Promising materials for artificial cornea of the eye

Tissue engineering is one of the latest achieve-
ments in the field of molecular and cell biology,
which is aimed at designing and growing living,
functional tissues or organs outside the human
body for subsequent transplantation to a patientin
order to replace or stimulate the regeneration of
damaged organs or tissues. Thus, the tissues are re-
generated, and not simply replaced with synthetic
materials, as in the case of using implants made of
inert materials, which eliminate only physical and
mechanical defects of damaged tissues. The prob-
lem of creating an artificial retina in medicine is of
crucial importance, since there are pathologies (in-
juries, tumors, hemorrhages, degenerative process-
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Scattering curves of stromal corneal
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grafts prepared at different tempera-

es) that cause irreversible changes in the retina, as
a result of which a person goes blind.

The mammalian corneal stroma has a pro-
nounced tendency to passive hydration. In distilled
water, the moisture content of the corneal stroma
can reach 96% by weight. Under physiological con-
ditions, however, the moisture content of the
cornea is within 75-78%, which is due to the action
of the endothelial layer of corneal cells, whose main
function is to regulate the flow of fluid into the
corneal stroma from the anterior chamber. It is
known that the basis of the corneal stroma is type |
collagen. Crosslinking of collagen (formation of
cross-links between polypeptide chains) reduces
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TemnepaTypHbIX pexnmax (cnesa)

U CXeMaTnyecKoe npeacTaBneHme Sl a it

CTPYKTYPHbIX U3MEHEHUII KOJareHa
(cnpaBa).

MepcneKTuBHble MaTepuaslbl
0191 UCKYCCTBEHHOW pOroBuLbl rnasa

TkaHeBasA NHXeHepus — OAHO 13 NOCegHUX
LOCTVXKEHWI B 06/1ACTU MOMNEKYNIAPHOW 1 KNleTou-
HOWM 6Guonornu, Lenbio KOTOPOW ABNAETCS KOH-
CTPyMpOBaHMe 1 BblpalyMBaHWe BHe OpraHu3ma
yenoBeKa XMBbIX, GYHKLNOHANbHbIX TKaHEN unn
OpraHoB An4 nocnefytllen TpaHcnaaHTauum na-
LUMWEHTY C LieNbio 3aMeHbI U CTUMYNALUK pereHe-
pauuy NoOBpPeXAEeHHbIX OPraHOB UK TKaHewn. [Npu
3TOM NPOUCXOAUT pPereHepauns TKaHK, a He Npo-
CTOE 3aMeLleHNE ee CUHTETUYECKM MaTePUasnom,
KaK 3TO NPOMCXOAUT B CJlyyae UCMOJIb30BaHMWA UM-
MMaHTaTOB M3 WMHEPTHbIX MATepPUanoB, KOTOpble
YCTPAHAIT TONIbKO PpU3MYeCcKne 1 MexaHuyeckmne
He[oCTaTKM NOBPEXAEHHbIX TKaHel. [pobnema cos-
JaHWA UCKYCCTBEHHOW CETYaTKN B MegULUHe meeT
KPUTMYECKYIO Ba>KHOCTb, MOCKOJIbKY CYLLEeCTBYIOT

[1] Anisimov S.I. et al. The Eye (2023, in press).

naTonornm (TpaBmbl, ONyXonu, KPOBOU3NVAHUA, Ae-
reHepaTuBHbIE NMPOLIECChI), Bbi3biBaloLne Heobpa-
TUMble N3MEHEHNA CeTYATKMN, B pe3y/ibTaTe KOTOPbIX
yesioBeK ClemnHerT.

CTpoma poroBuLibl MIEKOMUTAOLLMX IMEET Bbl-
pa<eHHyI0 TeHAEHLUNMIO K MAacCMBHOW rmapataunn. B
ANCTUININPOBAHHOW BOAE Blarocofep kaHme CTpo-
Mbl POroBULIbl MOXKET AocTuratb 96% no macce. Op-
Hako, B G13MONOrnMYecKnx yCnoBurAX BNarocogep-
XaHve poroBuUbl YAep)KMBaeTcA B npenenax
75-78%, uTO 06YCNIOBNIEHO feNCTBUEM SHAOTENU-
aNbHOTO CJ1I0A KNETOK POroBuLbl, OCHOBHas QyHK-
UMA KOTOPOW COCTOUT B pPerynnpoBaHun nocTyn-
NeHVA XNOKOCTU B CTPOMY POroBULbl 13 BRaru rne-
penHen Kamepbl. I3BeCTHO, UTO OCHOBY CTPOMbI PO-
roBuLibl COCTABNAET KonnareH | Tna. KpoCCnnHKMHT

the ability of the latter to hydrate. Dehydrothermal
crosslinking (DTC) is the formation of cross-links in
biomaterials when they are heated under vacuum.
Despite the fact that the DTC method is widely used
in tissue engineering, its effect on the properties of
the corneal stroma is practically unexplored, and so
far no attempt is known to evaluate the prospects
of using such materials in keratoplasty.

The possibility of controlling physical, struc-
tural and biological properties in the process of de-
hydrothermal crosslinking of stromal corneal grafts
based on the Corneoplast material was studied [1].
Structural studies were carried out using small-
angle X-ray scattering on the USAXS/SAXS/WAXS
XEUSS 3.0 station (Fig. 1). The obtained results allow-
ed us to draw the following conclusions: 1) short-

ening of fibrils along the axis by 3 nm in the inter-
section zone, which occurs at 140°C, should be rec-
ognized as already critical, leading to a loss of
strength; 2) a decrease in the average distance be-
tween triple helices in the quaternary structure may
be due to the thermal degradation of polysaccha-
rides. All this results in a decrease in elasticity,
strength of the graft, an increase in hydrophobicity,
a decrease in biocompatibility and water perme-
ability. As a consequence, collagen samples treated
at 140°C are unsuitable for use in ophthalmic sur-
gery. In addition, Corneoplast grafts failed the ep-
ithelialization test after treatment at 140°C. Corneo-
plast treated at a temperature of 100°C and below
retains biointegration properties (Fig. 2).

Fig. 2. Dynamics of reparative processes in the cornea of rabbits after anterior lamellar keratoplasty with DTC-treated

Corneoplast at different temperatures.
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Puc. 2. [lnHamuka penapaTrBHbIX NPOLLECCOB B POroBrLiaxX KPOJIMKOB Nocie nepeaHen NoCIONHON KepaTonnacTuku
KopHeonnactom, o6paboTaHHbiM [TK, Npu pasnnyHbix TemnepaTypax.

KonnareHa (o6pasoBaHMe MoOMepeyHbIX CLIMBOK
MeXZy NoNMNenTUAHbIMA LenAaMn) CHUXKAEeT Cro-
COBHOCTb NocnefHero K rmapataunn. Jernapotep-
MUYECKUI KPOCCANHKUHT (OTK) — 3To o6pa3oBa-
HVe nornepeYHbIX CLUIMBOK B O1MoMaTepuranax npu nx
HarpeBaHWMW NOJ BakyymoM. HecmoTpsa Ha To, uTo
MeToabl [ATK WnpoKo pacnpocTpaHeHbl B TKAHEBOW
VHXXEHepWW, ero BIMAHME Ha CBOWCTBA CTPOMbI PO-
roBMLbl MPAKTMUYECKU HE U3yYeHbl, U K HacToALLeMY
BPeMeH He N3BECTHO HU OJHOW MOMbITKM OLIEeHUTb
nepcneKkTyBbl NCMOIb30BaHNA TaKNX MaTepranoB B
KepaTonnacTuke.

M3yueHa BO3MOXHOCTb ynpasneHusa dursnye-
CKUMW, CTPYKTYPHBIMU 1 BUONOrMYeCcKUMmM CBOM-
CTBaMV NPY JErMAPOTEPMUYECKOM CLUMBAHNN CTPO-
MaJIbHbIX POrOBUYHbIX TPAHCMIAHTAaTOB HAa OCHOBE
mMaTepuana KopHeonnact [1]. CTpyKTypHble nccne-
JOBaHMA MPOBOAWINCH METOLOM MasnoyrfioBOro
PEeHTreHOBCKOro pacceAHna Ha ctaHuum USAXS/

SAXS/WAXS XEUSS 3.0 (Pnic. 1). [MonyyeHHble pe3ynb-
TaTbl NO3BOAUNW cAenaTb Chefyole BblBOAbI:
1) ykopoueHune ¢nbpunn Baosb 0CM Ha 3 HM B 30He
nepeceyeHuns, nponcxogdawee npu 140°C, cnepyet
NPU3HaTb YXXe KPUTUUYECKM, NPUBOAALLMM K MO-
Tepe NPOYHOCTY; 2) YMeHbLUeHNe CpefHero pac-
CTOAHUA MeXAY TPOMHbIMY CNUPANSAMK B YETBEP-
TUYHOW CTPYKTYype BO3MOXHO CBA3aHO C TepMuye-
CKOW Jerpagauvien nonvcaxapugos. Bce 1o npu-
BOZUT K CHVIXKEHMIO 31aCTUUYHOCTM, MPOUYHOCTM TPaHC-
nnaHTaTa, NOBbILWEHUIO TMAPOPOOHOCTI, CHUMKEHWIO
6MOCOBMECTMMOCTU 1 BofonpoHuuaemoctu. Kak
cnepcteue, obpasubl KonnareHa, obpaboTaHHble
npu 140°C, HenpuUroaHbl 4719 UCNOJIb30BaHMA B OG-
TanbMOJIOrnyeckom xupypruu. Kpome Toro, rpadbl
KopHeonnacT He npownu TecT Ha SNUTeNM3aLnio
nocne o6paboTku npu 140°C. KopHeonnacT, obpa-
60TaHHbIN Npu TemnepaTtype 100°C 1 HKXe, coxpa-
HseT BMoMHTerpaunoHHble cBolicTga (Puc. 2).






