HecMoTpsg Ha HeOOJb-
1I0€ KOJMYEeCTBO BBOAMMOIO IIpernapara, JereHe-
paTMBHbIE U3MEHEHUsI HOCWIM paclpoCTpaHEeH-
HBIA XapaKTep W pa3BUBAJIUCh OYEHb OBICTPO.

Yepes 2—4 4 nocjie BBeAeHUs OynyBaKarHa BO
BCeX IpyInax HaOJIoAaIuCh MPU3HAKKA OTEYHOCTH
MBbIIIIEYHBIX BOJOKOH U 3HIOMU3MS, 0ojiee BbIpa-
JKEHHbIE B Hapy>KHOI 30HE MepenHei 6osbledep-
1IOBOI MbIIIbL. [IpeMMylIeCTBEHHO B 3TOH Ke
30H€ OIPaHUYEHHbBIE YUYACTKU IO XOIY MbILLIEUYHBIX
BOJIOKOH CTaHOBUJIMCh TOMOTE€HHBIMU, HEKOTOPbIE
U3 HUX UMEJIU BUI <«y3J0B COKpalleHus». [lpu
MOJISIPU3ALIMOHHO-ONTUYECKOM M 3JEKTPOHHO-
MUKPOCKOITMYECKOM HCCIEIOBAHUM B TaKMX Oya-
rax U CoCelHUX ¢ HUMM CerMeHTax HabJIomalucCh
KOHTPACTHbIE M3MEHEHUSI IVIABHON «MapKepHOi»
CTPYKTYPbl MBILIEYHOTIO BOJIOKHA — MUOGUOpUII-
JgpHoro amrmapara. OCHOBY y3jla COKpallleHUs
(kontpaktypa III crenenu) [2] cocTaBisiia CIIONI-
HOI aHM3O0TPOITHBIA KOHIJIOMepaT, 00pa30BaHHbBIN
KOMMNAKTHBIMHA MaccaMM IepecOKpallleHHbIX cap-
KoMepoB (puc. 1, a) U OTrpaHUYEHHBIN OT OCTAIb-
HOTO BOJIOKHA 30HAMU MX PE3KOro MepepacTsKe-
HUSI WIM y4acTKaMU ITOJHOrO pa3o0lIeHUs.

MeHee «KOHTpacTHbIE» W3MEHEHMST 3axBa-
THIBAJIM MBILLIEYHbIE BOJOKHA Ha 3HAYUTEJbHOM
MPOTSKEHUM W HOCWJIM CMEIIaHHBIA XapakTep:
YYaCTKM MEepecOKpallleHUsl MepexXOoAuad B 30HBI
MepepacTsLKeHUsT M HapylLIeHUsl YHOPSA0YeHHOTO
PUCYHKA ITOIIepeYHOi HcuepueHHOCTH (puc. 1, 0).
B npoxonsieM cBeTe B TaKMX 30HaX 4acTo HAOJIIO-
Jajach MeJKOAWCIIepCHass 3€pPHUCTOCTb, CBSI3aH-
Has ¢ MarepuajoM A-IUCKOB, KOTOpble Ha Iep-
BOM 3Tare (Ipu COXpaHEHUU OOIIUX OYepTaHUIi1)
OTVIMYAJIUCh BbIpa’K€HHBIM AMACTa30M; MpPU 3TOM
MOJIOCHI [-AMCKOB BBIMJISAAEIU «ITYCTBIMU», OTAEIIb-
HbI€ TPYIIIBI CAPKOMEPOB KaK OYATO PacChINaINCh.

Ilo maHHBIM 3JEKTPOHHONH MMKPOCKOIIMHU, B
OCHOBE TaKOil KapTHMHBI, B HEKOTOPOW CTeNeHU
HallOMUHAlIOIIell W3BECTHbIE OMNMUCAHUS  «IUC-
KoMaHOro pacmaga» [11], jgexxuT muzbuparenbHast
nerpangauyst GUOPUJUISIPHBIX 3JIEMEHTOB B 00J1aCTH
I-nuckoB u Z-nonoc (puc. 1, B). Ilpu 3TOM TOJI-
CThle MUO(MWIAMEHTBHI COXPaHSUIM MPUCYIIYI0 UM
KOH(MUTypaLMIO U B3aUMOPACIIOJOXEHUE B Mpee-
J1lax A-IMCKOB, KOTOpbIE HAXOOWJIUCh B COCTOSITHUM
nuacTtaza. B 30He moBpexaeHus1 0OHapy:KUBaIlCh
OTHEeJIbHbIE MEJIKWE Be3WKYJIbl CapKoIlJazMaThye-
CKOT'0 PETUKYJIyMa U KPYIHbIE UM MEJIKUE OKPYIJIbIe
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Puc. 1. Jlecmpykxmuenvie peakyuu ckesemuvix moiiyy kpvic OXYS (a, e, e) u Bucmap (6, 6, 0) uepes 3 u (a — 8)
u 1 cym. (¢ — e) nocae sedenus 6ynueaxkaura. a — koHmpakmypwl muoguépuin I11-1V cmenenu. Yepedosarue
YHACMKO08 NepecoOKpauleHus U nepepacmaiceHus capKkomepos; 6 — couemanue 8blpadNCeHHbX 0eCmpyKmMUGHbIX
usmeneHui (koumpakmypuol muoguopuan I11-1V cmenenu, dezazpeeayus aHU30MPONHBIX CMPYKMYP) U NPUSHAKOB
HOPMAAbHO20 CIMPOCHUSL 8 COCCOHUX MbIUECHHBIX BOAOKHAX, 8 — <UUMOAU3»> MbIUEHHO20 GONOKHA, & — KAeMOYHbie
UHOUABMPAMbl HA MePPUMOPUY 04a208 No8PedCcOeHUs 6 paze eavlbuamoeo pacnada; 0 — KOHMPAKMypa
muogpubpuan 1V cmenenu, dezaepeeauusi MUOpUAAMeHMO08, 0eCmMpYKUUs YUMONAA3MAMUHECKUX OpeaHenl;
e — makpogae 6 30He OecmpyKuuu MulueuHo2o 6010kHa. Dacoyumos KpyRHbIX pasmenmos MuopuopuIIAPHbIX
cmpyKkmyp. a, 6 — CeeMKa @ NOAAPUZ0BAHHOM cgeme, & — OKPACKa ceMamoKCUAUHOM U J03UHOM;
8, 0, e — aneKmpoHoepammbl; a, 6, ¢ — yeea. 500; 6, e — ysen. 10 000; 0 — ysea. 20 000.

MUTOXOHIPUM ¢ TUDOY3HBIM WIIM OYarOBBIM IIPO-
CBETJICHMEM MaTpHUKCa, AECTPYKIIMEH KPUCT, IPU-
3HaKaMM pa3pylIeHus] Hapy>KHOW MeMOpaHbI.

B orimume oT KOHTpPaKTYpHBIX WM3MEHEHMH,
COYETaBIIMXCS C TE€TePOTeHHBIMM IIpU3HAKaAMU
Je30praHn3alli COKPATUTEIbHOTO KOMIIApTMEHTA,
MPOSIBJIEHUSI MEJIKOOYaroBoro Jjusuca ¢Guopui-
JISIPHBIX CTPYKTYP (<«IIyCThIe» M30TPOITHBIE OYaru
C YeTKMMU TpaHUIIaMH, B KOTOPHIX OTCYTCTBOBaJIa
rnoriepeyHasl MCYEpYEHHOCTb), OoJiee XapakTep-
Hble IJIs TIyOOKOM objacTu mnepeaHeid Oosbliie-
OEepLIOBOM MBbIIIILIbI, ObLIN, KaK MPaBUJIO, CBSI3aHbI
C BOJIOKHaMH, B KOTOPBIX HE OTMEYAJIOCh APYTUX

158

CyIIeCTBeHHBIX n3MeHeHmni. C moJieil 0OCTOPOKHO-
CTH MOXHO TOBOPHUTH O TOM, 4TO Yy Kpbic OXYS
0YaroBble TTOBPEXACHUS JIUTUIECKOTO XapaKTepa B
paHHUE CPOKM BCTPEYaINCh HECKOIBKO Yallle, YeM
y Kpbic Bucrap.

Yepes 1 cyrku mociie BBeleHUs OynuBakKanHa
B 30HaX ITOBPEXIEHUS BBIIBISUIMCH BCE (POPMBI
HEOOpaTUMBIX KOHTPAKTYPHBIX TOBPEXICHMIM,
OCHOBHasi 4YacThb KOTOpPBIX Haxomwiach B (asze
mIpIoyaToro pacnazga (puc. 1, r). B KpymHBIX BBITTY-
KJIBIX (parMeHTax, COOTBETCTBOBABIIMX <«y3JlaM
COKpallleHUsI» 1 00pa30BaHHBIX, IO JAHHBIM 3JIeK-
TPOHHOM MMKPOCKONMHU, IJIOTHOM Maccou nesa-
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IPEeTUPOBAaHHBIX M I€30PUCHTUPOBAHHBIX IIPOTO-
(ubpun, parMeHTalMs yalle BCero HauMHajlach
Ha mepudepun oyara, 31eCh Xe OOHAPYKUBAIUCH
HeOOJIbIIIMEe CKOIUIEHUS KJIETOK MHGUIbTpATa.

B MbllIeYHBIX BOJIOKHAX, ITOBPEXIEHHBIX Ha
3HAUUTEILHOM MPOTSKEHUM, YYACTKU YILIOTHE-
HUS YepeloBaJIMCh C ydyacTKaMM ITOJTHOM ne30p-
raHu3alMu COKpaTUTEJbHOro Marepuana (MHO-
IJa OOHAPYXMBAIOIIETO «IOXKHYIO» ITOIEPEYHYIO
HWCYEePUYEHHOCTh). Ha ynbTpacTpyKTypHOM YypOBHE
oTMeyajach Je3arperauusi capKoMepoB, Z-IUCKU
MOJIHOCTBIO pa3pyllieHbl, Ha MecTe [-IUCKOB Jiexar
OTIe/IbHBIE OOPHIBKM TOHKUX (riameHTOB. ®par-
MEHTBI TOJICTBIX (DUJIAMEHTOB, IOTEPSB YHOPSIIO0-
YEeHHOCTh, WHOIJA IIPOAOJIKAIOT OCTaBaTbCS Ha
MecTax ObIBIIMX A-ITMCKOB (puc. 1, 1) WM JexaT B
MOJIHOM OeCIOopsIIKe.

B yuacTkax moBpexXaeHUsT MBILLIEUYHBIX BOJOKOH
Ha0/I104aI0Ch 3HAYMTEIbHOE KOJUYECTBO MaKpo-
(haros. B ux muroruiazMe obHapyxXuBaauch par-
MEHTBI MBILLIEUHBIX KJIETOK, B YACTHOCTH, pa3jinya-
JINCh MUODUOPUILISIpPHBIE CTPYKTYpPhI, 00JIaaBIIe
MomnepeyHoil ucuyepueHHOCThIo (puc. 1, e).

KoHTpakTypHble MOBpPEXIECHUS U KJIETOUHbIE
WHGWIbTPAThl MHOTAA PACIIPOCTPaHSUIUCh B BUIE
«TSDKEI», 3aXBaThIBasl ITyYKH MBIIIEYHBIX BOJOKOH,
HO yallle HOCWIM 30HO-3aBUCHMBII XapakTep —
cyOToTajbHble MOBpexaAcHUsI U auddy3Has Kie-
TOYHAsl MHQUAbTpaLUs B Hapy>KHON 30HE pPE3KO
rpaHUYMIa ¢ BUAMMO MAaJIOIOBPEXIEHHOUN o0a-
CTblO, 0Opa30BaHHOI 0oJiee TEeMHbIMU, TOHKUMU
BOJIOKHAMM.

Yepe3 3 cyToK Iocjie BBeACHMSI OyrnuBaKanHa
Ha ¢oHe 3aBeplliaBIICHCS pPe30pOLU HEKPOTH-
3MPOBAHHBIX MBIIIEYHBIX BOJIOKOH Ha IIepBbIA
IUIaH B OOLIE KapTWHE BbIXoAwaa MpoJudepa-
THBHas (a3a pereHepaTopHOI peakmuu. Bokpyr
30H HEKPOTU3UPOBAHHBIX BOJOKOH C MpU3HAKaMU
pacrnaga M IOYTHU IOJHBIM OTCYTCTBUEM SIIEP pac-
MnoJjlarajvuch TMOJiSI KJIETOYHOW MHGUWIbTPALUU,
npeacTaBieHHO Makpodaramu (B TOM 4YuC/e
cunepodaraMm) 1, B 3HAUMTEIbHOUN CTENEHU, MIPO-
JudepupyoimMu MmuooaactaMu (puc. 2, a), Cliu-
BaBILMMMCS B TOHKHE 0a30(DUIbHBIE MUOTPYOOUKH
(puc. 2, 6). Makpodarn 1 MH0OJIACTOIIOTOOHEIS
KJIETKU 3aIMOJHSUIM NPOMUIN MYCThIX CapKOJIEMM-
HbIX MEIIIKOB, TPYIIIbl 00Jiee KPYIMHBIX MbIIIEYHBIX
TPyOOUEK C LEHTPATbHBIMU SIAPpaMU 00pa30BbIBATIU
ITyYKH.

bmxe K 30He KpacHBIX BOJIOKOH apXUTEK-
Typa MBILLIEYHOI TKaHU ObLIa B LIEJIOM COXpaHEHa.
OtnenbHble TOHKHE MUOTPYOOUKU IpUJIeXKaTIU
K MBIIIEYHBIM BOJIOKHAM, COXPaHSIBILIMM HOPMaJsib-
Hoe cTpoeHue (puc. 2, 0).

B ynbTpacTpyKTypHOUl KapTHHE HaOII0daIuCh
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MPU3HAKY BHYTPUKJIETOYHON M KJIETOYHOM pere-
Hepaluy. AKTUBAIUs SIIEP MBIIIEYHBIX BOJOKOH
MoJcapKoJeMMaJIbHON  JIOKaau3allM¥d  BbIpaxka-
Jlach B YBEJIMYEHUHU TUIOLIAAM MX IOBEPXHOCTH 3a
cyeT (heCTOHYATOCTH HYKJICOJIEMMBbI, BO3pacCTaHUU
INAPUHBI ¥ KOJIMYECTBA SIIEPHBIX ITOP, MOSBICHUN
IBYX-TpeX KPYIIHBIX SIIpBILICK. B IepuHykieap-
HOIl 30HE y MOJIIOCOB Spa CKaIUIMBaJOCh OOJIb-
1I0€ KOJIMYECTBO MEJKUX MUTOXOHAPHUH C ILIOT-
HBIM MaTPUKCOM M MHOTOUYMCJIEHHBIMUA KPUCTaMMU,
MOSIBJISLIUCH CBOOOIHBIE PUOOCOMBI, BU3YaTU3UPO-
BAJIMCh paclliMpeHHble KaHaJbIbl LIMTOIIa3MaTH-
YeCcKoll cet, (hOpMUPOBATIUCH TOHKHUE, XaOTHYIHO
OPUCHTHUPOBAaHHBIE (DIAMEHTO3HBIE CTPYKTYPHL.

B HekoTOpbIX Ci1yyasix Haba0IaIuCh HEITOCPpe/I -
CTBEHHEBIC YJIBTPACTPYKTYPHBIC IPM3HAKN aKTHBa-
LIMA KJIETOK-CAaTeJUIMTOB, IMEPBBIMU M3 KOTOPBIX
ObUIM MOSIBJICHME SIAPBILIKA U TUIIepIUIa3usl Irpa-
HYJISIPHOI LIMTOIIa3MaTUYeCKOil ceTu (puc. 2, B).

Yepes 7 cyTokK Iocje BBeAeHMST OylnmuBaKavHa
apXUTEeKTypa MEIIICYHOl TKAaHM HavWHAlla BOC-
CTaHABIMBaTbCs. B OOJBIIMHCTBE IIpeIiapaToB He
00HapyXeHO HeoOpaTUMO MOBPEXKACHHBIX MEBIIIICU-
HBIX BOJIOKOH. XapaKTEepHOU YepTOil OBLIO CO3pe-
BaHUWE MMOTPYOOUEK, OOpa30BBIBABIIMX TIPYIIILI
HE3pEJIbIX MBIIIEYHBIX BOJIOKOH, a TaKXe IIpH-
CYTCTBHE pAaCCEeSIHHBIX TOHKHUX, HO YXe McHee
0a30(UIBLHBIX BOJIOKOH C IOMNEPEYHOM MCUYEPUCH-
HOCTBIO M IIEHTPAJbHO PACIOJIOXKCHHBIMU CBET-
JbIMU siapaMu. TIpociioiiku sHIOMuU3MS B 00J1aCTH
pPaCTYIIUX MBIIICYHBIX BOJIOKOH COAEpXKalIu pa3-
BUTYIO KaIIWUISIDHYIO ceTh 0e3 IPU3HAKOB CTasa,
a TaKKe 3HAYUTEIbHOE KOJIMYECTBO MaKpoGaroB 1
¢udbpobaactoB (puc. 2, r).

I[Ipy 31eKTpOHHOII MUKPOCKOIUH B CO3pe-
BaIOIIMX MHUOTPYOOUKAX M HE3PEJIbIX MBIIICUYHBIX
BOJIOKHAX LIEMOYKM sep ObUIM AUCIOLMPOBAHBI B
LICHTpaJbHOM YacTH BOJIOKHA, y MX ITOJI0OCOB 00pa-
30BBIBAJICS <«IIUIEMi(» M3 MEJKUX MUTOXOHIPUIA
(puc. 2, x). MuodpuOpwIIApHBINA anmapaT ObLT
MpeACTaBIeH TOHKUMHU MHOGUOPUIUIAMU, KOTO-
phble OBUIM HE BCEerJa YeTKO BBIPOBHEHBI OTHOCH-
TEJBHO APYT APYra, B CBSI3U C OTHM UX Z-TIOJIOCHI
00pa3oBbIBAIU CJIETKA BOJTHUCTBIA PUCYHOK.

Yepes 14 cyTok mociie BBeAeHUsT OylrMBaKarHa
o0IIas apxXuTeKTypa CKEJEeTHOM MBIIIIEI ObUIa
MPaKTUYSCKU BOCCTaHOBJIeHA. [lo cpaBHEHUIO C
MNpeabIAYIIUM CPOKOM, MEJKHUE BOJIOKHA Tepsulu
0azoduianio, MeHee OTYETJMBO BBIACISIMCH Ha
obmeM (oHe, OOHAKO ellle He OOCTUTAId HOpP-
MaJIbHOIO pa3Mepa U COCTABJISLIM 3HAYMUTEIbHYIO
YyacTh Beell monysanuu (puc. 2, e). Okoino 20—40%
U3 HUX COXPaHSIM LEHTPaJIbHO DPACIOJOXEHHbIE
sIpa.

C 1eaplo CpaBHUTEIbHOUN OLIEHKU 3(P(PeKTHB-
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Puc. 2. Penapamuenvie peaxyuu ckesemuwvix moiy, kpvic OXYS (a, 6, e, e) u Bucmap (6, 0) uepe3 3 cym. (a, 6), 7 cym.
(6 — 0) u 14 cym. (e) nocae 66ederus OynusaKaurna. a — KAemo4Hslll UHpUAbmMpam (maKpogaeu u
npoaugepupyrouie Muobaacmsl) 8 30He HeKpPOMU3UPOBAHHBIX BOAOKOH, yeen. 250; 6 — Kkaemku uHgurbmpama u
H08000pa306aHHbIE MblletHble MPYOOUKU PAOOM C 30HOU COXPAHUBUIUXCS MbIULEHHBIX 6010KOH, Veed. 500;

6 — aKxmueayusi KAemKu-cameiiuma: ecmoH4amocms A0pa, pacuuperue s0epHvix nop, Gopmuposanue
adpvluex. AHanoeuuHble U3MeHeHUs 0pa MolueyHou Kaemku, yeen. 5000; e — He3penble MbluieyHble 80A0KHA C
UEHMPANbHLIMU A0pamMU, 60AbULOE KOAUHeCMB0 KANUANAPO8 8 SHOomu3uu, yees. 500; 0 — gpaemenm moa00020
MblieuHo20 6010KHaA. Llenmpansrnas nokanuzayus 10pa, Gopmuposanue 30H GHYMPUKACMOUHOU peceHepayuu,
yeea. 3000; e — moHKuUe 8010KHA ¢ UEHMPAAbHBIMU SOPAMU COCIABASIOM 3HAUUMEAbHYI0 YaCMb NONYAAUUU
MblileHHbIX 8040KOH, yeen. 150. a, 6, e — 0Kpacka 2eMamoKCUAUHOM U 303UHOM; 2 — NOAYMOHKUU Cpe3, OKPACKa

azypom II; 6, 0 — snexkmpoHoepammbl.

HOCTM pereHepatopHoi peakuuu y kpbic OXYS
u Bucrap B mocneaHeil rpymnne (14 cyTok) npu
IIOMOIIIM  CTEPEOJIOTUIECKMX METOIUK IIPOBE-
IIEHO M3MEpeHUe CPemHel ILIoaay IOIePeIHOTO
CEYCHMSI MBIIICYHBIX BOJIOKOH HAa CTEPEOTHITHO
BBIOPAaHHBIX ITOIIEPEYHBIX Cpe3ax M3 LIEHTPaIbHOMK
obJlacTu TiepeaHell OOJIbIIeOePLOBOM MHBILILIBI.
IMonydyeHuble cpenune 3HaueHus (1766 + 194 Mrm?
y Bucrap n 1695 * 332 mxm? y OXYS) ObLIv 3HAYK-
TEeJIbHO HUKE KOHTPOJIbHBIX IoKazaTenen (2517 £
113 mxm? y Bucrap u 2781 £ 271 mxm? y OXYS),
TIOATBEPKIAs He3aBEPIICHHOCTb B JTAHHBIN ITEPHOLN
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MPOLIECCOB pereHepaluu B 0O6eux Ipyrmiax OMbIT-
HbIX XXMBOTHBIX. JIOCTOBEPHBIX PA3IUUUN MEXITY
pereHepupylolmuM1y TIpynnaMyd He OTMEYEHO
(puc. 3).

Takum o00pa3oM, BHYTPUMBILIEYHOE BBeEIE-
Hue OynmuBakavMHa BbI3bIBAJIO OBICTPOE pa3BUTHUE
pacnpoCTpaHeHHBIX OECTPYKTMBHBIX W3MEHEHUI
MPEUMYIIECTBEHHO B OEJbIX MbIILIEYHBIX BOJOK-
Hax (BbIpaxk€HHbIE MOBPEXACHUSI KOHTPAKTYpPHOTO
TUIIA) WIK B BOJIOKHAX O0OUX TUITOB (OYaru MHO-
LIMTOJIM3UCA U YMEPEHHbIE KOHTPAKTYpHbIE M3Me-
HeHuUst). OIHOM U3 NPUUUH TaKOH OTHOCUTEIBLHOM

BIOJTNETEHb CO PAMH, Ne 6 (134), 2008 r.
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Puc. 3. Cpeonss niouade nonepeurozo cevenus
MblULEHHBIX 8010KOH nepedHell 60abuledepl060l
muiuybt kpvic Bucmap u OXYS.

N30MPaTeIbHOCTA MOXET ObITh OOJIBIINI KOMIIEH-
CaTOPHBIN pe3epB MUTOXOHAPUATIBLHOTO KOMITApT-
MEHTa B MBIIIEUHKIX BoJloKHax I tuna [12].

CyllleCTBEHHOM 0COOEHHOCTBIO CITEKTpa CTPYK-
TYPHBIX peakliuii, He HaOJIoJaBIIeiCcS paHee Mpu
OoJsiee «MSATKMX» OOIIMX BO3AEHCTBUSX [2], cTalio
HajJM4yue B UCCIeJOBAaHHOM MaTepuayie 30H Je3a-
rperaiiy MMOMUOPUILI, HAIIOMUHABIIIEH KapTUHBI
«auckougHoro pacrnaga» [8]. IlogmobGHass ¢opma
MOBPEXACHUSI, OMUCAHHAd B KapAUOMUOLIMTAX
NpU OKKJIIO3UOHHBIX HHMapKTax MUoOKapiaa u
OOIIMPHBIX MHPAPKTONOZOOHBIX META00IUUECKUX
MOBPEXACHUSIX, OblJIa Ha3BaHA «ILIUTOJIU30M» (TIpU-
>KM3HEHHBIM ayToyiniom) [13].

B skcrniepuMenTe ¢ OynmuMBaKarHOM MPU3HAKOB
CYLLIECTBEHHOTO HapyIlIeHUsS KPOBOCHAOXEHUS
He OTMEYEeHO, TMPU3HAKU IMTOJIM3a HAOIIOAAIUCH
B OTHAEJIbHBIX MBIIIEYHBIX BOJOKHAX M, Kak Ipa-
BUJIO, HE Ha BCEM UX MpOTsKeHuU. [To-BuaumMomy,
pe3Kre HapylleHUsT OKUCIUTEJbHOro dochopu-
JIUPOBaHUS MPU MECTHOM BO3AEMCTBUM BBICOKUX
KOHIIEHTpaLMii MoBpexaaloliero gakropa, Hakjia-
JIbIBAsICh Ha OIpeAeeHHBbIA JIOKAJbHBIN (hU3NO-
JIOTUYECKUIN KOHTEKCT, «MOACIMPOBaIn» IO CBOCH
WHTEHCUBHOCTU COCTOSIHME OCTPO TUIIOKCUU C
OBICTPBIM Pa3BUTUEM ITYOOKOTO 3HEPreTUYECKOIo
JeulLnTa, OINepexalolieil akKTUBAlMEH JIUTUYE-
CKUX TIPOLIECCOB M TOTAJIbHBIM JIM3UCOM B IIep-
BYIO OYepeab 2JEMEHTOB LIMTOCKeJeTa U aKTUHO-
BBIX (DMJIAMEHTOB B 00JIaCTU U30TPOITHBIX TMCKOB.
HAnuTenbHOE COXpaHEHHE B 3TUX 30HAX CTPYKTYP
A-IIICKOB MOXET OOBSICHITHCS YCTONYMBOCTHIO
TSIKEJIBIX LIeTIeld MUO3MHA K KaJIbITauH-3aBUCMOMY
npoteoau3y [14], a Takke odpa3zoBaHUEM MOIIepeY-
HBIX CBSI3€il MeXIy MMO3UHOBBIMU U aKTUHOBBIMU
(unamenramu B orcyrctBun AT® [15].

B 1enom, cpaBHUTEIbHBIA aHAIU3 OCTPBIX
TOKCUKO-META0OJIMYECKUX MOBPEXKIACHUN CKeJeT-
HBIX MBIIIIL TIPU HEKOTOPBIX DKCIIEPUMEHTATBHBIX
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U KIMHUYECKMX MaTOJOrMyeckux mpoueccax [2, 3]
yKa3bIBaeT Ha CYIIECTBEHHYIO POJIb KOJIMYECTBEH-
HBIX TapaMeTPOB MOBPEXIAIOIIET0 BO3ICHCTBHUS,
a TakKXe CTPYKTYPHO-MeTabOJMYECKUX XapaKTe-
PUCTUK MBIIIEYHBIX BOJIOKOH B (POpMUpPOBAaHUU
CIEKTpa OEeCTPYKTUBHBIX peakuuii. OTCyTCTBHUE
CYIIIECTBEHHBIX pa3dyUil B 3TOM acIeKTe MEXIY
quHuaMu Buctap u OXYS MoxeT ObITb CBSI3aHO
¢ OBICTPOTOM M MAaCCHBHOCTBIO CTPYKTYPHOI Iepe-
CTPOMKM CKEJIETHO-MBbIILIEUHON TKaHU B JKCTpe-
MaJIbHOM JMCMETA00JIMYECKONA CUTYaLIUU.

B ycnoBusx npekpallueHusi AeACTBUSI MOBPEXK-
pJaroirero ¢akTropa TaKde WM3MEHCHMS, BBI3BIBast
MpeaebHOe HaNpsLKeHWe perapaTUBHOTO pe3epBa
CKEeJIETHBIX MBIIIIL, CO3JAl0T OCHOBY JJISI IOJHO-
LICHHOI pereHepatopHoil peakuuu. HopmanbHas
JWHaMVKa BOCCTAHOBJIEHUS apXUTEKTYpPhl MbILIEY-
HOI TKaHU B OTBET Ha DKCTpEeMalbHOE ITOBPEX-
JIeHre TIpY HacJeACTBEHHO OOYCIOBJIEHHON IMC-
(YHKIIMM MHUTOXOHIPUI Y IPEXKIECBPEMEHHO CTa-
petoiux kpbic OXYS yka3pIBaeT Ha COXpaHEHUeE
B 9TUX YCJIOBUSX CYILIECTBEHHOIO perapaTuBHOTO
pe3epBa, a TakxKe HAaBOJAUT Ha MBICb O BO3MOXHO-
CTU €T0 CTUMYJISUMU [16] ¢ 1enblo moamepsKaHusI
KOMITEHCATOPHBIX MPOILIECCOB M IPEIOTBPALICHUS
U3MEHEHUI CKEJIETHBIX MBIIIIL, CBSI3aHHBIX CO CTa-
peHHeM U MUTOXOHAPHUAIbHBIMU AeeKTaMMU.
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STRUCTURAL REACTIONS OF SKELETAL MUSCLES IN OXYS AND WISTAR RATS WITH TOXIC

METABOLIC INJURIES CAUSED BY BUPIVACAINE

Lev Moiseevich NEPOMNYAHCHIKH, Maxim Alexandrovich BAKAREYV, Vladimir Gerbertovich TSIMMERMAN

SI RI for regional pathology and pathomorphology of SB RAMS

2, Ac. Timakov str., Novosibirsk, 630117

Universal types of muscle fiber injuries associated with characteristic changes in the myofibrillar system predominate
in the spectrum of reactions to acute disorders of cell metabolism caused by bupivacaine. Extreme character of the
pathogenic exposure and structural and metabolic characteristics of the target fibers largely determine these changes:
pronounced contractures involving primarily white muscle fibers, high incidence of disseminated and mixed forms.
Rapid and massive restructuring of muscle tissue makes for masking possible differences in this aspect between OXYS
and Wistar rats. Comparative analysis of reparative reactions revealed the absence of significant differences between the
regenerating groups indicating retained proliferative and repopulating potential of myogenic precursor cells in OXYS
rats with hereditary mitochondrial dysfunction.

Key words: skeletal muscles, bupivacaine, OXYS rats, metabolic injuries, regeneration, polarization and electron
microscopy.
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