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THAJTYPOHHUIA3bI U CYyOTUIN3UHA
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AHHOTAIIUA

BBegeHUe. BywmoBuax XUMIIECKOTO IOBPEXK/IEHHS POTOBUIIBI CYIIECTBEHHO HApYyIIaeTcs ee KJIETOYHAA CTPYK-
Typa, Hy»K/Ia1oLascs B 9KCTPEHHOH BbIcOKOAN( depeHITNPOBAHHON pereHepanuu 6e3 BIPAXKeHHOT0 IPOIXGEPATUBHOTO
KOMITOHEHTA BOCIIQJIEHUS U DKCIIAHCUHM MMMYHOKOMIIETEHTHBIX KJIETOK JJISl CO3/IaHMA aHTHMHUKPOOHOIO IOTeHIHasa.
C mespio papMaKosIOTUYECKO WHUITUAIIMK STHX MPOIIECCOB MATOTEHETHUECKN 000CHOBAHO MCCIIEOBAHUE JIOKAJTIBHOTO
puMeHeHUs (PepMeHTHBIX MTPENapaToB MIPOTHBOBOCIATUTEILHOTO IEHCTBUSA, TAKUX KaK CyOTHJIM3UH U THATYPOHUIA3A.
IT e 1 b . V3y4uTh BIUSHHUE THATYPOHUIA3BI U CYOTHUIN3MHA, TETHJINPOBAHHBIX 10 TEXHOJIOTUHU 3JIEKTPOHHO-JIyYE€BOTO
CHHTe3a Ha NOoJIudTIIeHIHKoIe (II9T), Ha KOHMYeCcTBO MMMYHOKOMIIETEHTHBIX KJIETOK B 00JIACTH XUMUYECKOU PaHBI
POTOBHUIIBI IIPU UX CYOKOHBIOHKTUBAJIBHOM H MECTHOM BBEJIEHUU.

MaTtepuans U MeToOo/abl . Ha28kposukax BEIIIOJTHEHO SKCIIEPUMEHTAIbHOE HCCIeJ0BaHNe BIUAHUSA dep-
MEHTOB THAJIYPOHHUA3bl U CYOTHJIM3WHA, METHINPOBAHHBIX MO TEXHOJIOTUU PASMANMOHHOTO CHHTE3a, Ha KJIETOYHBIH
COCTaB XUMUYECKOH PaHbI POTOBHUIIBL. TpaBMy POTOBUIIBI MOZEIUPOBAIIN, HCIIOIB3YSI METOAUKY IIEJI0UHOTO 0xxora ObeH-
Gepra. B mpaBbIii I71a3 3JKUBOTHOT'O MECTHO FUIH CYOKOHBIOHKTUBAILHO BBOAMUICA I 19T -cyOTrn3ud niu [19T -ruaypoHugasa
B 3aBHCHMOCTH OT I'PYIIITBI PACIIPEIEIeHN s, JIEBBIH IJ1a3 }KHBOTHOTO HCIIOJIb30BAJICA KaK KOHTPOJIb — B HETO BBOAYIIHN 0.9%
NaCl. ITocste mpoBezieHYsI SKCIIEPUMEHTA BBIITOJIHEHA SHYKJIeaIis [J1a3 JKUBOTHBIX. [10/TydeHHbIH GHoMaTepHUas UCII0JIb30-
BaJIU /11 IIPUTOTOBJIEHHA TUCTOIOTHYECKUX IIPENIapaToB ¢ MOCIeLYIOIUM UX MOP(OIOrHYecKUM H3ydeHHEM.
PesynbTart bl . OOIEe KOTUIECTBO KIETOK B IPYIIIaX MECTHOTO M CyOKOHBIOHKTUBAJILHOTO NpuMeHeHus [19T-
cyOTIIIM3HHA cOCTaBUIIO 43 (40; 52) u 73 (33; 92), a CyOKOHBIOHKTHBAJIBHOTO NpuMeHeHus [19T-ruaaypoHuiassl — 46
(37; 61), 4TO OKa3aJIOCh BHIIIE KOJIMYECTBA KJIETOK IpU ImpuMeHeHUU 0.9% NaCl B sTux rpynnax (p < 0.01) U BbIIIe
(p < 0.0001) KOIMUECTBA KJIETOK B IPYIIIIE MECTHOTO IpuMeHeHwus [19-ruanyponnassl. O6Iee KOJIUMIECTBO KIIETOK IIPH
MecTHOM BBeieHnu [19-TramypoHuas3s! COCTaBWiIO 15 (13; 16), Mpu MecTHOM npuMeHnennn 0.9% NaCl B jaHHO# rpymme —
takke 15 (14; 18) (p = 0.38). KosmuectBo HelTpodhuaoB mpu npuMenenunu [19T-cybTuaN3MHA cOCTaBUIO 1 (1; 2) IpHU
MeCTHOM U O (0; 1) Mpu CyOKOHBIOHKTUBAJIFHOM NMPUMEHEHUH, a Ipu npuMeHennn [13T-ruanyponuzassl — 0 (0; 0) Kak
DX MECTHOM, TaK U CyOKOHBIOHKTHBAJIBHOM ITyTU BBE/ICHUSI.

3akunwueHHue. Beegenue IIA-ruamypoHnia3sl CyOKOHBIOHKTUBAIBHO U [I9T-cyOTHIN3MHA KaK MECTHO, TaK U
CyOKOHBIOHKTHUBAJIBHO ITPUBOJIUT K YCHJIEHHON MHUTPAIIUN HIMMYHOKOMIIETEHTHBIX KJIETOK B 30HY XUMUYECKOTO IIOBPEXK-
JIeHUsI POTOBHUIIBI, IIPH 5TOM MUTpanys HeHTpodrIoB He3HauuTesbHA. OHA IOJHOCTHIO OTCYTCTBYET IIPU IIPUMEHEHUH
TI3T-ruanypoHu/ia3bl CyOKOHBIOHKTUBAIBHO. MecTHOe mpuMeHeHue [13T-ruaaypoHn1as3bl HE BI3BIBAET BHIPAXKEHHOTO
KJIETOYHOTO OTBETa MMMYHOKOMIIETEHTHBIX KJIETOK B 00JIACTU XMMHYECKOH paHbl POTOBHIIBI, U 3D(EKT MpUMEHEHUs
cpaBHUM c ipuMeHenreM 0.9% NaCl.

Kaoueenle cao6a: NernIvpoBaHHAs THATYPOHUA3, IETHINPOBAHHBIN CyOTUIN3UH, XUMHUUECKast TPaBMa IJ1a3a, Kile-
TOYHBIN COCTaB PaHBI.
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Cellular composition of an experimental chemical injury
to the cornea after exposure to PEGylated hyaluronidase
and subtilisin enzymes
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ABSTRACT

Introduction. Under conditions of chemical damage to the cornea, its cellular structure is significantly dis-
rupted, requiring emergency highly differentiated regeneration without an expressed proliferative component of inflam-
mation and expansion of immunocompetent cells to gain an antimicrobial potential. For the purpose of pharmacological
initiation of these processes, the study of the topical administration of anti-inflammatory enzyme preparations, such as
subtilisin and hyaluronidase, is pathogenetically justified.

A im . To study the effect of hyaluronidase and subtilisin, PEGylated (polyethylene glycol — PEG) using the technology
of electron beam synthesis on the number of immunocompetent cells in the area of the corneal chemical injury during their
subconjunctival and topical administration.

Materials and methods. Anexperimental study of the effect of PEGylated hyaluronidase and subtilisin
enzymes, on the cellular composition of the corneal chemical injury was performed on 28 rabbits. Corneal injury was mod-
eled using the Obenberger alkali burn technique. PEG-subtilisin or PEG-hyaluronidase was applied topically or subcon-
junctivally into the right eye of the animal, depending on the group, the left eye of the animal was used as a control — it was
treated with 0.9% NaCl. After the experiment, enucleation was performed. The biomaterial obtained was used to prepare
tissue specimens for morphological examination.

R e sults. Thetotal count of cells in the groups of topical and subconjunctival administration of PEG-subtilisin was
43 (40; 52) and 73 (33; 92), and subconjunctival injection of PEG-hyaluronidase — 46 (37; 61), which was higher than the
count of cells when using 0.9% NaCl in these groups (p < 0.01) and higher (p < 0.0001) cell numbers in the group of topical
administration of PEG-hyaluronidase. The total count of cells with topical application of PEG-hyaluronidase was 15 (13;
16), with topical application of 0.9% NaCl of this group — also 15 (14; 18) (p = 0.38). The neutrophil count with the use of
PEG-subtilisin was 1 (1; 2) with topical and o (0; 1) with subconjunctival administration, and with the use of PEG-hyaluron-
idase — 0 (0; 0) both with topical and subconjunctival administration.

Conclusion. The administration of PEG-hyaluronidase subconjunctivally and PEG-subtilisin both topically and
subconjunctivally leads to an increased migration of immunocompetent cells to the area of the corneal chemical injury,
while the migration of neutrophils is insignificant. It is completely absent when PEG-hyaluronidase is injected subconjunc-
tivally. Topical administration of PEG-hyaluronidase does not induce a pronounced cellular response of immunocompe-
tent cells in the area of the corneal chemical injury, and the effect of the application is comparable to that of 0.9% NaCl.
Keywords: PEGylated hyaluronidase, PEGylated subtilisin, chemical eye injury, cellular composition of a wound.
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BBEJIEHUWUE

Porounia — 310 4yactb GUOPO3HON 000JIOYKHU
IJ1a3a, KOTOpast He MMeeT HU KPOBEHOCHBIX, HU JINM-
(¢atmueckux cOCy/I0B U BBITIOIHAET PYHKITUIO XUMHU-
YecKoro, GpU3NIecKoro u OHOJIOTHYECKOTO HGapbepa.
KpoBeHOCHBIE cOCYybI TEPUINMOATIBHOU  CETH,
MIPEJICTABJIAONMKE COO0U TreMaToodTATbMUYECKUH
6apbep, SIBJISIOTCS CBOETO POJIa BXOTHBIMHU U BBIXOJI-
HBIMU BOPOTaMHU JIJI UMMYHHBIX KJIETOK. VX Murpa-

INTRODUCTION

The cornea is a part of the fibrous membrane of
the eye that has neither blood nor lymphatic vessels,
and functions as a chemical, physical and biological
barrier. The perilimbal network, which is the blood-
ocular barrier, is a kind of entrance and exit gates for
immune cells. Their migration into the cornea pro-
vides antimicrobial protection and anti-inflamma-
tory processes following its damage. According to
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0¥ B POTOBUIly O0ecreYnBaeT aHTUMHUKPOOHYIO
3alUTy ¥ MPOTUBOBOCIAIUTENBHBIE IPOIECCHI
rocse ee mnoppexkaeHus. [1o coBpeMeHHBIM IIpes-
CTaBJIEHUSAM IIOBEPXHOCTh POTOBHIIBI M KOHBIOH-
KTUBBI CBsI3aHa ¢ JUM@POUIHON TKaHBIO (Mucosa-
associated lymphoid tissue — MALT). MALT noBepx-
HOCTH IJla3a MOJIJIeP’KUBAeT OaylaHC MEXK/Ty BOCIa-
JIUTEJTFHOM WUMMYHHOM peakIiell Ha ITaTOT€HHbIE
areHThI ¥ TOJIEPAHTHOCTHIO K HEATOTeHHBIM (haKTO-
paMm, MpeoTBpaIas, TaKUM 00pa3oM, pa3BHUTHE
MMOCTOSTHHOM BOCHAJIUTENbHOU peaknuu. CucteMon
MALT onocpe/iytoTcs BociajeHHUe IJIa3HOU MOBEPX-
HOCTH, CHHJIPOM CyXOT'O IJ1a3a, aJuIepruuecKre 3a60-
JieBaHusI, TpaBMa. KJIeTOYHOE IPEeICTaBUTETHCTBO
MALT-cucteMbl IPOUCXOAUT M3 KOCTHOIO MO3ra U
THMYCA.

Perenepariyisi SIUTEINUS POTOBUIIBI ITPOUCXOTUT
3a CUeT SIUTEIUATbHBIX CTBOJIOBBIX KJIETOK, KOTO-
pble pacrosaralores B JIMMOAJTbHOU HUIe (ITaau-
cazpl Porra). PereHepaiinii pOrOBHITHI CITOCOOCTBYET
aKTUBHBIA cuHTe3 uHTepsieHkuHoB (IL-6 u IL-10),
KOTOPBIA  OCYIIECTBJISIETCSA SIUTEHATbHBIMU U
MUMMYHHBIMH KJIETKaMu [1]. B skcriepuMenTax ycra-
HOBJIEHO, 4UTO IL-6 ycuiauBaeT MUTPALIUIO KJIETOK U
3KUBJIEHUE paH SIUTETUATbHBIX KJIETOK POTO-
BUIIBI KPOJUKOB [2—4]. IL-10 mopaBisieT mMpoOayK-
M0 IIPOBOCHAJIUTEPHBIX ITUTOKUHOB, HHTEp(de-
poHa, mpoJindepaTUBHBIN OTBeT T-KJIETOK HA aHTHU-
TeHbl U MUTOTEHBI, a TaK:Ke CEKPEIUI0 aKTUBUPO-
BaHHBIMH MOHouUTaMu IL-1-06eta, ®HO-ambpda
(dbakTopa Hekposa omyxoinu) u IL-6 [2].

XuMuueckast TpaBMa POTOBUIIHI SIBJISIETCS OTHUM
W3 CaMBIX PACIPOCTPAHEHHBIX TIOBPEXKIEHUH TJIa3a.
[To cBoedl maTOMHU3UOJIOTHUUECKOH CYIIIHOCTHA 3TOT
Mpoliecc IMPOXOAUT BCEe TPU CTAAMU BOCIIATEHUS.
IIpu 5TOM €CTh HECKOJIPKO BeECbMa BaKHBIX 0COOEH-
HOCTEH, KOTOpbHle, B OTJIMYHE OT XHUMHUUYECKOTO
MOBPEXK/IEHUS MATKUX TKAHEH U CIU3UCTBIX, 00y-
CJIOBJIMBAIOT BBICOKUU PUCK WHBAJIUIU3UPYIOIIHX
OCJIOKHEHUH. [1pH SITUTETHOCTPOMATBHBIX ITOBPEK-
JIEHHUSIX POTOBUIIBI IIUTOKUHBI, BRLICBOOOKIAEMbIE 13
TIOBPEXK/IEHHOTO snuTenus, Bkiawodas [L-1 m ®PHO-
asbda, OMOCPEAYIOT THOEJh KEpaTOIUTOB dYepes
cucremy JsmranzoB Fas-Fas. BrDkusiime keparto-
IUTHI, KOTOPBIE HE ITOABEPIJIMCH ATIONTO3Y, MOJTYJIH-
pyoTCA mocTynamiiuM B crpoMmy IL-1 ana npous-
BOZICTBA XEMOKHHOB, BKJIOYasi MOHOITUTAPHBIN
XEeMOTAaKCUYECKUH U  aKTHUBUDPYIOIIUU  dakTop
(MCAF), rpaHy/I0IIUTaApHBINA KOJIOHUECTUMYJIUPYIO-
muit pakrop (G-CSF), HeHTpodUIbHBIA aKTUBUPY-
romui nentus (ENA-78) 1 MOHOIUTaPHBINA HEUTPO-
wipHBI xeMoTakcuueckunn (akrop (MDNCF).
KeparoiuThsl mOABEPTralOTCs MUTO3Y Yepes 12—24 U
II0CJIe TPAaBMBI C JJAJIbHEHIIIEH CIIOCOOHOCTHIO -

modern concepts, the surface of the cornea and con-
junctiva is bound with lymphoid tissue (mucosa-
associated lymphoid tissue — MALT). Ocular surface
MALT maintains a balance between the inflamma-
tory immune response to pathogens and tolerance to
non-pathogenic factors, thus preventing the deve-
lopment of a permanent inflammatory response. The
MALT system mediates inflammation of the ocular
surface, dry eye syndrome, allergic diseases, and
trauma. The cell subset of the MALT system origi-
nates from the bone marrow and thymus.

Regeneration of the corneal epithelium occurs
due to epithelial stem cells which are located in the
limbal niche (palisades of Vogt). Corneal regenera-
tion is facilitated by the active expression of interleu-
kins (IL-6 and IL-10), which is carried out by epithe-
lial and immune cells [1]. Experiments have shown
that IL-6 enhances cell migration and wound healing
of rabbit corneal epithelial cells [2—4]. IL-10 sup-
presses the production of pro-inflammatory cyto-
kines, interferon, the proliferative response of T cells
to antigens and mitogens, as well as the secretion of
IL-1 beta, TNF-alpha (tumor necrosis factor) and
IL-6 by activated monocytes [2].

Chemical injury of the cornea is one of the most
common eye injuries. Pathophysiologically, this pro-
cess goes through all three stages of inflammation. At
the same time, there are several very important fea-
tures that, in contrast to chemical injury of soft tis-
sues and mucous membranes, determine a high risk
of disabling complications. In epithelial-stromal
injuries of the cornea, cytokines released from the
damaged epithelium, including IL-1 and TNF-alpha,
mediate keratocyte apoptosis via the Fas-Fas ligand
system. Keratocytes that evaded the apoptosis are
modulated by stromal IL-1 to produce chemokines,
including monocyte chemotactic and activating fac-
tor (MCAF), granulocyte colony-stimulating factor
(G-CSF), neutrophil activating peptide 78 (ENA-78),
and monocyte-derived neutrophil chemotactic factor
(MDNCF). Keratocytes undergo mitosis 12—24 h
after injury with a further ability to differentiate into
fibroblasts and myofibroblasts and express a less
organized collagen-fibrillar structure of the stroma,
which contributes to scar formation [5].

Under conditions of chemical damage to the cor-
nea, its cellular structure is significantly disrupted,
requiring emergency highly differentiated regenera-
tion without a pronounced proliferative component
of inflammation and expansion of immunocompe-
tent cells to gain an antimicrobial potential. For the
purpose of pharmacological initiation of these pro-
cesses, the topical application of enzyme prepara-
tions, which are actively used in surgical and thera-
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(depenmupoBaThcss B Gpubpobmactel 1 MuopuOpo-
6J1aCThI U DKCIIPECCUPOBATH MEHEee OPraHU30BAHHYIO
KOJIJIAr€HOBO-QUOPUIIISIPHYIO CTPYKTYPY CTPOMBI,
YTO crrocoOCeTByeT (OpMHUPOBaHHUIO pydmia [5].

B yCiIoBUAX XUMHYECKOTO IOBPEXKIEHUS POTo-
BUIIBI CYIIIECTBEHHO HAapYIIAeTcs ee KJIeTOYHas
CTPYKTypa, HYKJAIOIIASACA B HKCTPEHHOH BBICOKO-
nuddepeHIIUPpOBAHHON pereHeparuu 0e3 BbIpa-
JKEHHOTO TPOIU(EepaTHBHOTO KOMIIOHEHTA BOCIIA-
JIEHUSA U DKCIAHCUU UMMYHOKOMITETEHTHBIX KJIETOK
JUIA  CO3JIJaHWSA AHTUMUKPOOHOTO IOTEHIHAaa.
C menpio HapMakKOJIOTUUECKON HHUIUAIAU STHUX
MPOIIECCOB  BeChbMa  IEPCIEKTHUBHO  BBITJISIUT
JIOKQJIbHOE TIpUMeHeHNe (pepMEHTHBIX IPENapaToB,
KOTOpbI€ aKTUBHO HCIOJIB3YIOTCSA B XUPYPTUUYECKOM
U TepameBTHYeCKOU mpaktuke [6, 7]. [Ipemaparst
THAIyPOHU/IA3bl U CYyOTWIM3WHA ABJAIOTCA dep-
MEHTHBIMH JIEKAPCTBEHHBIMU CPEICTBAMHU, KOTOPbIE
B HACTOSAIINI MOMEHT He TOJIyYHJIH IITUPOKOTO IPH-
MeHEHHsI B JiedeHUHW 3a00JIeBaHUA PpPOTOBUIIHIL.
OnHako 3TH (PepMeHTHI IUPOKO HCIIOJIB3YIOTCA B
YPOJIOTHH, THHEKOJIOTHH, a TAKXKE B JIeUeHUHN 3200-
JIEBAHUU JIETKUX U MeYeHU OJiarogapss CBOUM aHTHU-
nposindepaTUBHBIM U (PUOPUHOJIUTHUECKUM CBOM-
cTBaM. B mocsiesiHue rofbl MOSBUIIOCH MHOTO OTede-
CTBEHHBIX INyOJUKaNMid O IPUMEHEHUH HOBOTO
KJIacca MPOTEOIUTUYECKUX (PepMEeHTHBIX Ipernapa-
TOB — cyOTIIN3WHOB [8]. 3a pybexoM CTaThu O MpHU-
MeHEeHUH! CyOTUIN3WHOB IMOSIBIJINCH 18 JieT Hazaf
[0]l. Y3 Bcero MHOrOOGpa3us MPOTEOJTUTHUECKUX
(epMeHTOB CYOTHJIMBUHBI  BBIAEJISAIOTCS  JABYMS
OCHOBHBIMU CBOMCTBAMI: 1) OHU He 00JI1aai0T CalT-
crenu(pUYHOCTPI0 10 OTHOIIEHUI0O K COUETAHHIO
aMIHOKHUCJIOT B OEJIKOBOM MOJIEKYJe, KOTOpas, B
CBOI0O OYepesib, CYIIECTBEHHO OTPAHUYMBAET BO3-
MOKHOCTHU TIPUMEHEHUS TEPATIEBTUUECKOTO IIPOTEO-
Jn3a; 2) CyOTUIN3WHBI NMPEUMYIIECTBEHHO THJIPO-
JIN3YIOT Te OeJIKOBBIe MOJIEKYJIBI, KOTOPBIE yTPaTHIIU
CBOIO HATUBHYIO IJIOOYyJy, TU0OO BCJIEACTBHE Pa3py-
[IeHUA YETBEPTUYHOU U TPETUYHOU CTPYKTYpHI U
IpeBpaIeHnsi B OEeJKOBBIA JETPUT, JUOO BCied-
CTBHUE MOJIMMEPHU3ANNH, KaK Hampumep, bubpuHo-
TeH, IpeBpaTuBIIniicsa B pudbpuH [10].

B Hacrosiee BpeMs CyIIecTBYeT HECKOIBKO OH-
[IMHATHHBIX PENapaToB rHAypOHUA3hI (THaTypO-
HaT-3H/10-B-N-aleTUIreKCO3aMUHU/Ia3bl  — KO/
depmenTa (K®) 3.2.1.35). [llupokoe pacmpocTpaHe-
Hue nonyuuau Jluaasa, Jlourugasa, Poungaza. Jlan-
HbIE TpemnapaTsl MMOJIYYaloT U3 CEMEHHUKOB KpYII-
HOTO pOTaTOro CKOTa (TeCTHKYJIApHAas THaJypOHH-
nmaza). TecTUKy/IspHAs TUAIYPOHU/a3a SIBJISAETCS
4-TJIUKAHOTUIPOJIA30H, a ee crelnuduueckrie cyo-
CTpaThl — IVIMKO3aMHUHOIVIMKAHBI (THAIypPOHOBAs
KUCJIOTa, XOHIPOUTUH, XOHAPOUTUH-4-CyJIbdar,

peutic practice, looks very promising [6, 7]. Hyal-
uronidase and subtilisin preparations are enzyme
drugs that are not currently widely used in the treat-
ment of corneal diseases. However, these enzymes
are widely used in urology, gynecology, and in the
treatment of lung and liver diseases due to their anti-
proliferative and fibrinolytic properties. In recent
years, many domestic publications have appeared on
the use of a new class of proteolytic enzyme prepara-
tions, subtilisins [8]. Abroad, the articles on the use
of subtilisins appeared 18 years ago [9]. Of the vari-
ety of proteolytic enzymes, subtilisins are distin-
guished by two main properties: 1) they do not have
site-specificity for the combination of amino acids in
a protein molecule which, in turn, significantly limits
the possibilities of using therapeutic proteolysis; 2)
subtilisins predominantly hydrolyze those protein
molecules that have lost their native globule, either
due to the destruction of the quaternary and tertiary
structure and transformation into protein detritus or
due to polymerization, such as fibrinogen, which has
turned into fibrin [10].

Currently, there are several officinal preparations
of hyaluronidase (hyaluronate-endo-p-N-acetylhe-
xosaminidase — Enzyme Commission number
3.2.1.35). Lydase, Longidaza, Ronidaza are widely
used. These drugs are obtained from the testes of
cattle (testicular hyaluronidase). Testicular hyal-
uronidase is a 4-glycanohydrolase, and its specific
substrates are glycosaminoglycans (hyaluronic acid,
chondroitin, chondroitin-4-sulfate, chondroitin-6-
sulfate), which form the basis of the connective tis-
sue matrix. As a result of depolymerization (break-
ing the bond between C—1 acetylglucosamine and
C—4 glucuronic or iduronic acids), under the influ-
ence of hyaluronidase, glycosaminoglycans lose
their basic properties: viscosity, the ability to bind
water, metal ions, the formation of collagenous pro-
teins into fibers becomes more difficult, the perme-
ability of tissue barriers increases, the movement of
fluid in the intercellular space is facilitated, the elas-
ticity of the connective tissue increases. The chemi-
cal properties of hyaluronidase are very successfully
converted into pharmacological effects and allow us
to consider it as a promising pharmaceutical sub-
stance for the treatment of traumas and degenera-
tive diseases [11—19].

The pathogenetic rationale for the use of subtili-
sin in chemical injury of the eye lies in the proteolysis
of the cellular and protein detritus of the wound, a
kind of general cleaning of the wound bed for subse-
quent repair of the cellular subset de novo. The role
of hyaluronidase is the modification of the intercel-
lular matrix for migration and facilitated homing of
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XOHZPOUTHH-6-CYIb(DAT), COCTABJISIONINE OCHOBY
MaTpUKCA COeAMHUTEIbHON TKaHU. B pesysbraTe
nmemosuMepusanuu (paspbiBa cBsa3u Mexay C—1
aneTwiIriokodammia u C—4 IJIIOKYpOHOBOM WJIHN
HUJIypPOHOBOU KHCJIOT) IIOf] BJIMSTHUEM THAIYPOHH-
Jla3bl [VINKO3aMUHOTJIMKAHBI TEPSIIOT CBOM OCHOB-
HBIE CBOICTBA: BSI3KOCTH, CIOCOOHOCTH CBS3BIBATH
BO/ly, HOHBI METAJUIOB, 3aTpyAHsAeTcsa GOPMUPOBa-
HUe KOJUJIAT€HOBBIX OEJIKOB B BOJIOKHA, YBEJIMUMBA-
eTcs POHUIAEMOCTb TKaHEBBIX OapbepoB, 0bJerdya-
eTcsl JIBIDKEHUE JKUJKOCTH B MEXKJIETOYHOM IIPO-
CTPAHCTBE, YBEJTMUNBAETCS DJIACTUYHOCTD COETMHU-
TeJIbHOU TKaHU. XUMUUeCKHe CBOWCTBA THATyPOHU-
Jla3bl BeChbMa YCIEITHO KOHBEPTUPYIOTCA B (apma-
Kostoruueckrie 3¢ @EeKTH U MO3BOJISIOT PacCMaTPHU-
BaTh €e B KauecTBe IIepCIeKTUBHOU apmalrieBTruye-
CKOU CyOCTaHIIMU JJIs JIEUEHUs] TPAaBMaTUUECKUX U
JleTeHepaTUBHBIX 3a60sieBaHuli [11-19].

[TaTroreHeTnueckoe OOOCHOBAHWE NPUMEHEHUS
CyOTHIM3WHA TIPU XUMHYECKOH TpaBMe IJiasza
3aKJIIOUAeTCss B MPOTEOJIN3€e KJIETOYHO-OEIKOBOTO
JIETPUTAa PaHbI, CBOETO POJia TeHEPATbHOH YyOOpKe
PpaHeBOTOo JI0Ka JJ1A TOCIIeAYIONIel pernapanuy Kie-
TOYHOTO MaccuBa de novo. Posib THATTyPOHHUIA3BI —
MOANGDUKAIUA MEXKKIETOYHOTO MAaTPUKCA Ui
MHUTpanuu U OOJIETYEeHHOTO0 XOMMHIA KJIETOK-
MIPEIIIeCTBEHHUKOB JIJIsl BOCIIOJIHEHUS IIOCTTPAaBMa-
THYECKOTO TKAHEBOTO iepeKTa.

ITpumeneHue GETKOBBIX JIEKAPCTBEHHBIX ITpelia-
paToB uMeeT psJ OOIEN3BECTHBIX OTPAHUYEHUH —
HU3Kas CUCTeMHas U TKaHeBas OWOAOCTYITHOCTS,
aJJIEPTOTeHHOCTh, HMMYHOT€HHOCTb. OTH HENO0-
CTaTKU YCIIENIHO YCTPAHSIOTCSA MPU UMMOOHMIN3a-
oy OEeJKOBBIX NPENapaToB Ha WHEPTHBIX HOCUTE-
JISIX, HAI[pUMeEp, Ha mosuaTuiaeHraukosne (I191) —
nerwnupoBanuu. OTHUM U3 METO/OB METUINPOBA-
HUS SIBJISIETCS DJIEKTPOHHO-JIyYeBOH CUHTE3, KOT/Ia B
IIOTOKE YCKOPEHHBIX 3JIEKTPOHOB, OOPa30BAHHOM
WMIIYJIbCHBIM JIMHEHHBIM YCKOPHUTEJIEM, MPOMCXO-
JIUT KOHBIOTAINA OEJIKOBOU MOJIEKYJIBI C IIOJIUMEp-
HBIM HoOcuTesieM [20, 21]. BeskoBble mnpemaparTsl,
IIO/IBEPTIITHECS DJIEKTPOHHO-JIYUEBOMY TETHINPO-
BAaHUIO, COXPAHSIOT CBOIO HATUBHYIO (hapMaKOJIOTH-
YeCKyI0 aKTUBHOCTbH, IIPH 3TOM CYILIECTBEHHO YJIyd-
IIAIOT CBOU (papMaKOKUHETUYECKUE U TOKCHUKOJIOTH-
YecKre XapaKTEePUCTUKU.

CyOTHIN3UH U THATYPOHUA3a MOTYT IPOSBIIATH
IUTIOPUTIOTEHTHBIE 3 GEKTH Ha TKAHEBOM YPOBHE,
0COOEHHO B YCJIOBHUSIX IATOJIOTUYECKOTO IIPOIIecca.
ITockosbKy XuUMUYecKasi TpaBMa ryasa Oy/ieT WHU-
IIUUPOBATh HECKOJbKO CAHOTEHHBIX IPOIECCOB,
IIpEeZICTaBIISIETCS] HEOOXOAMMBIM OIEHUTH BJIMSHHE
n3y4JaeMbIX HGepMEHTOB Ha KJIETOUHBIN COCTAaB PAHbI
B YaCTH MPEJCTABUTETHCTBA OCHOBHBIX UMMYHOKOM-

progenitor cells to compensate for a post-traumatic
tissue defect.

The use of protein drugs has a number of well-
known limitations — low systemic and tissue bio-
availability, allergenicity, immunogenicity. These
shortcomings are successfully eliminated by immo-
bilization of protein preparations on inert carriers,
for example, on polyethylene glycol (PEG) -
PEGylation. One of the PEGylation methods is elec-
tron beam synthesis, when a protein molecule is con-
jugated with a polymer carrier in a stream of acceler-
ated electrons generated by a pulsed linear accelerator
[20, 21]. Protein preparations undergoing electron-
beam PEGylation retain their native pharmacologi-
cal activity, while significantly improving their phar-
macokinetic and toxicological characteristics.

Subtilisin and hyaluronidase can exhibit pluripo-
tent effects at the tissue level, especially under patho-
logical conditions. Since chemical injury to the eye
will initiate several sanogenic processes, it seems
necessary to evaluate the effect of the studied
enzymes on the cellular composition of the wound in
terms of the pool of the main immunocompetent
cells, the local presence of which will determine the
final success of damage regeneration.

AIM OF THE RESEARCH

To study the effect of hyaluronidase and subtilisin
PEGylated by the electron beam synthesis technol-
ogy, on the number of immunocompetent cells in the
area of the corneal chemical injury with their sub-
conjunctival and topical administration.

MATERIALS AND METHODS

The studied preparations PEG-hyaluronidase and
PEG-subtilisin were provided by Siberian Center of
Pharmacology and Biotechnology, JSC (Novosibirsk,
Russia). Electron beam PEGylation of both enzymes
was carried out on polyethylene oxide (Macro-
gol-1500) under a beam of accelerated electrons at a
dose of 1.5 Mrad, generated by a pulsed linear accel-
erator ILU-10 (manufactured by the Budker Insti-
tute of Nuclear Physics, Novosibirsk). PEG-subtilisin
is a light yellow lyophilized powder with an enzy-
matic activity of 5400 IU per 1 g of dry matter, easily
soluble in crystalloid and colloidal solutions. Experi-
mental dose — 300 IU/ml. PEG-hyaluronidase is a
light gray lyophilized powder with an enzymatic
activity of 2800 IU per 1 g of dry matter, easily solu-
ble in crystalloid and colloidal solutions. Experimen-
tal dose — 150 IU/ml.

Laboratory rabbits are a conventional experimen-
tal test system for studying the specific activity of
ophthalmic drugs. The study was performed with 28
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METEHTHBIX KJIETOK, JIOKAJIbHOE MPUCYTCTBHUE KOTO-
PbIX OyzieT 00yCI0BIUBATh KOHEUHBIH yCIIEX pereHe-
palyu MoBpeKIAEHUs.

IIEJIb NCCJIEJOBAHUA

V3yyuTh BIWSHUE THATYPOHUAA3BI U CyOTHIIH-
3WHA, MTETHJINPOBAHHBIX IO TEXHOJIOTUU 3JIEKTPOH-
HO-JIy4€BOT'O CHHTE3a, Ha KOJIMYECTBO UMMYHOKOM-
IETEHTHBIX KJIETOK B 00JIACTM XMMHUUYECKOU PpaHBI
POTOBUIIBI IIPU MX CYOKOHBIOHKTHUBAJIBHOM U MECT-
HOM BBEJICHHUH.

MATEPUAJIBI 1 METO/bI

Uccnenyemble npenapatsl [19I-ruanyponmujasza
u II3T-cy6Trmsun mpemoctaBieHbl AO «Cubup-
CKUH TIeHTp apMakoJIOTUd U OWOTEXHOJIOTHH»
(HoBocubupck, Poccuist). D1eKTPOHHO-JIyIEBOE [TETH-
JIMpoBaHue 000uX (PepMEHTOB IIPOBEIEHO HA MOJIHI-
TrwieHokeuae (Makporos-1500) Mo IMyYKOM YCKO-
PEeHHBIX 3JIEKTPOHOB B J103e 1.5 Mpay, co3zaBaeMbIM
UMITYyJIbCHBIM JIMHEUHBIM yckopuresnem WJIY-10
(mpomsBozicTBO — THCTUTYT siZ1epHOY PUBUKHI UMEHU
I'U. Bbymkepa CO PAH, HoBocubupck). II3I-
CYyOTWIMBHH TIPECTaBIsIeET COO0H JTHODUIU3UPO-
BAaHHBIH [TOPOIIOK CBETJIO-3KEJITOTO I[BETA ¢ hepMeEH-
TaTUBHOHN aKTUBHOCTHIO 5400 E/I B 1 T cyxoro Belie-
CTBA, JIETKO PACTBOPSIOIIUICS B KPUCTA/UIOUAHBIX U
KOJUIOWJHBIX ~ PAcTBOpaX.  JKCIIEPUMEHTAIbHAs
no3a — 300 EJI/mur. TI9T-ruanyponuiasa mpejicras-
JisIeT co60H JTMOGUIN3UPOBAHHBIHN ITOPOIIIOK CBETIIO-
ceporo 1BeTa ¢ pepMeHTaTUBHON aKTHBHOCTHIO 2800
EJI B 1 T CyXOro BelIecTBa, JIETKO PACTBOPSIOIIUICS B
KPUCTAJUIOUHBIX U KOJUIOMAHBIX PACTBOPAX). DKC-
mepuMeHTaIbHasd f03a — 150 EJI /Mt

JIabopaTopHble KPOJIUKHU ABJISAIOTCSA OOIIEeITPUHSA-
TON HKCIIEPUMEHTAJIPHOU TECT-CUCTEMOM 110 M3yde-
HUIO CHEeNU(UIECKON aKTUBHOCTH OQTATIbMOJIOTH-
YyecKUX IiperapatoB. VccieioBaHye BHIIIOJTHEHO Ha
28 6eCIOpOIHBIX KPOJIMKAaX Maccou 3.5—4 Kr. IIpo-
[eAypa pacIpefieieHus Ha SKCIIEpUMEHTATbHbIE
IpYyIIIBI ITyTeM YepefoBaHus 1/1. Cxema ucciiezona-
HUSI IPEJICTaBJIeHa Ha PUC. 1. B mpaBbIii r71a3 JKUBOT-
Horo BBomwica [I9l-cybrmnmsua wiu [I9I-
THAJIypPOHM/Ia3a B 3aBUCUMOCTH OT TPYIIIBI pacipe-
JleJIeHUsI, JIEBBIN IJIa3 »KUBOTHOTO HCIIOJIb30BAJICS
KaK KOHTPOJIb — B Hero BBoawn 0.9% NaCl.

B »skcnepumeHTanbHON OQTAIBMOJIOTHU  JJIS
HCCJIEJTOBAHUSI XUMHYECKOM TPaBMbl POTOBUITHI
HCIIOJIB3YIOT IIeJIOUHOU oxxor mo ObGenbeprepy.
ITatosormyeckrie Ipollecchl, pa3BUBAOIINECA Y
KPOJIUKOB TIOCJIE IIeJIOYHON TPaBMbI POTOBUIIHI,
COOTBETCTBYIOT TAaKOBBIM Vy UeJIOBeKa [22]. Ity
MO/1eJ1b IIUPOKO IPUMEHSIOT BO BCEM MUDe JIJIsl U3Y-
YeHUsI perapaTUBHBIX IIPOIIECCOB B IJIa3e M paspa-

outbred rabbits weighing 3.5—4 kg. Distribution pro-
cedure to experimental groups is 1/1 alternation. The
scheme of the study is shown in Fig. 1. PEG-subtilisin
or PEG-hyaluronidase were applied to the right eye
of the animal; the left eye of the animal was used as a
control — it was treated with 0.9% NaCl.

In experimental ophthalmology, the Obenberger
alkali burn is used to study the chemical injury of the
cornea. Pathological processes in rabbits following
an alkali injury to the cornea correspond to those in
humans [22]. This model is widely used all over the
world to study reparative processes in the eye and
develop new methods of treatment. In our study, we
reproduced this classic technique using an 8 mm fil-
ter paper disk impregnated with 2.5% sodium
hydroxide (NaOH) solution. After local anesthesia
with 0.4% oxybuprocaine, disk with NaOH is applied
to the cornea. The exposure time is 5 s, after which
the conjunctiva cavity is washed with normal saline
(0.9% NaCl). The study drugs were administered
depending on the distribution group and the study
design 4 hours after the injury: with topical adminis-
tration, instillations were performed on the surface
of the cornea, 0.1 ml 8 times after 15 min; with sub-
conjunctival administration, the injections of 0.1 ml
were performed once. Animals were removed from
the experiment after 24 hours in accordance with
modern methods of euthanasia of laboratory animals
(according to Directive 2010/63/EU on the protec-
tion of animals used for scientific purposes, of the
European Parliament and the Council of the Euro-
peam Union, of September 22, 2010), followed by
enucleation of both eye. Lethal cases were recorded
during the experiment. Cases of complete damage to
the eye and the absence of the possibility of taking a
tissue specimen were also recorded.

In this study, we evaluate the cell landscape tak-
ing into account the specific biological activity of
each subset of cells. Immunocompetent cell subsets
make it possible to assess the course of the inflam-
matory process and predict the effect of the study
drugs on the processes of corneal wound repair. The
design of the experiment provided for two routes of
administration — instillations on the wound surface
and subconjunctival injection. The need for two
routes of administration is justified by the following
circumstances. To achieve pharmacological efficacy
with topical administration, the molecules of the
study drugs are not required to overcome the blood-
ocular barrier, and this, at the first glance, is a posi-
tive aspect. However, it should be taken into account
that in this experimental chemical injury the colli-
quative processes take place in the cornea with a
damage to its morphological structure. And this, in
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Pacnpenenenune

Distribution

Oto6paHo 28 KUBOTHBIX (17 = 28)
28 animals were selected

Y

Y Y Y

MecrtHOE BBeneHue CyOKOHBIOHKTHBAJILHOE BBE/ICHUE
Topical administration Subconjunctival administration
T2 -cyotrmusun (n=7) | [IDT-ruanyponnnasa (n = 7) N3I-cy6rummsun (n="7) | IIOT-ruanyponnnasa (n ="7)
PEG-subtilisin PEG-hyaluronidase PEG-subtilisin PEG-hyaluronidase

IKCNepUMEHTANIbLHOE

BO3JeiicTBHE U HA3HAYEHHE

Experimental exposure

and designation

XuMudeckast TpaBMbI POTOBHIIBI IPABOTO INIa3a (IeT0IHOH oxor mo O6eHbeprepy) U JIEBbIH IM1a3 B KaYeCTBE KOHTPOIL
Corneal chemical injury of the right eye (Obenberger alkali burn) and left eye as a control

Okcnosunus 4 4 / Exposure 4 h

Y Y

MecTtHoe BBeeHIE CyOKOHBIOHKTHBAJIBHOE BBEICHHE
Topical administration Subconjunctival administration
IIpassrii mia3: [I9T -npenapar / Right eye: PEG-drug Ipassrit mia3: [I9T -npenapar / Right eye: PEG-drug
Jlessrit rmaz / Left eye: 0.9% NaCl Jlessrit timaz / Left eye: 0.9% NaCl

3T -cyornmmsuu (n="7) | [I9I'-rnanyponnnasa (n = 7) 3T -cyornmmsuu (n="7) | [I9I-rnanyponnnasa (n = 7)
PEG-subtilisin PEG-hyaluronidase PEG-subtilisin PEG-hyaluronidase

Xon uccaenoanus / Study progress

Ha6nronenue B Teuenue 1 qus / Observation for a day

Y Y Y Y

MectHoe BBezieHHE CyOKOHBIOHKTHBAJILHOE BBE/ICHHE
Topical administration Subconjunctival administration
M2T-cy6Trnmusun (n = 7) M2T -ruanyponunasa (n = 7) [OT-cy6rumusun (n = 7) M3l -ruanyponuasa (n = 7)
PEG-subtilisin PEG-hyaluronidase PEG-subtilisin PEG-hyaluronidase

Ipasbiii ma3: 19T -cy6Trimsun | Ipassiii ria3: [I9T-ruanyponuniasa Tpasbiii ma3: IO -cy6Trimmsus | [passiii mias: IO -ruanmyponuniasa
Right eye: PEG-subtilisin Right eye: PEG-hyaluronidase Right eye: PEG-subtilisin Right eye: PEG-hyaluronidase
— 6 mIa3HBIX 010K COXpaHE€HO — 7 masHbIX S0II0K COXpaHEHO — 6 mIa3HbIX 010K COXpaHEHO — 7 rasHeIX 200K COXpaHEHO

6 eyeballs were saved 7 eyeballs were saved 6 eyeballs were saved 7 eyeballs were saved

— nepgopauns riasa (n = 1)
perforation of the eye

JleBsrit rmas: 0.9% NaCl JleBsrit rmas: 0.9% NaCl JleBsrit mas: 0.9% NaCl JleBsrit rmas: 0.9% NaCl

Left eye: 0.9% NaCl Left eye: 0.9% NaCl Left eye: 0.9% NaCl Left eye: 0.9% NaCl

— 7 ma3HbIX S0JIOK COXPAHEHO — 7 II1a3HBIX S0IOK COXpaHEHO — 7 m1a3sHbIX 010K COXpaHEHO — 7 ma3HbIX S0JIOK COXPAHEHO
7 eyeballs were saved 7 eyeballs were saved 7 eyeballs were saved 7 eyeballs were saved

DBTaHa3usl, SHyKJICALHs [JIa3, TOATOTOBKA CPE30B, BBIIOIHEHHE THCTOMOP(HOIOrHYECKOr0 HCCIEI0BaHH S
Euthanasia, enucleation, preparation of histologic sections, histomorphological study

Y Y Y Y

AHAJIU3 Pe3yJbTATOB

Data analysis

MecTtHOE BBeicHUE CyOKOHBIOHKTHBAJILHOE BBE/ICHHE
Topical administration Subconjunctival administration
M3T-cyoTrmusus (n = 7) MI3T -ruanyponuaasa (n = 7) MOT-cy6Trmmsun (n = 7) [3T-rnamyponnnasa (n = 7)
PEG-subtilisin PEG-hyaluronidase PEG-subtilisin PEG-hyaluronidase

Tpaspiii mia3: I3 -cy6tunusuy | Ipaseriit mas: [19T -ruanyponnaasa TIpaspiii mia3: 13T -cyotunusun | ITpaseiit mias: [19T -ruanypoHniasa
Right eye: PEG-subtilisin Right eye: PEG-hyaluronidase Right eye: PEG-subtilisin Right eye: PEG-hyaluronidase
— 30 cpesoB / 30 sections — 35 cpesos / 35 sections — 35 cpesoB / 35 sections — 35 cpesos / 35 sections
— uckImoueHo: 0 cpe3os — ucKioueHo: 0 cpe3oB — uckioueHo: 0 cpe3os — uckioueHo: 0 cpe3oB

excluded: 0 sections excluded: 0 sections excluded: 0 sections excluded: 0 sections
Jlesrit rmas: 0.9% NaCl JleBsrii ra3: 0.9% NaCl Jlenrit rmas: 0.9% NaCl Jlesbiii r1a3: 0.9% NaCl
Left eye: 0.9% NaCl Left eye: 0.9% NaCl Left eye: 0.9% NaCl Left eye: 0.9% NaCl
—30 cpe3oB / 30 sections — 35 cpesoB / 35 sections — 35 cpe3soB / 35 sections — 35 cpesoB / 35 sections
HcknroueHo: 5 cpe3oB KUBOTHBIX | — HCKItoueHO: 0 cpe3oB — uckiodeHo: 0 cpe3oB — uckirodeHo: 0 cpeson
¢ nep(hOPUPOBAHHBIM [IPABBIM excluded: 0 sections excluded: 0 sections excluded: 0 sections
TI1a30M
Excluded: 5 animal sections
with the perforated right eye

Puc. 1. DKcriepuMeHTaIbHbIE TPYIIIBI ¥ CXEMA UCCIIE0BAHMS
Fig. 1. Experimental groups and study design
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OOTKU HOBBIX METO/IOB JieueHUs. B Hamem uccieno-
BaHUU MBI BOCIIPOU3BEH 3Ty KJIACCHYECKYIO METO-
JIUKY, WCIIOJIB3Ysl OUCK (IIBTPOBAJIBHOU Oymaru
JHaMeTpoM 8 MM, MPOIHUTAaHHBIN 2.5% pacTBOPOM
rugpokeuy Hatpus (NaOH). ITocite MecTHOU aHe-
cTe3uu 0.4% uHOKauHa Auck ¢ NaOH nmocpezacrsom
aNUINKAIN HAaHOCUTCS Ha pOroBHUIly. Bpems skc-
MO3UIUA — 5 C, MOCJIe Yero KOHBIOHKTUBAJIbHAS
II0JIOCTH TIPOMBIBAETCS (PU3UOJOTHIECKUM PACTBO-
pom (0.9% NaCl). Hcciemyemble mpemnapaThl BBOIU-
JINCh B 3aBUCUMOCTU OT TPYIIIIBI PACIpeiesIeHUus U
JIU3aifHa DKCIIEpUMEHTa Yepe3 4 U IOCjIe TPABMBI:
IIpU MECTHOM BBEIEHHUU BBIIOJHIINCH HHCTHILIA-
[ Ha TIOBEPXHOCTH POTOBUIIHI 10 0.1 MJI 8-KpaTHO
yepe3 15 MHH, NIPH CYOKOHBIOHKTHBAJIBHOM —
BBIIIOJTHEHBI WHBEKIUU 1O 0.1 MJ OJHOKDATHO.
BriBe/ieHNE JKUBOTHBIX U3 DKCIIEPUMEHTA OCYIIECT-
BJISIJIOCH Yepe3 24 U B COOTBETCTBHUU C COBPEMEH-
HBIMH METO/IaMU 3BTAaHA3UH J1a00PATOPHBIX KUBOT-
HbIX (cormacHo JIupektuBe 2010/63/EU 1o oxpane
JKHUBOTHBIX, HCIIOJIb3YEMBIX B HAYYHBIX IIeJIsX, EBpo-
neiickoro Ilapmamenta u CoBera EBpormeiickoro
Coro3a 0T 22 ceHTS0PsI 2010 T.) C TOCIEAYIOIIEH DHY-
KIeanuenn oboux rias. JleTaapHble CIydau B XOfe
9KcrepuMeHTa (ukcupoBainch. Ciydau IOJIHOTO
TIOBPEXKAEHUs TJIa3a U OTCYTCTBHE BO3MOXKHOCTH
BBIZIEJIEHUS MAKPOIIPenapaTa yIUThIBAJIUCE.

B nanHOM HCCiieZloBAaHUY MBI IIPOBO/HIM JI€TAJIU-
3alMI0 KJIETOUHOTO Mei3aka ¢ yueToM creluduye-
CKOU OMOJIOTMUECKON aKTUBHOCTH KaXKIOU TPYIIIIBI
KJIeTOK. [0y Ay IMMYyHOKOMIIETEHTHBIX KJIETOK
MIO3BOJISIIOT OIIEHUBATh TE€UEHHE BOCIIAIUTEIHLHOTO
Iporiecca U MPOTHO3UPOBATh BO3/IEHCTBHE H3ydae-
MBIX IIPENapaToB Ha IIPOIECCHl permapanuy poro-
BUIlBL. /[M3alfHOM BKCIIEpUMeHTa IpeaycMaTphBa-
JIOCh ZIBA TIYTH BBEIEHUSA — WHCTUWUIAIINU Ha paHe-
BYIO ITIOBEPXHOCTh U CYyOKOHBIOHKTHBAIBHOE BBeJe-
uue. Ob0ocHOBaHME HEOOXOIMMOCTH JABYX CIIOCOOOB
BBEZIEHUs OOYCIJIOBJIEHO CJIEAYIOIIUMHU OOCTOSTEIhb-
crBaMu. [Ipy MECTHOM IPUMEHEHHU ULl JOCTHKe-
Hus (apmakosorunyeckor 3¢pHeKTUBHOCTH HE Tpe-
OyeTcsi TPeOZOJIEHUSI MOJIEKYJIAMU HCCIEAYEMBIX
mpernaparoB 0¢TaJIbMOreMaTHIecKoro Oaprepa, U
3TO, HA MEPBBIN B3IJIA, SIBJISETCS MOJIOKUTETHHBIM
kayecTBOM. OJTHAKO CJIeAyeT MPUHUMATh BO BHIMA-
HHE, YTO B JIAHHOW SKCIEPUMEHTAJIbHOU XUMHUYe-
CKOIl paHe MMEIT MECTO OBbITh KOJUTUKBAI[MOHHBIE
IIPOIIECCHI B POTOBUIIE C HApPyIIeHHEM ee MOPGOJIO-
TUYECKOH CTPYKTYPBL. A 3TO, B CBOIO OYepenp,
3aTpyaHsaer quddy3rnoHHbIE IPOIECCHI JIEKAPCTBEH-
HBIX IIPENapaToB B 00JIaCTH MOBPEXKIEHHOU TKAHU.
Taxske cienyer yYuThIBaTh 3(pPeKT cMbIBAHUSA TIpe-
napatoB. CyOKOHBIOHKTHBAJILHOE BBEJIEHHE C yue-
TOM KOPOTKOTO Tpaduka B o6acTh TuMba U mocsie-

turn, hinders the diffusion processes of drugs in the
damaged tissue. The effect of washing off drugs
should also be taken into account. Subconjunctival
administration, in the context of a short traffic to the
limbus region and subsequent diffusion into the
wound from the area of intact cornea, can be consid-
ered as a tissue depot of drugs.

The biomaterial obtained was fixed in 10% neutral
buffered formalin. Sections up to 5 um thick were
made on a rotary microtome, stained with hematoxy-
lin and eosin according to the conventional method.
For the preparation of histological sections, a TP1020
tissue processor (Leica, Germany), an EG1160 histo-
embedder (Leica, Germany), a RM2235 rotary micro-
tome (Leica, Germany), and an Autostainer XL auto-
mated slide stainer (Leica, Germany) were used.
A morphometric study was performed using a grid of
121 points with a test area of 5.6x105 um? at 400 mag-
nification. The numerical density (Na) of inflamma-
tory cell infiltrate and the number of cell types (neu-
trophils, macrophages, plasma cells, eosinophils)
were calculated. Histological sections were studied
using a Leica DM2500 microscope equipped with a
DFC295 digital color camera (Leica, Germany). For
statistical processing, a morphological examination
of samples was carried out; in each section, 10 fields
of view were analyzed at 400 magnification.

Statistical analysis of the data was carried out
using MedCalc v. 11.3.3 (MedCalc Software), STA-
TISTICA 8 (StatSoft, Inc.) and Microsoft Office Excel
2007. The data on the absolute cell count in sections
are presented as median and quartiles. Checking the
normality of the distribution of variables (the num-
ber of cells) was carried out using the Shapiro-Wilk
test (for n < 60). For normally distributed data, the
F-test was used to check the assumption of homoge-
neity of the variances. The Kruskal-Wallis test was
performed for intergroup analysis of quantitative
indicators in 3 or more groups, followed by post-hoc
comparison using the Dunn test, additionally
adjusted using the False Discovery Rate (FDR) calcu-
lated by the Benjamini-Hochberg method. To com-
pare the quantitative data of two related (correlated)
samples, the Wilcoxon test was used to calculate p.
Contingency table analysis was used to compare
binary outcomes of eye integrity after chemical
injury, treatment, and completion of the follow-up
period. For unrelated (non-correlated) outcomes,
the Fisher’s exact test was used, since the number of
outcomes (n) in one of the cells of fourfold contin-
gency table was less than 5. For related (correlated)
outcomes, fourfold contingency tables were built for
paired proportions, and the McNemar’s test was
applied with the determination of the mean p value.
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nyrotied nuddysnn B paHy U3 30HBI HEIIOBPEKIEH-
HOH POTOBHITBI MOKET PACCMATPUBATHCA KaK TKaHe-
BOE€ JIETI0 JIEKAPCTBEHHBIX ITPETIapaTOB.
[ToryueHHBIN OOMaTepras (PUKCUPOBAIIH B 10%
HelTpasbHOM pactBope dopmanrHa. Ha porammon-
HOM MHKPOTOME H3TOTaBJIUBAIN CPE3bl TOJIIHMHOMN
JIO 5 MKM, OKPAaIIIHBAJIK UX T€MATOKCUIMHOM U 303H-
HOM IIO CTaHZapPTHOM MeToAuKe. B pabore mist mpu-
TOTOBJIEHUS TUCTOJIOTUYECKUX ITPENapaTOB HCIIOJIb-
3oBay anmapat TP1020 (Leica, 'epmanus), cras-
o i 3anuBku EG1160 (Leica, epmanust), poTa-
OHOHHBIH MUKpoToM RM2235 (Leica, I'epmanus),
ammapar i OKpaIllMBaHUs MHKPOIIpEapaToB
Autostainer XL (Leica, I'epmanust). MopdomeTpu-
YecKoe UCCIIeZI0BaHIE TPOBOAUIIN € IOMOIIBIO CETKU
U3 121 TOYKH TECTOBOU IUIOIIAIBIO 5.6 X105 MKM? IIPHU
yBeu4deHnn 400. [10ACUUTHIBAIN YUCTIEHHYTO ILIOT-
HocTb (Na,) KJIeTOK BOCIIaIuTEeIbHOTO HH(HIBTPATA,
KOJIMYECTBO THUIIOB KJIETOK (HEUTPODUIIBI, MaKpO-
daru, mrazmonuTsl, 303uHOGMWIBI). [HcTOIOTHYE-
CKUe Cpe3bl N3yJayii Ha CBETOBOM MUKpOcKortie Leica
DM2500, ocHamenHOM kKamepou DFC295 (Leica,
T'epmanwnst). J[jisi craTHCTHYECKON 0OpabOTKU IMPO-
BOAWJIOCH MOP(OJIOTUYECKOe W3yUeHHe IIpemapa-
TOB, B K&XJIOM cpe3e ObLIO TPOAaHATTM3UPOBAHO TI0
10 T0JIeH 3peHus IPU YBEJIMUEHUH 400.
CrartucTuuecKuil aHaIN3 AAHHBIX IIPOBEAEH C
ucnosb3oBanreM mnporpamm  MedCale v. 11.3.3
(MedCalc Software), STATISTICA 8 (StatSoft, Inc.) u
Microsoft Office Excel 2007. Jlanubie 06 aGCOTIOTHOM
KOJINUECTBE KJIETOK B cCpe3axX IIPeJCTABJIEHbI KakK
MezaHa u KBapTwin. [IpoBepka HOPMaJILHOCTH pac-
IpesieyIeHnsT KOJIMYECTBEHHBIX MMPU3HAKOB (KoJmue-
CTBa KJIETOK) ITPOBOIMJIACH C KCIIOJIb30BAHUEM KPHUTE-
pus IManupo — Yunka (it n < 60). i JaHHBIX,
HMMeIOIUX HOPMAJILHOE pacIipefieyieHue, HUCIO0JIb30-
Baics F-TecT /IS TPOBEPKH IPEATIONIOKEHUS 00
OTHOPOZIHOCTH Jihcriepcuii. BrimonneHn Ttect Kpa-
cKesia — YoJsutrca IJist MeKTPYTIIIOBOTO aHAII3a KOJTH-
YeCTBEHHBIX IIOKazaTesiell B 3 U OoJiee rpymmax c
ITOCJIETYIOIITUM allOCTEPHUOPHBIM CPAaBHEHUEM C ITOMO-
II0 TecTa J[aHHa, IOTIOJTHUTETFHO CKOPPEKTHUPOBAH-
HOTO C ITOMOIIBI0 KO3 GUITHEHTA JIOKHBIX OTKPBITHH
(FDR) Benmxamuuu — XoxOepra. JIjisi cpaBHEHHA
KOJIMYECTBEHHBIX JAHHBIX JIBYX CBS3AHHBIX (KOppe-
JIUPYIOIINX) BBIOOPOK HCIIOJIB30BAIN TECT BHIIKOK-
COHA ¢ HOPMAJILHOM alIPOKCUMAITHEN IS pacyeTa p.
Jlisi cpaBHeHUsT OMHAPHBIX KCXOJIOB II€JIOCTHOCTH
IVIA3HOTO sI0JI0KA IMOCJIE XUMUYECKON TPaBMBbI, IIPH-
MeHEeHUsI Tepalliy U 3aBepIeHus eproia Habroie-
HUS TPUMEHSJICS aHAJIU3 TaOJINI CONPSKEHHOCTH.
Jlns HecBsi3aHHBIX (HEKOPPETUPYIOIIUX) HCXO/IOB
KCIIOJIb30BAaH TOYHBIM TecT Puiliepa, Tak Kak YHUCIIO
HUCXO/oB (n) B OAHOM U3 sUYEEK YEThIPEXIIOJIHLHOHU

Statistical hypotheses were considered confirmed at
p < 0.05, for post-hoc comparisons at p < 0.0125.

RESULTS

There were no cases of non-survival to euthanasia.
Among the study groups, no effect of the therapy for
chemical eye injury on the frequency of corneal perfo-
rations was revealed (Fischer’s exact test — 1.0). In the
topical PEG-subtilisin administration group, the injec-
tion of PEG-subtilisin did not increase the incidence of
corneal perforations compared with the administra-
tion of 0.9% NaCl (McNemar’s mean p = 0.5).

The total number of cells (Fig. 2) in the groups of
topical and subconjunctival administration of PEG-
subtilisin was 43 (40; 52) and 73 (33; 92), respec-
tively, and 46 (37; 61) with subconjunctival adminis-
tration of PEG-hyaluronidase which turned out to be
higher than cell numbers with 0.9% NaCl treatment
in these groups (p < 0.01) and higher (p < 0.0001)
cell numbers than in the topical PEG-hyaluronidase
administration group. The total number of cells in
topical administration of PEG-hyaluronidase was
15 (13; 16) versus topical application of 0.9% NaCl —
15 (14; 18) in this group (p = 0.38). The number of
neutrophils in case of PEG-subtilisin was 1 (1; 2) with
topical and o (0; 1) with subconjunctival administra-
tion, and in case of PEG-hyaluronidase o (0; 0) both
with topical and subconjunctival route of adminis-
tration (Table 1).

On Fig. 2 we see an increase in the total count of
immunocompetent cells in eye tissues following the
topical and subconjunctival administration of PEG-
subtilisin and subconjunctival administration of
PEG-hyaluronidase compared with 0.9% NaCl
(p < 0.05) in corneal chemical injury. Topical admin-
istration of PEG-hyaluronidase showed no pro-
nounced cellular response to chemical injury to the
eye compared with topical and subconjunctival
administration of PEG-subtilisin and subconjun-
ctival administration of PEG-hyaluronidase
(p < 0.0001). With topical administration of PEG-
hyaluronidase, the cellular response does not differ
in comparison with the control (NaCl 0.9%).

On Fig. 3 we can see the effect of the studied drugs
on the lymphocyte count in the eye tissues. PEG-sub-
tilisin instillations did not cause an increase in the
number of lymphocytes in the eye tissue (no differ-
ence compared to the control group — 0.9% NaCl,
p = 0.3). Topical administration of PEG-hyaluroni-
dase reduces the response of lymphocytes to chemi-
cal injury to the eye compared with the control
group — 0.9% NaCl (p < 0.0001) and compared with
all experimental groups (p < 0.0001). With subcon-
junctival administration of PEG-subtilisin and PEG-
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TabIUIBI OBLIIO MEHBIIIE 5. JIJIs CBA3aHHBIX (KOppEJTH-
DYIOIIMX) KCXO/IOB IIOCTPOEHBI YETHIPEXIIOIbHbBIE
TaGJIUIIBI /1T TAPHBIX IPOTIOPIIIH U IPUMEHEH KpHU-
Tepuii MakHemapa c orpejiesieHueM CpeTHEro 3HaUe-
HUA p. CTaTUCTUYECKUE TUIOTE3Bl CUYUTAIUCH TOJ-
TBEPKJEHHBIMU IIPU YPOBHE 3HAUUMOCTU p < 0.05,
U151 aIIOCTEPHOPHBIX CPAaBHEHUU IIPU P < 0.0125.

PE3YJ/IBTATDBI

CrrydaeB HeZIOKUTHS /I0 DBTaHA3WU He 3apUKCH-
poBaHo. Cpesi TPYIIIT UCCIEIOBAaHUS HE BBISIBJIEHO
BJIUSTHUE TIPOBOAWUMOHN Tepamuu IPH XUMUYECKOH
TpaBMe IJIaza Ha 4acToTy nepdopariuii riasa (Tou-
HBIU TecT @umiepa — 1.0). B rpynme «MectHOe BBe-
nenue I19T-cyGTwinsuna» BBefeHue I19T-cyOTH-
JIN3UHA He MOBJIUSJIO Ha YBEJIUYEHNEe YaCTOThI Iep-
(opanumii ry1a3a Mo CpaBHEHHIO C BBeZeHHEM 0.9%
NaCl (cpennee p mo MakHemapy — 0.5).

Ob11ee KOJIMYECTBO KJIETOK (pHUC. 2) B TPyIIax
MECTHOTO U CYyOKOHBIOHKTUBAJIHHOTO MPUMEHEHUS
I13r-cybTmnusuna coctaBwio 43 (40; 52) u 73
(33; 92) COOTBETCTBEHHO, a CYyOKOHBIOHKTUBAJIBHOTO
npumeHeHus [13T-ruamyponunassl — 46 (37; 61),
YTO OKA3aJI0Ch BBIIIE KOJIMYECTBA KJIETOK IIPH MPHU-
MeHeHuu 0.9% NaCl B atux rpynmax (p < 0.01) u
BeIIIE (p < 0.0001) KOJIMYECTBA KJIETOK B TPYIIIE
MeCTHOTO  TpuMeHeHus IIDI-ruasypoHHUAA3HI.
OOb111ee KOJTMYECTBO KIJIETOK IIPU MECTHOM BBEJIEHUH
[T -ruaypoHua3bl COCTaBUIIO 15 (13; 16) MPOTUB
MecTHOrO IpuMeHeHus 0.9% NaCl — 15 (14; 18) B
nmanHo# rpymie (p = 0.38). KosnuecTBo HEeWTpOodU-
0B mpu mpuMeHeHmu I[I9I-cyOTmimamHa cocra-
BWIO 1 (1; 2) mpu MecTHOM U O (0; 1) Ipu CyOKOHB-
IOHKTUBQJIBPHOM MPUMEHEHUU, a TPU MPUMEHEHUU
I3 -ruasyporuassl O (0; 0) KaK IPU MECTHOM, TaK
U cyOKOHBIOHKTUBAJIIBHOM IIyTH BBeeHU: (TabII. 1).

Ha puc. 2 nmokazaHo yBesmyeHue O0IIero KoJu-
YecTBa HWMMYHOKOMITETEHTHBIX KJIETOK B TKaHSIX
IJlaza TO0CJIE MECTHOTO U CYOKOHBIOHKTUBAJIBLHOTO
npuMeHeHus [19T-cyOTmwin3mHa U CyOKOHBIOHKTH-
BaJIbHOIO IpuMeHeHus II9I'-ruanypoHuzassl II0
cpaBHenuio ¢ 0.9% NaCl (p < 0.05) npu xumMuye-
CKOH TpaBMe pOTOBHUIBI. [IpM MecTHOM BBe€HUH
[13T-ruanypoHuIa3bl HET BRIPAKEHHON KJIETOYHOHN
peakIuy B OTBET Ha XUMUYECKYI0 TPABMY IJjia3a 110
CPaBHEHHIO C MECTHBIM U CyOKOHBIOKTUBAIHHBIM
npuMeHeHueMm II9T-cyOTwinsmHa U CyOKOHBIOH-
KTUBAJIbHBIM TpuMeHeHueM II9T-ruanypoHuia3bl
(p < 0.0001). IIpu wmecrHom BBegeHunm II9I-
rHAJIyPOHHUIA3BI KJIETOYHBIN OTBET I10 CPABHEHUIO C
koHTposieM (NaCl 0.9%) He oTimyaercs.

Ha puc. 3 mpencTaBieHO BIUSHUE U3y4aeMbIX
[IpEeIapaToB Ha coziep;KaHue JTUMQPOIUTOB B TKAHIX
miaza. Uacerwuisaiuu [190-cy6THIn3nHa He BBI3bI-

hyaluronidase, the response of lymphocytes was
more pronounced compared with topical administra-
tion (p < 0.0001 and p < 0.0001, respectively) and
the control (p < 0.0001 and p < 0.0001, respectively).

As can be seen from Fig. 4, both study drugs
increase the plasma cell count (p = 0.01 for the group
of topical administration of PEG-subtilisin, and
p < 0.0001 for the rest groups compared with the
corresponding control group — 0.9% NaCl). With
subconjunctival administration of PEG-subtilisin
and PEG-hyaluronidase, a larger plasma cell pool is
formed compared with topical administration of the
drugs (p < 0.0001 and p < 0.0001, respectively).

Topical and subconjunctival administration of
PEG-subtilisin, as well as subconjunctival adminis-
tration of PEG-hyaluronidase, causes an expressed
migration of eosinophils from blood flow (Fig. 5)
compared with control groups (p = 0.008 compared
with the group of topical administration of PEG-sub-
tilisin and p < 0.0001 compared with the corre-
sponding other experimental groups). This effect is
most expressed with subconjunctival use of PEG-
subtilisin. Topical administration of PEG-hyaluroni-
dase not only does not cause such an effect
(p < 0.0001 compared with other experimental
groups), moreover, the eosinophil count is 2 times
less than when using 0.9% NaCl (p < 0.0001).

The use of PEG-hyaluronidase and PEG-subtili-
sin topically and subconjunctivally causes an increase
in the macrophage count (Fig. 6) compared with the
use of 0.9% NaCl (p = 0.004 and p < 0.0001, respec-
tively). The greatest manifestation of this effect is
observed with the subconjunctival administration of
PEG-subtilisin (p < 0.0001 compared with topical
administration of PEG-subtilisin, and p = 0.0001
and p = 0.005 compared with topical and subcon-
junctival administration of PEG-hyaluronidase,
respectively). Topical administration of PEG-hya-
luronidase does not cause this effect (p < 0.0001
compared with other experimental groups and
p = 0.0009 compared with 0.9% NaCl).

The neutrophil count in the administration of
PEG-subtilisin was 1 (1; 2) with topical and o (0; 1)
with subconjunctival, and with the use of PEG-hyal-
uronidase 0 (0; 0) both with topical and subconjunc-
tival route of administration (see Table 1). Analysis
of these data revealed that PEG-subtilisin instilla-
tions lead to a significant increase in the neutrophil
count (Fig. 7) compared with the administration of
0.9% NaCl (p = 0.01) and topical and subconjuncti-
val administration of PEG-hyaluronidase (p < 0.0001
and p = 0.0007, respectively). With topical adminis-
tration of PEG-subtilisin, this effect is more pro-
nounced (p < 0.0001 compared with its subconjunc-
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Puc. 2. O011ee KOJIMIECTBO MMMYHOKOMIIETEHTHBIX KJIETOK B 00JIACTH XUMHUYECKOU TPABMbI POTOBHUIBI TIOCTIE BBEJIEHISI
HU3yJ4aeMbIX Ipenaparos (1 — rpynna «MectHoe BBesieHue [19T-cybTIINBHHA»; 2 — rpymna «MectHOe BBesieHue I19T-
THAJIyPOHU/A3bI»; 3 — rpymniia « CyODKOHBIOHKTHBaIbHOE BBesieHue 119-cyoTunnsunar; 4 — rpynna « CyGKOHBIOHKTU-

BasibHOE BBesieHue [Tl -ruanyporuaspi»; MB I19T-¢ — mecTHOe BBezieHue [1AT-cybTrmnusuna; MB ®/c — MecTHOe BBe/ie-
HEe 0.9% NaCl B rpynne 1; MB II9T-r — mectHOe BBenieHue 19T -ruanyponugassl; MB @/r — MecTHOe BBesieHUE 0.9%
NaCl B rpymme 2; CB I19T-¢ — cyOKOHBIOHKTHBAIbHOE BBezieHue 19T -cyoTrnsuna; CB @/c — cyOKOHBIOHKTUBAIBHOE

BBejsieHue 0.9% NaCl B rpymie 3; CB II9T-r — cyOKOHBIOHKTHBaIbHOE BBesieHue [19T-ruamyponniasbl; CB @/t — cyOKOHD-

IOHKTUBaJIbHOE BBesieHue 0.9% NaCl B rpymme 4)

Fig. 2. The total number of immunocompetent cells in the area of the corneal chemical injury after administration of the
study drugs (1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 —
subconjunctival PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group;
TaPEGs — topical administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NaCl in group 1; TaPEGh —
topical administration of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subcon-
junctival administration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh —
subconjunctival administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NaCl in group 4)

BAIOT POCTA KOJIMYECTBA JTUMQOIUTOB B TKAHU IJ1a3a
(HET OT/IMYU 10 CPAaBHEHUIO C KOHTPOJIBHOU TPYTI-
moii — 0.9% NaCl, p = 0.3). MecTHOe TIpUMeHEHHEe
[19I'-rranypoHnAa36l yMEHBIIAET JTUM(POIUTAPHBINA
OTBeT Ha XUMUYECKYyI0 TPAaBMy I7Ia3a II0 CPAaBHEHUIO
¢ KOHTPOJIbHOM Tpymmoi — 0.9% NaCl (p < 0.0001) u
II0 CPaBHEHUIO CO BCEMH OKCIIEPUMEHTAIbHBIMU
rpynmnamu (p < 0.0001). IIpu cyOKOHBPIOHKTHBAJIBHOM
npumenenun [13C-cy6Tunusuna u I19T-ruamypo-
HU/1a3b1 TUMGOIUTAPHBIN OTBET BBIPAIKEH CHJIbHEE
II0 CpPaBHEHUIO € MECTHBIM IpUMeHeHHeM
(p < 0.0001 U p < 0.0001 COOTBETCTBEHHO) W KOH-
TposieM (p < 0.0001 U p < 0.0001 COOTBETCTBEHHO).
Kak BusHO U3 puc. 4, 06a n3ydaeMbIx IIpeliapara
VBEJIUYUBAIOT COZIEp:KaHue IUIa3MOIUTOB (P = 0.01
s rpynnel «MectHoe BBenmenme I[19T-cybrmimu-
3WHA» U p < 0.0001 J7I OCTAJIBHBIX I'PYIII IO CPaB-
HEHUI0O C COOTBETCTBYIOLEH KOHTPOJIBHOM TIpym-

tival injection). The results of the use of PEG-hya-
luronidase and 0.9% NaCl are comparable (no
differences: p = 0.22 for local administration and
p = 0.36 for subconjunctival one).

DISCUSSION

PEG-subtilisin, regardless of the route of its
administration, and PEG-hyaluronidase in subcon-
junctival injections leads to an increase in the immu-
nocompetent cell count in the area of the corneal
chemical injury compared with administration of
0.9% NaCl (see Fig. 2). With PEG-subtilisin instilla-
tion and subconjunctival adminisration of PEG-
hyaluronidase, the immunocompetent cell count in
the area of the corneal chemical injury increases by
3.5 times, and with subconjunctival administration
of PEG-subtilisin, by 5 times (see Fig. 2). Character-
istically, subconjunctival administration has a great
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Cpasnenve rpynmn kouTposs 0.9% NaCl: rect Kpackena — Yonnuca, p < 0.0001 T post-hoc
Comparison of control groups 0.9% NaCl: Kruskal-Wallis, p < 0.0001 1 post-hoc * Extremes

post-hoc: Tect [lanHa ¢ koadduipeHtrom benpramunn — Xox6epra (FDR)

post-hoc: Dunn test with the Benjamini-Hochberg false discovery rate

* Tect BU/IKOKCOHA (/151 CpaBHEHUs! apHbIX BBIOOPOK), p < 0.0125 (13T -rpymmsl ¥ rpymst kouTposs 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 3. KomnyectBo 1MMGbONKUTOB B 061aCTH XMMHYECKOHM TPAaBMbI POTOBHUIIBI ITOCJIE BBEIEHUS N3YUaeMbIX [TPENapaToB
(1 — rpymnma «MectHoe BBefieHre [19T-cybTrin3nna»; 2 — rpymnmna «MecTHoe BBeieHue [19-TnaypoHuaasbl»;
3 — rpynna «CyGKOHBIOHKTHBAIbHOE BBeZeHue [I19T-cybTinn3uta»; 4 — rpynmna « CybKOHbIOHKTHBAIbHOE BBE/IEHUE
II3T -ruanyponuasbi»; MB I19T-¢c — MecTHOe BBezienue 1191 -cyotunusuna; MB ®@/c — mectHoe BBezieHHE 0.9% NaCl
B rpymre 1; MB I19T-r — MmecTHOe BBezieHue 119 -ruanyponunasel; MB @/t — MecTHOe BBezieHue 0.9% NaCl B rpyme 2;
Cg II9T-c — cyOKOHBIOHKTUBAJIbHOE BBeJleHue [19T-cyOoTrinsuna; CB @/c — cyOKOHBIOHKTHBAJIBHOE BBEJIEHUE
0.9% NaCl B rpymre 3; CB I[I9I'-r — cyOKOHBIOHKTUBAJIbHOE BBe/leHHe [T -riuaypoHuiassl;
CB @/r — cyOKOHBIOHKTHBaIbHOE BBeieHre 0.9% NaCl B rpyrine 4)
Fig. 3. The lymphocyte count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjuncti-
val PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topical
administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NacCl in group 1; TaPEGh — topical administra-
tion of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival adminis-
tration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NaCl in group 4)

moii — 0.9% NaCl). [Ipu cyOKOHBIOHKTUBAJIHLHOM
BBemennu II9T-cyormwinsuna u II9T-ruamypoHu-
Z1a3bl hopMupyeTcs: 6OIBIINHT ITyJT IIJIA3MOIIUTOB 110
CpaBHEHHUIO C MeCTHBIM IIpPUMeHeHHeM IIperapaToB
(p < 0.0001 1 p < 0.0001 COOTBETCTBEHHO).
MecTHOe W CYOKOHBIOHKTUBAJIBHOE BBEJIEHUE
[19I'-cyOTHIN3MHA, a TAKXKe CYOKOHBIOHKTUBAIIBHOE
npuMmeHeHnne  II9I-ruamypoHuziassl  BBIBBIBAET
BBIPKEHHYI0 MUTPAIIUIO 503UHO(UIIOB U3 KPOBO-
TOKa (PHC. 5) TI0 CPABHEHUIO C KOHTPOJIBHBIMH TPYII-
namu (p = 0.008 o0 cpaBHEHMUIO ¢ TpymIoi «Mect-
Hoe npuMeHeHne [19T-cyOoTmm3uHa» U p < 0.0001
110 CPAaBHEHHUIO C COOTBETCTBYIOIIUMU JIPYTUMU KC-
MepUMeHTIPHBIMU rpynnamMu). Haubosee BbIpa-
JKeHHOe IIposBJIeHre JaHHOoro 3¢ deKTa oTMedaeTcs
Ipu CyOKOHBIOHKTHBIBHOM IpuMeHeHuu [I9I-
cyorwinsuHa. MectHoe npuMeHenue I[IDT-rmasy-

stimulating effect on cell migration to the wound.
The route of 0.9% NaCl administration has virtually
no influence on cell migration. Thus, subconjunctival
administration of the study drugs provides a tissue
depot with a prolonged pharmacological effect.
When instilled on the wound surface, the study
drugs virtually do not increase the lymphocyte
count compared to the control, and subconjunctival
administration of both enzymes increases their
count by more than 2 times (see Fig. 3). At the same
time, there is no difference between the drugs in
terms of the effect on lymphocyte count. The fact of
accumulation of lymphocytes is of positive impor-
tance, since these cells of the MALT system are
endowed with immune memory without marked
effects of alteration on tissues. Their presence in
the area of tissue degeneration will provide antimi-
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* TecT BUIKOKCOHA (/151 CPaBHEHHs MapHbIX BbIOOPOK), p < 0.0125 (TTAT-rpynmsl 1 rpymmbl KoHTposs 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 4. KosinuecTBo I1a3MOIUTOB B 00JIACTH XUMUYIECKOU TPABMBI POTOBHUIIBI TIOCJIE BBE/IEHVSI U3YYAEMbIX [IPEIAPATOB
(1 — rpynma «MectHoe BBefieHue [1DT-cybTrIn3nHa»; 2 — rpymmna «MectHoe BBeieHue [19-TnaniypoHuaasbl»;
3 — rpynna «CyOKOHBIOHKTHBaIbHOE BBeZieHre [19T-cybTinnsuHa»; 4 — rpynmna « CybKOHbIOHKTHBAJIBHOE BBE/IEHUE
I19T-ruanyponuasbl»; MB I19T-¢c — MecTHOe BBezienue 119 -cyotrnusuna; MB ®@/c — mectHOe BBezieHHe 0.9% NaCl
B rpytie 1; MB I19T-r — mectHOe BBeZeHue [19T-ruanypouuaass; MB @/t — mectHOe BBezeHue 0.9% NaCl B rpymre 2;
Cg I[13T'-¢ — cyOKOHBIOHKTHBANbHOE BBe/leHue [19T-cyoTrn3nna; CB /¢ — cyOKOHBIOHKTHBAIBHOE BBEZICHHE
0.9% NaCl B rpymiie 3; CB I19T-r — cyOKOHBIOHKTHBAIbHOE BBe/ieHHe 19T -ruamypoHuiassl;
CB ®/r — cyOKOHBIOHKTUBAIbHOE BBeeHe 0.9% NaCl B rpyme 4)
Fig. 4. The plasma cell count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjunc-
tival PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topi-
cal administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NaCl in group 1; TaPEGh — topical adminis-
tration of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival admi-
nistration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NaCl in group 4)

POHI/IA3BI He TOJIBKO He BBI3bIBAET TAKOTO 3¢ dekTa
(p < 0.0001 IO CpaBHEHUIO C APYTUMHU DKCIIEPUMEH-
TQJIBHBIMHU TIpynnamu), 0Oojee TOro, KOJIUYIECTBO
503UHOGUIIOB B 2 Pa3a MeHbIIle, YeM IIPU IpUMeHe-
Huu 0.9% NaCl (p < 0.0001).

[Tpumenenue 19T -ruamypoHna3sl CyOKOHBIOH-
KTUBWIbHO U II9T-cyOTH/IM3MHA CYOKOHBIOHKTU-
BJIHHO BBI3BIBAET YBEJIMUEHHE KOJIMUECTBA MaKpO-
(aros (puc. 6) 1o cpaBHEHUIO C IPUMEHEHUEM 0.9%
NaCl (p = 0.004 u p < 0.0001 COOTBETCTBEHHO).
Hawubospiiee  mposBiaeHue JaHHOTO  dddekra
HaboaeTess MpU CyOKOHBIOHKTUBAJIBHOM BBele-
Huu [19T-cy6TrnsnHa (p < 0.0001 10 CPABHEHHIO C
MeCTHBIM mnpuMeHeHneM [I9T-cyOTmwinsuHa U
P = 0.0001 4 p = 0.005 10 CPABHEHHUIO C MECTHBIM U
CYOKOHBIOHKTUBAJIBHBIM NpuMeHeHneM II9T-rua-
JIypOHU/Ia3bl COOTBETCTBEHHO). MeCTHOe TpHUMeHe-

crobial and anti-inflammatory effects which ulti-
mately will not hinder the regeneration of the
injured cornea.

Regardless of the administration route of both
drugs, they increase the plasma cell count 2—3 times
compared to 0.9% NaCl (see Fig. 4). An increase in
plasma cell count can provide local implementation
of acquired immunity which should also be regarded
as a positive effect.

Both routes of administration of PEG-subtilisin
lead to marked eosinophilia. PEG-hyaluronidase
increases the eosinophil count only when adminis-
tered subconjunctivally (see Fig. 5). It is likely that
the presence of a drug with large molecules leads to a
rapid migration of eosinophils from blood vessels.
This is quite alarming for subtilisin, since eosino-
phils are capable of extracellular cytolysis and stimu-
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* TecT BH/IKOKCOHA (/151 CDaBHEHHsI TTapHBIX BHIOOPOK), p < 0.0125 (IO -rpymms! 1 rpyrmst Koutpost 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 5. KonruectBo 503MHOGUIIOB B 00I1aCTH XMMUYECKOH TPABMBbI POTOBHIIBI ITOC/IE BBEIEHUS N3YIaeMbIX IPEIapaTOB
(1 — rpynima «MectHoe BBezeHue [19-cyoTrnn3una»; 2 — rpymmna «MecTHoe BBeieHue [19-ruaaypoHuia3sl»;
3 — rpynna « CyOKOHBIOHKTUBAIbHOE BBeZieHue [19T-cyOTrin3uHa»; 4 — rpynna « CyOKOHBIOHKTUBAJIBHOE BBeZIEHIE
[T -ruanyponuasbi»; MB I19T-¢c — MecTHOe BBezienue [19T-cyotunnsuna; MB ®@/c — mectHoe BBezieHue 0.9% NaCl
B rpymie 1; MB II9T'-r — mectHOe BBesieHue I19T-ruanyponnaassr; MB @/ — MecTHOe BBesieHHEe 0.9% NaCl B rpymie 2;
Cs I[13T'-¢ — cyOKOHBIOHKTHBANIbHOE BBesleHue [19T-cybTrun3nna; CB @/c — cyOKOHBIOHKTHBAIBHOE BBEZICHIE
0.9% NaCl B rpymre 3; CB [I9I'-r — cyOKOHBIOHKTUBAIbHOE BBe/IeHHe [T -riaypoHuiassl;
CB ®@/r — cyOKOHBIOHKTUBAJIbHOE BBeZieHHe 0.9% NaCl B rpyme 4)
Fig. 5. The eosinophil count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjuncti-
val PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topical
administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NaCl in group 1; TaPEGh — topical administra-
tion of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival adminis-
tration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NacCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NacCl in group 4)

Hue II9I'-rmanmypoHHn/a3spl He BBI3BIBAET JAHHOTO
addekTa (p < 0.0001 MO0 CPaBHEHUIO C IPYTUMH DKC-
[IEPUMEHTTHHBIMU TPyNIaMU U p = 0.0009 II0
cpaBHeHHIO ¢ 0.9% NaCl).

KosmyectBo HEHUTpOMIIOB IIpU NPUMEHEHUU
[19T'-cyOTrm3uHa COCTaBIIIO 1 (1; 2) IPU MECTHOM U
0 (0; 1) Ipu CYyOKOHBPIOHKTHBAJILHOM IIPUMEHEHUH, &
npu npuMeHeHuu [19T-ruanyponniassr 0 (0; 0) Kak
IIPA MECTHOM, TaK U CyOKOHBIOHKTHBIHPHOM ITyTH
BBezieHUs (cM. TabJ1. 1). AHAJIN3 STUX JAHHBIX BBIABIIL,
yto MHCTIWUIANMU [19T-cyOTHIN3MHA TPUBOAAT K
JIOCTOBEDHOMY YBEJIMYEHHUIO YHCJIA HEUTPO(DIIIOB
(puc. 7) mo cpaBHeHui0 ¢ BBeZieHHeM 0.9% NaCl
(p = 0.01) U MECTHBIM U CyOKOHBIOHKTHBAJILHBIM BBE-
nenveM [I3T-rmanypoHuziasel (p < 0.0001 U
P = 0.0007 cOOTBETCTBEHHO). [Ipy MeCTHOM IpHMe-
HeHuu [19T-cyOTHIN3MHA JTaHHBIN 9D @EKT MTPOSBIII-

lation of fibroblasts. From this point of view, the
administration of PEG-hyaluronidase can be consid-
ered safe only in the form of instillations.

A marked effect of macrophage accumulation is
observed only with subconjunctival administration
of PEG-subtilisin (see Fig. 6). The migration of mac-
rophages to the area of damage is aimed at primary
phagocytosis, local production of nitric oxide from
arginine, and enhancement of endothelial repair and
angiogenesis. From this position, the effect of sub-
conjunctival administration of PEG-subtilisin can be
considered positive.

The use of PEG-hyaluronidase does not affect the
migration of neutrophils when administered topically.
PEG-subtilisin slightly increases the migration of neu-
trophils (see Fig. 7). Neutrophils are able to realize
oxidative stress/respiratory burst with the release of a
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Puc. 6. KosmmuectBo Makpodaros B 06JIaCTH XMMUYECKOH TPaBMbI POTOBHUIIBI ITOCJIE BBEIEHUS N3YIaeMbIX ITPENapaToB

(1 — rpynna «MectHoe BBeZieHUE [IDT-cyOTHIN3UHAY ; 2 —

rpynma «MectHoe BBeZieHUe [191'-ruanypoHuiassl»;

3 — rpynna «CyOKOHBIOHKTHBAJIBHOE BBe/leHre I19T-cyOTmnsnHa»; 4 — rpynmna « CyOKOHBIOHKTUBAIBHOE BBEZIEHUE
[I3T-rranyponuaasbi»; MB II9T-¢ — mecTHOe BBezieHue 19T -cybTinusuna; M @/c — mectHOe BBezieHME 0.9% NaCl
B rpymre 1; MB [19T-r — mecTHOe BBezieHue [19T-ruamyponuaass; MB @/t — MmectHOe BBeZieHue 0.9% NaCl B rpyme 2;
Cg II3I'-¢ — cyOKOHBIOHKTHBAIBHOE BBe/leHNe I19T-cyOoTmmmnsnHa; CB @/c — cyOKOHBIOHKTUBAIBHOE BBE/IEHUE
0.9% NaCl B rpymie 3; CB II9T-r — cyOKOHBIOHKTHBAIbHOE BBesieHre 19T -ruaiypoHuiashl;
CB ®@/r — cyOKOHBIOHKTHBAIbHOE BBe/IeHue 0.9% NaCl B rpyme 4)
Fig. 6. The macrophage count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjunc-
tival PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topi-
cal administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NaCl in group 1; TaPEGh — topical adminis-
tration of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival admin-
istration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NaCl in group 4)

etcsi cuibHee (p < 0.0001 0 CPaBHEHUIO € CYOKOHD-
IOHKTUBAJIBHBIM €T0 BBe/IeHNEeM). Pe3ysibTaThl BBeZie-
Hus II9T-ruamyponuaassl U 0.9% NaCl comocra-
BHUMBI (HET OTJIMYHH: p = 0.22 /11 MECTHOTO IPUMe-
HEHUA U P = 0.36 711 CyOKOHBIOHKTUBAIBHOTO).

OBCYXKJIEHUE

[TpucyrcrBue II9T-cyOTHIN3MHA HE3ABUCUMO OT
MyTH ero BBeAeHus u [13-rnasypoHuaass! npu cy6-
KOHBIOHKTUBAJIBHOM IIyTH BBEIEHHsA IPUBOIUT K
VBEJTMYEHHUIO YKC/Ia UMMYHOKOMIIETEHTHBIX KJIETOK
B 00J1aCTH XUMUYECKOH PaHbl POTOBUIIHI 10 CPaBHE-
HUio ¢ BBeseHueM 0.9% NaCl (cm. puc. 2). Ilpu
vHCTHLIANYUH [19T-cybTHIn3nHa U CyOKOHBIOHKTH-
BaJIbHOM npuMeHeHuu [13l-TrasypoHuassl KOIU-
YeCTBO MMMYHOKOMIIETEHTHBIX KJIETOK B 00JIacTH
XMMUYECKON pPaHbl POTOBUIIBI YBEJMYUBAETCS B

large amount of reactive oxygen species, and also have
significant phagocytosis potential. Their presence in a
corneal wound may have an adverse after-effect due to
alteration of intact cells of the wound. Arguing from
the standpoint of the effect of cytotoxicity on the cell
subpopulation of the wound, the absence of the effect
of enhancing neutrophil migration by the studied
preparations, should be considered as a positive phe-
nomenon, especially for PEG-hyaluronidase.

CONCLUSION

Administration of PEG-hyaluronidase subcon-
junctivally and PEG-subtilisin both topically and
subconjunctivally leads to increased migration of
immunocompetent cells to the area of the corneal
chemical injury, while the neutrophil migration is
insignificant. It is completely absent when PEG-hyal-
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Cpapnenue ITI9T-rpynn: Tect Kpackena — Yonmca, p < 0.0001
Comparison of PEG-groups: Kruskall-Wallis test, p < 0.0001

# post-hoc: Tect [lanHa c koadduipenTom benpramunau — Xoxbepra

# post-hoc: Dunn test with the Benjamini-Hochberg false discovery rate

T Mon-Outlier Range
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# Extremes

Cpasrenue rpynn koutposs 0.9% NaCl: tect Kpackena — Yonnuca, p = 0.79

Comparison of control groups 0.9% NaCl: Kruskal-Wallis, p = 0.79

* TecT BH/IKOKCOHA (/151 CpaBHEHHS! TTapHBIX BEIOOPOK), p < 0.0125 (I3 -rpynms! 1 rpymmkl Koutposst 0.9% NaCl)
Wilcoxon's test (for comparing paired samples), p < 0.0125 (PEG-groups and control groups 0.9% NaCl)

Puc. 7. KonuuectBo HEUTPODUIOB B 001ACTH XUMHUUYECKOU TPABMbI POTOBUIIBI IIOCJIE BBEJIEHUS U3YUAEMBIX IIPENIapaTOB
(1 — rpynmna «MectHoe BBefieHue [19T-cybTrin3una»; 2 — rpymnmna «MectHoe BBeieHHe [1A-THnaypoHuaasbI»;
3 — rpynna «CyOKOHBIOHKTHBaIbHOE BBeZieHHe [19T-cyOTinnsuHa»; 4 — rpynmna « CyOKOHBIOHKTUBAJIBHOE BBEJIEHUE
I3 -ruanyponuaassi»; MB I19T-¢ — mectHOe BBeZieHue [19T-cyoTunusuna; M @/c — mectHOe BBezieHMe 0.9% NaCl
B rpymre 1; MB [19T-r — MmecTHOe BBezienue 19T -ruanyponuaassl; MB @/t — MecTHOe BBezieHue 0.9% NaCl B rpytie 2;
Cg I[13T-¢ — cyOKOHBIOHKTUBAIbHOE BBesleHue [19T-cyoTrm3nna; CB @/c — cyOKOHBIOHKTHBAJIBHOE BBEJICHIE
0.9% NaCl B rpymrie 3; CB [19T-r — cyOKOHBIOHKTHBAJIbHOE BBe/ieHre [ -rnaniypoHuiashl;
CB ®@/r — cyOKOHBIOHKTUBAIbHOE BBezeHHE 0.9% NaCl B rpyre 4)
Fig. 7. The neutrophil count in the area of the corneal chemical injury after administration of the study drugs
(1 — topical PEG-subtilisin administration group; 2 — topical PEG-hyaluronidase administration group; 3 — subconjuncti-
val PEG-subtilisin administration group; 4 — subconjunctival PEG-hyaluronidase administration group; TaPEGs — topical
administration of PEG-subtilisin; TaS/s — topical administration of 0.9% NacCl in group 1; TaPEGh — topical administra-
tion of PEG-hyaluronidase; TaS/h — topical administration of 0.9% NaCl in group 2; SaPEGs — subconjunctival adminis-
tration of PEG-subtilisin; SaS/s — subconjunctival administration of 0.9% NaCl in group 3; SaPEGh — subconjunctival
administration of PEG-hyaluronidase; SaS/h — subconjunctival administration of 0.9% NacCl in group 4)

3.5 pasa, a npu CyOKOHBIOHKTUBAJILHOM BBEJIEHUU
[19T-cyoTriinsuHa — B 5 pa3 (cM. puc. 2). Xapak-
TEPHO, UYTO CYOKOHBIOHKTUBAIPHOE BBeZIeHUE 00JIa-
ZaeT OOJIBIIMM CTUMYJIUDYIOIIAM BJIUSHHEM Ha
MUTPALMIO KJIETOK B oOsiacTh paHbl. Ha addekr
MUTPAIUU KJIETOK IyTh BBeAeHusA 0.9% NaCl mpax-
TUYECKH HE OKa3bIBaeT BJIUsAHMA. TakuM ob6pazom,
CYOKOHBIOHKTHBAJIPHOE BBEJIEHHUE  HCCIIENYEMbBIX
IIpernaparoB obecrieynBaeT TKAaHEBOE JIETIO C ITPOJIOH-
TUPOBaHHBIM (DAPMAaKOJIOTHUYECKUM BO3/IEHCTBUEM.
ITpu MHCTWLIAIINH HA TIOBEPXHOCTh PAHBI HCCITe-
JTlyeMble TpernapaThl IPAKTUYECKU HE YBEIUIUBAIOT
KOJIMYECTBO JINM(OI[UTOB 110 CPABHEHUIO C KOHTPO-
JieM, a CyOKOHBIOHKTHBAJIBHOE BBeJleHUE 000X dep-
MEHTOB YBEJIMYHBAET UX KOJIMUECTBO GOjiee 4eM B
2 pasa (cMm. puc. 3). [Ipu 5TOM 1O BIUSHUIO HA YUCIIO
JuMGOLIUTOB MeX/Iy NperapaTaMy Pa3HUIII HET.

uronidase is used subconjunctivally which character-
izes this therapy regimen as safer and more effective
in chemical injury of the cornea due to the absence of
intact cell alteration.

Topical administration of PEG-hyaluronidase
does not cause an expressed cellular response of
immunocompetent cells in the area of the chemical
injury of the cornea, and the effect is comparable to
the use of 0.9% NaCl which differs from the effect of
PEG-subtilisin and PEG-hyaluronidase adminis-
tered subconjunctivally. The absence of its pharma-
cological effect when applied topically characterizes
the safety profile of PEG-hyaluronidase for this route
of administration.

The use of PEG-subtilisin subconjunctivally causes a
pronounced response of immunocompetent cells which
may be unsafe given the proteolytic effect of the drug.
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®akT HAKOIUIEHHUA JTUMPOIUTOB UMEET IIO3UTUBHOE
3HaUeHHe, MOCKOJIbKY 3TH KiaeTku MALT-cucrembl
HaJleJIeHbI UMMYHHOHM TaMATHI0O 0e3 BhIPaKEHHBIX
3¢ deKToB abTepaliiy Ha TKaHU. VX TpUCYTCTBUE B
30HE TKAHEBOM JereHepaiuu Oyaer obecrneynBaTh
AHTUMHUKPOOHOE U IPOTHBOBOCIIAJIUTENIbHOE JeH-
CTBHE, UTO B UTOTe He OyZET CIePKUBATH IIPOIECCHI
pereHepanuy NOBPEXAEHHONW POTOBHUIIBL.

HesaBucumo oT myTH BBeZleHUsI 000HUX Ipernapa-
TOB OHH B 2—3 pasa YBeJIUYUBAIOT COZEp:KaHUe
IJIAa3MOITUTOB I10 cpaBHEeHNIO 0.9% NaCl (cm. puc. 4).
Poct kosinuecTBa IJIA3MOITUTOB MOXKeT obecredu-
BaTh JIOKAIBHYIO DeIH3aIHi0 IIPUOOpPEeTEHHOTO
UMMYHHUTETA, YTO TAKXKE CJIEAYET PACIEHUBATh KaK
MIOJIOKUTEJIBHBIN (DaKT.

O6a mytu BBenmeHus [19I-cyOTHIMBHUHA TPUBO-
JIAT K BbIpakKeHHOHU 303uHOGmInu. [13T-ruamypo-
HU/a3a yBeJIWYUBaeT cojeprKaHue 303UHOMUIOB
TOJIBKO IIPU CYOKOHBIOHKTHBAILHOM BBEJIEHUH (CM.
puc. 5). BeposiTHO, HaKT IPUCYTCTBUSA KPYITHOMOJIE-
KYJIIPHOTO TIpeliapara MpUBOAUT K OBICTPOU MUTpa-
U 303UHO(UIOB U3 KPOBEHOCHBIX COCYZ0OB. ITO
JTOCTATOYHO TPEBOKHO BBITJISIUT B OTHOIIIEHUH CYO-
TWJIN3WHA, TOCKOJIBKY D03UHO(UIBI CIOCOOHBI K
BHEKJIETOYHOMY ITUTOJIN3Y U CTUMYJIANUU (pubpo-
6sacroB. C 5TO# TOuKM 3peHUs u BBefeHue [19I-
THAJIyPOHHU/IA3bl MOXKHO CUHUTATh 0Oe30IacHBIM
TOJIPKO B BUJIe MHCTHJUIAIINH.

BeipaskeHHBIN 3¢ dekT HAKOIUIEHU MaKpodaros
OTMEYAETCs TOJIBKO IIPU CYOKOHBIOHKTUBAJIBHOM BBe-
nmenusi [19T-cyormwimsuHa (cM. puc. 6). Murpanus
MakpodaroB B 30Hy IOBPEXKJIEHUS UMeET IeIb OCy-
IECTBUTH IIEPBUYHBIH (Paroruros, MECTHYIO IIPOIyK-
IIMIO OKCH/IA a30Ta U3 ApTMHUHA, YCUINTH PETIapaIiiio
sH7I0TeNus U aHruorenes3. C sTol mo3unuu 3pdext
CyOKOHBIOHKTUBAILHOTO BBEJICHUA I191-
CYOTH/IH3MHA MOKHO CIUTATD ITOJI0KUTETHHBIM.

[Ipumenenue II9T-ruamypoHuzia3pl He OKA3bI-
BAIOT BJIUAHUA HA MUTPALUI0 HEUTPOUIOB IpuU
MeCTHOM BBenieHUU. [I9-cyOTH/IMBUH He3HAUH-
TeJIbHO YBEJITNYHUBAET MUTPAIIUI0 HEUTPODUIOB (CM.
puc. 7). HeldTpoduabl CrocoOHbI pean30BbIBATh
OKCHJIQaHTHBIA CTpeCC/peCcrupaTOPHBIA B3PBIB €
BBIXO/IOM OOJIBIIIOTO KOJIMYECTBA AKTHUBHBIX (HOPM
KHCJIOPOZA, a TaK:Ke 00J1a7]al0T BRIPAXKEHHBIM (paro-
IUTO30M. VX IPUCYTCTBHE B PAHE POTOBUIIBI MOXKET
MMeTh He6JIaTONPUATHOE TTOCIIEACTBHE U3-3a aJIbTe-
panuu HeloBpPEXX/IEHHBIX KJIETOK paHbl. Paccyxas
C TO3UIUY BJIUAHUSA IUTOTOKCUYHOCTH HA KJIETOU-
HBIF MacCCHB PaHbl, OTCYTCTBUE BO3/IEHCTBUA HCCIIe-
JlyeMBIX IIperapaToB Ha yCHUJIEHHWe MUTpalUu Hel-
TPodUIJIOB CJIEAYET CUUTATh IOJIOKUTEIHHBIM
apdexTom, ocobeHHo B oTHOIIeHUH [1AT-THaTypo-
HUJIa3bl.
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SAK/IIOUEHUWE

Beegenue [13T-ruanypoHnia3bl CyOKOHBIOHKTH-
BaIbHO U [I9T-cyOTH/IN3MHA KaK MECTHO, TaK U Cy0-
KOHBIOHKTUBAJIFHO IIPUBOJIUT K YCHJIEHHOH MHTpa-
MY UMMYHOKOMIIETEHTHBIX KJIETOK B 30HY XUMHUYe-
CKOT'O TIOBPEK/IEHUS POTOBHIIBI, IPU 3TOM MUTpa-
U HeUTpodIoB He3HAUNTETbHA. OHA ITOJTHOCTHIO
OTCyTCTBYeT Ilpy lpuMeHeHuH [I9T-ruanypoHuassl
CyOKOHBIOHKTHBAJIBLHO, UTO XapaKTEPU3YeT JIAHHYIO
cxeMy Tepamnuu Kak 6osiee 6e30macHyo u 3 heKTHB-
HyI0 TIpH XUMHYECKOM TpaBMe pOTOBUIIBI H3-3a
OTCYTCTBHSA aJIbTEPAIIUU HENOBPEKEHHBIX KIIETOK.

MectHoe npumMmeHeHue [19I-ruanypoHusassl He
BBI3bIBAET BBIPA’KEHHOTO KJIETOYHOI'O OTBETa UMMY-
HOKOMIIETEHTHBIX KJIETOK B O0JIACTH XMUMUYECKOH
paHbl poroBurpl, a 3pdeKT cpaBHUM C IpHUMeHe-
HureM 0.9% NaCl, uro oinuaercs ot adpdexra [13T-
cyotunusuHa u 19T -TuaaypoHu/1a3bl, BBEJEHHBIX
CyOKOHBIOHKTUBAIBHO. OTCyTCTBHE ee hapMaKoJIo-
rudeckoro 3addexra Ipd MeCTHOM IPUMeHEeHUU
xapakTepusyer mpoduiab 6esomacHoctu I[19I-rua-
JIyPOHH/IA3bI IIPU JIAHHOM THUIIEe BBEIEHUA.

[Ipumenenue I[19T-cyOTHMIM3WHA NPU CyOKOHDB-
IOHKTUBQJIPHOM IIyTH BBEJIEHUS BBI3BIBAET BBIPA-
JKEeHHBIH OTBET MMMYHOKOMIIETEHTHBIX KJIETOK, UTO
MOXKET OBITh He0e30IIacHO, YIUTHIBASA IIPOTEOJTUTH-
JecKoe JieficTBUE Ipernapara.

Brxiiag B HamucaHue cratbu (IIPOBeJIEHUE
SKCIIepUMEHTaIbHbIX pabor — B.E. 3abamHoBa,
K.U. Epmos, .. BalikajioB; HalTuCaHWE CTaThbU —
I1.I'. MayioHOB; peztlaktTupoBanue cratbu — A K. Oyp-
coBa, A.Il. Hamees, IL.I. MajoHoB; paspaboTka
ausarna ucenegopanus — I1.T. Magonos, H.II. Jleo-
HOB; CTATUCTUYECKUH aHAJIN3 TAaHHBIX, OpOpMIIeHHE
crateu — B.E. 3abanosa, I'.11. Baiikanos).

KoH}IuKT nHTEPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JIMKTA UHTEPECOB.
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