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0 NALoG amoTeAel TNV KOPLA TINYT) OTITIKNG AKTIVOROALAG TN UOT) EKTIEUTIOVTAS
vmeptwdn (UV), opatn kat vmépuBpn aktwvofoAria (IR), peydro mocootd twv
omoiwv @Bavel otV empavelx ™G I'meg. Ymapyxovv OpwG TapdAAnia kat
TEXVNTEG TINYEG OTITIKNG aKTVOBoAlXG OTIwG Ti.X. KAIBavol, BeppudoTpeg, AQUTES,
OUOKEVEG YPNOIHATOS K.0. 0TI OTtoleg elval Suvatov va elvat ekteBelpeva Sa-
@opa datopa, NOeAnuéva M un, Kat 1 €KOBEOT TOUG QUTN] OE GUYKEKPLUEVES
TEPITTWOELS VA CEMEPVA KATA HEYAAO BabBud to «@UOLOAOYIKE» emimeda.
Apketéc peréteg €xovv cvoyetioel Tnv ékBeon oy IR pe poKANoM SlaPopwV
BAaBwv oTOLUG OTOUG TOLU  0@OAANOY, ovpmepAAUPBavOpEVWY NG
KATAPPAKTOYEVEONG, TWV OEPUIKWV EYKAVUATWYV TOU KEPATOELSOUG KAl TOU
apu@BANCTPOELST KAl TOV SepUaTikov epuBnuatog ab igne.

[TapOoX auta, Alya elvatl yvwoTd HEXPLS OTLYUNG YL TOUG UNXAVIOHOVS TIPOKAT oM G
Twv BAafwv avtwv amd v IR, oe avtiBeon pe v UV, 0TOU apKeETEG EPEVVES
exoUV amodellel TNV GUUUETOXN HOplwV TOL EEWKUTTAPPLOV YXWPOV, UETALY
AQUTWV Kol Twv PETaAAoTpwTEivacwv (MMPs), otig BAamtikég emSpAcELs TNG.
'Epevveg TAvTtws o€ voPAGoTeS 8épuatog avbpwtov deiyvouv 0Tl ka1 IR, 0Twg
akpBwgs kot n UV, @aivetal va aokel TI§ BAATITIKEG ETEPACELS TNG HE TTAPOHOLO
TPOTO, eMMPeAlovTag SNAAST KL quTH HOPLX TOU €EWKUTTAPIOU XWPOU, OTIWG
elvat ot MMPs.

Eivat yvawoto 6tL ot MMPs evoxomolovvtal o€ S1a@opeg TTab10ELS TWV LOTWV TOV
0@BaAUOY, OTIWG OE KATAPPAKTOYEVEDT), OTNV ENPo@OAANia, OTIS ATIOTITWOELS
TOU KEPATIKOU emONAiov, evw MApAAANAd KL GAAQ popla Tov €EWKLTTAPIOV
XWPov, OTw¢ ot yAvkolapwvoyAvkaves (GAGs), @aivetat va CUUUETEXOUV OE
SLopeg TABOAOYIKEG KATAOTACELS TOU 0@OaAUOV, OTwG otnv Snuovpyla
KATAPPAKTN KAl OWNUATOG TOU KePATOELS0UG. QLoTO00, SeV UTIAPYXOUV UEXPLS
OTIYUNG €PYACIEG TIOU VA EXOUV HEAETNOEL TOV TOAVO UNYAVIOUO TPOKANGTG
BAaBwv otov 0@BaApn6 amd v IR kat v emidpaon Tov PTmopel va eMPEPEL 1)
¢kBeon oe IR oti¢c MMPs kot tig GAGs.

Y& aQUTO TO TAQIOLO OXESIAGTNKE 1) TTAPOVCA EPYATIA, LE OTOXO TNV UEAETN TNG
emidpaong ¢ ofeiag kat xpoviag ékbeong s IR oe popla tov eEwkutTapiov
XWPOU Kol ouykKekpéva otmv MMP-2, tTqyv MMP-9 kot ti¢ GAGs (Beukn
Kepatavn, Beukn Sepuatavn, Beuxn xovpoltivn, Beukn nmapavn, VHAOVPOVIKO
of0 KoL Nmapivn) oTov KEPATOELSN KAl TOV KPLUOTAAAOELST akd KovikAwv. '
™v olela €kBeomn xpnopomombnkav 600 opades TwV TECCAPWVY KOViKAwv. H
TPWTN OpGda §ev aKTIVOBOANONKE KL ATIOTEAEGE TNV OUASH TWV HAPTUPWY YL
™ 8e0TEPN opdda, TG omoiag Ta melpapatolwa ektébnkav oy IR yia Swdexa
wpeS. [TapdAAnAa, otouvg 8e€lovg 0POAANOVG TWV KOVIKAWY QUPOTEPWV TWV
OHASwV €yve eVOTAAXEN 0BUAUIKWY oTayOVWwY Beukns Siklopevakng 0,1%, pe
OKOTIO vV TIpocdloploBel o poAog TG avacTtoAng ™S kKukAoo&uyevaong (COX),
XPNOLUOTIOLWVTAG WG HAPTUPEG TOUG APLOTEPOVSG O0POAANOVS TwV KOVIKAWV.
‘Ocov agopd ot UEAETN NG xpoviag ékBeong, xpnoomomOnkav d0o opddeg
TWV TPLWV KovikAwv. H mpwTtn amotéAece tnv opada Twv HapTtupwy, evem 1 SeV-
tepn ektednke og IR ya Stdotnua tecodpwv pnvwv. H aktivofoAnon Stapkovoe
TECOEPLS WPEG MUEPNOIWG Kol TPAYUATOTIOLOUTAV KABe epydolun pépa
efalpovpévwy  Twv  Zaffatokvplakwy. Katdémyv avawobnrtomoinong twv
TEPAPATO{W WYV, aKoAoVON e ANYPM Tou KEPATOELSOVG KL TOV KPUOTAAAOELS0VG



@EOKOU EKNOTOV. ZT1] GUVEXELA TIpayuaToTomOnke (upoypa@ia (eAativig yla Tov
TPOoSloplopd NG SpactikdTTag Twv (eAatvacwv ( MMP-2, MMP-9 ), kaBwg
Kal amopovwon twv GAGS Kol HETPNON TWV OUPWVIK®OV 0EEWV oTa Selypata, Ta
omola TEAKA MAEKTpO@OPNONKAV 0€ OEIKEG KUTTAPIVES Yl TNV TOLOTIKY Kal
TOCOTIKY aviyvevon twv GAGs.

H Qupoypapia ledativng é8eiée Spactnplomta kuplwg g pro-MMP-2 ota
Selypata amd tov kepatoeldn kat Tov kpuotaAroedn @ako. H IR StamiotwOnke
OTL EMAYEL OTATIOTIKA ONUAVTIKA TN Spactnplotnta g pro-MMP-2 otov
KEPATOELST KAl TOV (PAKO TOGO GTNV o&ela 600 KUl OTNV XPOvia €KOEOT, EVW 1)
Beuxn SikAo@evakn Sev @aAlVETAL VA AVAOTEAAEL OTATIOTIKA OTNUAVTIKA TNV
EMAYWUEVT amo v ofela ékBeom oe IR Spactmpdtta avty ™™g pro-MMP-2
OTOV (PUKO KOL TOV KEPATOELST).

‘Ocov aopd T GAGs, ota Selypata TOU KEPATOELSN aVIXVEVTNKE OF
UEYAAVTEPO TOOOOTO OEUKN KEPATAVN Kol OE HIKPOTEPA TOOOOTA Oeukm)
nmapavn kat Beuxn xovépoitivn, evw ota Selypata Tov @akol Slamotwinkoy
KATA KUPLo A0Yo 1 Beukn nmapavn kot 1 Beuxn Sepuatavn . H xpovia éxBeon oe
IR 8¢ pavnke va emnpedlel TOCOTIKA 1] TIOLOTIKA TNG GAGS 0TOV KEPATOELST) Kal
Tov @ako. H ofela €kBeom oe IR Sev MPokAAEcE KAULA TTOGOTIKY 1] TIOLOTIKN
uetafoAn ot GAGs OTOV KePATOELSY), €VW OTOV KPUOTOAAOELSY) QAKO
SO TWONKE OTL EMAYEL OTATIOTIKWG OHAVTIKA TO OGO TNG OUKNG NTTapdavng,
HE TN XPNON NG SIKAOPEVAKNG VX TPOKAAEL HIKPY), AV KL OXL OTOATIOTIKA
OTUAVTIKY, LEIWOT) TOV TTOGOV TNG BEUKN S NTTAPAVNG IOV eayeTal amo v IR.
ZUUTEPACUATIKA, TA ATIOTEAECUATA TNG LEAETNG VTG Selyvouv OTLT €kBeom o€
IR pmopel va emupépel aAAQyEG o€ HOPLA TOV EEWKUTTAPIOV XWPOL OTOV KEPATO-
€181 KoL TOV KPUOTAAAOELST) PAKO KOVIKAWYV, OTIwG elvat ot MMPs kat ot GAGs.
TuykekpLuéva Kat 1 xpovia katn o&eia ékBeon o€ IR odnynoe o€ emaywyn g
SpactnploTag ™G pro-MMP-2 1600 6TOV (Pakd 600 KAl GTOV KEPATOELSY),
Omwg emiong 1 o&ela €ékBeom oe IR adinoe To Moo TG BeLKN S NTAPAVN G GTOV
(POKO, LLE TN XP1|OT) TNG SIKAOPEVAKNG VA UMV UTIOPEL VX AVAOTEIAEL OTATIOTIKWG
OTUAVTIKA TIG EMOPACELS AUTEG KATA TNV 0&ela €kBeoM, OTIOL KoL LEAETN ONKE.
Avodoyl{opevol Tig BLoAoyikéG SPACELS TWV TTAPATIAV®W HOPiwV, AAG KoL TNV
amodedetypévn BBALOYpA@IKA CUUUETOXT) TOUG 0TV TIPOKAN 0N SLa@OpwV
BAaBwv 0TOV KEPATOELST) KL TOV KPUOTAAAOELST]) PAKO, OTIWG avaEPONKE
TLPOTYOUUEVWG, ETILXELPNONKE L TIPWTT 6VOYETLON NG €kBeon¢ o€ IR kot ¢
TPOKANoNG Sl opwv BAaBwV oTOoV 0OAANS, KABWS KAl pia TPooTTABELX
ATOCAPNVLONG TWV TILOAVWOV UNYAVICUWY TIPOKANONGS TwV BAABOV aUT®V KoL
OLUBOANG OTOV TOUEQ AVIXVEVLON G TIPOANTITIKWV 1 KL OEPATIEVTIKWVY HETPWV
EvavTL TWV BAATITIKOV qVTwV emdpdoewv NG IR.

NE€elc KAeLOLA: KepaToeldng, umepupOn aktvoBoAia, kpuoTtaANoeldn ¢ pakog,
KukAoofuyevaon.

ABSTRACT



Sun is the main source of optical radiation in nature, emitting ultraviolet (UV),
visible and infrared radiation (IR), large amount of which reaches Earth’s
surface. There are also artificials sources of IR radiation, such as furnaces,
heaters, lamps etc, that many people are exposed to, deliberately or not, and this
exposure can sometimes exceed “normal” limits. Several studies have tried to
correlate the exposure to IR with several damages to ocular tissues, including
cataract formation, corneal and retinal thermal burns and dermal erythema ab
igne.

Nevertheless, little is known so far about the mechanisms involved in IR-induced
tissue damages, in contrast to UV, where the interference of extracellular
molecules, including matrix metalloproteinases (MMPs) have already been
proven by many studies. Recent studies, however, using human dermal
fibroblast, show that, similar to UV, IR probable exerts its harmfull effects by
affecting extracellular molecules, including MMPs.

It is known that MMPs are implicated in various diseases of ocular tissues, such
as cataractogenesis, dry eye, corneal epithelial apoptosis, while other
extracellular matrix molecules, such as glycosaminoglycans (GAGs), also appear
to participate in various pathological ocular conditions, such as cataract
formation and corneal edema. However, no work so far has studied the possible
mechanism of IR-induced harmfull effects to the eye and IR-exposure impact on
MMPs and GAGs.

In this context, the objective of our study was to investigate the effect of acute
and chronic exposure to IR on rabbit corneal and crystalline lens MMP-2, MMP-9
and GAGs (keratan sulfate, dermatan sulfate, chondroitin sulfate, heparan sulfate,
hyaluronic acid and heparin). Two groups of four rabbits were used for acute
exposure. The first group, which was not irradiated, was the control group for
the second, the rabbits of which were exposed to IR for twelve hours.
Furthermore, diclofenac sodium eye drops 0.1% were instilled in the right rabbit
eye of both groups in order to determine the role of cyclooxygenase inhibition,
using as controls the left eyes of the rabbits. As far as chronic exposure is
concerned, ,two groups of three rabbits were used. The first was the control
group, while the second was exposed to IR for a period of four months. The
irradiation was lasting four hours and was taking place every working day
except weekends. The cornea and the crystalline lens of each animal were
extracted after anaesthesia, followed by gelatin zymography, in order to
determine gelatinase activity (MMP-2, MMP-9), and GAGs isolation and
measurement of uronic acids, which were finally electrophoresed on cellulose
acetate membranes for the qualitative and quantitative analysis of GAGs.

Gelatin zymography revealed mainly pro-MMP-2 activity in all samples. IR was
found to induce the activity of corneal and lens pro-MMP-2 in a statistically
significant manner, after both acute and chronic exposure, while diclofenac sodium
did not appear to inhibit this induction during acute IR exposure, where the role of
which was investigated.

As far as GAGs are concerned, keratan sulphate was mainly detected in corneal
samples followed by heparan sulfate and chondroitin sulfate, whereas in lens
samples heparan sulfate and dermatan sulfate were found predominantly. Chronic
exposure to IR did not appear to have any effect on corneal and lens GAGs. Acute
exposure to IR induced the amount of lens heparan sulfate in a statistically
significant manner, whereas there were no quantitative or qualitative changes to be



detected in corneal samples. The use of diclofenac sulfate did not appear to affect
acute IR exposure effects.

In conclusion, the results of this study suggest that chronic IR exposure induced
corneal and crystalline lens pro-MMP-2. Regarding acute IR exposure, an up-
regulation of corneal and lens pro-MMP-2, as well as lens heparan sulphate amount
was reported, with the use of diclofenac sodium to be unable to inhibit or reduce IR
induced effects in a statistically significant manner. Considering the biological roles
of these molecules and their scientifically proven participation in many ocular
diseases, as previously mentioned, a first attempt was made to correlate them with
IR exposure, so as to exploit possible mechanisms involved in various pathological
ocular conditions and to contribute to the field of preventive and therapeutic
solutions against IR potentially harmfull effects.
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