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Pe3rome. Bseedenue. CoBeplIeHCTBOBAHUE METOOB JICUEHHSI MAIIUEHTOB C TPAaBMaMHU CYXOXKHIIUH ABJseTCS
aKTyaJIbHOW 3asaueii 6nomoruu 1 MenuHbl. OCOOEHHOCTH CTPOCHHUS CyXOKMIMKA 00yCIOBIMBAIOT X
3a)XMBJIeHHE ¢ (POPMHUPOBaHUEM PYyOLIOBOW TKaHU MPHU JIUTEIFHOM COXPaHEHUH OYaroB JUCTpoduu. ITo
MIPUBOANT K XPOHHU3AINH ¥ PEIUINBUPOBAHUIO TEHANHUTOB. OTHIM 13 CIIOCOOOB YIyqIICHHS PE3yIIbTaTOB
JICUCHUS TIPU TEHAUHUTAX MOXKET CTaTh IPUMEHEHHUE KIETOYHBIX IPOAYKTOB, B YaCTHOCTU CEKPETOMA MYyJIb-
THUTIOTEHTHBIX ME3CHXUMAIIBHBIX cTpoMasIbHBIX KieTok (MCK), co cTanaapTH3MpOBaHHON KOHIICHTpaIien
LIUTOKMHOB — ITPOBOCHAJIMTENLHBIX M IIPOTHBOBOCIIAJIUTENBHBIX U (pakTopoB pocta. OHAKO pernapaTHBHas
pereHepanys CyXoXXHINH MO BIUSHIEM CEKPETOMa JI0 CHX Mop He ObliTa n3ydeHa. DTOH TeMe U MOCBSIICHa
JTaHHAs CTaThsl.

Mamepuaner u memoowl. Pabora mpoBeneHa Ha OebIX OecIIOpoIHBIX KpbIcax (camiisl, Macca 120 rpam-
MOB), KOTOPBIX MOAPa3eain Ha TpH Ipynnsl: rpymnna [ cpaBuenus (n=35), rpynna Il — onsiTHas (n=35),
rpynna Il — korTponeHas (mHTaKTHASA, n=25). JKuBotHeM rpynn | u II mon n3odaropaHoBEIM HapKO30M
paccekay MATOYHOE CYXOXKHITHE, HAKIIAIbIBAJU [IOB, TOCIIE YeTO HAHOCHIIH (PM3UOIOTHYECKUI pPacTBOP
(rpynma I) nim cexperom (rpynmna II). Pany ymuBanu, moBTOpHOE BBEACHHE IPENApaToB MPOBOJMIN
yepe3 Hepeno. JKUBOTHBIX BBIBOAMIIM U3 SKCIepuMeHTa uepes 1, 7, 14 u 60 cytok. Marepuai usyyaiu
METO/IaMU CBETOBOH M TPAHCMUCCHOHHOW MUKpOcCKonuu. [IpoBoaniy Takxke MHKPOCKOTUYIECKYIO MOP-
(hOMETpHUIO0 THCTOCPE30B.

Pezynbmamei. Ilokazano, uro nop BnustaneM cekperoma MCK penapanust CyXoKuus IPOUCXOINT Ha GoHe
MeHee BBIPaKCHHOT0 BOCHANICHUs 0e3 pa3BUTHS TUCTPOPHUIECKUX U3MEHEHUH. B TkaHM pereHepara my4Ku
KOJITAT€HOBBIX BOJIOKOH PacIOJIOKEHBI TPEMMYIIIECTBEHHO B3aNMOIIapaJlIeNbHO, KONNIecTBO (hrudpodmacto
HEMHOTO0 BBIIIIe HOPMBI, BaCKYJIIpU3aLius HOpMaIu3yeTcs. B KoHTpose Ha MPOTsKEHUH BCEro Meprosa 1c-
CJIEIOBAHMS COXPAHSUTICh MPU3HAKN OTEKA U TUCTPOQHH, pETEHEpaT NPEICTABIISLT COO0 THITOBACKYISIPHYIO
pyOLOBYIO TKaHb, Ooraryto ¢pudpodaactamu. TonmuHa pereHepara CyX0XKWIHs B OIIBITHO IPyIIIIE TPEBbI-
II1aJ1a TAKOBYIO B KOHTPOJIHHOM.

3axniouenue. Cexperom MCK moioxuTenpHO JeHCTBYET Ha penapalyio CyX0KUINs, a BbISIBICHHBIE CTPYK-
TypHBIE XapaKTEPUCTHKN PEereHepaTa MOTYT CBHJICTEIECTBOBATH O BOCCTAHOBICHNH €0 (DYHKIIMOHATBHON
MOJTHOLIEHHOCTH.
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Reparative tendon regeneration influenced by multipotent mesenchymal
stromal cell secretome: experimental study
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Abstract. Introduction. Improving treatments for tendon injuries remains a topical issue in biology and
medicine. Tendon structure is predisposed to scar formation, with significant regions of dystrophy leading
to chronic and recurrent tendinitis. Stem cell regenerative therapy including mesenchymal stromal cell
secretome is among promising treatments to improve patient outcomes. Standardized cytokine concen-
trations can be incorporated into the secretome, which may include both pro- and anti-inflammatory
cytokines. This article addresses the use of stromal cell secretome for tendon injury regeneration, which
is poorly studied.

Materials and methods. The study included 95 white outbred rats (males, weight 120 g), which were divided
into three groups: Group I comparison (n=35), Group II experimental (n=35), and Group III control (n=25).
Animals in Groups I and I were anesthetized with isoflurane and their calcaneal tendons were dissected
and sutured. Animals in Group I were treated with saline solution, whereas Group II received stromal cell
secretome. The wounds were subsequently sutured. One week after the manipulation, the animals received
the second treatment around the tendon. The animals were withdrawn from the experiment on days 1, 7,
14, and 60. We analyzed the samples using light microscopy with morphometry and transmission electron
microscopy.

Results. Treating tendons with stromal cell secretome (Group II) is accompanied by less pronounced inflam-
mation and shows no dystrophic changes. The collagen bundles in the regenerate are parallel to each other,
with vasculature being normalized and the number of fibroblasts having a slight increase. The control samples,
however, showed inflammation, dystrophy, and scarring with hypovascularization of the regenerate. Moreover,
the total fibroblast count in the tissue of the control samples elevated significantly. The regenerate in Group 11
was slightly thicker than in Group I1I, while in Group I, the regenerate was thinner than in Group III.
Conclusion. Mesenchymal stromal cell secretome greatly contributes to tendon healing. Microscopic tendon
regenerate structure is similar to that of the intact sample, suggesting its functional recovery.

Keywords: multipotent mesenchymal stromal cells, secretome, cytokines, tendon, trauma, reparative re-
generation
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BBenenue

CoBepleHCTBOBAaHHE METOJIOB JIEYEHHS MAalEHTOB C
MTOBPEKICHUSAIMH CYXOKIUIMI OCTAETCs aKTyalbHOMU 3a1a-
yeil Omosoruu u MenuuuHbL. [Ipu TeHaAMHUTAX pereHepa-
1¥st 0OBIYHO 3aBepIaeTcst POPMUPOBAHUEM B TOJNIIE CY-
XOXKIITHSI pyOIIOB U 04aroB TUCTPOPUUCCKUX H3MEHEHUH,
KOTOpBIE B JAJIbHEUIIIEM CTAHOBATCS MECTaMH HalMEHb-
el ycroitunBocTd. [Ipu GyHKIMOHAIBHON HArpy3ke Ha
CYXOXHWJINS B HIX BHOBb BO3HUKAIOT MUKPOPa3phIBBI, UTO
00yCIIOBIMBAET XPOHUUECKOE TeUEHUE TEHIHUHUTOB C Iep-
MaHEeHTHBIM peuuausupoBanueM [1-5]. KoHcepBaruBHas
Tepanus Ipu TEHIWHHUTAX, KaKk IIPaBHIIO, HEJOCTATOYHO
pe3yapTaTUBHA, a XUPYPIUUECKOE JICUEHUE, B TOM YHUCIIE C
IIPUMEHEHNEM Ay TOTPAHCIUIAHTATOB, AJUIOTPAHCIIIAHTATOB
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Y KCEHOTPAHCIUIAHTATOB, TPUBOIUT K PyOILIOBBIM U3MEHE-
HUSIM CyXOXuus [4—6].

OnHUM M3 MEePCHEeKTUBHBIX METOAOB JIEUCHUS MPH
TEHJUHUTAX SBISIETCS UCMOBb30BaHNE KIETOUHBIX MPO-
nyktoB [7—17]. Ha Ham B3misia, U1 ONTUMHU3ALUU pera-
PaTUBHOM pereHepauu CyxXoxuiui 3h(HheKTHBHBIM MOXKET
0Ka3aThbCsl MPUMEHEHHUE CEKPETOMAa MYJIbTUIIOTEHTHBIX
Me3eHXUMaJIbHBIX cTpoMaibHbIX KieTok (MCK), conep-
JKaIIero KOMILUIEKC MPOBOCHIAIUTENbHBIX U MPOTUBOBOC-
MaJUTEIbHBIX HIUTOKMHOB U ()aKTOPOB pOCTa U anpoOu-
POBAHHOTO B BETEPUHAPHON MPAKTHUKE AJIs JICUSHUS 5I3B
POTOBHIIBI PA3JIMIHON 3TUOJIOTHH U KOXKHBIX paH [18-20].

Lenb uccrenoBanus — Ha SKCIIEPUMEHTALHON MOAETH
MIOJTHOTO Pa3phiBa MATOYHOTO CYyXOXKHUITUS U3YYUTh 0COOEH-
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HOCTH T€UEHHUS PerlapaTUBHOM pereHepariy Mo BIUsIHIEM
cexperoma MCK.

Marepuanbl 1 METOMBI

PaGora mpoBeneHa Ha O6enbix OeCIOPOAHBIX KpbIcax
(camupl, Macca 120 rpaMMOB), KOTOPBIX pa3[eiiii Ha
Tpu rpynmnsl: rpynna I — cpaBaenus (n=35), rpynmna Il —
onbITHasA (n=35), rpynna Il — koHTpoNbHas (MHTAKTHAS,
n=25). Ilox oOuieit anecre3ueit (u3oduropad) B rpyn-
nax I u Il ocymecTBuinm onepaTuBHBIA TOCTYN K MATOY-
HOMY CYXOXKWJIHIO, KOTOPOE MOCJIE BBIJEICHUS PACCEKIN
CKaJbIeJeM B MONEPEYHOM HalpaBIeHUU, MOJIEIUPYS
TOTaJIbHBIHN pa3pbIB. [locie TeHOpaduu ¢ MOMOLIBIO Cy-
XOKHJIbHOTO 1Ba JlaHre (LIOBHBIA MaTepual MOJIUIIIH-
konuz 6/0), MONIOCTh PaHbl OpOLIATH (PU3NOTOTUYECKUM
pactBopom B rpymre I u cekperomom MCK B rpynme 11
(0,5 M mpenapara, 3kcro3unus 2 MUHYThI). CekpeToM
MCK (sunus knetok hb-MSC, peructpaloHHbII HOMED
H-154, nenonupoBana Bo Bcepoccuiickoil KomneKuu
MPOMBIIIIEHHBIX MUKPOOPTaHU3MOB), UCIIOJIB30BAHHBIN
B HCCIIEZIOBAaHUH, Cofieprkaics B penapare Penapun-Xen-
nep oredecTBeHHOro nmpoussoacTea («T-Xemnmep», Poc-
cus), B €ro coctane — KoMmruiekc nutokuaos (IL-6, IP-10,
IL-10, GRO/KC, TGF-B, IFN-r, MCP-1,VEGF) [20]. 3a-
TeM paHbl ymuBanu. [loBTopHOE BBeAeHHUE Ipenapara
OCYILECTBIISUIM TapaTeHOHUAIBHO Yepe3 7 CyTOK Iociie
onepauuu (0,2 mi).

Uepes 1, 7, 14 u 60 cyTOK KpbIC BBIBOIWIIN U3 SKCIIEPH-
MEHTa IyTeM Mepe03UPOBKH U30¢uIIoOpaHa u Opaju Mare-
pHa 17151 MUKPOCKOITMYECKHX HccileqoBanuid. B rpymmax
I u Il Ha 1-e cyTku Marepuan B3SIT OT MSITH )KUBOTHBIX,
Ha 7-e, 14-e u 60-e CyTKH — OT I€CATH >KUBOTHBIX. s
TUCTOJIOTUYECKUX UCCIIEeI0BaHUN 00pasLbl CyXOKHINN
¢uxcupoBanu B 10% pactBope dopmannHa, 3aIUBaIn
B napaduH 1o oOUIENIPUHATON METOAUKE U MOCIIe OKpa-
IMBaHUS TeMaTOKCUIMHOM U 203HMHOM M 10 BaH [ M30HY
M3y4alii ¢ TOMOIIbIO CBETOBOM MUKPOCKOIIUU U MUKPO-
ckonuyeckoit Moppomerpun. OneHuBagu o0IIyI0 MOp-
(hOOTUYECKYIO KapTHUHY, a TAKXKE ONPEACIISIN TONIIHHY
pereHepara CyX0oKWIHs, TOIIMHY TyYKOB KOJIJIar€HOBBIX
BOJIOKOH pereHepara, KoIuuecTBo (pudpobr1acToB U reMo-
KalWUIIpOB B cTaHAapTHOM nosne 3perus (I13) mpu x400.
[Tokazarenu rpynn cpaBHUBAJIN C HOPMATHUBHBIMU TTOKa-
3areisiMu uHTakTHBIX (rpynma III). MccnenoBanus mpo-
BOJIMJIM C TOMOIIBbIO MUKpockona Jenamed-2 (Carl Zeiss,
I'epmanust), COBMEIIEHHOTO € MPOrpaMMOi ITUGPOBOTO
aHaJIN3a MUKPOCKOIIMYECKOTo n300paskenus ImageScope
4,0 (Leica Biosystems, I'epmanus). B kaxxo#t rpymnme mis
Ka)/10ro cpoka rorosuiau 10 cpe3oB ¢ 0JHOrO 00BEKTa
(TOTaNbHBII TPOJOIBHBIN CPE3 CYXOKUIINSA), B CTPYKTYpe
pereHepara BBISBISUTH TUITUYHYIO KapTHHY, IIpeodnaa-
fo1yto Bo Beex 13, moacueT mpoBOAUIN HE MEHEE UYEM
B 10 monax 3penus. LudpoBoil MaTepuan moasepraiu
CTaTUCTHUYECKOH 00paboTKe ¢ MOMOIIBI0 MPOTPAMMBI
Statistica 8.1 (Statsoft, CIIIA). JIns BBIABICHUS OTIMYHN-
TENbHBIX KOJMYECTBEHHBIX XapaKTEPUCTUK pereHepara
B rpynnax I u II Ha pa3HBIX 3Tanax penapanuy UCIONb-
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30Baiu Kputepuit Kpackena—Yonneca, pa3nuuus CHUTaIN
3HaYMMBbIMU IIpu 3HaueHuu p<0,05.

Jnst uccneqoBaHuil MeTOAOM TPAHCMHUCCHOHHOM
9NeKTpOoHHOU MUKpockonuu (TOM) o6pa3ibl CyXoxKHu-
nuii pasmepom 2 mm® dukcuposanu B 2,5% pactBope
[IyTapoBOTo anbaerunaa va pocharnom oydepe (pH 7,4),
nodukcupoBanu B 1% pacTBOpe YETHIPEXOKHCH OCMHS
(0s0,), 06e3B0KHMBATIH B OTAHOJIE 110 OOLIETIPUHATOM CXe-
Me, B npolecce 00e3BOKMBaHUs KOHTpacTHpoBaiu 1%
ypanuianeraTtoM Ha 70% 3TaHoe U IPOBOJMIIN 3ATUBKY
B CMECh ATIIOH—ApaJIUT 0 CTAaHAAPTHON METOIUKE. Yib-
TpaToHKue cpe3bl nonyvanu Ha yasrparome LKB-1IT (LKB
Produkter, [1IBenusi) 1 JONONHATEIBHO KOHTPACTHPOBAIN
LUTPaTOM CBUHIIA N0 PeiiHombACy, Mociie uero u3yvaiu
¢ nomotkto Mukpockona JEM-100CX (JEOL, SAnonust).
®dortodukcalus npenapaToB MPOBOJUIACH C TOMOLIBIO
kamepsl Gatan ESS00W Erlangshen, Model 782, (Gatan
Inc., CIIA). Ilpu uccienoBaHuu OCYIIECTBISUIN OLIEHKY
Mopdonoruueckoit kKapTuHbI 00pa3noB. Bee manumyns-
WU ¢ Ja00paTOPHBIMU KUBOTHBIMU MTPOBOAMIM COIJIac-
Ho pupektusBe 2010/63/EU EBpomneiickoro napiaMeHTa
u Cosera EBponeiickoro coro3a ot 22 centsiopst 2010 romga
10 OXPaHe KUBOTHBIX, UCIIOJIb3YEMBIX B HAYUHBIX LIETIAX.
Pabota ono6pena xomuccueii no 6mosrnke HUU 51uTO
HMMUI] onkonoruu um. H.H. biioxuna (mpotoxon Ne 109
ot 26.09.2022).

Pesynbrarsl
Pezynomamul cucmonozuueckux ucciedoeanuil

B rpynne I uepe3 1 cyTku nocne onepauuu HaOm0-
JlaJ HEKPO3 TKaHU CyXOXKHUIIHS B 001acTH pa3pesa U Ha-
JIOXKEHUS IIBa, TepU(POKATBHO B SMTUTCHOHE, IIEPH- U H-
JIOTEHOHE OTMEYAJIN OTEK M OOMIBHYIO HEHTPOPHIBHYIO
UHOHUIBTPAIUIO ¢ ydacTHeM Makpodaros (puc. 1 A).
[TapaBa3anbHO U B TOJNILE CYXOXKUIHUS BU3yaTU3UPOBAIIN
MHOTOYHUCJICHHbIE TYYHbIE KJIETKU C IPU3HAKaMU Jerpa-
Hynsauuu. Yepe3 7 CyTOK B CTPYKTYpe pereHepaTa-Bbl-
SIBIISJTUCH TOHKHE MyYKH KOJIJIAar€HOBBIX BOJIOKOH, CPEAH
KOTOPBIX PacIoIarauch MHOTOYHCIICHHBIE KPYITHBIC (H-
opobnacTel (puc. 1 B), a Takxke 6ombInoi 00beM Oenoi
JKUPOBOM TKaHH, YTO MOXKET ObITh pEaKTHBHBIM U3MEHE-
HUEM B OTBET Ha TpaBMy. B perenepare Hab1r01a11 MHO-
TOUMCIIEHHBIE TeMOKAITMIIISIPBI U TYYHbIE KJIETKH, MHOTHE
U3 KOTOPBIX HAXOOUJIUCh B COCTOSHUU ACTPaHYISIUU.
Coxpassinucs ymepeHnHaa auddysnas HeUTpoduibHO-
MakpodaraibHas HHPUIBTPALKI U 04aroBble JUCTPOPH-
YecKHe U3MEHEHHUA B BUAe (PUOPHUHOUIHOTO HAOyXaHHUS.
UYepes 14 cyTok ToNIIMHA U TUIOTHOCTH PACIOIOKEHUS
MIy4YKOB KOJIJIAT€HOBBIX BOJIOKOH BO3pACTaIH, OHH UMENH
BOJIHHCTYIO KOH(UTYpaLMIO U BapuadenbHOE Pacioio-
JKEHHUE: OT B3aMMOINapajuIesIbHOTO O pa3HOHANpaBJIeH-
Horo. O0beM 6enoil KUPOBOK TKaHM yMEHBIIAJICA, OHA
pacrnojaraiack B MeXIy4YKOBOW COETUHUTENIbLHON TKaHU
1 uMena npusHaku pudposa. B 6oraroii pudbpodracramu
U reMOoKanuUIsipaMu TkaHu pererepara (puc. 1 C) mo-
pexHeMy HaOonanu TMMQoIUTapHO-MaKpodaraibHbIi
WH(QUIBTPAT U TyYHbIE KIETKH, a TAK)KE OYaru JeCTPyK-
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YKTypa pereHepara CyXxoxunus B rpymnme I.
A — 1 cyTku: HeWTpOHUIBHO-MaKpo(aratbHbI HHOUIBTPAT U OTEK B IEpUTEHOHUH; B — 7 cyTok: ¢pubpodiacTsl, Makpodarn
1 TOHKHUE ITy4YKH KOJUTareHOBBIX BOJIOKOH B TKaHM pereHepara; C — 14 cyToK: Iy4YKH KOJITATCHOBBIX BOJIOKOH BOJTHUCTOM
KOH(UTypanuy, MeXXITy HUMHU HaxomsTcs pudpodmactsr; D — 14 cyTok: odar ¢puOpuHONAHOTO HAOyXaHHS C IPH3HAKAMHU
makpoaransHoit pe3opouunn; E — 60 cyTok: pyO1ioBasi TKaHb ¢ MHOTOYHCICHHBIMU (PHOPOLUTaMH, TIIOTHO PACHIOIIOKEHHBIE
IIYYKH KOJUIAT€HOBBIX BOJIOKOH UMEIOT BOJIHUCTYIO WJIM IPSIMOJIMHEHHYIO apXUTEKTOHUKY; F — 60 cyTok: oyar MakpodaraibHOi
pe3opbuyn ferpurta. Okpacka reMaTOKCHIMHOM U 203uHOM. %1000
Tendon regenerate structure in Group L.
Structure of a tendon regenerate in Group I. A — day 1: infiltrate consisting of neutrophils and macrophages, edema in the
peritendineum; B — day 7: fibroblasts, macrophages, and thin bundles of collagen fibers in the regenerate; C — day 14: wavy
bundles of collagen fibers among fibroblasts; D — day 14: focus of fibrinoid swelling with signs of macrophage resorption;
E — day 60: scar tissue with numerous fibrocytes, densely located bundles of collagen fibers with wavy or rectilinear architecture;
F — day 60: macrophages resorbing the detritus. H&E stain. x1,000
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TUBHBIX U3MEHEHHUH ¢ MpU3HAKaMH MakpodarajabHON
pe3op6iuu (puc. 1 D). Uepes 60 cyTok pereHepar umen
My4KoBO€ cTpoeHue. B ero cTpykrype npeobiaganu 06-
JIACTH C TUIOTHOW YMAKOBKOW MyYKOB KOJIJIAr€HOBBIX BO-
JIOKOH MPSIMOJIMHEHHOHN MM BOTHUCTON apXUTEKTOHHKH,
6oratsie pubpouutamu (puc. 1 E) n omnuyaroniuecs He-
OJIMHAKOBBIM pacIoioKeHHeM (MapajuielibHOe, KOCoe),
YTO XapaKTEPHO AJI PyOLIOBBIX U3MEHEHHI CYyXOXKHMIIUA.
Mexay myykamu Oblia pacroyioKeHa COeIMHUTENbHAs
TKaHb C KPOBEHOCHBIMH COCYJIaMU KaWJUISIPHOTO U Be-
HO3HOTO THIIa, UMEOIas MPU3HAKU PUOpo3a U couep-
JKalas yMepeHHbI MakpodaraabHO-TUM(OLUTAPHON
uHpunsTpaT. Hapsaay ¢ 5TuM B pereHepare COXpaHsUIUCh
OoYaru MyKOHJIHOTO ¥ (UOPHUHOUIHOTO HAOYXaHHs C Ma-
kpodaranpHoi uHdunsrpauuei (puc. 1 F). Ilpumeua-
TEJIBHO, YTO B 3TOT CPOK TKaHb pereHepara CTaHOBUIIAChH
TUIIOBACKYIIAPHOM.

B rpynme II yepe3 1 cyTku uHGUIBTpAT OB 0OUIB-
Hee, uyeM B rpynne [. OOpaiaer Ha ce0si BHUMaHUE, YTO
B SMUTEHOHE U MOBEPXHOCTHBIX CIIOAX CyXOXKUIHA OH CO-
CTOSUI U3 HEUTPO(UIOB U Makpo(aros, a B TOJIIE CYXO-
JKUIIUS TIIABHBIM 00pa3oM U3 Makpoharos v IMMQOIHUTOB
(puc. 2 A). OTo MOXKeT yKa3bIBaTh Ha JIOKaJIbHOE OoJiee
paHHee 3aBeplIeHne HEUTPOPUIFHON peakuy U Hadalo
mpoliecca pe3opOIuy IeTpuTa B TONIIE CyXokuius. Yepes
7 CYTOK B CTPYKTYyp€ pereHepara HaOmonany opopMIeHHbIE
MTyYKH KOJUTar€HOBBIX BOJIOKOH, MEXTy KOTOPBIMH HAXO/IH-
JIach MEXITYYKOBas COSAMHUTENbHAS TKaHb; OHA COIepXKaa
MEHbIIIE aJUIOUTOB M0 CPaBHEHHIO ¢ 00pa3laMu rpym-
el I1. B ouarax Hekpo3a cpein AeCTPyKTUBHO H3MEHEHHBIX
BOJIOKOH PacroJiaraluch KpymHbIe Mojo/ibie (puopo6r1acTsl
U reMoKamuuLips! (puc. 2 B). [Ipu 3ToM TOHKHE KOTareHo-
BbIE BOJIOKHA PereHepara pacroiaraiuch MeXIY «CTapbIX»,
MIPEACYIECTBYIOMIMX ITyYKOB OBPEXKIESHHOTO CYXOMKHIIHA,
YTO TI03BOJISIET MPENTOIOKUTH BO3MOKHOCTh BEKTOPHOTO

OPUTMHAJIDHBIE UICCITEJOBAHNMA

CHHTE3a MEXKJIETOUHOTO BEIIECTBA pereHepara Ha OCHO-
BE UCXOJHBIX KOJJIATCHOBBIX KOHCTPYKIMi. BHe obmacteit
HEKpO3a pereHepaT CoAepakajl KPyIHbIe OTpOCTYaThIe (hu-
6po0IacThl ¥ TOHKHE, XOPOIIO CTPYKTYPUPOBAHHBIC ITyUKH
KOJIJTATEHOBBIX BOJIOKOH CO B3aMMOMApaIeIbHBIM PacIo-
JIO>KCHUEM.

Uepes 14 cyrok Habmroganu pereHepar, chopmu-
poBaHHBIN PUOPO3HOI TKAHBIO MMYYKOBOTO CTPOCHHUS.
[lyuku KONIareHOBBIX BOJOKOH OOJbIIEH TOJUIUHBI,
9YeM B KOHTPOJIE, OTIMYAINCH MJIOTHBIM PACIOIOKEHUEM
U BBIPAXXEHHOM BOJIHUCTOCTBIO KOH(UTrypauuu. Mexny
HUMH PacIlONOXKEHb! KpyIHBIE OTpocTUaThie pudbpodna-
cTel U ¢pudpouutsl (puc. 2 C). IIydkn KOIIareHOBBIX
BOJIOKOH Pa3JesINCh MPOCIONKaMH COCIUHUTEIbHON
TKAaHU C KPOBEHOCHBIMH COCYJaMHU U MHOTOUYHUCIICHHBI-
Mu cuzpepodaramu (puc. 2 D). OHu O6butH TOHBIIE, YEM
B KOHTPOJIBHBIX 00pa3iax, ¥ ColepsKaly JUIIb eTUHIY-
Hble agunouuTsl. IlapaBasanbHo Hablogamach yme-
peHHas nuMpouaAHO-MaKkpodaraabHas HHQUIBTpALKS.
Uepes 60 cyTok pereHepar cCOXpaHsiji IyYKOBOE CTpoOe-
Hue. ITyuky KoJIJIareHOBBIX BOJIOKOH TOJICTBIE, IPSIMOH
WM BOJTHUCTOM KOH(UTYPALIUH, PACTIONATAIUCH IUIOTHO
¥ B OCHOBHOM B3ammornapajuiensHo (puc. 2 E). Mexnay
HUMH BUJIHBI (UOPOIUTHI, KOJINIECTBO KOTOPHIX OBLIO
MeHbllEe, yeM B rpynne I. B To jxe BpeMsi cTeneHs BacKy-
JpU3alluy pereHepara Bbluie, yeM B rpymnme I. B tomnme
pereHepara BCTPEYAIUCh 00JACTH ¢ MACCOBBIM aIlOINTO-
30M (pubporuToB (puc.2 F) u ouaroBoii MakpodaraabHOM
pe3opOiueii, 4To Hapsly C yMEpEHHOU MakpodaraabHOMI
MHOUIBTpannel MeXIyIKOBOH COCTUHUTEIHON TKaHN
MOET CBHUJIETEIBCTBOBATh O PEMOJICIUPOBAHIH peTe-
Hepara, KOTOpO€ BEIPaKCHO B OONBINEH CTENEHH, YeM
B KOHTpoJe. [lMHaMuKa TOJIIMHBI pereHepara U Mop-
(oMeTpHUECKHe MTOKa3aTeNId er0 TKAaHU MPEICTaBICHBI
B Tabmumnax 1 u 2.

Tabnuya 1 | Table 1

JunamMuKka TONMAHBI perenepara cyxoxuiaus (Mxm), Me (Q,;Q,) | Tendon regenerate thickness over time (um), Me (Q1;Q3)

Cpoxk
JKCIIEPUMEHTA |

Experiment day rpynna I | group I

7 cytok | Day 7 1070

n=10 (1063; 1079)
14 cyrox | Day 14 889
n=10 (878; 897)
60 cytok | Day 60 582
n=10 (572; 598)

I'pynnsl | Groups

rpynna III (HopmaTuBHbIE
noKa3zarejn), n=25 |
group III (reference range), n=25

rpynna II | group II

1430*
(1419; 1442)

1240% 725

(1231; 1249) (695; 734)
743%

(732; 756)

* CrarucTUueckd 3HaYUMble omiaust rpymms! II ot rpynmsr I u rpymmst 11T (p<0,05) | Statistically significant differences between group

II and groups I and III (p<0.05)
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CrpyKTypa pereHepara Cyxoxmwius B rpymre [1.

A — 1 cytku: uM¢onuTapHO-MakpodaraabHbI HHQUIBTPAT U OTEK B IEPUTCHOHHUH; B — 7 cyTOK: KpPOBEHOCHEIE COCYHEL,
Makpodaru 1 KpynHele pudpoOIacTbl HAXOAATCS MEXKAY «CTAPBIMID ITy4KaMH KOJUIAreHOBBIX BONOKOH; C — 14 cyToK: myuku
KOJUTATCHOBBIX BOJIOKOH IUIOTHO YIIaKOBAaHbI, IMEIOT BOJHUCTYIO KOH(HIYPALHIO, CPEIH HUX BUIAHBI MHOTOYHCIICHHBIE
¢$ubpodnacTs! ¥ reMokamusp (cmpenka); D — 14 cytok: ¢pubpounTsl u prdpodiacTsl GUOPO3HOH TKAHU CPEIN ITYUKOB
KOJUIAr€HOBBIX BOJIOKOH, crmpeikoti oka3aH cunepodar; E — 60 cyTok: Iy4kH KOJIareHOBBIX BOJIOKOH PEreHepara XOpoLo
CTPYKTYPHPOBAHbI, BOJIHUCTON KOH(GUTYpALHMH, IUIOTHO PACIIONOKEHbI, MKy HUIMH HaxosTcst GHOpOLMTHI, BUACH KPOBEHOCHBIH
cocyx BeHo3HOTO THMA; F — 60 cyTOK: 001acTh pereHepara ¢ MHOTOYHUCICHHBIMH (pUOPOIMTAMH B COCTOSIHUHM aIIONTO3a (CMpenKu).
Oxpacka reMaTOKCHJIIMHOM M 303UHOM. A, B, D-F — x1000. C — x400

Tendon regenerate structure in Group II.

A — day 1: infiltrate consisting of lymphocytes and macrophages, edema in the peritendineum; B — day 7: blood vessels, macrophages,
and large fibroblasts located between the “old” bundles of collagen fibers; C — day 14: the bundles of collagen fibers are tightly packed
and of a wavy configuration, with numerous fibroblasts and blood capillaries being among the bundles (arrow); D — day 14: fibrocytes
and fibroblasts among bundles of collagen fibers, a siderophage (arrow); E — day 60: well-structured and tightly located bundles of
regenerate collagen fibers with wavy configuration, with fibrocytes being among them, a venous-type blood vessel in the center;

F — day 60: regenerate region with numerous apoptotic fibrocytes (arrows). H&E stain. A, B, D-F — x1,000. C — x400
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Tabnuya 2 | Table 2

CpaBHHTeJbHAS XapPAKTePUCTHKA PereHepaToB CyX0:KHJIMS 10 THHAMUKe NMOKAa3aTesell TOMIHHBI yYKOB KOJIAT€HOBBIX

BOJIOKOH MEPBOI0 M BTOPOIO0 MOPsiAKa (MKM), KoJinyecTBa (pudpo0/1acTOB M reMOKANIUIIAPOB
(B moute 3penust npu x400), Me (Q,;Q,) |
Comparison of tendon regenerates with primary and secondary collagen fiber bundle thickness (um)
and the number of fibroblasts and blood capillaries (in the field of view at x400), Me (Q1+Q3)

Cpok 3KcriepuMeHTa
M TPy |

Experiment days TOJIINIMHA MyYKOB

KOJIJIATEHOBBIX BOJIOKOH
TEePBOro MOPSAAKA, MKM |
Primary collagen fiber
bundle thickness, pm

Tpymma I, n=10 | '
Group I, n=10 2,5(2,2;2,7)
Tpymma IT, n=10 |

Group 11, n=10 2,3(2,0;2,5)

I'pymma I, n=10 | .
Group I, n=10 4,8 (4,2;5,0)
I'pymma II, n=10 |

Group II, n=10 4,1 (2,5;4.,3)

Tpymnma I, n=10 | .
Group I, n=10 5,1(4,8;5,3)
I'pymma II, n=10 | .
Group II, n=10 S EE 5
I'pynma IIT
(HOpMaTUBHbBIE
nokasareinu), n=25 |
Group III (reference
range),

n=25

6,2 (5,9; 6,4)

IMoxa3arenn | Indicators

TOJILIHHA IY4YKOB KOJH4eCTBO KOJHYeCTBO
KOJIJIAT€HOBBIX BOJIOKOH ¢pudpodIacTos | reMOKANUJIJISIPOB |
BTOpoOro nopsinka, MkMm |  Number of fibroblasts Number of
Secondary collagen fiber hemocapillaries

bundle thickness, pm
7 cytox | Day 7
He opranusopass! | . .
I o 47 (41; 52) 10 (9;12)
He opraru3oBass! | -
I o 68%* (65; 72) 11 (10412)
14 cyTox | Day 14
124 (110; 134) 70 (65; 74) 8(7;10)
126 (112; 136) 52%* (46; 55) 6 (4;8)
60 cytok | Day 60
172* (157; 181) 64 (58; 67) 3%(1;4)
123 (117; 131) 44%* (40, 48) 6 (4;8)
106 (99; 109) 36 (34; 40) 6 (4;8)

* CraTucTuuecky 3HauuMble omnaust rpymsl 11 ot rpynmer I u rpynmsr 111 (p<0,05) | Statistically significant differences between

group II and groups I and III (p<0.5)

Pezynomamul ucciedoganuii memooom
MPAHCMUCCUOHHOU TIeKMPOHHOU MUKPOCKONUU

BHOBb C(HOPMHUPOBAHHBIX KOJIIATEHOBBIX (GUOPHILT yKe
vMerna npu3Haku GuopuHonHoTo Ha0yxaunwus (puc. 3 C).

B rpynmne I uepe3 1 cyTku B 061acTu BMEIIAaTENbCTBA
HaAOJIONANH IETPUT U BBIPAKEHHBIH OTEK MEKKIETOUHO-
TO BEIIECTBA, B KOJUIATEHOBBIX (hHOpHIUIAX OBLIH BHIHBI
npusHaku pubpunongHOro HaOyxanus (puc. 3 A). Uepes
7 cyTOK B 00J1aCTH 3aXKUBJIEHUS Ha (POHE COXpaHEHHS OTeKa
1 ouaroB (pUOPUHOUIHOTO HaOyXaHUsl HAOMIONATH aKTH-
BHUpOBaHHbIE (prOPOOIACTEI U BHOBb OOpa30BaHHbBIE KOJI-
JareHoBbIe (PUOPUILIBI HEYTIOPAA0UEHHON apXUTEKTOHUKH
(puc. 3 B). Uepes 14 cyTok B perenepare, 6orarom ¢Gpuod-
poOnacTamMu, TUCTUOLIMTAMU U TeMOKAWUIIPaMH, YacTb
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UYepes 60 cyTok B TKaHM pereHepaTa COXpaHsIIUChH MPU-
3HaKW OTeKa SHIAOTEHOHA, HEe3HAUUTEIbHBIH OTEK MEX-
(uOpWILISPHBIX TpocTpaHcTB. CTPYKTYpa KOJLJIareHOBBIX
¢bubpus ObUIa COXpaHHA, OHU UMETIH pa3HOHAIIPaBIEHHOE
pacroyioKeHue U IUIOTHYIO yHakoBKy (puc. 3 D), uro xa-
pakTepHO Ui pyOLOBBIX U3MeHeHuH. ucTpoduueckue
M3MEHEHHS ONPeAesIv JIMIIb 0YaroBo.

B rpynme I yepes 1 cyTku HaGm0naMMCh HEYOPSAO-
YEHHOE PAaCIONIOKEHHE MOBPEXKISCHHBIX KOJIareHOBbIX
¢bubpuin, a Takke NPU3HAKH YMEPEHHO BBIPAXKEHHOTO
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Puc. 3. JlunaMuKa yisTpacTpyKTyphl pereHepara CyXoxKuius B rpymme 1.
A — 1 CyTKH: OTE€K MEKKIETOYHOTO BEIIeCTBa, MHOTHE KoJuTareHoBble (puOpmutel (KD) He HMEIOT HonepeyHoil HCUepUeHHOCTH;
B — 7 cytok: ¢pubpodnact (D6) u pasHOHANpaBICHHbIE, 3aKpyUYeHHbIe KoyutareHoBbie Gpudpuiisl (KD) perenepara; C — 14 cyTok:
¢$ubpobnactel (PO6) MMEIOT PU3HAKK BEICOKOH CHHTETHYECKOH aKTHBHOCTH, My HUIMH BUIHBI KOJUIAreHOBbIE (QHOPHILIBL;
D — moTHO pacnonoxeHHbIe KOJUIareHOBbIe (pUOPHILIBL, BUIHEI IPU3HAKH Mex(uopmwispaoro oteka. TOM. A — x20 000,

B-D —x14 000

Fig. 3. Ultrastructure of the tendon regenerates in Group I over time.

A — day 1: swollen intercellular substance, many collagen fibrils (K®) do not have transverse striation; B — day 7: fibroblast
(®6) and divergent whirled collagen fibrils (K®) of the regenerate; C — day 14: fibroblasts (®6) of high synthetic activity, with
collagen fibrils (KOCF) being among them; D — densely located collagen fibrils (K®), interfibrillar edema. TEM, A — x20,000,

B-D - x14,000

MYKOMJIHOTO HaOyXaHWs OCHOBHOTO BELIECTBAa TKaHU
(puc. 4 A), xoTopoe coxpaHsioch Ha 7-¢ u 14-e cyTku.
Uepes 7 CyTOK B TKaHH pereHepara BbISBIISIIN YMEPEHHYIO
nponudepaniro Gudpodaacto. CHHTE3UpyeMbIe UMHU KOJI-
JareHoBbIe (PUOPUILTBI 00TaTaT TUIHYHOM TOIePEYHOM
HCYEPUYEHHOCTHIO, UMEJIH B3aUMOIIapaslieIbHOE Pacoio-
JKCHUE U BOJHUCTYIO KoH(urypanuio (puc. 4 B), k 14-m
CYTKaM YIOPSI0YEHHOCTD U INIOTHOCTD UX PACTIOIOKEHHUS
Bozpactanu (puc. 4 C). Uepes 60 cyTok B perenepare oT-
MeYaJIH BOJHUCTYIO e OPMAIIHIO KOJUTATeHOBBIX (hHOpHILT
u popmupyeMsix umu BoOKOH. OTEK OCHOBHOTO Bellle-
CTBa ¥ MeXK(QUOPLLIPHBIX IPOCTPAHCTB OBLT YMEPESHHBIM
Y BBIpa)KEHHBIM B MEHbILIEH cTereHy, yeM B rpymme L. [Tpu
9TOM KOJJIareHOBble (PMOPUILIBI UMENH TUIIMYHYIO TOTe-
PEUHYIO UCYEPUEHHOCTh, OBLTH XOPOILIO CTPYKTYPUPOBAHBI
Y OPUEHTHPOBAHBI B3auMonapauenbHo (puc. 4 D).
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Pesynomamui
MUKDPOMOPDOMEMPUYECKUX UCCTI008AHUL

Pesynbrarel MEKpOMOp(OMETpHUUECKIX UCCIIeIOBAaHII
pETeHEPaTOB CYXOXKHJIHS TPEACTABICHBI B TabHIax 1 u 2.

IIpu oneHKe MEXTPYIIOBBIX OTIMYUM MOKa3aHO, YTO
B IIPOLECCE PEMapaLuy CTATUCTUUECKU 3HAUUMBbIE Pa3In-
Ysl TOJILIMHBI PereHepara MosiBISUTUCh MEXKAY IpynamMu
I'u Il Ha 7-€ CyTKHM M COXPaHSJIUCh HA BCEX CPOKAX JKCIIE-
pumenTa. [1o tanHOMY noka3aresnto oOpasusl rpymnms! 11 Ha
7-e, 14-e u 60-e cyTku npeBocxoauan oopasibl rpymmns 11
1 OBUIM HECKOJBKO OoJbie, ueM B rpymmne I11. [Tocnennmii
(haKT MOXET OBITh CBSI3aH C PyOIL[OBBIMU H3MEHEHUSIMHU CY-
XOXKHIIUSI U OKOJIOCYXOXKUIJIBHBIX TKaHEH.

I1o moxa3aresnio TONMKHBI MYYKOB KOJLIAar€HOBBIX BO-
JIOKOH IIEPBOTO MOPSIAKA CTATUCTUYECKU 3HAYUMBIX OTJIH-
unil Mexny rpynnamu I u Il He umenocs, oqHako Ha Bcex
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Puc.4. Jlunamuka ynsTpacTpyKTyphl perenepara cyxoxunus B rpymme II.
A — 1 cyTKH: OTEK MEXKJIETOYHOT'O BELIECTBa, OIepedHast HCUEePUSHHOCTh KojutareHoBhIX (pubpuut (KP) coxpanena;
B — 7 cyTok: He3HaUNTENBHBIH OTeK MeX(GUOPUIIIIPHOTO NPOCTPAHCTBA, KoJutareHoBble puopuiuIs! (KP) mMeroT BOIHUCTYIO
KOH(HUTypanuio, B3anMOIapaIenbHOe PACTIONOKEHHE U THITHIHYIO HOIEepeuHyIo ncaepaeHHoCTh; C — 14 CyTOK: KOJTareHOBBIE
¢ubprte (K®) XopoIIo cTpyKTypHpOBaHbI, UMEIOT YIOPSIIOYEHHOE pacloiIoKeHHe, PSIOM ¢ HUMH BueH Gubpobdnact (DO);
D — ni10THO pacnonokeHHsle KoiutareHoBble Guopuiiel (KP) BoaHHCTON KOH(UTYpaLiy, BUAHBI IPU3HAKKH MEK(PUOPHILIPHOTO
oreka. TOM. A — %20 000, B — %8000, C — x14 000, D — x40 000

Fig. 4. Ultrastructure of the tendon regenerates in Group II over time.

A — day 1: intercellular edema, preserved cross striation of the collagen fibrils (K®); B — day 7: minor swelling of the interfibrillar
space, parallel to each other collagen fibrils (K®) with a wavy configuration, and a typical cross striation; C — day 14: well-
structured collagen fibrils (K®) with an ordered arrangement, fibroblast (®6) is next to them; D — densely located collagen fibrils
(K®) with wavy configuration, interfibrillar edema. TEM. A — x20,000, B — x8,000, C — x14,000, D — 40,000

CPOKax KCIIEPUMEHTA TOT II0KA3aTEIb yCTyIall TAKOBOMY
B rpynre III, He JocTHUras KOHTPOJIBHBIX 3HAYEHUN JTaxe
Ha 60-e cyTku onbiTa. 110 noka3aTento TONIIUHBL TyYKOB
KOJIJIAr€HOBBIX BOJIOKOH BTOPOTO IOPSAKA PA3IMYHUS MEXKIY
rpynnamu [ u I Ha 14-e cyTku He yCTaHOBJIEHBI, HO 110 3TO-
My TOKazareltto obe rpymms! npeBocxomun rpymry I11. Ha
60-e cyTku B rpymnne I TonmyHa my4koB KOJUIar€HOBBIX BO-
JIOKOH BTOPOTO MOPsi/IKa erie Oolee Bo3pacraina, B rpyme 11
ocraBanachk 0€3 U3MEHEHUH, HO B 00€UX IpyNax 3HAYCHUS
9TOrO IOKa3aress MIPeBOCXOAUIN TakoBble B rpymme 11
3TO MOXKET OBITH CBA3aHO C PyOIIOBBIMH M3MEHEHUSIMH,
BBIp2)KEHHBIMH B Oonblieli crereny B rpymme 1. Komige-
cTBO (puOpOOIACTOB B TKAHM pereHepara MMeNo CTaTH-
CTUYECKH 3HAYUMBbIE OTIIMYUSA MEXIy IPyIIIaMH Ha BCEX
CpOKaXx 9KCIEepUMEHTa, ITpy 3ToM B rpymmax | u 11 oo 66110
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6osbie, ueM B rpynne I1I, u He JocTUrano HOpMaIbHBIX
3Ha4yeHui k 60-m cyTkam. ITpu 3ToM Ha 7-€ CyTKH 00pa3Ibl
rpynns! I npeBocxoaunau o6pasisl rpyninsl I o janHHoMy
nokasarento, a Ha 14-e u 60-e cyTku ycrynanu um. Ta-
Kasi KapTHHA MOXET OBbITh CBSI3aHA C PAaHHUM YCUJICHHEM
Ipoau(epaTUBHON U CHHTETUYECKON aKTUBHOCTH KJIETOK
¢hubpobracTueckoro quddepona, a 3arem ¢ donee paH-
HHUM HauaJOM PEeMOJCIUPOBAHUS B PE3yNbTaTe ACHCTBUS
cekperoma. 1o mokazarento koJaudecTBa FeMOKAWILISIPOB
CTaTUCTUYECKU 3HAYUMBIC OTIUYHS YCTAHOBICHBI MEXIY
rpynnamiu I u II Ha 60-e cyTKU SKCIIEpUMEHTA: B 3TU CPOKU
OITBITHBIE 00OPA3IIBI HE TOJIBKO IMTPEBOCXO/AT KOHTPOJIBHBIE,
HO U COOTBETCTBYIOT HOPMAJIbHBIM 3HAYCHUSIM, UTO yKa-
3bIBAET Ha JIydlllee KpOBOCHAOXKEHNE TKaHHU pereHepara,
c(hopMUpOBaHHOTO 10J BIUAHUEM cekpeToma MCK.

Tom 12 Ne2 2023 85



OPUTMHAIBHBIE MICCITEJOBAHNMA

O6c¢cyxneHne

Psi1 aBTOPOB COOOIIAET O MONOKUTENBHBIX PE3YbTaTax
JIeYeHUs] TEHAWHUTOB IIPU UCTIONB30BaHUN CTPOMAJIbHO-Ba-
CKYJIIPHOW ()paKIMy ¥ MYJIBTHIIOTEHTHBIX ME3CHXMMAaJTb-
HBIX CTPOMAJIbHBIX KJIETOK [ 7—17], KoTOpble 001aato0T CI1o-
COOHOCTBIO CTUMYJIMPOBATh COOCTBEHHBIE IPOTeHUTOPHBIE
KJICTKU TKAHHU CYXOXKHIIHs, YMCHBIIAIOT BBIPAXKEHHOCTh
SKCCYIALMH U CTUMYIHPYIOT (hOPMUpPOBAHUE pereHepara
C YIOPSIIOYEHHBIM PaCTIONIOKEHUEM ITY4KOB KOJIAareHOBBIX
BOJIOKOH. [IprMEHSI0TCS U caMH NIPOT€HUTOPHBIE KIETKU
CYXOXHJIMA, IOTy4aeMble U3 SHAOTEHOHUS U IEPUTECHOHHS
[7], ucionp3yetcst Mmetoauka 3D KyIETUBUPOBAHUS KIIETOK
Ha TpexMepHbIX MaTpunax [12]. Tem He MeHee B 3TUX HUC-
CJIeIOBAHUSIX HEJJOCTATOYHO MIOJIHO OCYLIECTBIEH MOp(ho-
JIOTUYECKUN KOHTPOIIb, a PE3YJIbTaThl HE BCETa CTaHAap-
THBI, YTO HE MTO3BOJISIET BEIPA0OTATh MPOTOKOJ IPUMEHEHHS
KJICTOYHBIX MPOIYKTOB B KIIMHUYECKOH MPaKTHKE.

IIpoBeneHHOE HAMH HCCIIEIOBaHKE BIUAHUS CEKpETOMa
MCK Ha TeueHHe penapaTUBHON pereHepaluy CyXOKHUIHS
MOKas3aJio, YTO MOJ] BIMSIHUEM CEKPETOMA C IIEPBbIX CYTOK
MocJie TPaBMbI M Ha BCEM MPOTSHKEHUH SKCIIEPUMEHTa BOC-
HAUTEIbHBIA OTEK U JICCTPYKTUBHBIC U3MCHEHHS TKAHU
BBIpaKEHBI B MEHBIIIEH CTeNeHH, 4eM B KoHTpose. Ha yib-
TPaCTPYKTYpPHOM ypOBHE YCTAHOBIJICHO, YTO B OMBITHOM
rpymmne B OTIINYME OT KOHTPOJIbHOW OTCYTCTBOBAJIH MPH-
3HaKu (PUOPUHOUTHOTO HAOyXaHWs U BBIPAXKCHHBIX HE-
KPOTHYECKUX U3MECHEHHH, YTO, HA HAII B3IVISA[I, IPEICTAB-
JSeTCsl BaXXHBIM (PAKTOPOM TOJTHOLIEHHOTO 3a)KUBJICHUS.
[Ipu caMOCTOSATENBHOM 32)KUBICHUHM UMEHHO 3TH OYaru
JUCTPO(UU ABIAIOTCS OJHOM U3 IPUYHMH XPOHU3ALUH TEH-
JUHUTOB U UX TIEPMAaHEHTHOTO peLIMBHPOBaHUs. Pe30p0-
[USl IETPHUTA MIPOUCXOAUT PaHblIIe, Kak U GOpMUpPOBAHHE
pereHepara IMy4KOBOTO CTPOCHUS: OHO OTMEUEHO yKe Ha
7-€ CyTKH 3KCIIEPUMEHTA, TOT/ja KaK B KOHTPOJIE HAOIIoa-
ercsa Ha 14-e cyTku. B TkaHu pereHepara B ONBITHOM IpyTIIe
Ha 7-€ CyTKH MyYKHU KOJUTAr€HOBBIX BOJIOKOH OBLIN JTyYllle
CTPYKTYPHUPOBAHbI U IPUOOPETANU B3aUMOINapasIeIbHOE
pacIoyioxkeHue, B TO BpeMsl Kak B KOHTPOJIE OHH OKa3a-
JIUCh HE TOJIBKO TOHBIIIE, HO M TIEPEMEKANINCEH B CTPYKTYpE
perenepara ¢ 6enoil KUpoBOi TKaHblO. B manpHeiimem
¢ 14-x cyTok oTMevanuch NIpU3HAKU PEMOJAEIUPOBAHUS
pereHeparta: anonto3 ¢pudpounuToB u HudpobIaCTOB, KO-
TOPBIA BBIPaXKEH B OOJIBIIEH CTETIEHH, YEM B KOHTPOJIBHBIX
obpasnax, MakpodaranbHas HHQUIBTpAIKs pereHepara,
n3MeHeHne GpuopoapxuTeKToHUKU. K 60-M cyTKaM B OMIBIT-
HBIX 00pa3nax HaONJaTNCh YINIOTHEHHE PACIIONIOKe-
HUS ¥ yTOJNIIEHHE MYYKOB KOJIJIAr€HOBBIX BOJIOKOH MPHU
UX B3aUMOIMAapajuIeIbHOM PACIONOXKCHUH, YMEHBIICHUE
KoJiuecTBa GuOPOOIACTOB IPU HOPMAJIH3AIMHA BaCKYJIsI-
puzanun. B KOHTpOJIBHBIX 00pa3ax oTMedain Kak B3au-
MoIapaieIbHOE, TaK U Pa3HOHANPABICHHOE PACHIONOXKE-
HUE IIYYKOB KOJJIAr€HOBHIX BOJIOKOH B (PMOPO3HOI TKaHU
pereHepara, He COOTBETCTBYIOIIEe OMOMEXaHUIECKON OcH
KOHEYHOCTH. Hapsay ¢ yMeHbIIeHHeM o01eil TONINHBI
pereHepara 3TOT (akTop, HECOMHEHHO, 00yCIOBIMBAET
CHIDKEHUE TIPOYHOCTHBIX U YIIPYro-Ae()OpMaTUBHBIX Xa-
PaAKTEPUCTUK CYXOXKHJIIHS, YTO SBISETCS MOP(OIOTHUECKOM
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OCHOBOM AJIs €ro NOBTOPHBIX TpaBM. Kpome Toro, Tkanb
pereHepara B KOHTPOJIBHBIX 00pa3nax ObliIa THIIOBACKYIIIP-
HOH, TIPU 3TOM B HEH COXPAHSIOCH OOJIBIIOE KOTHUECTBO
¢bubpouuToB u GuOPOOIACTOB, YTO B JANbHEHIIEM MO-
KET ycyryOuTh pyOII0BbIC N3MEHEHHS TKAHU CyXO)KHJIIHSL.
MoxHO moJiaraTh, 4TO B OMBITHOH Tpymiie 0ojiee paHHee
PEMOJIEIIUPOBAHUE PErE€HEPATa, €T0 CTPYKTYPUPOBAHHOCTD
¥ HOpMAaJIM3aI[Hsl BACKYJISIpH3alliy 00yCIOBIEHBI I CTBH-
€M MMPOBOCHIAJIUTECIIBHBIX U IIPOTUBOBOCHAJIMTCIIBHBIX TN~
TOKMHOB B cekperome MCK, a Takxke (akTopoB pocra,
B YaCTHOCTHU (haKTOpa POCTa IHIOTEINHS.

3akmroueHne

PesynbraThl NpoBeIEHHBIX UCCIIE0BAHUI CBHICTENb-
CTBYIOT O TOM, YTO B YCJIIOBUSAX MPUMEHEHHUS CEKpeToMa
ME3CHXHMAJIbHBIX CTPOMAJIbHBIX KJIETOK perapaTUBHas
pereHepanus CyXoXUIus MPOTEKAET, B OTIMYHE OT KOH-
TpoJisi, Ha (hOHE MEHEee BBIPAKEHHBIX BOCHATUTEIBLHOTO
OTeKa, TPOPHUYECKUX HAPYIIECHUH U TUCTPOGUIESCKUX U He-
KpOTHYECKHMX M3MEHEHH. PeMoiennnpoBanue pereHepara
HAYMHAETCS paHbllle, YeM B KOHTPOJIE, IIPUYEM OH MPHOO-
peTaeT CBOMCTBEHHOE CYXOXKHIIMIO ITyYKOBOE CTPOCHHE.
Hapsimy ¢ MeHbIIeH BBIpaKEHHOCTBIO PYOLIOBBIX U3MEHE-
HUI 1 HOpMaJTU3aIel BaCKYIIPH3AI[HH 3TO MOKET OBbITh
3a710roM (OPMHPOBAHHS TOJTHOIEHHOTO B CTPYKTYPHOM
1 (PYHKIIHOHATIHHOM OTHOIIICHHH pereHepara.
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