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XUPYPTUA POrOBULbI

U3yyeHune pa3paboTaHHbIX BHYTPMPOrOBMYHbIX refieBblX OKPaLeHHbIX
MMNIaHTaTOB ANA KepaTonUrMeHTaLumn Ha OCHOBE Pa3fInYHbIX
MaTepuanoB. IKCnepuMeHTaNbHOE UccNe0BaHue
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PE®EPAT

Llenb. OueHKa BAMAHUA pa3paboTaHHbIX BHYTPUPOrOBUYHBIX rese-
BbIX OKpaLUeHHbIX UMMIAaHTaTOB A/A KepaTonurMeHTaLmmn Ha JOHOPCKYI0
pOroBULY YeN0BEKa B NPOLLeCCe OPraHOTUMNYECKOr0 KYbTUBMPOBAHUA.

Martepuan n Metoabl. ViccnegoBanu Tpy aKcnepuMeHTanbHbiX 06-
pasLia BHyTPMPOroBUYHbBIX FefieBbIX OKpalleHHbIX MMNIaHTaToB: 06paseL
N2 1 Ha ocHOBe HaTpWA rManypoHaTa C OpraH1YyecKUM NUrMeHToM, obpa-
3ey, N2 2 Ha ocHOBe rugponusata KonnareHa ¢ HEOpraHWYyecKUUM nur-
MeHTOM 1 06pa3se, N2 3 Ha 0CHOBE rMAPOKCMMPONUAMETULENNION03bI C
OpraHWyeckUM NUrMeHToM. [ins onpeAeneHnA TOKCUYHOCTU M3Yy4aeMbIX
KpacuTeneii onpesenanu anonTo3 CTPOMabHbIX KNETOK POroBuULlbl - Ke-
paToLMTOB B KPMOCTATHbIX Cpe3ax poroBuLibl. [1nA nccnefoBaHna anonTo-
3a 1CMo/b30BaNu MeTOA UMMYHOTUCTOXUMUN. [INA BU3yanusaLmm cTpyk-
TYp POroBuLbl B MPUCYTCTBMM UMMIAHTATOB NCMONb30BaN METO/ CKaH-
pytoLLein 3N1eKTPOHHON MUKPOCKOMUMK.

Pesynbratbl. [py BbinoAHeHWU paboTbl HaMK GbiN0 NOKa3aHo, u4To
refieBblil UMNNAHTAT Ha OCHOBE FMAPONM3aTa KonnareHa v Kpacutens ¢
HeopraHW4YecK1M TOHEPOM BbI3bIBAeT cnabyto 3KCNpeccuio MHULMaTop-

Hbix Genkos anonto3a Caspasa 8 u Liutoxpom C, oTMeueHo oTcyTcTBUE
akcnpeccuu BAX n addekTtopHbix 6enkos Caspasa 3/7.

BoisineHo, uto o6pa3ubl N2 1 1 N2 3 nogsepratoTcs yacTMYHOMY pac-
TBOPEHUIO M BbIMbIBAHWIO U3 MHTPACTPOMaNbHOo TOHHenNs, o6pasel N2 2
Ha 0CHOBe rMAponKn3aTta KonnareHa UMeeT MIOTHY CTPYKTYpy U coxpa-
HAETCA B POroBUYHOM TOHHENe Ha BCEM MPOTAXKEHWNMN KyNbTUBUPOBaHUA
KaK MUHWUMYM 7 CYT., YTO OTPAXKEHO C NOMOLLbIO 3EKTPOHHO-CKaHUPYH0-
et MUKpOCKONUU.

MpeanoxeHHbI reneBbI UMNNAHTAT Ha OCHOBE rMApPOAN3aTa Koana-
reHa MOXXHO CYMNTaTb KOMMAKTHBIM W HETOKCUYHbBIM.

3akntoueHue. o utToram opraHHOro KyNbTUBMPOBaAHUA B TeyeHune 7
CYT. Haunyylmne pesynbTaTbl NOKa3an BHYTPUPOrOBUYHBIN refeBblil UM-
nnaHtat Ne 2 Ha ocHOBe rMApONM3aTa KoinareHa U HeopraHMYecKoro To-
Hepa. Yka3saHHbIi 06pasel N2 2 Ha ocHOBe rugponu3sara KonnareHa nme-
eT 6oiee KOMNAKTHYIO U NIOTHYIO CTPYKTYpPY B CPAaBHEHUM C APYrMMU IKC-
nepyvMeHTabHbIMM 06pa3uamu.

KnioueBble cnoBa: kepamonuemMeHmayus, aHUpuOUS, BHympupo2o-
BUYHbIU OKpaweHHbIld umnagHmam B

ABSTRACT

Research of the developed gel intracorneal colored implants for keratopigmentation based on various

materials. Experimental study

S.B. Izmailova', S.A. Borzenok'?, 0.Yu. Komarova', D.S. Ostrovkiy'
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2Yevdokimov Moscow State University of Medicine and Dentistry

Purpose. Evaluation of the impact of the developed intracorneal gel
stained implants for keratopigmentation based on various materials on
the donor human cornea during organotypic cultivation.

Material and methods. Three experimental samples of intracorneal
gel stained implants were investigated: sample 1 based on sodium
hyaluronate with organic pigment, sample 2 based on collagen
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hydrolyzate with inorganic pigment, and sample 3 based on hydroxypropyl
methylcellulose with organic pigment. To determine the toxicity of the
studied implants the apoptosis of keratocytes was determined in cryostat
sections of the cornea. The method of immunohistochemistry was used
to study apoptosis. Scanning electron microscopy was used to visualize
the corneal structures in the presence of implants.
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Results. During the investigation we showed that a gel implant based
on a collagen hydrolyzate and a pigment with an inorganic toner (28%
in the composition) causes a weak expression of the initiator proteins
of apoptosis Caspasa 8 and Cytochrome C, and there is no expression
of the BAX and effector proteins Caspasa 3/7. It was revealed that
samples No. 1 and No. 3 undergo partial dissolution and washout from
the intrastromal tunnel, sample No. 2 based on collagen hydrolyzate has
a dense structure and remains in the corneal tunnel throughout the entire
cultivation period, for at least 7 days, which is showed using an electron-
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scanning microscopy. The proposed collagen hydrolyzate gel implant can
be considered compact and non-foxic.

Conclusion. As a result of organotypic cultivation for 7 days showed
the best results intracorneal colored implant No. 2 based hydrolyzate
of collagen and inorganic toner. Intracorneal colored implant based on
collagen hydrolyzate has a more compact and dense structure than the
accompanying experimental samples.

Key words: keratopigmentation, aniridia, intracorneal colored
implant ®

AKTYANIbHOCTb

GIIMPHBIE AEMDEKTHI PATYKKU,

BILIOTD JJO IIOJIHOM aHUPHJINH,

MOT'YT OBITb PE3YJIBTATOM aHO-
MaJIMUA PA3BUTHA (BPOXKAEHHAA MATO-
JIOT'HS1) WJIM BO3HUKHYTD Y ALIUEHTOB
IOCJIC TSKEIOW TpaBMbl Iasa. Ilo-
CIECTBUA TPABMBI OPraHa 3PEHMUA, B
XOJle KOTOPOM 4YaCTO NOBPEXIAETCA
U PalyKKa, ABIAIOTCSA OJHOU U3 IJ1aB-
HBIX IIPUYMH CIENOTH U UHBAJIUJHO-
CTU U3-32 GOJBLION PACIPOCTPAHEH-
HOCTH U TSDKECTH KIMHUYECKUX IIPO-
apnenni [1]. C mpo6aeMon OO pPHBIX
J1€(PEKTOB PAJYKHON OOOJIOUKH TAKXKE
NPUXOJUTCA CTATKUBATHCA Y ALUEH-
TOB IIOCJIE IPOBEAEHUA UPHUAOIUKIIK-
TOMHUH 110 TOBOJY HOBOOOPA30BAHU
LWIMAPHOM 30HBI [2], a TAKXKE MOCIIE
OIEPALMOHHBIX OCIOKHEHUHI B BUJE
CTOMKHUX MHJIPUA30B.

Hpugoxpycraaukosas  auadpar-
Ma (MXI) HeO6XOaMMA YEIOBEKY IS
HOPMAJIBHOIO  (DYHKIMOHUPOBAHUSA
3PUTENBHON CUCTEMBI, TOCKOJIbKY OHA
YMEHBIIAET CPEPUIECKUE U XPOMATH -
4JeCKue a6eppaniy, yBeJIMYUBAET IIy-
OMHY PE3KOCTH, NPENOXPAHAET CET-
YATKY OT M3JIUIIHETO MONaIaHUsA CBE-
Ta. Heob6paTuMoe pacmupeHue 3pad-
Ka BEJET K MOHOKY/IAPHON JUIIJIONNH,
BBIPAKEHHOU (PpOoTODOOUMN U ABJAET-
€A CEPBE3HBIM KOCMETUYECKUM HENIO-
CTATKOM [4, 5].

PasBurue 1aHHOrO BOIPOCA U Cy-
HIECTBYIONIME TOAXOAbl K PEMIEHUIO
3TOI NIPOOGJIEMBI  XUPYPIrUUYECKUM
CIIOCOOOM ONMUCAHBI OTEYECTBEHHDI-
MU U 3apYOEKHBIMU aBTOPAMU: OT ITy-
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MUJUIO- U UPUIOIIJIACTUKH, IPUMEHE-
HUS AayTOTKAHEN WIHN AJUIOTPAHCIIAH-
TATOB /I 3aMELICHUS AEPEKTOB pa-
JIy’>KHOU OO0JIOUKH B KOMIIIEKCE C Of-
HOBPEMEHHBIM HCIIOJIb30BAHUEM HE-
KOTOPBIX MOJIEJIEN UHTPAOKYISIPHBIX
auH3 (MOJI), 1o CO3[aHus HCKyC-
CTBEHHOM paayxku u UX]I [6-8]. Cy-
IIECTBYIOIINE METO/bI KOPPEKIIUHU Jie-
(PEKTOB PAYKKU HAPSAY C UX NIPEU-
MYIIECTBAMU OOIAAI0T PSJOM UH/ Y-
BU/IYAJIbHBIX HEJOCTATKOB U HE BCET-
12 3 PEKTUBHDL

3purenbHasg peabuIuTALNs Talu-
€HTOB C 1e(PEKTAMH PATYKKH ABIACT-
CsI AKTYAJIBHOM, TaK KaK OOJIBITUHCTBO
MAIUEHTOB — AKTUBHBIE TPYAOCIIOCO0-
HBIE JIIO[H, CTPAJAIOIUE OT HU3KOM
OCTPOTBI 3PEHUA B CBA3U C 3ACBETA-
MU U a6€ppanysaMy, YTO CHIKAET Ka-
YECTBO KU3HU. HTPAOKYIApHAS XU-
PYpPrus C UMIUIAHTALIUEN NCKYCCTBEH-
HOI Paly’KKU IIPOBOJUTCS 4aCTO, HO
HE SIBJISIETCS ONTHUMAJIBHOIN B Jede-
HUU HEKOTOPBIX KATETOPUN MALUEH-
TOB (HAaIIpUMEP, ITOCIE UPUAOIUKIIK-
TOMUH I10 ITOBOJJY HOBOOOPA30BAHMA )
M3-324 BO3MOKHOM TPABMATUYHOCTH U
crnoco6a pukcanuu. [1epCnekTHBHBIM
NPEACTABISAETCS UHTPACTPOMATIBHOE
BBEJIEHUE KPACAILETO BEMIECTBA B IIPO-
EKIJUU KOTTOOOMBI PAJYKKH JIJIA CO3/1a-
HUA guadparMupyromero agdexra. B
COBPEMEHHOU  O(PTATBMOXUPYPIUHN
KEPATONMUIMEHTAIIUS YCIEMHO IPO-
BOJIUTCS 3aPYyOEKHBIMU BpadaMH, O]~
HAKO CJIElyET OTMETUTb, YTO HA TEP-
puropun Poccuiickon denepanuu He
CYLIECTBYET 3aPETUCTPUPOBAHHBIX U
Pa3pENIEHHBIX K IPUMEHEHUIO B KJIU-
HUYECKOU NPAKTHUKE BHYTPUPOTOBUY-

HBIX OKPAIICHHBIX UMIUIAHTATOB [JIs
KOppeKIMU Je(PEKTOB PayKKU. B CB-
31 C 3TUM AKTYAJIbHOMU SIBJIACTCS Pa3-
paboTKa MHTPAKOPHEAIBHOIO OKpa-
HICHHOI'O UMIUIAHTATA JUIsl PELICHUS
(PYHKIIMOHAJIBHBIX U KOCMETHYECKUX
ACIEKTOB IPOGIEMBbl AHUPUJUU U U3-
y4€HHE €ro OMOCOBMECTUMOCTH C TKA-
HSMMU IJ1234.

LIEJb

OLeHKa BIMAHUA PA3PA6OTAHHBIX
BHYTPHUPOT'OBUYHBIX TI'€JEBBIX OKpa-
OIEHHBIX MMIUIAHTATOB JIA KEPATO-
NUI'MEHTALIMUA HA OCHOBE PA3JIMYHbIX
MATEPUAIOB HA JJOHOPCKYIO POIOBU-
Ly 4eJIOBEKA B IIPOLECCE OPIaHOTH-
MMUYECKOTO KYJIBTUBUPOBAHUA U BU3Y-
AMM3aLnsg CTPYKTYP POTOBHULBI B IPH-
CYTCTBUU OOPA3L0B C IOMOIIBIO 3JICK-
TPOHHON MUKPOCKOIIMH.

MATEPUAN U METO/bI

PaszpaboTaHHble 06pa3LBl TIPE]-
CTAaBJSIIOT COOOU BA3KYIO reneodpas-
HYIO CyOCTAaHIIUIO, COCTOAIIYIO U3 OC-
HOBBI M KpACUTENA. B KauecTBe OCHO-
BbI OOPA3LI0B GBI BBIOPAHDL:

Harpusg ruajypoHar B KOHIICH-
Tpauuu 1,0%, MOJNEKyIApHAd Macca
4000 xJa.

[inAa KoppecnoHAeHUUM:

Komapoga Onbra HOpbeBHa, acnupaHT
ORCID ID: 0000-0001-5286-7552
E-mail: ol.komarova91@gmail.com
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XWUPYPTUA POTOBULLbI

«C(pepoOKO» — MPOTEKTOP IMUTE-
JIUA POTOBULLI I'€JIEBBIM, CO3LAHHDBIN
Ha OCHOBE I'HJPOIM34Ta KOJTAT€HA.

[MPOKCUNIPONUIMETHILIEIUIIONO32
(I'TIMII) B KOHLIEHTPALUH 2%, MOJIEKY-
JspHas macca ot 80 go 100 x/la.

B xauecTBE KpacuTeNeHd Iy BBE-
JEHHUA B COCTAB OOPA3LOB ObUIN BbI-
OGpaHbL:

* HepacTBOPUMBIN OPraHUYECKUNI
NUIMEHT KopuyHeBoro nsera Ciba
CHROMOPHTAL BROWN 5R (Item
0149358V7, Lot 001580H0), npume-
HAEMBbIA g OKpamuBanug UXI Ko-
TOPBII JO6ABIAIN K OCHOBE U3 [TIMI]
U TMAIyPOHATA HATPHUAL.

* Kpacurenb  3€€HOIO  IIBET4,
YCHEMIHO 3aPEKOMEH/IOBABINNUNI CEOA
B IEPMATOKOCMETOJIOTHHU, CO3AAHHbII
Ha OCHOBE OKCHJIOB JKEJI€32, UCTIOJIB30-
BAHHE KOTOPBIX PA3PENIEHO B KOCME-
TUYECKON MPOMBIIUIEHHOCTH B Kade-
CTBE KPACUTENEN I MUKPOIIUI'MEH-
TALUKW KOXU JIULA U Tesa (IIPOU3BO-
aurens «Goochie», KHP). Jo6asmisin
K OCHOBE U3 «C(pepooko». COCTAB Kpa-
CUTEJIA: HEOPI'AHUYECKUI TOHED: 28%,
HATYPAJIbHBINA 3MyJIbraTop (IpOmu-
JIEHIVIMKOJIB): 15%, PacTBOP KENIATH-
Ha: 8%, 3arycTUTENb: 12%, TUCTUIIIN-
poBaHHasg BOJA: 45%.

Taxum 06pa3oM 6bUIN CPOPMHUPO-
BaHBI 3 06pa311a reJIc06Pa3HBIX OKPa-
IMIEHHBIX UMILIAHTATOB:

» oOpasen Ne 1 — Harpus ruanypo-
Hat + CHROMOPHTAL;

e obpaser; Ne 2 — «Chepooko» +
KPACUTENb C HEOPTraHUYECKUM TOHE-

poM;
e obpazery Ne 3 — TIIMII +
CHROMOPHTAL.

[l OLlEHKU BAMAHUA TPEX paspa-
GOTAHHBIX BHYTPUPOTOBUYHBIX TI€-
JIEBBIX OKPALIEHHBIX MMILIAHTATOB
Ha CTPOMAJIbHBIE KJIETKU OBLIO B3ATO
12 porosul, NONMy4YEHHBIX U3 [71a3HO-
ro Tka"Hesporo 6anka MHTK «Muxkpo-
XUPYPIUU I71a3d>, HE IPUTOJHBIX I
TPaHCIUIAHTALUK. Porosuisl nmenu
CIEAYIOINUE XAPAKTEPUCTUKH: CPEJ-
HUII BO3paCT JOHOpa 58%16 ier, 8
MYKYMH U 4 KEHIIUHDI, CDEJHEE Bpe-
MsA OT MOMEHTA CMEPTH JJO BBO/IA B IKC-
IIEPUMEHT COCTABUIO 18+5 4. Bo Bcex
porosunax ObUl C(HOPMUPOBAH HH-
TPACTPOMA/IbHBIN TOHHENb MEXAHMU-
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YECKUM CITOCOO0M. ONIBITHBIE I'PYIIILI
COZIEPIKAINA POTOBUIIBI C BBEIEHHBIMU B
HUX 00pa3aMu (N=3 Il KAKA0T0 00-
pasnua), KOHTPOIbHYIO I'PYIITY COCTa-
BUJIA POTOBHUIIEI 6€3 BBEJEHHOI'O UM-
maHTara (n=3).

KynsruBupoBaHue pOropull B Xoje
HUCCIENOBAHNUA IIPOBOJUIOCH B MHKY-
6arope («NuAire», CIIIA) mpu craH-
JAPTHBIX YCIIOBMAX: t +37 °C, 5% CO2;
B IIOJIHOM IIUTATENbHOU cpese: DMEM/
F12 («Sigma», CIIIA) ¢ no6asreHuem 2%
3MOPUOHAIBHON OBIYLEN CBIBOPOTKH
(«Thermo Fisher», CIIIA), 1% pacTBOpa
anTu6MoTUKOB («Thermo Fisher», CIIIA)
u 1% pacrsopa GlutaMAX («Thermo
Fisher», CIIIA). BuayanbHblil KOHTPOJIb
OCYIIECTB/IAICA TIPU IOMOIINA HMHBEP-
TUPOBAHHOI'O CBETOBOI'O (ha30BO-KOH-
TPAacTHOro MUKpockona Olympus IX-
81 («Olympus», Anonuns). Crycrts 7 CyT.
KyJISTUBUPOBAHUS POIOBULIbI U3BJIEKA-
JIM U3 ITATENBHOU CPEJIbl U IPOMBIBA-
JI1 TPEXKPATHO (HPOCHATHO-CONEBLIM
o6ydepom («ITanDKO», Poccus) s uc-
CI€JOBAHNA HA AIIOITO3.

Jns onpefeneHns TOKCUYHOCTU U3-
Y4aEMBIX OOPA310B ONPEAE/IAIN ATIOII-
TO3 CTPOMAJIbHBIX KJIETOK POTOBUIIBI —
KEPATOLUTOB B KPUOCTATHBIX CPE3AX
pOroBuIpL 114 3TOr0 pOroBHUILy 3a/11-
BAJIM TesIeM U1 3aMOpOo3Ku («Thermo
Fisher», CIIIA) ¢ nocieayomen 3aMo-
poskon B redenue 20 mun npu —30 °C.
Porosunly (PUKCHPOBAIN TI'OPU3OH-
TAJILHO, CPE3 NPOBOJUJICS BEPTUKATIb-
HO 11oj yriiom 90o. [TonydyeHHBIE Cpe-
3Bl TOJIUHON 5 MKM IIPUKIECHUBATIU K
MOJIWIM3UHOBBIM CTeKIaM («Thermo
Fisher», CIIIA).

JIg uccnejoBaHus aronTo3a MC-
IIOJIb30BAIM METOJ, UMMYHOI'MCTOXH-
mum. Cpesbl 06pabaTbIBAIN PACTBO-
poum Tpuron X-100 («Thermo Fisher»,
CHIA) B Teuenue 10 mun. [ns usyde-
HMS KAaCIA3HOI'O MyTH aIlONTO3a HC-
IIOJIb30BAIM NEPBUYHBIE AHTUTENA K
Caspasa 8 («Abcam», Benuko6pura-
nus), Caspasa 3/7 («Abcam», Benu-
KOOPHUTAHMA), 4 IJIA U3YYEHUSA MUTO-
XOHZPHUAIBHOTO IIyTH AIIONTO3a — BAX
(«Abcam», Bemuko6puranusg), Cyt C
(«Abcam», Benuxkobpuranus), Kyib-
TUBUPOBAHUE C AHTUTEIAMHU IIPOMU3-
BOJWIIM B TedeHHUE 60 MHUH IIPH KOM-
HAaTHOU Temmeparype. IIpoussoau-

JIX TPEXKPATHOE IIPOMBIBAHUE CPEZOB
pacTBOpoM (pocdaTHO-CoNEBOro Oy-
depa (Ilandko», Poccus). s feTek-
LMY [IEPBUYHBIX dHTUTE]I UCIIOIb30Bd-
JI1 (PIIIOOPECLIEHTHBIE KPACUTEND Alexa
Fluor 488 (Ex. 495; Em. 519) («Abcamy,
Benukobpuranus) u Alexa Fluor 594
(Ex. 590; Em. 617) («Abcam», Bennko-
OPUTAHUS), KyIBETUBUPOBAHUE IIPOU3-
BOJIMJIM B TeueHHUE 60 MUH, IIPU KOM-
HAaTHOU TeMmneparype. Konrpactupo-
BAHME KJICTOYHBIX SIEP INPOBOAUIU
kpacurenem Hoechst 33342 («Abcamy,
Benukobpuranus). [l JETEKIINY aH-
TUTEJI UCIIOIb30BATN KOH(OKAIbHBIN
JIA3€PHO-CKAHUPYIOIINUI  MUKPOCKOIL
Olympus Fi-10i («Olympus», AnoxHus).

ITosy4eHHbIE CHUMKU aHAJIU3UPO-
BaJIM, UCIOJIb3Ysl IIPOrpPaMMHOE Obe-
crneuenue Cell Profiler, koTropoe mo-
3BOJISICT BBLICIATh HEOOXOQUMBIC IS
AHAJIN32 KJIETOYHBIE KOMIIOHEHTHI, 4
HUMEHHO PO, IUTOIUIA3MY WIN KIIET-
Ky (41pO + OuUTOIUIa3Ma), ¥ Paccyu-
TAaTb HMHTCHCHUBHOCTb CBCYCHUS Ka-
SKJIOM KJIETKU, UCIIOb3YSI BCTPOCHHBIE
HMHCTPYMEHTBI IPOI'PAMMHOTO O6€eCIIe-
YEHUS.

g BU3yanIu3aluu CTPYKTYP PO-
TOBHLIBI B IPHUCYTCTBUH OOPA31I0B HC-
IIOJb30BAIM  METOJ  CKAHUPYIOLIEH
3JIEKTPOHHON MHKPOCKONHMU. B Ka-
YeCTBE (PUKCATOPA JAJIA POTOBMIL HC-
nosub3oBaiIcs 10% pactBop ¢opma-
nuHa («JInadm», Poccusn). g npose-
JIEHUSI ONTHUMAIBHOHN JAErupaTaluu
IIPUMEHAJICA PACTBOP areroHa («/Iu-
aDM», Poccust) B BOCXOASAIMINX KOHIICH-
Tpanusax: 10, 20, 30, 50, 70,90, 100x3%
110 30 MHH B K23KI0M C NOCJIEYIONMIEN
BAKYYMHOM CYIIKON B KPUTHUYECKOM
TOUKe. [TocIie CymKu 06pasibl MOHTHU-
POBAJINCH HA AIIOMUHUEBOM CTOJIMKE
C IOMOIIBIO KapPOOHOBOT'O KJIEs, Ha-
IBULUIMCh 30JI0TOM C TOIIUHOM €105
5 HM g OO€ECHeYEHUs 3JIEKTPOH-
HO-IIPOXOJALIETO CJIOSA HA IOBEPXHO-
T 06pasia. JJasee 06pasibl IOMEIa-
JIUCh B KAMEPY CKAHUPYIOLIETO 3JIEK-
TPOHHOT'O MHMKpOCKoma («Jeol», fAno-
HUST) U UCCIIEAOBAIUCH B YCTIOBUSIX BbI-
COKOT'O BAKyyMa IIPH YCKOPAIOLIEM Ha-
NIPAKEHUNU 5 KB.

CTaTUCTUYECKYIO O6PAOOTKY IOJY-
YEHHBIX JAHHBIX IPOBOJWIU C UCIIOJIb-
30BAHMEM METOJOB OIIHUCATENBHOM
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CTATUCTUKU IIPOIPAMMHOIO ObecIIe-
uenusa Graph Pad Software Prisma 8.

PE3YJIbTATDI

[Ipr HCCNEAOBAHUM HA ANONTO3
OBUIM U3y4E€HBl MHUILIMATOPHBIE Map-
KEPBI aIloNTO3a Kacna3Horo nyru Ka-
CIa3a 8 ¥ MUTOXOHJPUAJILHOIO IyTH
BAX u llutoxpoM C. laHHBIE OENKU OT-
HOCATCA K HAYAJIbHBIM 3TallaM aIloll-
TO34, KOIJa POLECC IPOrPaMMHUpYe-
MOU KJIETOYHOM TMOEIN HOCUT 06pa-
TUMBIN Xapaxkrep. [ig onpejeneHus
3(HEKTOPHBIX OEJIKOB ANIONTO3a (HE-
OOpaTUMBIX 3TAlT) OOOUX ITyTEN OBLIN
uccienoBannl Caspasa 3/7.

VYCTAaHOBIEHO, YTO 3KcIpeccus 1u-
ToxpoMma C u Caspasa 8 B pOrOBULIAX C
obpasuamu Ne 1 u 3 6bl71a CONTOCTABU-
MOM U cTaTUCTUYeCKU Bbime (p<0,05)
10 CPABHEHHUIO C KOHTPOJIIbHON I'PYII-
11O, IIpK 3TOM CTATUCTUYECKU 3HAYU-
MBIX PA3JIMYUH B POTOBUIAX C 0Opa3-
110M N 2 1 KOHTPOJIbHOM I'PYIIIION BbI-
ABJIEHO He 6b110 (p>0,05), 3Ha4eHus p
YKa3aHBI HA pucynKax 2 u 3 (puc. 1-3,
mabn. 1-2).

B wuccinegyeMplx 00pasnax 3dKC-
NIPECCUS HMHUIUATOPHOIO MapKe-

Casp 8
Kacnasa 8
0.20+ -
0.0096 0.0873
¢ 0154 Moezs | 0.001
. >
S a
s §
-"?E 0.104
c g
£ B 0.05-
- =
0.00-

Puc. 2. N3meHeHue akenpeccuu Caspasa 8 B poroBumuax ¢ usy4aembiMu 06-
pasuaMu B CPaBHEHWU C KOHTPOJIbHOW POTOBULLEN 10 W NOCNe KyNbTUBUPO-
BaHuA

Fig. 2. Changes in the expression of Caspasa 8 in the corneas with the
studied samples in comparison with the control cornea before and after
cultivation
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Puc. 1. Skcnpeccuns Caspasa 8 (AF 488); Lintoxpom C (AF 594) B porosuuax c obpasuom N2 1 (a); c 06-
pasuom N2 2 (6); c o6pasuom N2 3 (B); koHTponb (r); yB. 600

Fig. 1. Expression of Caspasa 8 (AF488); Cytochrome C (AF 594) in the cornea with sample No. 1 (a);
with sample No. 2 (6); with sample No. 3 (8); control (r); x600
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Puc. 3. ViameneHne skcnpeccumn Lutoxpoma C B poroBuuax ¢ M3yyaembl-
My 06pa3sLamu B CPaBHEHUM C KOHTPOJLHON PoroBuLeil O 1 Nocne Kylb-
TUBUPOBAHUA

Fig. 3. Changes in the expression of Cytochrome C in the corneas with the
studied samples in comparison with the control cornea before and after
cultivation
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Puc. 4. Skcnpeccus Caspasa 3/7 (AF 488); BAX (AF 594) B porosuuax c o6pasuom N 1 (a); c o6pas-
uom Ne 2 (6); c o6pasuom N2 3 (B); KoHTpons (r); yB. 600

Fig. 4. Expression of Caspasa 3/7 (AF488); BAX (AF 594) in the cornea with sample No. 1 (a); with sample

No. 2 (6); with sample No. 3 (B); control (r); x600

pa MUTOXOH/IPHUAJIBHOI'O IIyTH aIIOII-
T03a BAX orcyrcrsoBana. Msydyenue
3KCHpPeCCUU 3(PMEKTOPHBIX MapKe-
pos Caspasa 3/7 IMOKa3ano OTCYT-
CTBHE CTATUCTUYECKHU 3HAYUMBIX Pa3-
mauu (puc. 4, maba. 1-2). lanavle
NpeACTaBIeHbl B (popmare M+o, rae

M — cpenHee apuUPMETUIECKOE, 0 —
CTAHJAPTHOE OTKIOHEHHUE.

B uccnepyemMbIx 06pasnax KCIpec-
CHA MHUIUATOPHOIO MAapKEpPa MHTO-
XOHJPHUAJILHOIO ITyTH a1to1rro3a BAX or-
CYICTBOBaIA. MI3ydeHue akcrpeccun ag-
(peKTOpHBIX MapKepoB Caspasa 3/7 no-

Ka34J10 OTCYTCTBHE CTATUCTUYECKH 3HA-
YMMBIX PA3IUYU (puc. 4, maon. 1-2).

I[Iprn CKaHUPYIOUWIEM  3NEKTPOH-
HO-MHKDPOCKOIIMYECKOM ~ MCCIIEIOBA-
HUHU POTOBUL, KOHTPOJBHON I'PYIIIBL
OBUIN BbISIBICHBI HE3HAYUTECIIbHBIE PA3-
JINYUSA B TOJIHUHE CTPOMAJIBHBIX KOJI-
JIATEHOBBIX BOJIOKOH /IO Y IOCJIE KYJIb-
TUBUPOBAHUH, c(popMUPOBAHHBII
TOHHEJb OBI C1A60 BBIPAXKEH (PUc. 5).

Hccnenopanue o6pasna Ne 1 rmoka-
3QJ10, YTO MOCJIE KYJIBTUBUPOBAHUA JIE-
TEKTUPYETCA YaCTUYHOE BBIMBIBAHUE
Kpacuress U 0O0pa3OBaHUE BOJOKHHU-
CTOU CTPYKTYPHI B IpOduie chopMu-
POBaHHOTO TOHHEIS (puc. 6).

B porosunax ¢ o6pasngom Ne 2 us-
MEHEHME TOJNIHUHBI BOJJOKOH HE OTME-
Ya10Ch, KDACUTEND IIOJHOCTBIO 3aI10JI-
HSUI BECh 06bEM C(POPMHPOBAHHOTO
KaHaj1d, HOBOOOPA30BAHHBIX BOJIOKOH
OOGHAPYKEHO HE OBLIO (puc. 7).

B uccnenyeMbIx poropunax ¢ o6-
pa3LoM OKPAMIEHHOIO MMIUIAHTATA
Ne 3 6bIIO BBIABIEHO YMEHDBIIEHUE TOJI-
HIMHBI KOJUTATEHOBBIX BOJIOKOH, TAKKE
OTMEYAJIOCh 3HAYUTENBHOE BBIMbBIBA-
HHE KDPACUTEIA HU3 HHTPACTPOMAJIb-
HOT'O TOHHEJA, HOBOOOPA30BAHHBIX
BOJIOKOH HE OTMEYAIOChH (puc. 8).

OBCYXAEHUE

Ha ceropnamnunii 1eHb B MUPOBOH
O(PTAIBMOJIOTUYECKON TPAKTUKE Cy-
IIECTBYIOT PA3JIMYHBIE CIIOCOOBI HC-
KYCCTBEHHOI'O  JUA(PPArMUPOBAHUS:
IIPUMEHEHHE OKPALIEHHBIX KOHTAKT-
HBIX JIMH3, )KECTKUX UHTPACTPOMAJIb-
HBIX OKPAIIEHHBIX UMIUIAHTATOB, KE-

Tabnuya 1

3KCI1pECCVIf| WHULNATOPHbIX MApKepoB anonTo3a A0 KyibTUBUPOBaHUA

Table 1

Expression of initiator markers of apoptosis before cultivation

Mapkep Caspasa 8 BAX Cyt C Caspasa 3/7
O6pasew N 1 0,08+0,03 0,03+0,01 0,09+0,03 0,03+0,01
O6paseu N2 2 0,06+0,02 0,03+0,01 0,07+0,02 0,02+0,01
O6paseu N2 3 0,09+0,03 0,03+0,01 0,10+0,04 0,04+0,01

KoHTponb 0,05+0,02 0,02+0,01 0,06+0,02 0,03+0,01
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PATOIUIMEHTALWS, UMIUIAHTALIUS BHY-
TPUKAIICYJIbHBIX KOJIEL] C OKPAIIEHHbI-
MU <«IUIABHHUKaMW» (Mozenb Morcher
50C) UIu UCKYCCTBEHHOM PAIYKKH [3].

[1O AaHHBIM JUTEPATYPHI, IPU UC-
[IOJIb30BAHUM KECTKUMX HHTPAKOpPHE-
AbHBIX MUMIUIAHTATOB OTMEYAJIOCh
HECOOTBETCTBUE NPOPUIIA UMILTAHTA-
T4 IPOMHUIIO POTOBULILI M IPOPE3bIBA-
HHE NEPUQPEPUIECKOTO Kpasd guadpar-
MBI Y€PE3 POrOBUYHBIN PA3PE3 HAPYKY
4epe3 HECKOJIBKO MECALIEB ITOCJIE OlIe-
panuu [9, 10].

CII0’)KHOCTh UMILIAHTALIUY BHYTPHU-
KaIICyJIbHBIX KOJIEL, C OKPAIIEHHBIMU
«IUTaBHUKaMu» Mopaenan Morcher 50C
3AKII0YAETCA B TOM, YTO 2 KaIlCyJb-
HBIX KOJIbI[A C YEPHBIMU «IIJTABHUKAMU»
JOJDKHBI ObITb BBE/ICHBI B KAIICYJIbHBI
MENIOK ¥ COEJMHEHDI TAM B EIMHYIO /11~
adpparmy, 4TO CJIOKHO B CBSI3U C XPYII-
KOCTBIO MOJIEJIM U BO3MOKHOI HEOO-
XOAMMOCTBIO TOCIENYIONIETO JJONOJ-
HUTEIBHOI'O BBEJICHUS B KaIICY/IbHBII
memok MOJI. laxxe ecnu CoOeIUHEHHUE
KOJIEL, BO BPEMA OIEPALIUH JJOCTUTHY-
TO, B IOCJIEONIEPALIMOHHOM IEPHOJE
BO3MOKHO UX PACCOEJUHEHUE B IT1A3y
C AaHUPUJIUEH B CBA3U C KOHTPAKTYPOH
KarcyJapHoro memka [11]. Mmninanra-
LA UCKYCCTBEHHOH PaJyKKU ITOIPA3Y-
MEBAET UHTPAOKYIAPHOE BMEIIATENDb-
CTBO, YTO HE ABJIAETCA METOLOM BbIOO-
pay HAaLMEHTOB C KOJJIOOOMAMHU PasyK-
KM IIOCJIE YAAJIEHUA €€ HOBOOOPA30Ba-
HUIT BBUJY HNOTEHLIMAIBHOIO KOHTAK-
Ta C paHEe ONEPUPOBAHHON 30HOM. B
CIy4ae HENEPEHOCUMOCTU KOHTAKT-
HOHM KOPPEKUMH Haubosee 6e3omac-
HBIM CITOCOOOM MPEACTABIACTCS KEPa-
TONUTMEHTALINA, UCKIIOYAIONIAs MAHU-

High-vaci i

XWPYPTUA POrOBULIbI

o
16-Oct-19 000956

Puc. 5. ®parMeHT poroBuLbl C MHTPACTPOManbHbIM TOHHENEM — KOHTPOJbHbIA 06pasey; yB. 100 (a);

yB. 500 (6)

Fig. 5. Fragment of a cornea with intrastromal tfunnel - control sample; x100 (a); x500 (6)

200)pm

High-vac.\' SED, PC-std. 5KkV/ x 1000 4 16-Oct-19 DOa}S

T
x 500’ 16-Oct-19. 00

Highsvat, SED! PC-std) 15KV,

Puc. 6. ®parmenT porosuubl ¢ o6pasuom Ne 1;ys. 100 (a); ys. 500 (6)

Fig. 6. Fragment of a cornea with sample No. 1; x100 (a); x500 (6)

MyJIALUHA C IPOHUKHOBEHUEM B IIEPE]-
HIOIO M 33/IHIOIO0 KAMEPBI I71a34.

B coBpeMeHHOIT O(PTAIbMOTIOIUU
NIPpU NPOBEAEHUU KEPATOIUIMEHTA-
YU VI 3PUTENBHON PEAOUIUTALNN
MALIUEHTOB C OOMUPHBIMHU Je(PEKTA-
MM PaJy’KHOU OOOJOYKHU HMCIOJIb3Y-
IOTCSA PA3HbIE BUBI XUMUYECKUX BE-
mecTB. Yale BCEro BCTPEYaIoTCs ITUT -
MEHTBI Ha OPTAHMYCCKOM M Heopra-

HUYECKON OCHOBE (OKCHUIbL METaJI-
J0B) [12, 13].

1O JaHHBIM JINTEPATYPBI, 3APyOeXK-
Hble O(TATBMOJIOTA UCIONb30BAIN
IIpU NPOBEAEHUU KEPATOIMUIMEHTA-
UM KAK OPraHUYCCKUH, TAK U HEOp-
TAHUYCCKUN NUIMEHT. ITpu ncrosnb-
30BAHUM OPTraHUYECCKOTO IIUTMECHTA B
KJIMHUYECKOM NIPAKTUKE Y AIIMEHTOB
OCJIOKHEHUIT OTMEUYEHO HE OBLIO, HO

Tabnuya 2

JKcnpeccua MHMLMATOPHBIX MApKEPOB anonTo3a nocne KyNbTUBUPOBaHUA

Table 2

Expression of initiator markers of apoptosis after cultivation

Mapkep Caspasa 8 BAX Cyt C Caspasa 3/7
OGpa3zew N2 1 0,10£0,03 0,04+0,01 0,100,03 0,04+0,01
OGpaszeu N2 2 0,05+0,02 0,04+0,01 0,06+0,02 0,03+0,01
OGpaseu N2 3 0,10+0,04 0,03+0,01 0,10+0,04 0,03+0,01

KotTponb 0,04+0,01 0,04+0,01 0,04+0,01 0,03+0,01
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Puc. 7. ®parmeHT porosuupl ¢ 06pasuom N2 2; ys. 100 (a); ys. 500 (6)

Fig. 7. Fragment of a cornea with sample No. 2; x100 (a); X500 (6)

pm
16-Oct-19 DO@Q

— 20
5 kV x 100

By 7 50 ym @
/SEDURCsstd. 7/ 5kV. | X500 16-Oct-19 000933

Puc. 8. ®parmeHT porosuupl ¢ 06pasuom N2 3; ys. 100 (a); ys. 500 (6)

Fig. 8. Fragment of a cornea with sample No. 3; x100 (a); X500 (6)

yepes3 3—6 MeC. OTMEUYAIOCh OGIIE]-
HEHME U YaCTHUYHOC BBIMbIBAHUE ITUT-
MenTa [14]. IIpn UCroab30BaHUMN He-
OPraHUYECKOI'O MUTMEHTA (B COCTABE
50% oxcuza eue3a) Ha SKCIIEPUMEH-
TAIbHBIX KUBOTHBIX OBIO OTMEYECHO
2 caydas BOCHAJICHUA U MUHUMAJIbHO-
I'O OTEK4, KOTOPBII PA3PEIINICS B TE-
YeHUE 2 Heelb IIocie onepauuu. Hu
OZIHOTO CJIy4ast U3BMCHCHUS 1IBETA ITUT -
MEHTa OOHAPYKEHO HE 6bLIO [13].

B xopae mnpoBeJeHUs MCCIEAOBA-
HUSI HAMU OBUIO IIOK433aHO, YTO BHY-
TPHUPOTOBUYHBIA TEJIEBBI OKpalIeH-
HBIN UMIUIAHTAT HA OCHOBE TUAPOJIU-
34Ta KOJUIATCHA U KPACUTENS C HEOP-
TAHUYECKHUM TOHEPOM (28% TOHEpa B
COCTABE) BBI3BIBACT CJIAOYIO DKCIIPEC-
CUIO THUITUATOPHDBIX OEJIKOB aIOITO-
3a Caspasa 8 u llutoxpom C, oTmeue-
HO OTCYTCTBHE 3Kcnpeccur BAX u a¢-
pexTopHbIX 6€1KOB Caspasa 3/7. BbLis-
JIEHO, 4TO 06pasnsl Ne 1 u Ne 3, nmeto-
IIME B COCTABE OPraHUYECKUIL KPACU-
T€JIb, IO/IBEPralOTCsl YACTUIYHOMY pac-

46

TBOPEHUIO U BBIMBIBAHMIO M3 HMHTPA-
CTPOMAJILHOTO TOHHEA. O6paser Ne 2
Ha OCHOBE THJPOJIN3ATA KOJUIATEHA U
UMEIOLIUI B COCTABE HEOPIaHUYECKUIL
KPAaCUTEb UMEET IVIOTHYIO CTPYKTYY,
COXPAHAETCS B POTOBUYHOM TOHHEJIE
Ha BCEM NPOTSLKEHUU KYJIBTUBHPOBA-
HUsA, KAK MUHUMYM 7 CYT., 4YTO OTPaAKE-
HO C IOMOIIBIO 3JIEKTPOHHO-CKAHUPY-
IOIEH MUKPOCKOIIHAH.

TaxuM 06pa3oM, OCHOBHBIMU TPEOO-
BAHUAMHU, PESBABIAEMBIMU K PE3YJIb-
TAaTaM KEPATONUT MEHTALIUH, ABJIAIOTCH:
CTAOUIBHOCTD PACIIONOKEHUA I'ETIEBOTO
HUMILIAHTATa BHYTPU POTOBUYHOI'O TOH-
HeJIA, €70 OMOCOBMECTUMOCTD C TKAHsA-
MM POTOBHIIBI, U, KAK CJIEJCTBUE, 6€3-
OITACHOCTb HCHOJIb30BAHMA, CTOHKAA
(pUKCanMA IBETA C BHITOJIHEHUEM SKPaA-
HUPYIOMEN (DYHKIUH U1 ONTUMAIbHO-
I'O 3PUTEIBHOIO A(PPEKTA Y MALUEHTA.
[IpennoXeHHbIA IeIeBblil  OKpAalleH-
HbIA UMIUIAHTAT HA OCHOBE I'MJPOJIU-
3aTd KOJUIAT€HA MOKHO CYUTATb KOM-
MTAKTHBIM 1 HETOKCUYHBIM.

3AKNIOYEHUE

[To uToramMm OpraHHOIO KyJLTHUBU-
pPOBAHUA B TEYEHHUE 7 CYT. HAWIy4dIIHE
PE3YIBTATHI IOKA3aJ1 BHYyTPUPOTOBHAY-
HBIM I'eJIEBBIM OKPAIIEHHBIN UMIIAH-
TAaT HA OCHOBE TU/IPOINU3ATA KOJIIAre-
HAa 1 HEOPTAHUYECKOTO TOHEPa (06pa-
3exy Ne 2).

BHYTpPHUPOrOBUYHBIN reJIeBhIN
OKpPAIIE€HHBI UMIUIAHTAT HA OCHOBE
IUIPOJIN3ATa KOJUIAT€Ha UMeeT 60-
Jiee KOMIIAKTHYIO U IVIOTHYIO CTPYK-
TYPY, HEXKEIU COIYTCTBYIOIUE IKC-
IIEPUMEHTAIbHBIE OOPA3IbL. YUUTBI-
Bas IOJYYEHHBIC JAHHBIE, MEPCIIEK-
TUBHBIM TIPEJCTABIACTCA JJaJbHEN-
1Ie€ €ro MCCIEJOBAHUE B IKCIEPH-
MEHTE in vivo (Ha 3KCIEPUMEHTAIb-
HBIX )KUBOTHBIX).
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