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Jhyitefta 6O3MO:»CHOCmb eoccmaHO6Jl.eflUR UieAOCmHocmu 2UQAUHO6O20 xpRUl,Q C nOMOUl,b/0 

MYAbmunomeHmHbLX MeJeHxuMaAbHbLX cmpoMaAbHbLX KAemoK (MMCK) Ha MoaeAu HenoA­
HOCAOUHOcO aecjJeKma 2UQAUHO6O20 XpRUl,Q cycmaea KpOAUKQ 6e3 noepe;;,caeHUR cy6xoHapaAb­

HOU nAacmuHKU. PaJMep aerpeKma cocmaeARA 0,5 CM e auaMempe u 1,5 MM e 2Ay6uHy. 
AymOAOcUitflblU KOCmflblU MO32 KpOAUKO6 noAyitaAU U3 pe3eUiUPO6QflflO20 Kp bffl,Q noae3aoumou 

KOCmu, 20mO6UJ1,U oaHOKJlemoitHy/0 cycneH3UIO U 6bLCe6aAU 6 KYAbmypaA bflble cjJAaKOflbl. 

Bb1poclUue MMCK cHuMaflu c nAacmuKa, UieHmpucjJyzupoeaAu u ocaaoK nepeHocuAu e ae­
cjJeKm xp5lUl,a. Ceepxy KAemKu npuKpb16aAu :»eeAamuHoeou 2y6Kou, euKpuAoeou 2y6Kou UAU 
cemKou. FucmoA02uiiecKoe uccAeaoeaHue 6btnOAH5lAU iiepe3 4 Mee. YcmaHoeAeHo, iimo Hau-
6oAee 6blpa:>1CeHHQR peceHepaUiU5l 2UQAUH060U Xp5lUl,e60U mKaHU, 3aMeUl,GIOUl,eU 60AbUJYIO 
iiacmb aecjJeKma xpRU1,eeou nAacmuHKU, uMeAa Mecmo e cAyita5lx ucnoAb3oeaHU5l MMCK u 
euKpu!loeou cemKu. Cpeau npeuMyU1,ecme ucnoAb306aHu5l euKpuAoeou cemKu omMeiteHo mo, 
itmO OHQ He 6b!Cmynaem Haa Xp5lUl,e60U nAaCmUHKOU, He caa6AU6aem KAemKU U npu 3mOM 

MeaAeHHO paCCQCbt6aemCR. 

K JI IO q e Bbl e C JI OB a: My'JlbTMTIOTeHTHbie Me3eHXJ1MaJibHbie CTpOMaJibHbie KJleTKM , rrpo­

m1cpepau.1151 , TKaHeMillKeHepHbie KOHCTPYKUMH , cycTaBHOH xpmu. 

Repair of Partial Thickness Articular Hyaline Cartilage Injuries with Multipotent Mesenchy­
mal Stromal Bone Marrow Cells Transplantation in Rabbits 
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Possibility of hyaline cartilage integrity restoration using multipotent mesenchymal stromal cells 
(MMSC) was studied on the rabbit model of partial thickness articular hyaline cartilage defect 
without subchondral plate damage. Size of defect made up 0. 5 cm in diameter and 1. 5 mm deep. 
Autologous bone marrow was harvested from the resected upper flaring portion of the ilium, 
single cell suspension was prepared and cultured in matrasses. Grown MMSC were centrifuged 
and the sediment was transferred into the cartilage defect. The cells were covered with either 
vicryl or gelatin sponge, or vicryl mesh. Histologic examination was pe,formed in 4 months. It 
was shown that the most active regeneration of hyaline cartilage tissue, that substituted the 
largest part of a defect, was noted when MMSC were covered with vicryl mesh. One of the 
advantages of vicryl mesh use was that it neither protruded above the cartilaginous plate nor 
compressed the cells, and slowly resolved. 

Key w o rd s : multipotent mesenchymal stromal cells , proliferation , tissue engineering 
constructions, articular cartilage. 

BypHoe pa3BJ1TJ1e 6110Me,LJ;MI.J;J1Hbl 11 , B -Y:aCTHOCTM , 

KJieTO-Y:HbIX J1CCJie,n;oBaHJ1l1 crroco6cTBOBaJIO I10.HBJie­

HJ1lO COBeprneHHO HOBbIX rro,n;xo,n;oB J1 TeXHOJIOfJ1l1 , 

o6eI.IJ;aIOI.IJ;MX yme B 6JI11mar1rueM 6y,n;yI.IJ;eM perne­

HMe MHOfMX Me,LJ;MI.J;J1HCKJ1X rrpo6JieM. KJieTO-Y:Hbie MC­

CJie,n;oBaHMR J1 KJieTO-Y:Hbie TeXHOJIOfJ1J1 RBJIRIOTCR ce­

ro,n;HR CTpa Ter11-Y:eCKJ1 BaJKHbIM HarrpaBJieHMeM 6110-
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Me,n;J11.J;J1Hb1 , crroco6HbIM o6ecrre-Y:MTb rrpopbrn B 6opb-

6e C cou11aJibHO 3Ha -Y:J1MbIMJ1 3a60JieBaHJ1.HMJ1. Bo3-

MO.iKHOCTb fJ1CTOTJ1I1J1-Y:eCKOro BOCCTaHOBJieHMR rro ­

Bpem,n;eHHbIX TKaHeM J1 opraHOB rrp1106peJia peaJib­

Hbie O-Y:epTaHMR ITOCJie pa3pa6oTKJ1 HaMM B Hli1li13M 
MM H.<P. faMaJieM MeTo,n;a J13611paTeJibHOrO KJIOH J1-

poBaHJ1.H , KOTOpbIM rro3BOJIMJI BbIRBMTb y H 11KaJibHY IO 
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Ka Terop:mo CTpOMaJibHbIX KJieT OK-ITpe .n;weCTBe HHM ­

KOB KpoBeTBOpHbIX 11 JIMM q:>011,Il;HbIX o praHOB [ 1]. KoH­

u;eHTpau;11H 8T11X KJieTOK B opraH ax r e M O- 11 JI11Mq:>O­

ITO83a -qpe3BbP--IaJ/IHO M aJia. Ilpo B e ,n;e HHbie 8KCITe p11-

MeHTaJibHhle MCCJie,n;oBaHMH ITOKa3a JI11, '-ITO cpe.n;11 

BbIHBJieHHbIX HaMM KJIOHOreH HbIX CTpOMaJibHbIX K Jie­

TOK-ITpe.n;wecTBeHH MKOB MMeIOTCH KJieTKM , KOTOpbre 

ITO CBOMM ITPOJIMCpepa TMBHbIM 11 .n;11cpcpe p e ttu;11p o B O'-I­

HbIM ITOTeHIJ;MHM HBJIHIOTCH ITpeTeH,n;eHTaM M H a p OJib 

CTBOJIOBbIX KJieTOK CTpoMaJibH OM TKaHM KOC THOfO 

M03ra [2, 3]. Ilo pewett1110 Mem.n;yttapo,n;H o r o o 6w;e ­

CTBa KJieTO'-IHbIX TeXHOJIOfOB C 2006 r. 8T11 KJieTKM 

ITpe,n;JiomeHO Ha3bIBaTb MYJibT11ITOTeHTHbIM11 M e 3 e H­

X11MaJibHbIM11 cTpoMaJibHbIMM KJieTKaM 11 (MMCK). 

OHM COOTBeTCTBYIOT Tpe6oBaHMHM, ITp e,n;'bHBJIHe MbIM 

K CTBOJIOBbIM KJieTKaM: o6Jia,n;aIOT BbICOKMM ITPOJIM -

cpepa TMBHbIM ITOTeHu;MaJIOM, caMOITO,n;,n;e p m11BaIOTCH 

B ITpou;ecce ITpoJI11cpepau;1111 11 .n;11cpcp e p e Hu;11py 10Tc H 

B HeCKOJibKMX HaITpaBJieHMHX (KOCT b , xpHw; , coe.n;11-

HI1TeJibHa.H 11 m11pOBa.H TKaHM 11 T.,n;.). 

O,n;HOM 113 Ha1160Jiee aKTyaJibHbIX HBJIH e TCH ITpo-

6JieMa JieqeHMH ITOBpem,n;eHMM xpHw;a 11 MX ITOCJie ,n;­

CTBMM , T.e. BOCCTaHOBJieHMH u;eJIOCTH OCT M r11aJII1HOBO­

ro xpHw;a KpyrrHbIX cycTaBOB. 3 Ta ITpo 6JieMa cero,n;HH 

ITp1106peTaeT Bee 60JibillYIO 3 H aq11M OCTb KaK B Me,n:11-

IJ;MHCKOM, TaK 11 cou;11aJibHOM acrr eKTe. IIo cpe,n;cTBOM 

KOMITpeccMOHHO-,D;11CTpaKIJ;11OHHOfO M eTo,n;a KJI11H11IJ;11-

CTbI B orrpe,n;eJieHHOM CTeITeH M Hayq 11JII1Cb BJIMHTb Ha 

CKOpOCTb 11 K a qecTBO peITa pa TMBH bIX ITp o u;eccoB KOC­

THOM TKaHM, qTo ITpMBeJIO K cyru;ecTBe HHOMY yJiyq­

weHMIO pe3y JibTa TOB JieqeHMH. B TO me BpeMH ITpO­

rpecc B JieqeH1111 cycTaBHOM ITa TOJIOf1111, KOTOpbIM 6bIJI 

.n;ocT11rHyT B 3Ha q11TeJibHOM Mepe 6Jiaro.n;a pH co3,n;a­

H1110 11 ycoBepweHCTBOBaHMIO MCKYCCTBeHHbIX cycTa­

BOB , ITO cyT11 He ITp116JI11311JI K p e w e HMIO B OITpoca 0 

pereHepau;11OHHbIX BO3MOmH OCTHX KOMITOH e HTOB CM­

HOBMaJibHOM cpe,n;bI cycTaB a J,1 Ha1160Jiee BamHoro J,13 

HHX - cycTaBHOfO xpHw;a. CorJiaCHO ,n;aHHbIM CTaTH­

CTHKJ.1, ITPH TpaBMax KOJieH HOfO c ycTaBa B 50-60% 
cJiyqaeB B xo.n;e a pTpocKorrv111 BbIHBJIHIOTCH ITOBpem­

,n;eHMH Mbiill;eJIKOB J,1 Ha,D;KOJieHHHKa , He ITpOHI1KaIO­

w;v1e B ITO,n;Jiemaw;y10 KOC T b . II p v16JIJ.13HTeJibHO C Ta­

KOH me qacTOTOM ITOBpem,n;eHHH xpHw;a .n;v1arHOCTI1-

py10T ITPH TpaBMax .n;pyrnx KpyIIHbIX cycTaBOB. Y Ka-

3 a HHb ie J,13M e HeHHH o6'be,D;HH e HbI ITO,Il; 06w;11M Ha3Ba­

H11eM « X OH,n;po ITaTMJ,1 » . 

HeB 0 3MOmHOCT b B OCCTaHOBJieHHH cycTaBHOfO 

xpH w;a rrp11 ero HeITOJIHOCJIOMHOM ITOBpem,n;eHJ.111 aB­

TOpb I CBH3bIBaIOT C Hecrroco6HOCTbIO XOH,n;pou;11TOB 

BCTy rraTb B M11T03 , rrpo.n;yu;11poBaH11eM 11MJ,1 J.1Hr116v1-

T OpOB ,n;JIH rrpoJI11cpepau;1111 Mettee .n;v1cpcpepettu;11po­

BaHHbI X KJieTOK, CHHmeHMeM 11HTeHC11BHOCT11 ITpo­

u;ecCOB o6MeHa 11 oco6eHHOCTHM11 ITHTaHMH. li1CITOJib-

3OBaH11e MHOfO'-IMCJieHHbIX MeTO,Il;OB Jie'-IeHHH - OT 

Me,n;11KaMeHTO3HbIX, MexaHM'-IeCKMX, q:>11311'-IeCKMX .n;o 
ITepeca,n;K11 B o6JiaCTb IIOBpem,n;eHHOfO xpHw;a 6v10-

JI0fI1'-IeCKJ1X TpaHCITJiaHTa T0B - He IT03B0JIHJI0 .n;oc­
TMra Tb meJiaeM0f0 pe3yJihTaTa [4]. B OT,n;eJibHYIO 

rpyrrrry M0mH0 BbI,1J;eJIJ1Tb MeTO,[];bI Jie'-IeHHH, rrpe.n;yc­

MaTp11Barow;11e rrepeca,n;Ky XOH,n;pou;11TOB, Bbipaw;eH-
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HbIX in vitro [5-7]. Ilepe ca,n;Ka ayTOJIOf11'-IHbIX XOH,n;­

pou;MTOB , ITOJiyqeHHbIX 113 TaK Ha3bIBaeMOM «HeKp11-

T J.1 qecKOM , J,1JIJ,1 H e KOHTaKTHOM , 3OHbI » 3,Il;OpOBOfO 

cycTaBa v1 pa3MHomeHHbIX in vitro , ITpe,n;IToJiaraeT Ha­

ttece ttv1e ,n;oITOJIHHTeJibHOM TpaBMbI. K TOMY me HeHc­

HO , crroco6Hbl JIJ,1 XOH,D;pOIJ;HTbI , Haxo,n;Hw;HeCH B Tep­

MHHaJibHOM CTa,D;J.111 .n;11cpcpepettu;v1pOBKI1, ITOJiyqeHHbie 

J.13 tte6oJibruoro cpparMe HTa xpHw;a (20-30 Mr), ITpoM­

TH Heo6xo,n;HMOe '-{ J,1 CJIO M11T030B 11 o6pa30BhlBaTb 

K JieTO'-IHYIO Macey B o6'be M e, .n;ocTaTO'-IHOM ,Il;JIH 

TpaHCITJiaHTau;11v1 J,1 ITOCJie,n;y10w;e ro 3aMew;eHMH .n;e­
cpeKTa [8]. B 8KCITepv1MeHTaJibHbIX J,1CCJie,n;oBaHJ.1HX 11 

KJIHHJ.1'-IeCKMX HCITbITaHHHX ITOKa3aHO , '-ITO TpaHc­

ITJiaHTaIJ;HH Bbipaw;eHHbIX ayTOJIOf11'-IHbIX XOH,n;pou;11-

TOB ITO,Il; Ha,n;KOCTHMIJ;y J,1JIJ,1 J,1Hbie MeM6paHbI, rrpv1-

WJ,1Tble K rpaHHIJ;aM .n;ecpeKTa xpHw;a , OKa3aJiaCb 

Mette e 8cpcpeKTJ.1BHOM , qeM o6bI'-IHaH M03aH'-IHaH 

XOH,n;pOITJiaCTHKa [9]. B ITOCJie,n;Hee ,n;eCHTI1JieT11e J,1C­

ITOJib30BaHHe c 8TOM u;eJibIO MMCK cTaJio ITPMBJie­

Ka Tb 60JibWee BHMMaHHe MCCJie,n;oBa TeJieM 11 Bpa '-IeM. 

O.n;ttv1 aBTOpbr , pa6oTaH c MMCK v1 He BepH B 11x 

.n;11cpcpepettu;v1poBO'-IHbie ITOTeHIJ;HJ.1 , ITepe.n; o6pa THOM 

TpaHCITJiaHTau;v1eM ITpOBO,Il;HT J,1X HaITpaBJieHHYIO 

.n;v1cpcpepettu;v1pOBKY B XOH,n;pou;MTbI [ 10], .n;pyrne -

ITOMew;a10T MMCK B pa3JIM'-IHbie reJI11 11JI11 cKacp­

cpoJI,n;bI [11 , 12]. He.n;ocTaTKOM rrepe'-IMCJieHHbIX Me­

TO,Il;OB MOmHO C'-IMTaTb TO , '-ITO .n;ecpeKTbI, KaK ITpaBM­

JIO , 3aITOJIHHIOTCH cpv16p03HbIM xpHill;OM. 

UeJibIO HacToHw;ero v1ccJie,n;oBaHJ1H HBJIHJIOCb v13y­

qettv1e BO3MOmHOCT11 BOCCTaHOBJieHMH u;eJIOCTHOCTM 

rHaJIHHOBOfO xpHw;a KOJieHHOfO cycTaBa KpOJIHKa B 

HeITOJIHOCJIOMHbIX .n;ecpeKTax c ITOMOill;bIO MMCK 11 

6v10.n;erpa.n;v1pyeMbIX CKacpq:>OJI,Il;OB (HOCMTeJieM), xapaK­

Tepv13y10w;v1xc.H pa3JIJ.1qHbIM BpeMeHeM 6v1ope3op6u;11v1 

(oT 56 .n;o 90 .n;tteM). 

MATEPMAJI l1 METOJ(hl 

3KCITepv1MeHTbI BbIITOJIHeHbI Ha 15 KpOJIMKax ITO­

po,n;bI llIHHIIlMJIJia MaCCOM 2-2,5 Kr, IIOJiyqeHHbIX J,13 

ITHTOMHHKa Jia6opa TOpHbIX mHBOTHbIX P AMH « Kp10-

KOBO ». Bee orrepau;v1v1 rrpoBO,Il;MJIJ,1 ITO,Il; HapKO3OM C J,1C­

ITOJib3OBaHHeM pa3peweHHbIX B BeTepv1Hap1111 ITpeITa­

pa TOB ( 30JieTHJI v1 poMeTa p) 11 c co6JI10,n;ettv1eM Bcex 

rrpaBHJI acerrTHKJ,1 J,1 aHTHCeIITMKJ,1. m11BOTHbIX co.n;ep­

maJIJ.1 B COOTBeTCTBJ,111 C ,n;eMCTBYIOill;J.1M ITpHKa3OM 

MMHMCTpa 3,n;paBooxpaHeH11H CCCP Ng 755 OT 12 aB­

rycTa 1977 «0 Mepax ITO ,n;aJibHeMweMy COBepweHCTBO­

BaHMIO opraHJ.13aQJ10HHbIX cpopM pa60TbI C J.1CITOJib30-

BaHJ1eM 8KCrrep11MeHTaJibHbIX mHBOTHbIX » . Bbrne.n;e­

HHe mMBOTHbIX 113 8KCITep11MeHTa ocyw;ecTBJIHJIJ,1 rry­

TeM rrepe,n;O311pOBK11 HapKO3a. 

,Il;JIH MO,1J;eJI11poBaHMH .n;ecpeKTa r11aJIJ.1HOBOfO xp.H­

w;a J.1CIIOJib30BaJIH K0JieHHbIM cycTaB. r Jiy6v1tty .n;ecpeK­

Ta orpaHJ1qJ1JIJ,1 ITOBepxHOCTHbIM CJIOeM cycTaBH0rO 

xpHw;a - TOJibKO .n;o cy6xoH,n;paJibHOM ITJiaCTHHKM. 

Ha,n;KOJieHHHK CMew;aJIJ1 J,1 (pHKCMpOBaJIH B Me,n;11aJib­

H0M IT0JiomeHJ1J,1. B MeJKMbiill;eJIKOBOM HM:Ke' rro.n; Ha,n;­

KOJieHHHKOM, cppe30M CHHMaJIM IIOBepxHOCTHbIM CJIOM 

rv1aJI11HoBoro xpHw;a cTporo orrpe,n;eJieHHoro pa3Mepa 

- 0,5 CM B .n;11aMeTpe J,1 1,5 MM rJiy611HOM, He .n;orryc-
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Puc. 1. MaKpocKOTivfl•IecKaH 

Kapnrna xpH~eBbIX ,n:ecpeKTOB. 

a - HeITOJIHOCJIOMHbIM ,n;ecpeKT 

XpHw;a B Me:>KMbrru;eJIKOBOM HMKe 

KOJieHHOrO cycTaBa; 

6 - crycTOK KJieTOK Ha ,ZJ;He KOCT­

HOro ,n;ecpeKTa. 

KaH IT0HBJieH11H «KpOBHHOM p0Chl » Ha ,n;He ~e¢eKTa 

(p11c. 1, a). 
BbWO c¢opM11poBaHO 3 rpyITITbI: 1-H - KOHTpOJib 

6e3 X0H,n;poITJiaCT11K11 (3 KpOJI11Ka); 2-H - KOHTpOJib C 

XOH~pOITJiaCT11KOJ1 pe3op611pyeMbIMl1 MaTep11aJiaM11 

(:meJiaT11HOBaH ry6Ka, B11Kp11JIOBaH ry6Ka 11JI11 ceTKa 

- 3 Kpomma), 3-H - xoH~pOITJiacT11Ka MMCK 11 pe-

3op611pyeMhIM11 MaTep11aJiaM11 (9 KpOJI11KOB). 

JI0J1,y"-le1--lue aymoJ1,02U"-l1--lo20 1wcm1--lo20 M032a Kpo­
Jl,U'K0B. Ilo~ MeCTHOM aHeCTe311eJ1 0,5% pacTBOpOM HO­

BOKa11Ha ITpO113BO~11JI11 pa3pe3 KOIB'.11 11 MbIIIILI; Ha,n; 

KpbWOM Ta30BOJ1 KOCT11, pe3eu;11poBaJI11 ee ¢parMeHT 

11 ITepeHoc11JI11 B cyxyro 1.rnIIIKY IleTp11. Ocyw;ecTBJIH­

JI11 reMOCTa3, paHy ITOCJIOMHO 3aIII11BaJI11. Bbipe3aH­

HbIJ1 ¢parMeHT KOCT11 OCB06o:m~aJI11 OT MHfK11X TKa­

HeM, pacw;eITJIHJI11 CKaJibITeJieM 11 o6e ITOJIOB11Hbl ITe­

peH0C11JI11 B t.JaIIIKY IleTp11 c IT11Ta TeJihHOM cpe~ott. 

KocTHbIM M03r BbICKa6JI11BaJI11 B IT11Ta TeJihHYID cpe,n;y, 

KOTopyro 3a TeM ITepeHOC11JI11 BO ¢JiaKOH. ,UJIH ITp11ro­

TOBJieH11H KJieTOl.JHOM B3Bec11 ¢parMeHTbI KOCTHOrO 

M03ra ITpoITycKaJI11 qepe3 IIIITp11u; c rrocJie~oBa TeJihHO 

yMeHbIIIaIOw;11MCH ~11aMeTpOM 11rJI. foTOBYIO cycITeH-

311IO ¢11JibTpoBaJI11 qepe3 t.JeTbipexcJIOMHhIM KaITpo­

HOBbIM ¢11JibTp, ITO)];Cl.Jl1TbIBaJI11 l.Jl1CJIO KJieTOK 11 3KC­

ITJiaHT11pOBaJIM BO ¢JiaKOHhl C ITOJIHOM IT11TaTeJibHOJ1 

cpe,n;ott. 

3KcnAa1--lma'4UJi, KYJ1,bmuBupoBa1--lue u naccupoBa-
1--lUe 'KJl,emoK 3KCITJiaHTau;11ro KOCTHOM03fOBbIX KJie­

TOK KpOJI11Ka ITPOB0~11JI11 B ITJiaCT11KOBhle ¢JiaKOHhl 

( «N unc » ) C ITJIOw;a~bIO ~Ha 80 CM2 ITO 5 . 106 B Ka:>K~bIM. 

KyJihTypaJibHaH cpe~a COCTOHJia 113 80 % cpe~hl 

cx-MEM ( «Sigma » ) 11 20% 3M6p110HaJihHOM TeJIHt.JheM 

CbrnopoTK11 ( «Hyclone » ) 11 aHT116110T11KOB . KJieTK11 

K YJibT11B11poBaJI11 B 11HKy6aTope ITp11 37°C c 5 % CO2 B 

Tet.JeH11e 12-14 ~Hett. ,UJIH ITOJiyt.JeH11H IIITaMMOB KOCT­

HOM03fOBbIX cTpoMaJihHbIX KJieT0K KYJibTYPhI ITPOMbI­

BaJI11 l.Jl1CTOJ1 cpe~OM 11 B Tet.JeH11e 3-5 M11H o6pa6aTbI­

BaJI11 0,25% paCTBOpOM TP11ITC11Ha. 3aTeM TP11ITC11H 

CJI11BaJI11 11 ¢JiaKOHbI Ha 1o-15 M11H ITOMew;aJI11 B Tep­

MOCTa T ITp11 3 7°C. Ilo 11CTet.JeH1111 3TOfO BpeMeH11 BO 

¢JiaKOHbI ~o6aBJIHJI11 CBemyro KY JibTypaJibHYIO cpe­

~y, BCTpHX11BaJI11 11X, a He OTKpeIT11BIII11eCH KJieTK11 

c H11MaJI11 IT11ITeT11poBaH11eM. Ilpo113Bo,n;11JI11 IT0~ct.JeT 

KJieToK B KaMepe fopHeBa 11 Heo6xo,n;11Moe KOJI111.Je­

CTBO KJieT0K ITepeH0C11JI11 B HOBbie ¢JiaKOHbI C ITOJIHOM 

KYJihTypaJihHOM cpe,n;ott . IloJiyt.JeHHYID B3Bech MMCK 

KpoJI11Ka I - III rracca:ma pa3JIJ1BaJIJ1 B KOHJ11.Jec1rne 

ITpo611pK11 ITO 1-1,5 . 106 KJieT0K B Kam~yro 11 u;eHTp11-

¢yrnpoBaJI11 B Tet.JeH11e 10 M11H co CKOpOCTbIO 1000 

06/M11H ITp11 4 °C. 
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TpaHCITJiaHTau;11ro MMCK ocyw;ecTBJIHJI11 ,n;ByMH 

cIToco6aM11: 1) oca,n;oK pecycITeH,n;11poBaJI11 B 2- 3 MKJI 

CBe:>KeM cpe,n;hI 11 3aITOJIHHJI11 :meJiaT11H0BYIO JI1160 BJ1K­

p11JI0BYIO ry6K11 11JI11 ceTKY, K0TOphie yKJia,n;hrnaJI11 B 

c¢opM11poBaHHbIJ1 HeITOJIHOCJIOJ1HbIJ1 ,n;e¢eKT r11aJI11-

HOBOro xp2w;a cycTaBa; 2) oca~oK B B11~e crycTKa KJie­

TOK ITepeH0C11JI11 11 YKJia,[l;bIBaJI11 Ha )];HO ~e¢eKTa, a 

CBepxy ITp11KpbIBaJI11 O~H11M 113 11CITbITyeMbIX Ma Te­

p11aJIOB (p11c. 1, 6). 
B 3KCITep11MeHTax C XOH,Il;pOITJiaCT11KOJ1 pe3op611-

pyeMhlMl1 MaTep11aJiaM11 TpaHCITJiaHTaT Bhlpe3aJI11 

t.JYTb 60JibIIIe 0,5 CM B ~11aMeTpe , C TaK11M pact.JeTOM , 

l.JT06bI OH ITJIOTH0 BX0,[1;11JI B ,n;e¢eKT xp2w;a. CBepxy 

ero yKphlBaJI11 Ha,n;KoJieHH11KOM. ,UoITOJIH11TeJihHOM 

¢11Kcau;1111 He Tpe6oBaJIOCb. 

Bcex :>K11BOTHbIX BbIBO,[1;11JI11 113 3KCITep11MeHTa CITy­

CTH 4 Mee IT0CJie OITepau;1111. Yt.JaCTOK xp2w;eBOJ1 ITJiaC­

T11HK11 C ITO,n;Jie:maw;ett cy6xoH~paJibHOJ1 K0CTbIO B o6-

JiaCT11 ~e¢eKTa ¢11Kc11poBaJI11 10% ¢opMaJI11HOM, ITO~­

BepraJI11 ~eKaJibLI;11Hau;1111 11 3aJI11BaJI11 B rrapa¢11H. 

Cpe3bl TOJiill;11HOM 4-5 MKM 0KpaIII11BaJI11 reMaT0KC11-

JI11H0M 11 30311HOM , IT11Kpo¢y Kc11HoM ITO BaH-f1130Hy, 

TOJIY11~11HOBbIM C11H11M (Ha K11CJibie rJI11KO3aM11HOfJI11-

KaHbI) , ITpOCMaTp11BaJI11 B M11KpOCKOITe BX-450 11 ¢ 0 -

TOrpa¢11poBaJI11 C ITOMOill;bIO B11~eoKaMepbI Sony. 

PE3YJlbTATbl 

,Ue¢eKTbI xp2w;a y :>K11B0THbIX 1-M rpyITITbI (KOHT­

pOJib ) MaKpOCKOIT11t.JeCK11 6bIJIJ1 IT0JIHOCTbIO 3aIT0JIHe­

HbI TKaHbIO 6eJieCOBaToro u;BeTa c HepoBHbIM11 KpaH­

M11 , cJierKa BbICTyITarow;11M11 Ha~ xp2w;eBOM ITOBepx­

HOCTbIO cycTaBa. 

Ilp11 f11CT0JI0f11t.JeCK0M J1CCJie~oBaH11J1 B o6JiaCT11 

~e¢eKTa xp2w;a ITJiaCT11HK11 6e3 XOH~pOITJiaCT11K11 

BbIHBJIHJI11 11CTOHt.JeHHbIJ1 CJIOM xp2w;eBOJ1 ITJiaCT11HK11 

6e3 ¢opM11poBaHl1H 6JieCTHw;ett ITJiaCT11HK11 Ha IT0Bep­

XHOCT11. B xp2w;eBOJ1 TKaH11 BCTpeqaJI11Cb ,n;11cTpo¢11-

t.JeCKl111HeKpo6110T111.JeCKl1113MeHeHHbie XOH~pou;11-

TbI , OTMet.JaJIOCb yMeHhIIIeH11e co,n;ep:maH11H K11CJibIX 

fJI11K03aM11HOI'JI11KaH0B (p11c. 2 , a). Ilp11 3T0M B u;eHTpe 

,n;e¢eKTa OTCYTCTBOBaJI11 ITp113HaK11 pereHepau;11 11 

(,n;a:me MHOrorOKJieTOl.JHbie 113OreHHbie rpyITITbI ) . Ha 

ITep11¢ep1111 ,n;e¢eKTa , T.e. Ha rpaH11u;e C HaT11BHOJ1 

xpHw;eBOM TKaHbIO , Ha6JIIO,n;aJIM pereHepau;11ro ¢116-

p03Horo xp2w;a , co~ep:maw;ero MHoroq11cJieHHbie 

xoH,n;pou;11TbI 11 11Merow;ero BOJI0KH11CTYID cTpyKTYPY 

MaTpl1KCa. 

IIocJie xoH,n;poITJiacT11K11 cycTaBHoro ,n;e¢eKTa pe-

3op611pyeMbIM Ma Tep11aJIOM 113 B11Kp11JIOBOJ1 11JI11 me­
Jia T11HOBOJ1 ry6K11 11 B11Kpl1JIOBOJ1 ceTK11 ( 2-H rpyITITa ) 
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P u c. 2. ,UecpeKT xp.HUJ,a qepe3 4 Mee. 

a - KOHTpOJibHa.H rpy n..rrn (6e3 XOH,n;porwacn1Kv1). X 200 ; 6 - MMIIJiaH TaT - BMK p MJIOBa.H r y6Ka ( x 400) , Ha ,D;He ,z:i;ecpeKTa 

xp.HUJ,eBOI1 IIJiaCT MHKM ,D;MCTpO<pMl-J:eCKMe J,1 HeKp OTMl-J: eCKJ.1e J.13M e H e H tt .H ; (3 - MMIIJiaHTa T - B MKpl1JIOBa.H ceTKa (x 400): Ha 

Kpa.Hx ,z:i;ecpeKT a ccp o pMv1poBaH nepexo,n;HbII1 cpv16p ornaJIJ.1H OBbIJ1 x p.HUJ, ; 2 - MMIIJiaHTaT - MMCR J.1 BttKpMJIOBa.H ceTKa 

(x 100): 60Jibllla.H l-J:aCTb ,z:i;ecpeKTa 3aIIOJIHeHa TKaHbIO H OB 006p a30B a HHOf 0 rnaJIMHOB Or o xp.HUJ,a ; a - ,n;eTaJib pv1c . 2, 2 (x 400) : 
r v1aJIMHOBbIJ1 xp.Hill, c r o M o reHHbIM MaTpMKCOM , XOH,D;p OQMTaM J.1 v1 XOH,n;po6JiacTaMM. B Qe HTpe - OCTaTOK Bl1KpMJIOBOfO BOJIOK­

H a , OKpacKa r e MaTOKCMJIMHOM J,1 303MHOM, e - ,n;eTaJib p tt c . 2, 2 (x 400) : fJibI6 KM pacna Blllero.H BMKpttJia B xp.HUJ,eBOJ1 TKaHM. 

a, 6 - OKpacKa TOJIYMAYIHOBbIM CYIHYIM , 6- e - re Ma TOKCMJIYIHOM v1 303YIHOM . 

qepe3 4 M ee He3aBJ1CJ1MO OT Ma Tep11aJia XOH,ll;pOrIJia c­

TJ1KJ1 MaKpOCKOI1J1qecKJ1 o6JiaCTb ,z:i;e cp e K Ta 3 aITOJIHH­

JiaCb TKaHblO co cpaBHJ1TeJib HO rJia,IJ;K OVI ITOB e p x H OC­

TblO. 

f l1CTOJIOfW-IeCKJ1 rrp11 J1CITOJib 30Ba HJ1J1 B Ka qecTBe 

J1MITJiaHTa T a Bl1Kpl1JIOB OVI ry6KJ1 B OCTaBineVICH Ha ,IJ;He 

,n;ecpeKTa xpHW,eBOVI ITJiaCTJ1HKe Ha6JIIO,D;aJIJ1Cb Bbipa­

meHHbie ,z:i;11cTpo cp11qecK11e 11 H eKp o T11qecK11e J13MeHe­

HJ1H rrpl1 OTCYTCTBJ1J1 rrpl13HaK OB cpopM11po BaHJ1H cp116-

p03HOrO xpHw,a Ha rrep11cpep J1J1 ( p 11c . 2, 6). CTpy KTy ­

pa ,z:i;ecpeKTa , 3arrOJIHeHHOro meJia T J1HOBOVI r y 6KOVI , 

HarroMJ1HaJia TaKoByIO B KOHTpoJie. B u;eHTpaJibHOVI 

qaCTJ1 ,z:i;ecpeKTa BJ13yaJIJ13l1p OBaJIJ1Cb ,IJ;J1CTpocpw--1ec­

KJ1e 11 HeKpOTJ1qecK11e J13MeHe H J1H , a Ha rr e p11cpep1111 

cpopMMpOBaJICH cp116p03HbIVI xpHW,. B CJiy'"-Iae rrp11-

M eHeHJ1H ,IJ;JIH X OH,ll;pOrrJiaCTJ1K J1 Bl1Kpl1JIOBOVI ceTKJ1 

H a 6JIIO,IJ;aJIJ1 o6pa30BaHJ1e He3Ha q J1TeJibHOro KOJIJ1'"-IeC­

T Ba cp116p o r 11a JIJ1H OB Or o xpHw,a co CTOpOHbI Ma Te­

pMHCKOro JIOma . 

T aKMM o6pa30M , H M o ,z:i;11H 113 113y-qaeMbIX MaTep11-

aJI0B ,IJ;OCTOBepHO He ycJ1JIJ1BaJI pereHepa TJ1BHbie rrpo­

u;ecCbI ITO cpaBHeHJ1IO C KOHTpOJieM. McKJIIOqeHJ1eM 

CTa JI O,IJ;J1H cJiy'"-Ia VJ: J1CITOJib30BaHJ1H B Ka qeCTBe J1MI1-

JiaHT a T a B l1Kpl1JIOBOVI ceTKJ1 , B KOTOpOM Ha KpaHx ,n;e­

cpeK Ta cpopM11poBaJICH rrepexO,IJ;HbIVI cp116pornaJIJ1HO­

BbIVI xpm.u; (p11c. 2' B ). 

B 3- VI rpyrrrre ,IJ;JIH XOH,ll;pOrrJiaCTJ1KJ1 rrp11MeHHJIJ1 

MMCK B KOM611Hau;1111 c pe3op611pyeMbIMJ1 BJ1Kp11JI0-

BOVI J1JIJ1 meJia TJ1HOBOVI ry6KOVI 11 Bl1Kpl1JIOBOVI ceTKOVI. 
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Bo Bcex cJiyqaJix qepe3 4 Mee ,z:i;ecpeKTbI 6bIJIJ1 3arroJI­

HeHbI BHOBb o6pa30BaHHOVI TKaHblO. 

Ila ,z:i;aHHbIM fJ1CTOJIOfJ1qecKoro J1CCJie,IJ;OBaHJ1H rrpl1 

J1CITOJib30BaHJ1J1 ,IJ;JIH yKpbITJ1H KJieTOK Bl1Kpl1JIOBOVI 

J1JIJ1 me JI a TJ1HOBOVI ry6KJ1 B u;eHTpe HeITOJIHOCJIOVJ:HbIX 

,z:i;ecpeKTOB cycTaBHOro xp.Hw,a OTMeqaJIJ1Cb ,IJ;J1CTpoq:m­

qecKJ1 J13MeHeHHbie XOH,D;pOLI;J1TbI. MecTaMJ1 OTMeqaJIJ1 

yBeJIJ1qeHJ1e qJ1cJia XOH,ll;pOLI;J1TOB J1 MHOfOKJieToqHbIX 

J130reHHbIX rpyrrrr ( KJIOHOB), qTQ HBJIHeTCH rrpl13Ha­

KOM HaqaJibHhlX 8TarroB pereHepau;1111 rJ1aJIJ1HOBOro 

xpHw,a. 

M3y'"-IeH11e 06JiaCTJ1 ,z:i;ecpeKTa co crycTKOM MMCK, 

rrp11KpbITbIM J1MITJiaHTaTOM J13 Bl1Kpl1JIOBOVI ceTKJ1 , 

rroKa3aJIO , qTQ ,z:i;ecpeKT 3aITOJIHeH He3peJibIM rJ1aJIJ1-

HOBbIM xpHW,OM , co,z:i;epmar.u;MM MHOfO'"-IJ1CJieHHbie fJ1-

aJIJ1HOBbie XOH,ll;pOLI;J1TbI , OKpymeHHbie JiaKyHaMJ1 

(pl1C. 2' 2 ). Xa paKTepHbIVI ,IJ;JIH rJ1aJIJ1HOBOro xpHr.u;a 

roMoreHHbIVI Ma Tpl1KC ,z:i;aBaJI MeTaxpoMa3J1IO rrpl1 OK­

pacKe TOJIYJ1,IJ;J1HOBbIM CJ1HJ1M , '"-ITO yKa3bIBaeT Ha Ha­

JIJ1'"-IJ1e KJ1CJibIX fJIJ1K03aMJ1HOfJIJ1KaHOB. KpoMe Toro , 

BO BHyTpeHHJ1X CJIOHX pereHepa Ta J1MeJIJ1Cb He3pe­

Jibie KJieTKJ1 TJ1I1a XOH,z:i;po6JiaCTOB C He60JiblllJ1M H,IJ;­

pOM 11 c O'"-IeHb y3KOVI J1JIJ1 OTCYTCTByIOw,eVI JiaKyHoVI 

BOKpyr KJieTOK (pl1C. 2, a). Ilpl1 8TOM ITOBepXHOCT­

HbIVI CJIOVI CKOpee rrpMHa,IJ;JiemaJI K qm6p03HOMY xpH­

w,y , TaK KaK Ma Tpl1KC B HeM 6bIJI cp:vi6pl1JIJIHpHbll1. 

BHyTpM pereHepaTa coxpaHHJIJ1Cb e,z:i;11HJ1'"-!Hhle He-

60JiblllJ1e cpparMeHTbl pa3pylllaIOI..IJ;J1XCH Bl1Kpl1JIOBbIX 

BOJIOKOH (p11c. 2' e ). 
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3aKmoqem1e. IIo.rryqeHHbre pe3y JibTa TbI rro,n;TBep­

,n;v1.rrv1 a,n;eKBclTHOeTb v1errOJib3yeMOJ/1 MO,ZJ;eJIM HeITOJIHOe­

JIOJ/IHOfO ,n;ecpeKTa eyeTaBHoro xpHr.u;a. Ero pa3Mep, 

r.rry6v1Ha, MeeTO MO,n;e.rrv1poBaHJ1H (MeJKMbIIIJ;eJIKOBaH 

HMKa) J1 epoK Ha6.rrro,n;eHMH ( 4 Mee) I1O3BOJIHIOT ,n;oe­

TOBepHO ou;eHMBaTb eTerreHb BoeeTaHOBJieHMH rMaJIM­

HOBOfO xpHr.u;a rrpM v1errOJib3OBaHJ11i1 eaMbIX pa3JIJ1q­

HbIX yeJIOBMJ/1 J,1 cpaKTOpOB B Ka qeeTBe eTMMY JIHTOpOB 

rrpou;eeeoB pereHepau;v1v1. Bo Beex e.rryqaJix rrpv1MeHe­

HJ1H ,n;JIH xoH,n;porr.rraeTMKM MMCR, KOTOpbre yK.rra,n;br­

BaJIM Ha ,ll;HO ,n;ecpeKTa J,1 rrpv1KpbIBaJIJ1 MeITbITyeMbIM 

MaTepv1aJIOM, perv1eTpv1poBaJIJ1 HBJieHMH, eBM,ll;eTeJib­

eTBYIOIIJ;Me O eTMMY JIHIJ;li11i1 rrpou;eeeoB perra pa TMBHOJ/1 

pereHepau;Mv1. HaM.rryqIIme pe3y JibTa TbI rro.rryqeHbI 

rrpM MeITOJib3OBaHMJ1 B Ka qeeTBe MMITJiaHTa Ta Bli1Kpli1-

JIOBOJ/1 eeTKM: rv1aJIJ1HOBbIM xpHI.U;OM 6bIJia 3aMer.u;eHa 

60JiblliaH qaeTb ,n;ecpeKTa. BMKpMJIOBaH J,1 me.rra TMHO­

BaH ry6Kli1 rrpaKTJ1qeeKJ1 B 2 pa3a TOJir.u;e Bli1Kpli1JIOBOJ/1 

eeTKM, 1i1 I1O8TOMY 3Ha qv1TeJibHO BbieTyrraIOT Ha,n; rr.rroe­

KOeTbIO eyeTaBHOJ/1 rr.rraeTMHKJ1. Ha,n;KOJieHHMK rroe.rre 

BO3Bpar.u;eHMH Ha MeeTO eMJibHO e,n;aBJIMBaeT MMITJiaH­

Ta T, Be.rre,n;eTBMe qero cpopMv1pyIOTeH He6.rrarorrpli1HT­

Hbie ,ll;JIH KJieTOK yeJIOBMH, M OHM rM6HyT. BMKpMJIOBaH 

eeTKa He BbieTyrraeT Ha,n; xpHr.u;eBOJ/1 rr.rraeTMHKOJ/1, He 

e,n;aBJIMBaeT KJieTKM 1i1 rrpM 8TOM Me,n;JieHHO paeeaebI­

BaeTeH: ,n;ame qepe3 4 Mee BHYTPM xpHr.u;eBoro pere­

Hepa Ta oeTaIOTeH ee cpparMeHTbI. 3a eqeT 8TOro eo-

3,ll;aIOTeH 60.rree 6.rrarorrpMHTHbie yeJIOBMH ,ll;JIH JKJ13He­

,n;eHTeJibHOeTM KJieTOK. Bo3MOJKHO, MMeIOTeH 1i1 ,n;py­

rv1e 060.HeHeHMH rro.rryqeHHbIM pe3yJibTaTaM, HO 8TO 

6y,n;eT HBJIHTbeH rrpe,n;MeTOM HallJMX ,n;aJibHeJ/IIIIMX Me­

e.rre,n;oBaHMJ/1. 

Pa6oma BbLnOJllieliQ npu noaaep:>ICKe PoccuuCK020 
HayliHOW cjJOHaa (2paHm 14-25-00055) e liacmu u1ylieHufl 

803MOJICHOCmu cjJopMupoeaHU5/, XPRU'1eeou mKaHU 
C ucnOJlb308QHUeM MMCK U PoccuuCK020 cjJoHaa 

cjJyHaaMeHmallbHblX UCCJleaoeaHUU (zpaHm 13-04-12032) 
e 11acmu uccJZeaoeaHufl eo1MOJ1CHocmu eoccmaHoeJZeHufl 

zuaJZuHoeow xpRU'1a cycmaeoe. 
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