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EYXAPILTIEX

H ekmovnon 1nG TmapoLboag diatpIPNg  TTPAYUATOTIOINOBNKE OTO
EQYAOTAPIO TNG KaABNyNTplag PapuakoAoyiag Tou latpikob TuAUATOg TOL
MNavemoTtnuiov KpNtng K. OegppoL KuplaknNg. @a NBeAa va TNV euxapioTNoOW
OAOWLXA YIA TNV EUTTIOTOCLVN TTOL HOL £6€fe ATTO TNV TTPWTN OTIYUNA TTOL
EUPAVIOTNKA OTO YPAPEIO TNG WG TTEOTITLXIAKN POITATEIA, YIA TNV ATTEPIOPIOTN
EMOTNPOVIKN TNG CLPPROARA TTOL TTAVTA ATTAOXEPA KAl AKOVLPACTA POUL TTAPEIXE,
yla Tnv evBappuvon TNG Kal TNV NBIKKA TNG CLUTTAPACTACN OAQ ALTA TA
Xpovia. Mg £uaBe va eipal Yyia owaoTh eTTAYYEAUATIAG KAl oL £6€IEE TG Eival
EVag AvBP®TTOG TTOL TTPAYUATIKA AyaTta Kal Kotadel yia Tn SOLAEIA TOL, APOL
ATTOTEAEI £va TTEPITPAVO TTAPAdEYUa.

@a NBeAa €mionG va €LXAPIOTACW KAl Ta LITOAOITTA  HEAN TNG
ETTTAPEAOVG €EETACTIKAG HOL €MTPOTING: Tov K. |. MaAAAkapn, Tov K. M.
ToINiuttapn, Tov K. A. TpaBavn, Tov k. A. MAQITakn, Tov K. N. XakeA\apién kai
IS10iTEPA TNV K. Avva BaAcIAGKN pIa Kal ATAV €KEIVN TTOL WE EKTTAISELOE OTIG
TEXVIKEG TOL €QYAOTNEIOL, He OTAPIEE OTA TPWTA GAAD KAl OTA METETTEITA
BAMATA POUL Kal pe kKaBobdnyoLoe ag OAN TN SiIdpkela TNG SIATPIRAG poL.

Eva peyOAO €LXAPIOTW OMEIAW O OAOLG TOLG CLVASEAPOULS TTOL
TTEPACAV OAQ ALTA TA XPOVIA (KI ATAV TTPAYUATIKA TTOAAOI) atTO TO EQYACTNPIO
aANG kal arrd AAAA EpyacTAEIa TTOL CLVERAAQVY pE KABE TPOTTO, HIKPOTEQO N
HEYQALTEQO, OTNV TTpAypaTotToinon TNG dIatpIPNG pov. ‘Ouwg, eva 181aiTepo
ELXAPIOTW Ba NBeAa va 6wow otn PwTevh Kiayladakn, TOCO YIA TNV EKTEAECN
KATTOIWV TTEIPAPATOY TNG SIATPIPAG KoL AAAG KAl yIa TNV Ayoyn cLvepyaaoia
pag. NMoayuatika &€ xpeialotav va T TTOAAG YIa va Je KaTaAapel o OAa Ta
emimeda. Na 10 181iTEPA KAAO KAIPQ cLVERPYATIAG, LTTOCTNPIENG KAl ELXAPIOCTNG
ATUOOCPAIPAG, TOCO PECA OTO £OYACTNPIO, AAAG KAl PE TOLG TTEPICTOTEPOLS
Kal ¢ ammo avTo, Ba NBeAa va euxaplioTACW: TN Aéomroiva MamacapPa, Tn
YTEAND TIOKOLUAKN, TNV AVTOVEANG Mapadicotn, TNV Epn Kapayidvvn, Tn ©¢kAa
MNamadakn, TNV ‘EAevn Peviepn, Tn Aéotmmoiva Kokova kal Tn MNata lopdaviéouv.

EuxapioT TTOAD TOV K. Avépéa KaoTeAAdkn, AvamAnpwth Kabnyntn
Woxoguaioloyiag Tou Tunuatog WoxoAloyiag Tou MavemoTnuiov KpATtNG yia TIG

Vi



eLOTOXEG TTAVTA TTAPATNENCEIC TOL OTIC ERSOUASIAiIEG CLVAVTNTEIG PYAG KABWG
Kal TNV K. Maipn MNamadokwaTakn.

‘Eva akOpa PeYAADLTEQO €LXAPIOTW OPEIA®D OTOLG €KTOG EPYAOCTNPEIOL
PIAOLG POUL TTOL PEOVTIZAV VA TTEPVAW ELXAPIOTA KAl EEYVOIAOTA TOV EAELOEPO
oL xPoOvo. lsiaiTepa N Avva Movooyiavvn, N Aéva Aatocovdn, 0 MAkNG Levik,
n KAadipn Mkioka kal o Imopog MNepdikAkNG ATAV KOVTA POV, EISIKA TOV TEAELTAIO
KAIPO, WE JEYAAN LTTOUOVT), COUTTAPACTACH KAl KATAVONOoN.

TeAevTQiEC APNOA TIC BEPUOTEPES ELXAPIOTIEG POUL YIA TOLG SIKOVLG POL
avBpP®TTOLG. ELXAPIOTW TTOAD TNV ASEPEPN POL LEPEAN, YIQ TNV LTTOUOVA TNG,
TNV NBIKA TNG LTTOCTAPIEN Kal TN PoNBed TNG avd TAca oTiyun. To Mo YALKO
HOL ELXAPIOTW XPWOTW OTO CLVTPOPO TNG NG oL KWoTa NIKOAOTTOLAO,
TTOL JE AyATTN KAl KLPIWS LTTOUOVN gival SITTAa YoL oTNEICOVTAC PE OE KABE oL
TTPOOTIABEIQ, AAAG KAl OTO XPNOTO KAl OTN Logia TToL ATAG KAvouv Tn {wn
HOL OPOPPOTEPN. TEAOG, TO ELXAPIOTW Eival TTOAD PIKOO YIA TN PAPA JOoL, Logia
Avéplavakn. ‘Hrav autr Tmou e otnEige NBIKG Kal LAIKA, TTou pe Sibae Tic afieg
NG NG, TTOL POL EUABE va TTAAELW YI'ALTO TTOL BEAW PE CERBACUO ATTEVAVTI
OTOLG GAANOLG, AAAG KAl ATTEVAVTI OTOV £€QLTO WOUL. MAvTa EviBa TTOAL SuvaTh

yVpIilovTag OTI LTTAPXEI KATTOIOG TTOL TTIOTELEl TIPAYUATIKA O€ JEVA.
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AchE: Acetylcholinesterase
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bNOs: brain Nitric Oxide synthase
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EIZATQMH

1. EIZATQrH

1.1 AMOIBAHITPOEIAHL

O au@IPANCTPOEIBNG cival &vag AETTTOC I0TOG OTO THOW MPEPOC TOL
HATIOV, O OTTOIOG ATTOTEAEITAI ATTO PWTOELAICONTA VELPIKA KOTTAPA KAl iveg. To
TTAXOG TOL KLpaiveTal ammo 0,5 xINooTa oTo KévTIpo, pexo!l 0,1 pe 0,2 xINooTA
OTNV TTEQIPEPEIA. ATTOTEAEI TO ONUAVTIKOTEQO TUAKUA TOL PATIOL APOL G’ ALTOV
TTOAYUATOTIOIEITAI N UETATOOTI TWV QPWTEVWV EQEBICUATOV OE NAEKTPIKA
ONUATA, TA OTIoIa PECW TOL OTITIKOL VELPOUL, PeTaPIBAlovTal O AVATEPA
KEVTOQA TOL EYKEPAAOUL YIA TTEQAITEQW eTTeEepyaTial.

O aueIPANCTEOEISNG  avaTITOCOETAl  ATTELOEIAC aATmO  TO  VELPIKO
e€0deppa, SnNAadn Tnv e€elbikevpEvn Poipa Tov e€dEpUATOg ATTd TNV OTToIa
AvanTLOCETAl O €YKEPAAOG KAl N CLVATITIKA TOL OPYAVWON €ival OUOIa LE
EKEIVNY OAAGV SOV TOL KEVTPIKOL VELPIKOL CLOTAPATOC. MNMEOKEITAl YIa Eva
ATTAO HEPOG TOL KEVTPIKOL VELPIKOL CLOTAUATOG, APOL ATTOTEAEITAI UOVO ATTO
TTEVTE MEYOAEG KATNYOPIES veLPWVWY. Ol VELPWVEG cLVEEOVTAl PETAEL TOLG
KATQ £vA TTEQITTAOKO TOOTTO, AAAG PE PIA AVATOUIKA aTTAn oTipadwTn Siataén. H
amAOTNTA TOL QULTH O& OXEON HE GAANEG SOUEC TOL KEVTPIKOL VELPIKOL
OLOTAPATOG TOV KABIOTA TPEOTLTTO YIa TNV  KATAvonon Tou TPOTTOL
eme€ePYATiag TV TTANPOPOPIWV ATTO TA CUVOETA VELPWVIKA KLUKAWUATA TOL

EYKEPAAOUL.

1.1.1 Aopun ToL APPIBANCTPOEISNH

O au@IPANCTPOLISAC XITVAC ATTOTEAEITAl Ao VO  TIETAAQ, TO
HEAQYXOOLV ETTIBNAIO TTPOC TA £ KAl TOV KATEEOXNV AUPIPANCTOOEISN TTPOG TA
HECA. To peEAGyYXPOLYV ETTIONAIO aTToTeAEITAI ATTO HIA OEIPA KLROEISWY KLTTAP WY,
TTOL ETMIKABOVTAI OTN PepPEAvN TOL Bruch pe Tnv omoia cuvbéovtal oTaBePa.
AVTIOETQ, N oLVEECN PE TOV LTTOAOITTO AUPIBANCTEOEISN gival XaAapn Kal N

ATTOKOAANGT) TOL ELKOAN.



EIXAITQrH

O kate€oxNV AuPIPANCTPOEISNG EKTEIVETAI QTTO TNV TTRIOVWTH TTEQIPEQEIT
TTOL OXNUATICOLV Ol ATTOPULCEIC TV PWTOOTTOSOXEWY MPEXP!I TNV €€060 TOL
OTITIKOU VELPEOUL. XTOV AUPIPANCTOOEISH LTTAPXOLV TTEVTE KOPIOI TOTTOI VELPIKV
KOTTAPWYV: amo £€w, Ol PWTOLBTTOSOXEIC Ol OTToiol €ival Ta PpwToLLAICONTa
KOTTOPA TOL AUPIPANCTEOEISH, KAl TTPOG TA WECA, TA SiTTOAd KOTTAPA KAl Ta
YAYYAIGKA KOTTAPA TWV OTTOIV Ol PLYOKEVTOEG IVEC OXNUATICOLY TO OTITIKO
VEDPO TO OTTOIO KATAANYEI OTA £€W YOVATWEN CWUATA. MeTAEL TRV TTAPATTAVGL
KOTTAP GV LTTAPXOLY SVO AKOUA TOTTOI VELPWVWY, TA OPICOVTIA KAl TA RPPAXLIVA

KOTTapa (Eikova 1).
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EIKOVa — 1: ©: ImPAda TV KATEEOXNY PWTOBTOSOXEWY, EEK: EEWTEQIKA KOKKMSENS OTIRASA,
EEA: e€oTepikn SIKTLWTA OTIRASA, ECK: €0WTEQIKN KOKKWDONG OTIRGSA, ECA: e0WTEPIKY SIKTOWTH
oTIpada, I ITRASa TV yayyAOk®V KOTTApwv. Tnv EEK amoteholLV Ta KOEIA TUAUATA TV
pwTo0TOd0XE WY, TNV ECK Ta SiTtoAa kOTTApPA KAl TNV I Ta YAyyYNAKA KOTTAPA. EKTOC amrd TIG TREIC
ALTEC OTIRASES TTOL ATTOTEAOLVTAI ATTO TA KLTTAPIKA CWUATA TV VELPWVWY, aXNUATI(OVTAl KAl
800 oTIPAdSec ouvayewy. ITnv EEA evromidovial o ATOPLOEC TWV PWTOBTTOSOXEWY, TWV
SITTOAGV KLTTAPWY KAl TV 0PIOVTIOV KOTTAPWY, £Ve OTNY ECA evToTiovTal oI armopuoEiS TRV
SITTOAQYV, TV PPAXVLIVGYV KAl YAYYAICK®V KOTTAQMWV.
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O1 PWOTOOTTOSOXEIG, YVWOTOI KAl G OTITIKA KOTTAPA, eupavidovy Lo
TUAUATA. To €€WTEQIKO KLPIO TUNPA, TO OTTOIO AVAAOYQA HE TO OXNUA TOL Sivel
Kal TO Ovopad OTO KOTTApOo (paPSlo@opo N KWVIOPOPO), KAl TO E0WTEPIKO
TUNMQ, OTTOL PPICKETAI O TTVENVAG TOL KLTTAPOL. Ta eEWTEPIKA KLPIA TUNUATA
TV  OTITKGWV  KOTTAPpwWV  oxnuaTtilobv TN  oTipada Twv  kate€oxnv
PWTOLBTTOSOXEWY, £V TA ECWTEPIKA TUNWATA TNV £EWTEPIKN KOKKWSN OTIRASA.

Ta SimoAa kOTTApa evromidovial OTNV E€0WTEQIKN KOKKWSON oTIRAdA.
DEQOLV ECWTEPIKEG KAl £EDTEQIKEG ATTOPLOEIG HPE TIC OTIOIEC EVOVOVTAl HE
TTAPOUOIEG ATTOPVOEIG TWV OTITIKWV KAl YAYYAIAKWYV KOTTAPWY OTNV £EWTEPIKN
KAl E0WTEPIKN SIKTLWTN OTIRGSA, avTioToIXA.

Ta yayyNaka kOTTaQpa Ppickovrar oTn oTipada TV  yayyAIOK@V
KOTTAPWV. Madi pe Tta SITTOAQ KAl TOLG PWTOVTTOSOXEIGC CULUPETEXOLY OTN
SnuIovpPyia TOL KABETOL POVOTIATIOL HPETASOCNG TNG OTITIKNG TTANPOPOPIAG
(kaBeTo povomaT petafipacng Tov oNUaTog). O1 veLPAEOVES TV YAYYAIAKWV
KOTTAPWV OxNUaTilouy TO OTTIKO VELPO, PECW TOL OTTOIOL KATAARYOLV OF
SIAPOPES TTEPIOKEG TOL SIEYKEPAAOL KAl TOL PETOL EYKEPAAOL (EikOVa -2).

OnwG  TPOAVAPEPONKE, OTOLG  VELPWVEG TOL  AUPIPANCTPOEISN
OLYKATAAEYOVTAI KAl SO0 AKOUN TOTTOI VELPWVWY, Ta 0PICOVTIA KAl TA BpaxLIva
KOTTapa. Ta opilovTia KOTTAPA TEOTIOTIOIOLY TN HPETAdo0oNn TNG OTITIKNG
TTANPOPOPIAG PETAEL PWTOOTTOSOXEWY - SITTOAWV KLUTTAPWY, VR TA BPaxLIvVa
KOTTApA PETAEL SITTOAWY - YAyYAIOKQV KOTTAPWY, SNUIOLEYWVTAG £TCI TO
opIovTio povoraT petapipaong onuatog. O amopLoES TV opPILOVTIV
KOTTAPGYV evToTTiCovTal OTNV €€WTEQIKN SIKTLWTA OTIRASA, TV PPAXLIVGYV TNV
EOWTEPIKN SIKTLWTA OTIRASA €V TA KLTTAPIKA TOLG CWUATA PPICKOVTAl OTNV
E0WTEPIKI KOKKWEN OTIRASA.

EKTOG ammd Ta VELPIKA KOTTAPA OTOV KATEEOXNV AUPIRANCTOOEISN
LTTAPXOLV KAl EPEICTIKA OTOIXEId KOTTAPA, OTA OTTOId CLYKATAAEYOVTAl TA
KOTTapa MUller, Ta aoTEPOEIST) VELPOYAOIOKA KAl HIKOOVELPOYAOIOKA KOTTAPA.

MakpOOCKOTIIKG, O AUPIBANCTOOLISNG eupavilel TREIG XAPAKTNPIOTIKEG
TTEQIOXEG: TNV WXPEA KNAIGa, TO PoBpIo Kal TNV OTITIKA BNAN.

H wxpd kNAiSa aQTToTeEAEl XAPAKTNPIOTIKO YVWPEICUA TV TTOWTELOVTIWY
OnNAaoTIK@Y. [lPoKeTaAl yIO IO KEVIPIKA TIEQIOXN TOL  APPIRANCTPOEISN,

SIQUETPOUL TTEPITTOL 5 XINIOCTWV N OTToIA €ival LTTELOLVN YIA TNV AVAYVOEIoON
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TV AETTTOPEPEIV TOL CNUEIOL OTO XWPEO OTO OTT0IO ECTIACOLME TNV TTPOCOXN
uag.

To PoBpio PpiokeTal OTNV KEVTPIKA TIEQIOXN TNG WXPAG KNAISAG, Exel
SIAUETPO 1,5 XINOOTWV KAl QTTOTEAEITAI ATTOKAEICTIKA ATTO KWVIOPOPA KOTTAPA.
H KevTpIK TOL TTEQIOXN ATTOTEAE TO KEVTPIKO PoBpio pe Taxogs 0,15 xiAlooTa. To
KEVTPIKO BoBpio, TTapouoiadel peyioTn IKavOoTNTA €VKPIVEIAG AOY® TNG LWNANG
TTOKVOTNTAG KOVIOPOPWY KLTTAPWY TTOL eUpavidel.

H ©nAr TOL OTITIKOL VELPOL ATTOTEAEI TNV TTEQIOXN ATTO TNV OTTOIA Ol iVEG
TOL OTITIKOV VELPOL EYKATAAEITTOLY TOV APPIPANCTPOEISA. H ONAN Sev TTEQIEXE

PWTOLTTOS0XEIG Kal yI' ALTO dnNUIoLEYEI Eva TOPAO ONUEIO OTO OTTIKO PAG

medio.
omTkd O1rTIKA
veLPO Tavia
Ommikd .
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YOVaTMEEG
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Toormorroinuévo amo Neuroscience, 2001

EIKOVA — 2: KevipIkEG TTOOBOAEG TGV YAYYAIGKMVY KUTTAPGMY TOL AUPIBANCTOOEISH. O AEoveg
TV YAYYAIOK®V KOTTAOWY TOL APPIPANCTOOEISH KATAAYOLY OTO ££W YOVATWSES CWUA OTOV
BAAapo, TO AV SISLUIO, TNV TTPOTETPASLUIKA TTEPIOXA KABWS €mmioNng Kal oTtov LTTOBAAAo. Ol
VELPMVES TV KOTTAPWY TOL ££W YOVATOSEOLE COPATOC, OTTWS ALTOI TV LTTONOITTV TTLPAVOV
TOL BANAPOL, OTEAVOLY TTPOROAEC TTPOG TOV TTPWTOYEVH OTITIKO (1 PARSWTO) PpAoIO. To povoTarT
ALTO PETAPEPEI TTANPOPOPIES O OTTOIEG ATTOTEAOLY OLOIACTIKA ALTO TTOL ATTOKAAOLWE Opacn. H
TTPOTETPASLUIKA TTEPIOXA N OTToIa evTOTdeTAl PHETAEL BAAAUOL KAl PECEYKEPAAOL, gival ISIQiTepa
ONUAVTIKA WG KEVTIPO PLBUIONG TOL AVTAVAKAACTIKOL TNG KOPNG. ITOV TRITO TTLPENAVA, OTO AV®
SISLUIO YIVETAI O CLVTOVIOUOG TWVY KIVACEWY KEPAAAS KAl PATIV. TEAOC, O LTTIEPXIACUATIKOS
TTLPEAVAG TOL LTTOBAAAUOUL, EMITEETTEI TNV ETTIOEACN TOL KOKAOL NUEPAC/VUOKTAG O€ £va PEYAAO
apIBUO OTTIAQXVIKGV AEITOLPYIWV (TT.X. KIOKASIOC pLOUOC TTAPAYWYNS OPUOVAV).
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1.1.2 Onmikn eme§epyaoia

KaBe avBpwmog cival epodlacuévog Pe Eva OTITIKO oLOTNUA YIa TN
ANWN, TN HETAPOPA KAl TNV AVAYVWEION TWV OTITIKQV TTANPOPOPIWY TOL
TEQIRAANOVTOG KOOpoL. ‘OIS NéN avageépdnke, N OTITIKA TIANPOPOPIa
HETAQEQETAI ATTO TOLG OPOAAUOLC HECE TOL OTTIKOL VELPOL OTO EEW
YOVATWEEG CWUA KAl ATTO €KEI OTOV OTITIKO PAOIO TOL (EIKOVa - 2).

MNa va mpaypaTtoroin®ei n otk emefepyacia, To PWS APXIKA TTEPVA
Ao TOV KEPATOEISN XITWVA KAl TOV KPLOTAANOEISH PAKO TV OPOAAU@Y KAl
OTn OLVEXEIQ €0TIAZETAI OTOV AUPIPANCTEOEISH OTTOL ATTOPPOPATAl ATTO TOLG
PWTOAICONTNPIAKOLS  LTTOSOXEIC TV  PARSIOPOPWY KAl KDVIOPOPWY
KOTTAP®V (Eikova - 3). O aupIPANCTOOEISNG XITVAG gival g BEon va ATTOPULYEI
TNV TTAPAPOPPWON TTOL LPICTATAI N EKOVA PECW HIAG CEPAG PUNXAVIOUWY
TOLG OTToIoLG S1aBETEl: i) O OTIRASES TOL AUPIPANCTEOEISH €ival APVEAES KAl
OXETIKA SIAQAVEIG PE ATTOTEAECUA TO QWG VA POAVEI OTOLG PWTOVBTTOSOXEIG
XWEIC VO arroppo@aTtal N va Slaxeetal o€ heyaho PaBuo, ii) To pwS To oTToio &¢
SecpeELETAl ATTO TOV AUPIPANCTEOEIS ATTOPEOPATAl ATTO TN HEAAvivn TToL
TTEQIEXOLY TA KOTTAPA TOL PEAQYXOOULV ETTIONAIOL KAl i) Ta KLTTAPIKA COPATA
TV €£YYLG VELPWVWY TOL AUPIPANCTEOEISH OTO RoBPIo YeTaToti{ovTal TTPOG
TQ TTAQYIQ ETOI WOTE VA UTTOPECOLY Ol PWTOVDTTOS0XEIG va exBoLY TNV EIKOVA
HE AKOPN MIKOOTEPN TTAPAUOPPWON. H UYeTaTOOoN auTh &ival péyiotn OTo
KEVTOIKO PoBpio.

Onwg ava@eépOnKe KAl TIOONYOLHEVWS, O AUPIBPANCTEOEISNG TOL
AvOPWTTOL &£xel SLO €idN PWTOBTTOSOXEWY, TA KWVIOPOPA Kal Ta papdlopopda
KOTTaPA. Ta K@VIoPOpd KOTTAPA cival LTTELOLVA yIa TNV OPACN KATA TN
SIAPKEIA TNG NUEPAG AAAG KAl yIa TN SIAKPION TV XPWUATWY. H diakpion Twv
XPWHATWV gival EPIKTH AOY TNG LTTAPENG TPIWY TOTTWV KWVIOPOPWY KUTTAPWV
KaBévag atrd TOLG OTTOIOLG TTEPIEXEI LIA EEXWPIOCTN OTITIKN XPWOTIKN €LAICONTN
o€ &va SIAQOPETIKO TUAWA TOL PACPATOG. H CLYKEVTPWON TWV KOVIOPOPWY
KOTTAPWYV, OTTWG TTPOAVAPEPONKE, cival avénuevn oTo PoBpio kKal N avaloyia,
KQVIOPOPEa / SiTToAa KOTTAPA OTO onueio avTod eival pikpn. EISIKG oTO KevTPIKO
BoBpio Sev LTTAPXEI KABOAOL CUOYKAION, APOL KGO SITTOAO KOTTAPO SEXETAI

TTANPOPOPIEC ATTO £vVA KWVIOPOPO KOTTAPO.
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EikOova — 3: To ¢pwg eoTIAETAl ATTO TOV KEPATOEISN XITWVA KAl TOV KOLOTAANOEISH PAKO OTOV
KEVTPIKO POBPO. H eikOVa YiveTal SKTA UE TNV EAAXIOTN TTAPAUOPPWON ATTO TOLS PWTOBTTOSOXEIS
NG TTEPIOXNAG £€QITIAC TNG LETATOTTIONG TV KLTTAPIKGDYV COHATWY TWV TTAPAKEIPEVRV VELPOV®DV.

Ta papdlopopa KOTTAPA SIEKTTEQAIVOLY TNV OPACN OTO OKOTASI.
A&gItovpyoLy SNAadr oTo APLSPO PWG TNG ALYNG KAl TOL ALKOPWTOG, KABWG
Kal TN vOXTA, OTAV TA TTEPICCOTEQA €peBicuUaTa eival TToAL adbvara yia va
Sleyeipovv Ta KWVIoPopa kKOTTApA. Ta paPdio@dpa KOTTAPA €ival EKOOI
TTIEQITTOL  POPEC TTEPICCOTELA ATTO TA KWVIOPOPA. To oLOTNUA TOLG Eival
OULYKAIVOV, pIa Kal TTOAAG paBSIopOpa KOTTAPA CLVATITOVTAI PE TO i610 SiTTOAO
KOTTAPO. ETOI evioxLovTal Ta oNPATA, SLVAPWYOVTAG TNV TIPOKAAOLUEVN ATTO
TO PWG ATTOKPION TV £YYLS KLUTTAPWY TOL APPIRANCTEOEISN KAl avEAvovTag
TNV IKAVOTNTA TOL EYKEPAAOL VA AVIXVELEl AULEPO PWG, Ot PAPOG PLOIKA TNG
ELKPIVEIQGC.

ITO €EWTEPIKO TUNMA TV PAPRSIOPOP®DY KAl KWVIOPOPWY KOTTAPWYV
evrottiCovTtal ol OTITIKEG XPWOTIKEG. Ol XPWOTIKEG ALTEG ATTOPPOPOLY TO PWG
TTOOKAAQVTAG &vav “KATAPEAKTN” YEYOVOTWV TA OTTOId 06NYyoLV Ot aAAayn
TNG PONG IOVTWYV SIAUECOL TNG KLTTAPIKNG TOLG PEUPREAVNG KAl KATA CULVETTEIQ,
o€ alayn Tou SLVAUIKOL TNG PEPPREAVNG. MOPIO KAEISI 08 QULTEC TIC AANAYES
aTroTeAEl TO VOUKAEOTISIO 37, 5'-KLUKAIKI HOVOPWOPOPIKA yovavoaivn (CGMP).
H cGMP eAéyxel TN pon IOVTRV, AVOiyovTag évay E6IKO TOTTO SIALAWY I0VTIWY, Ol

OTTOIOI ETTITRETTOLY TNV EI0PON PELPUATOC OTO KOTTAPO, TTPOKAAOVUEVOL KLPIWG
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amo Na*. H ovuykévipwon tng cGMP eival OxeTIKA peyaAn OTO OKOTAS,
TTOOKAAQVTAG TO AVOIYHA TV SIAVAWY TIOL EAEYXEl, M€ QTTOTEAECUA VA
SlaTNEEITal TO KOTTAPO O€ KATAOTACN OXETIKAG EKTTOAONG. TO PWG EVEQYOTTOIEI
TIC OTTIKEG XPWOTIKEG, Ol OTIoiEC JE TN Cepa  TOoug SlEyeEipouvv TN
PoPodieaTepacn TNG CGMP. To év{LUO ALTO, EAATTVEI TN CLYKEVTPWON TNG
cGMP OTO KOTTAPOTTIAQCUA PE CLVETTEIA TO KAEICIUO TV EAEYXOUEVRV ATTO TNV
cGMP SiabAwV. ETOI TTIOOKAAEITAI N LITEPTTOAWGCN TOL PWTOVTTOSOXEQ.

Ta yayyANiaka KOTTOPA, O€ AVTIOEON PE TOLG PWTOLBTTOS0XEIC, Ol OTTOIOI
ATTOKPIVOVTAl OTO PG e PabuiieG aAAayeg Tou SuvapikoL PepREAVNG
SlapiBalouvv TIGC TTANPOPOPIEC WG CEPES SLVAUIKWY evépyelag. KaBwg ol
OTITIKEG TTANPOPOPIEC PETAPEQOVTAI ATTO TOLG PWTOLBTTOS0XEIC OTA YAYYAIQKA
KOTTAPA, SlaxwpilovTal o TTAPAAANAES 060UC PWTEIVOL KEVTOOL KAl OKOTEIVOUL
Kevipou. O SIaxwPIoHOG aALTOG Yiveral AvaAoyd Pe TNV ATTOKPION TwV
YAYYAIOK@V KOTTAPWY O€ HIa PIKPN KNAIda T1Tou @wrTidel TO KEVIPO TOL
LTTOSEKTIKOL TOLG TTESIOL.

Ta yayyANlaka KOTTOPA PWTEVOL KEVIPOUL digyeipovTal OTAV TO QWG
KATELOLVETAI TTPOG TO KEVTPO TOL LTTOSEKTIKOL TOLG TTESIOL KAl AVACTEAAOVTAI
oTav TO QWG £peBilel TNV TTepIPEPEIa ToL TTeSiov. Ta yayyAlakd KOTTAPA
OKOTEIVOL KEVTPOUL euPAVICOLV TIG AVTIOETEG ATTOKPICEIG: AVACTEANOVTAI OTAV TO
PWG £eBICEl TO KEVTPO TOL LTTOSEKTIKOL TTESiOL Kal digyeipovTtal OTAV TO PWG
€peBilel TNV TTEQIPEPEIT TOL TTESIOL TOLG. Ta yayyYAIGKA KOTTAPA TV SVO &bV
LTTAPXOLV O ICOLG OXESOV APIBUOLGS KAl KABE PWTOVTTOSOXEAG OTEAVEI WOEIG
oTa KOTTAPA Kal Twv SVO edwv. Ol PETAOXNUATIOUOI ALTOI TOL OTITIKOL
ONUATOG PonBolV Ta AvTEPA KEVIPA OTNV AVIXVELON ACOEVQV AVTIOECEWY
KAl Taxéwv aAAaywv oTnv £&viaon ToL PWTOC. Ta yayyAiaka KOTTapa eivail
e€eibikevpEva oTny emme€epyaaia SIAPOPWY XAPAKTNPIOTIKWY TNG EKOVAG, OTTWG
gival n Kivnon, ol JIKPEG AETITOPEPEIEG OTOV XWPO N OTO XPWUA.

OI OTITIKEG TTANPOPOPIEC PETASISOVTAI ATTO TA KWVIOPOPA OTA YAYYAIOKA
KOTTAPA KATA PNKOG VO TOTTWV 08V TOL AUPIRANCTPEOEISH. Ta KWVIOPOPA
KOTTOPA OTO KEVTIPO TOL ULTTOSEKTIKOL TTIESIOL €VOG YAYYAIOKOL KOTTAPOL
TTOAYMATOTTIOIOLY APECEC CLVEETEIG PE SITTOAQ KOTTAPA TA OTTOIA OTN CULVEXEID
OLVATITOVTAI APECA HE YAyYAIaKa KOTTapa. O CLVEETEIG ALTEG EiVAl YVWOTEG
WG AUECEG 1 KATAKOPLEEG. INUATA ATTO TA K®VIOPOPA KOTTAPA TNG

TTEQIPEPEIAG TOL LTTOSEKTIKOL TTESIOL TOL YAYYAIGKOU KOTTAPOUL HETASISOVTAI
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ETTIONG OTO YAYYANIGKO KOTTAPO HECE SITTOAWY KOTTAPWY, AAAD LUOVO EUPETQ,
HECW oPICOVTIV Kal BPAxLIVGV KLUTTAP®YV. Ol EuUeceS avTeg 06oi ovoualovTal
mAayieg  oboi. Ta opilovria  KOTTapa  HETAdiSovy  TTANPOPOPIEC  aTTo
ATTOPAKPLOPEVA PETAEDL TOLG KWVIOPOPEA KOTTAPA O SITTOAQ, £V OPICHEVO
TOTTOI PPAXVIVROV KOTTAPWY HETAPEOOLY TTANPOPOPIEG ATTO ATTOUAKQLOUEVA
SiTToAa KOTTAPA o€ YayyAIakd KOTTAPA.

Onwg TG YAyyAlakd KOTTAPA, ETCI KAl Ta SITTOAA KOTTAPA  EXOLV
OTTOSEKTIKO  TTESIO  PE  AVTIAYWVIOTIKN  60A0N  KEVTPOUL-TIEQIPEPEIAS KAl
SlakpivovTal € KOTTAPA PWTEVOL KEVTOOL KAl O KOTTAPA OKOTEIVOL KEVTOOU.
‘OT1avV evEQYOTTOIOLVTAl KWVIOPOEA KOTTAPA TOL KEVIPOUL TOL ULTTOSEKTIKOL
mebiov,  eKTTOA@vVOovTal  TA  SIiTOAa  KOTTAPA  PXTEIVOD  KEVIPOUL, eV
LOTTEPTTOAVOVTAI TA KOTTAPA OKOTEVOL  KéVIpovL. ‘OTav  eveEQYOTTOIOLVTAI
KQVIOPOPA KOTTAPA OTNV TTEPIPEPEIA TOL LTTOSEKTIKOL TTESIOL EVOG SITTOAOL
KOTTAPOUL, N ATTOKPION TWV SITTOAWV KLTTAPWY Eival avTiBeTn ATTO EKEIVN TTOL
TTOOKQAEITAl JE PWOTICPO TOL KEVTPOUL (EIKOVa 4).

O aUPIPANCTPOEISAG PETAPEOPOVTAG TIG OTITIKEG TTANPOPOPIES PETW TWV
AUECV KAl EUPEC®Y 06wV, EMTLYXAVEL TNV OAOKANOWUEVN KAl ETTAPKN

HMETAPOPA TWV PUNVLUATWY OTOV £YKEPAAO OTE VA UTTOPOLUE va '"BAETTOLPE" .
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Kgowocpépo Kg)wocpc')po
KOTTAPO KOTTAPO

OpiZdvTio
KOTTAPO

AiTtoho AiTToAO
KOTTAPO KOTTQPO
OKOTEIVOL PWTEIVOL
KEVTOOL KEVTOOL
rayyAlako rayyNakd
KOTTAPO KOTTAPO
OKOTEIVOL PWTEIVOL
KEVTOOL KEVTOOL

& >Uuvayelig TTou SIatnpoUlV TNV TTOAIKOTNTA
& YuvAyeig TTou avaaTpéPouv TNV TTOAIKOTNTA

Tporromroinuévo amré Kandel kai ouv, 1995

EIKOVaA - 4: Eva KeVIOPOPO KOTTAPO CUVATITETAI PE 6L SITTOAG KOTTAPA, TTOL TO KABEva
TTPAYUATOTIOIEI WA SIEYEQTIKA oLVAWN HE £&va yayYAIakd KOTTAPO Tou idiov TuTTOL. ‘OTAV TO
KQVIOPOPO KOTTAPO LTTEPTTOAGVETAI ATTO TO PWTICUO TOL KEVIPOUL TOL LTTOSEKTIKOL TTESIOL KAl
EAATTQVETAI N ATIEAELOEPWON TOL VELPOSIARIBACTH, TO SITTOAO KOTTAPO PWTEIVOL KEVTPOL
SIEYEIPETAI KAl €V OLVEXEIA EKTTOAGVEI TO YAYYAIAKO KOTTAPO PWTEIVOL KEVTPOUL, £VE TO SITTOAO
KOTTAPO OKOTEIVOUL KEVTOOUL AVACTEANETAI KAl PE TN OEIPA TOL LTTEPTTOAWVEI TO YAYYAIGKO KOTTAPO
OKOTEIVOU KEVTPOUL. O PWTICUOG EVOC KWVIOPOPOL KLTTAPOL CTNV TTIEQIPEDEIA TOL LTTOSEKTIKOV
1TeSioL TOL SITTOTTOL KLTTAPOL LTTEPTIOAVEI TO KOTTAPO ALTO, TO OTI0I0 MPE TN OCEPA TOL
OTTEQTTOAVEI  TO  PETACLVATITIKO  OPICOVTIO  KOTTAPO, HE ATTOTEAECHUA TN JeEiwon NG
ATTEAELOEPWONG TOL AVACTAATIKOL SIAPIBaAcT) ammd 1O 0pPIOVTIO KOTTAPO OTA PETACLVATITIKA
KQVIOPOOA KOTTAPA TOL KEVTOOL TOL LTTOSEKTIKOV TTESIOL KAl TNV EKTTOAWCN ALTGV. To SiTTOAO
KOTTAPO PWTEIVOL KEVTOOUL LTTEPTTOAWVETAI KI £TO1 EXOLHE TO AVTIOETO ATTOTEAEOUA PWTICUOL OTO
KEVTOO TOL LTTOSEKTIKOL TTESIOL.
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1.2 NAGHLEIX TOY AM®IBAHLITPOEIAH

O auIPANCTPOEISNG cival &vag AETTTOC XITWVAG TIOL &ival APKETA
€vaIoONTOC KAl PTToPE va vTmooTel MANBwpEa Tabnoewy. O TTABNCEIS TOL
AUPIPANCTEOEISH PTTOPOLY VA TTAPOLCIACTOLY KATA TN YEVVNON VOGS ATOUOUL
AAAG Kal o€ peyaALTepn NAIKia. H ap@IPAncTpoeldikn Ioxaidia, 1o e€oiénua TnG
WXPAG KNAISAG KAl N veoAyYEion ToL AUPIPANCTOOEISN, Eival TREIC CNUAVTIKEG
TTABOAOYIKOI  TTAPAUETOOI ACBEvEIDY OTIWG TO YAALK®WUA, N SlaPNTIKN
appIPAnNCTROoEISOTTABEIQ, n amoppaén TV AUPIPANCTPOEISIKGV
ayyeiwv/eAePaV, N pAeypovn TNG ipI6ag KAl N YEQLOVTIKN EKPLAICN TNG WXPAG
KNAISAG. ITO KePOAalo auTO, ©6a yivel upia oLVTOPN avaokoTINon TwWV
TTAPAUETOWY  TTOL  CLPPGAOLY  OTNV  EUPAVION TWV  TTABNCEWY  TOL

APPIRPANCTEOEISH KOBWG ETTIONG KAl OPICHEVGV ATTO ALTEG TIC ACOEVEIEC.

1.2.1 Au@iBAnocrtposiSikn ioxaiyia

H 1oxaiyia gival n TaBoAoyikn KataoTaon KATd TNV OTToia TTapaTtneeital
QVETTAPKNG PON CiJaTog TTPOC KATTIOIO I0TO, TTOL E£XEl OA CLVETTEIA TN HN
IKAVOTTOINON TWV EVEQYEIAKWY ATTAITNCEWY TWV KLUTTAPWV. H IoXalyia oTepéi
Evav I0TO aTTo Tpia aToIxeia: To 0ELYOVO, TA PETAROAIKG LTTOCTPWUATA KAl TNV
ATTOPAKPLYVON BIOAOYIKGV TTAPATIPOIOVTWY — TOEIKWYV OLTIWV.

H au@iPAnNCTpOoEISIKN 1oXaluia gival n o Kolvy aItia TNG OTITIKNG
e€aoBeviong kal TOPADONG. e KLTTAPIKO €mMiTedO, oI PAGPEC kaATA TNV
APPIBANCTEOEISIKA ICXAIMIA TTEQIAAUPAVOLY VELPWVIKN EKTTOAWGON, abENoN TNG
€€WKLTTAPIAC CLYKEVIPWONG YAOLTAUIVIKOL 0&toG (SieyepToTOEIKOTNTA) KAl
AAV veELPOSIARIBACTWY KABWS €TMONG KAl OLEISWTIKO OTPES, EI0PON 1I0VIWV
aoPeoTiov, vaTpiov kal vepoL. Ta TAPATTIAVE YEYOVOTA £XOLY CAV ATTOTEAECUA
TNV €€0ibNON KAl TEAIKA VEKOWON TWV KLTTAPWY TOL APPIBANCTEOEISH, KOBWS
ETTIONG KAl TNV €MAYWYN PNXAVIOUWV AmoTITwong o¢ avta (Ekova 5). H
IOXQIJIa OTOV AU@PIPANCTEOEISN £XEl MEAETNOE ELPEWCS AOYW TOL TTPOTEIVOUEVOUL
POAOL TNG OTO YAQUKWUA, OTn  SIapNTIKA  AUPIPANCTPOTTABEIQ, OTNV
AUPIPANCTEOTTABEIC TTPOWPEOTNTAG KAl OTNV AUPIBANCTOOEISIKN KAl XOPIOEISIKN
ayyeiakn amoppaén (Osborne kar cuv. 1999, 2004). O auPIPANCTEOEISNG EXEl
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SITTAR TPOPOSOTIa QIUATOG AVTAVAKAWVTAG TNV EUPOLOAOYIKF TOL TTPOEAELON
Kal TO SIKAIOAOYNUEVO CLVLTTOAOYICHO TOL WG PIA EEXWPIOTA CLVICTWOA TOL

KEVTPIKOL VELPIKOL CLOTHPATOG.

AIGKOTTH) TTAPOXNG QiUaTog
OTOV AUPIBANCTPOEISH

!

Neoayysiooon <« IZIXAIMIA

|

Evepyeiakn averrapkela

— AVOOTOA) QVTAIOG JATP > rAUKOALONG
Ca?*- ATPaong

AvAOTOAA AVTAIAG .
Na/ K* - ATPaonG M [FaAakTIKO);

| |

AvaoTpopn
AVTAANaQYNAC MepRpavikr eKTTOADON NV pH;
Ca?*/Na* / \
AvaocTpopn
TPOCANWN Avolyua
YAOLTAUIVIKOV kavaAieov Na*

Avolyua

Siaviwv Ca?t Myrovtapivikd],

' v
Evepyoroino
TcS\\/( mGISR ! Evepyorroinon

/ TV |G|UR > /]\[Nq+]i
T MNee,
j \\ nqpqymyr'] v

Karaotpoen £EAELBEP GV PIZOV Kottapikn
Emayeoyr — HITOXOVépI®Y S10ykwon/oidnua
eviOp®V l \
. DAeypovn
KGTO;,\T&OCPH Y1repo&eibwon
KataoToopn ANmbicov
/ HUOKPOHOPIYV l
/ M
AMONTQIH “ Kaotpopn NEKPQIH
HEUPBPAVYV

Tootrorroinon arrd Osborne kai cuv., 2004

EIKOva - 5. O KkatappdKing TV YEYOVOT®V TOL  OXETICOVIAI HE TNV EUPAVION
AUPIBANCTPOEISIKNG IOXAIWIAC.
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Mo CLYKEKPIPEVA, KATA TNV AP@PIBANCTOOESIKN IoXaIdia TTapaTtneeital
ammAela 0fLYOVOL Kal YALKOING KAl ETTOUEVAIGC MEIWON TWV EMTTESWY TOL
evéokLTTApPIoL ATP ([ATP]i) aAAG Kal TV ATTOBEUATWV TOL. H evepyeiakn autn
QVETTAPKEID TOL I0TOL TIPOKAAE pIa AKOAOLBIA TTOAVTTIAOKWYV  RIOXNMUIKWV
AvTISPACERYV, TTPOEEVVTAG HOPPOAOYIKEG KAl AEITOLEYIKEG AAAAYEC Ol OTTOIEG
ogeilovTal oe SPACTIKEG PETAPOAEG OTN HETAKiVNON IOVIWY KAl OTA €MiTTeda
peETaAROANIT@V Kal vevpodiapiBacTwy. EiSikOTEPQ, N peiwon [ATP]i avacTéAAel TN
Spaon NG avtAiagc Na*/K* ATPAong otmoTe SIaTapdcoeTal N ICOPEOTTIA TOL
HEUPPAVIKOL SLVAUIKOL Kal Ta 1OVTA VATPIOL €I0EPXOVTAl OTASIOKA OTO
KOTTAPO EKTTOAWVOVTAG TO. H eKTTOAWON aLTH 0dnyel oTNV ATTEALLOBEP TN TOL
yAoLTaAuIVIKOU 0&E0G, oTnv avénon TNG CLYKEVTPWONG TOL OTO VELPWVA KAl
OTNV EVEQYOTTOINCN TWV IOVOTPOTTIIKWY LTTOSOXEWV TOL (NMDA/AMPA/KA). Ol
NMDA LTTO50XEIG evepyoTTOIoLVTAl KAl ALEAVETAI N EI0PON IOVTWYV ACRETTIOL
MECA OTO KOTTAPO, OTIWG evepyottolovbvTal kal of AMPA/KA  vmmoboxeic
06NYWVTAG O¢ EI0PON I0VTWY ACRECTIOL, VATPIOL KAl XAwpiov (Lipton kar cuv.,
1999).

YTTAPXOLV TTOANOI €0ELVNTEG TTOL ACXOAOLVTAI PE TNV ATTOCAPNVION TOL
MNXAVIOWOL JECG TOL OTTOIOL OSNYOLPACTE OTOV KLTTAPIKO BAvVATO KATA TNV
Ioxaldia. MoAAEG aQTTO TIG PEAETEG €0TIAZOVTAlI OTO POAO TOL YAOLTAUIVIKOU KAl
TOL ACTIAPTIKOL O&EOG, TWV OTTOIWV Ol CLYKEVTOPWOEIC ALEAVOVTAI EEWKLTTAPIA
KaTa TNV Ioxaiyia (Drejer kai ouv., 1985, Hagberg kar cuv., 1985, Davalos kai
ouv., 1997). EKTOC OuWC atTo TNV ATTEAELBEOCN TOL YAOLTAPIVIKOU, KATA TNV
AUPIBANCTEOEISIKN IoXalpia atTeAeLOEPVETA YALKIVN, VTOTTAMIVN,
QKETLAOXOAIVN,  adevooivn  kABWG kAl O  KOPIOG  AVACTAATIKOG
vevpodiapiPactng GABA. H atmeAevBepwon Twv Popiv avtwyv odnye oTnv
EVEQYOTTOINON TWV ULITOSOXEWV TOLG, CLVEICPEQOVTAG ETCI OTO KOTTAPIKO
Bavarto N Tnv empidon TV auPIPANCTPOoEISIKWY vevpwvwy (Neal kal cuv.,
1994, Roth kai ovv., 1996, Periman kai cuv., 1996, Napper kai Kalloniatis, 1999).

TEAOG, pIa Oepa ammo peAETeg amedeiav OTI O VELPWVEC TOL £€0W
AUPIPANCTEOEIS aivetal OTI gival TTIO €LAICONTOI OTNV ICXAIYIA KAl ALTO
OEIAETal TNIBAVOTATA OTO YEYOVOG OTI OTA KOTTAPA ALTA ekpEalovTal LYNAA
ETTTTESQ IOVOTPOTTIKWV YAOLTAUIVIKGV LTTOSOXEWY, N LTTEPSIEQYETN TWV OTTOIWV

obnyéei TEAIKG oTOV KLTTAPIKO BdavaTo (Brandstatter kai cuv., 1994).
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1.2.2 Neoayycicooon

H veoayyecicoon eivar n avamruén veOoTTAACTWV aAyyeiwv Ta oToia
TTEOEPXOVTAl ATTO TOV TTOAATIAQCIACHO TV evO0ONAIAK®Y KLUTTAPWY TWV
PAePISiwdV, TTOL OTNV aApxn e€atmAwvovTal evéoau@IPANCTEOoESIKA. Kbpia artia
TNG veoayyeiwong amoTeAei n ioxaiyia (Cohen kai cuv., 1977, Eikova 5).

H ap@iPANCTROEISIKA veOoayyeiwaon eupavileTal Mo CcLXVA OTO ONuEio
ETTAPNG TOL AUPIPANCTEOEISH TTOL AIPATWVETAl PLTCIOAOYIKA, PE ALTO TTOL &€V
AYYEIQVETAl ETTAPKWDG. TO LAAOEISEC TIDOCQEPETAl CAV CTAPIYUA YIa TNV
ETTEKTACN TNG VEOQYYEIONG PECA OTNV LAAOEISIKA KOINOTNTA. Ta véa ayyeia
gival eBpaALOTA, Pe TACN VA AIMOPEAYOLY TIPOKAADVTIAG TTOIKIANG €KTAONG
QIMOPPAYIEC OTO LAAOEISEG, YEYOVOG TTOL ATTOTEAEI ATTEIAR yIa TNV OpACn TOL
aocBevous. O 1I0TOC ALTOG ETTIONG £xEl TNV TTPOSIABECN va LPICTATAl iVON,
TTOOKAAQVTAG AAAEC ATTEIANTIKES YIA TNV OPACN ETTITTAOKEG, OTTWG EKTOTTION TNG
WXPAC KNAISAG AOyw €AENG, oidnua NG wxPAG, €AKTIK KABWG Kal
PNYMATOYEVH ATTOKOAANGN TOL AUPIPANCTEOEISN.

e KATAOTACEG Ioxaliag avaveral n  armmeAevBEépwon  SIapopwV
avénTiKV TTAPAYOVTIWY, OTTWG O aALENTIKOG TTAPAYOVTAG TOL AYYEIAKOL
evboBbnAiov (vascular endothelial growth factor, VEGF) kai o avénmkog
TTaPAyovTag TOTTOL IVOOLAIVNG (insulin-like growth factor-, IGF-l), o1 otoiol
oLVTEAOLY OTNV avanTtuén véwv ayyeiwyv. (Merimee kal cuv., 1983, Hyer kai

ouv., 1989, Dills kai cuv., 1991, Paques kai ovv., 1997, Cai kal Boulton, 2002)

1.2.3 Amo@paén TnG KEVTPIKNG apTnpiag Tov augiBAncTpos&idn

H madBnon autn xapakTneiletal ammod amoTopn Kal cLXVA TTANPN ATTWAEIC
TNG OpACNG ATTO TO &va WATI. Ae cLVOSELETAl ATTO TTOVO KAl TO 0ibNUa TToL
TTOOKQAEITAl OTOV APPIPANCTEOEISN evToTTideTal OTN OTIRASA TWV YAYYAIGKWV
KOTTAP®V. H poyvwon eival Papid kal N vOoOG KATAAAYEl € TOPAWON.

H amoppadn TnNG KeVIPIKAG apTnEiag Tou augIBANCTEOEISH CLXVA
Snuiovpyeital amo eUROANIKA OTOIXEid TNG CLOTNUATIKAG KLKAOPOPIAG TTOL

BpiokovTal PakpId armd To ayyelakd SiKTLO TOL APPIPANCTEOEISA. TNV IO
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ouvvnBIoPEVN AITia ATTOTEAOLY Ol ABNPWUATIKEG TTAAKEC TNG KOIVAG KAPWTISAG.
LTTavIOTEPQ, oI BpOPPRoI TTPOEPXOVTAl ATTO TIG PAAPISEC TNG KAPSIAG.

Ye HEPIKEG TTEQITITACEIC N ATTOPPEAén TTEpIoPIleTal Og KATTOIO KAASO TNG
KEVTOIKNG apTNEIAg TOL AUPIBANCTEOEISH. MEPICTOTEQO ETIPPETTNG EivVal O AV
KOOTAPIKOG KAGS0G, N atmoppaén ToL OTTOIOL £XEl APECN ETTI6PACN TNV WXPA
KNAI6a Kal KATA CLVETTEIQ OTNV KEVTPIKN 0pach. ‘OTTwg eival avapevouevo, Kata
TNV amoppaln KAAS0L TNG KEVTPIKAG APTNEIAC XAVETAI TUNUA TOL OTITIKOL
mebioL AVTIOTOIXA TTIPOG TNV TEQIOX TTOL aPS&eLETAl ATTO TO AYYEO TTOL
ammogpdaocaoeral. ‘ETol, n mpoyvwon TNG amo@oaéng Tou KAGdoL guvonTa civail

KAAOTEQN ATTO ALTA TNG KEVTPIKAG APTNEIAG TOL AUPIRANCTOOEISN.

1.2.4 Au@iBAnotpociSomabsia mpowpoTnTag

Eival emmikTNTN QvwuaAia Kal TapaTnpEEiTal oe TTPOWPEA VEOYVA e BAPOG
yévvnong, Katw ammo 1500yp. To ayyeiako SiKTuo ToL AUPIBANCTEOEISH eV EXEl
TTANPWG AvaTITLXOE, AKOUN KAl OTA TEAEIOUNVA veoyvda. Ta TpOwEa veoyva
TOTTOBETOLVTAI O BePUOKOITI6A YIATI £XOLV APECN AvAyYKn ofLyovou yia va
{noovv. Eav péoa otnv Begpuokolmiba n Teon TOL APTNEIAKOL OELYOVOUL
BpiokeTal ouvexwg oTo eTmimedo TV 20mmHg, ) vTrePPei TNV TIPA ALTH, TOTE
EXOLUE OLOTTIACON TWV Ayyeiwv TOL AUPIBANCTEOEISH (161AiITEPa ALTWY OTNV
TTEQIPEPEIC TTOL eV EXOLY AKOUA TIANPWSG avamTuxBei). H ayyeoocvoTaon
Snuiovpyei coPapod TMEOPRANUA avofaldiag oTov ApPIBANCTEOEISH TTOL WE TN
oelpd TNG 0dnyei oTn dnuiovLPyia TTABOAOYIKNG veoayyeiwong. H veoayyeiwon
avTn eival SuvaTo va eTmeKTABE KAl OTO LAAOEISES. EmMTTEOCOeTa, avamTvooETal
V@8NS CLVEETIKOG IOTOG TTOL EAKEI PE TN OElPA TOL TA TTABOAOYIKG veoayyeia
TTPOEEVVTAG AINOPEAYIEG KAl ATTOKOAANCN TOL APPIBANCTEOEIS.

ALTA TN OTIYHN, &V LTTAPXEI KATAAANAN BePATTEIA YIA TNV AVTIPETWTTION
NG avamTuéng apPIBANCTPOEISOTTABEIAGC TTPOWPEOTNTAG. H TpooTabela
QVTIMETTTIIONG TNG ACOEVEIAG EYKEITAI ATTOKAEICTIKA OTNV TTOOANWN WE PETENON

O€ TOKTA XPOVIKA SIACTAKATA TRV ETMITTESWY TOL APTNEIAKOL OELYOVOU.
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1.2.5 Aiapnrikn aupiBAnortpociSomabsia

H Siapntik augiBAnocTpoabomabea (diabetic retinopathy, DR) cival
oLXVA euPavIfOuEVn ETTITTAOKN TNG vOoouL Tou &iIapnTn (diabetes mellitus),
emneeadel Ta Ayy&ia TOL AP@PIPANCTEOEISH) KAl ATTOTEAEl ONUAVTIKA  AITia
TOPADONG OTNV TTAPAYWYIKN NAIKIO AvOPWTTIWV O€ RIOPNXAVOTTOINUEVES XWPEEG.
Eupaviletal oto 90% TV atopwy pe SiapATN TOTTOL | (IVOOLAIVO-EEQPTOPEVOG)
KAl 0TO 65% TV atopwy he SiaPATn TOTToL Il (UN e€aPTOUEVOG ATTO IVOOULAIVN).
O1 mBavotrnteg avamtuéng TNG DR oe¢ KATTOIOV €ival UEYAADTEQEC OCO TIIO
HEYAAO gival To SIGCTNUA TTOL ALTOC £xel SIAPATN. H vOooG uttopei va SiakpiBei
oe 6Vo oTAadla: Pn  TOAATAaCIaoTKA (7 PN Tapaywyikn) DR kai
TTOAQTTAQCIACTIKN (1 TTapaywyikn) DR.

H pn T1TOAATAQCIAoTIK POP®Pn TNG VOOOUL XapakTnpiletalr ato
HIKQOQVELPVLOPATA KAl PIKPES AIUOPEAYIEG, TTOL AV SEV ETTNPEACOLY TNV WXPA
KnAiba Sev TTpokaAoLy PAGRES oTnV Opaon.

H 1TOAQTTAQCIQCTIK)  Popgr TNG VOOOL, ammd TNV  AAAn, civai
ATTOTEAECHA MIAG TTIO EKTETAPEVNG IOXAIMIKAG KATAOTAONG KAl XapakTnpieTal
ammo TNV avamTuén VERV AIOPOPWY AYYEIWY OTNV EMIPAVEIA TOL ICTOL 1 TOL
OTITIKOL &IoKOL KAl AUPIPANCTEOEISIKEG aAipoppayieg. Ta veooxnuaTi(Oueva
ayyeia JITOPOoLY va AIJOPEAYNCOLY KAl VA €UQAvIoTE alpoppayia oTo
LOAWSEC WA, AKOAOLOWGS VA eUPAVIOTEN ivedan (OXNUATIOPNOG LTTEPRBOAIKOL
IV@S0LG CLVEETIKOL ICTOV) KAl ATTOKOAANCN TOL APPIRANCTEOEISH. To SIAPNTIKO
oibnua TNG wxEACg kNAidag (diabetic macular edema, DME) ¢ivail, emmiong, éva
ETTAKOAOLOO  CULUTITOPA TOL SIAPRATN KAl XaPaKTNEI(eTal Ao  ALENUEVN
ayyelakn S1amepaToTNTA KAl eVATTOOEON OKANPWY LTTOAEIUUATWY OTO KEVTQO
TOL ApPIPANCTPOEISN. To DME gival kOpIa aImia amwAEag TNG OpAcNS OTOLGS
aoBeveig pe SlapnTn TotTou 2 (Cuilla kal cuv., 2003, Porta & Allione, 2004, Pemp
& Schmetterer, 2008, Aiello, 2008).

Mepa armmo TIG TTAPATNEOVPEVEG AYYEIAKEG AANAYEG OTNV TTEQITTTOON TNG
S1IaPNTIKAGC  AuPIPANCTEOEISOTTABEIAG,  LTTAPXOLY  APKETA  PIPAIOYPAPIKA
sedopeva TToL LTTOOTNEICOLY OTI TIPOKEITAI YIA PIA VELPOEKPULAICTIKI) VOGO TOL
o@BaAUoL (yia avackotnon PA. Barber, 2003), ToL ek&NAVEl AEITOLPYIKEG
AAANQYEC OTNV Opacn TIPIV Kal aveEApTNTA ATTO TOV AVWUAAO OXNUATIOUO VEWY

ayyeiov (Lieth kar cuv., 2000). ALTEC OI AAAQYEG EXOLV AUECEG CLVETTEIEG OTOLG
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VELPWVEG TOL AUPIRANCTEOEISH KAl KATAAYOLY O¢ amomTeon. H oudada Tou
Barber 10 1998 XENOIUOTTOIOVTAG TO HOVTEAO TNG OTPEMTOLOTOKIVNG YIa
emaywyn SiaPAtn TOmOL | OE  apovpaiovLg TTapaATAPNoE avénon oTa
ATTOTITATIKA VELPIKA KAI/f) YAOIOKG KOTTAPA, AAAG OxI KAl AAANQYEC O€ eTTITTESO
AyYEIaK@V KLOTTApwVY (Barber kar cvv., 1998). Emiong, oTnv iSia PeAETn o€
ap@IPANCTPOEISEIC SIaPNTIKWY acBevoov TTapathnonoav OTl Ta ATTOTITATIKA
KOTTapa &ev TTEQIOPICOVTAV POVO OTIC TTEQIOXEG ME ayyelakéS PAAPec. Kata
ouvérrea, Ta debopeva avta £dafav OTI N AUPIPANCTEOEISIKA ATTOTITGON Eival

MIO YEVIKELMEVN QATTOKPQION TWV VELPWV®V TOL ICTOL OTNV TIEPITITON TOL

SiapATN.

1.2.6 Oc¢pancies aupiBAnoTposiSomabseidyv

O1 oTToLSAIOTEPES BePATTEIEG YIA TIC AUPIPANCTOOEISIKEG AYYEIOYEVETIKEG
TTABNCEIC £XOLV ECTIACTEI OTNV AVTIUETWTIION TNG AVWHAANG AvamTuéng Twv
AIMOPOPWV ayYeiwV. AUTEG O Bepartieieg eival un elbIkeEG, TTEQIAAPPAVOLY TNV
emmépPaon pe laser kal SiakpivovTal OTNV  €CTIAOPEVN KAl  OKESAOUEVN
“pwToBpoupwon” (photocoagulation). H ecTiaocuevn @wToBpOuPwON UTTOEEI
vVa XPNOIWOTIOINBEI YIa TNV KATACTPOPN TV SIAPEEOVTWY AIOPOPWY AYYEIWY,
EVQ N OKeSAoUEVN PWTOBPOURWON YA TOV €AEyXO TNG AvVATTLENG HN
PLOIOAOYIKQV ayyeiwv. H Beparteia pe laser pwToBpoupwon epapuoletal
pHOvVN TNG N o€ cLVELACWO WE TNV verteporfin, PIa PWTOELAICONTN TTOPPLPIVN.

Ta TeEAeLTAIA TTEVTE XPOVIA, VEQ PAPPAKA PE OTOXO TO oboTNUa Tov VEGF
Sokiyalovtal o aoBeveC yIa TNV AVTIMETWTION AaupIBAncTpoeibomabeicwv. O
IOXQAIMIKOG 10TOG aTTEAeLOEPVE ALENTIKOVLS TTAPAYOVTEG Ol OTTOIOI ELOVLVOVTAI
yla TNV Snuiovpyia VEwv ayyeiv. ALVO ApPaka, To ranibizumab (Lucentis)
Kal To pegaptanib (Macugen) gxouvv AAPel Eykpion yia TNV KOKAOPOPNON KAl
XPNon ToLG OTN BePATTeia TNG YEQLOVTIKNG EKPLAICNG TNG WXPAC KNAIbAG atro
Tov Opyaviopo Tpoiywv kal dapudakwyv oTmic HMA (FDA, Food and Drug
Administration). Aotd T1a @dppaka  eummodiovy TNV ayyeloyéveon OTav
xopnyouvrtal  evéopBaAuia. To ranibizumab eival éva avriicwpa 1oL
avayvwpeilel kar mpoobeveral otov VEGF-A (Ferrara kai cuv., 2006) evw 1O

pegaptanib gival éva TpoTTOTTOINUEVO OAIYOVOULKAEOTISIO TTOL TTPOCSEVETAl OF
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uia  ebikn 1copopgry tov VEGF, tnv VEGF165, n omoia euttAékeTal oTnv
OQOAAUIKN veoayyeiwon Ki ETO1 eUTTOSICEl TNV avamTuén véwv ayyeiv (Ng kal
ouv., 2006).

MNMapoAo Tmouv ol véeg anti-VEGF mpooeyyicelg sival eAméopOpEeG yiaTi Ta
OePATTELTIKA ATTOTEAECHATA €ival BeapATIKA, KAIVIKEG HEAETEG PpiocKOVTIaAl Of
€EENIEN yIO TN HEAETN TNG ATTOTEAECUATIKOTNTAG TOLG OTNV AVTILETWTTIION TNG
S1aPNTIKAG  aupiPAnoTpocibomabeiag. EmmAéoy, T  pApuaka auvtd  &ev
OTEPOLVTAI TIAPEVEQYEIEG OTTWG N avfnon NG &vSOPOAAUIAG TTiEONG, N
algopEAyia TOL ETMITTEPLKOTA, O TIOVOG KAl N evOOPOAAUIa QAeypovn, n
ev6O@OAAUITISa, N ATTOKOAANCN TOL APPIBANCTEOEISH KAl O TPALPATIKOG
KaTappeaktng. Emiong, afilel va onuewbei 0TI N avaoToAn TNG dnuiovpyiag
VEWV AQYYEIQV gival avaoTeEWIUn Pe TN SIAKOTT TNG evEOPOAAUIAS Xoenynong
TV anti-VEGF @appdkwv (Vasilaki kar Thermos, 2009). TEAOG, gival yvwoTo OTI
N ammeAeLBEPon ToL VEGF ammo 1o peAdyxpouy emONAIo TTailel onuavTiKO POAO
yla Tnv avamrtuén tou 18I appIPANCTEOEISN, TN SiIaTHPNON TOL XOPIOEISIKOL
TTAEYHATOG KAl TNV TIPOCTACIA EvavTl TNG ICXAIMIK@V TTpooRoAwy (Nishijima kai
ouv., 2007). Kata ovuvérea, n avaoxeon TNG PLOIOAOYIKNG ATTEAELOEPWONG
ToL VEGF amo 10 peAayxpouv emBNAIo he TN xpnon avt-VEGF mapayovTiwv
uTTOPEl - 08 PABOGC XPOVOUL - va éxel AvermBOUNTEG (KAl YIa TNV WPA AYVWOTEG)
ouvemeleg (Feigl, 2009).

MNapoT N veoayyeicwon avTigetwTidetal ye TN PonBeia Twv TTapamave
QAVTIAYYEIOYEVETIKWV TTAPAYOVTWY, €V LTTAPXEI OePATIEIQ VIO TNV AVTIUETWTTION
TNG €KPLAIONG TV VELPWVWY TOL AUPIBANCTPEOEISN. Eival TTpoPaveg OTI, yia
TNV ATTOKATAOTACN TNG OTTIKAG 0ofuTNTAG TWV aocBevwv Ba Tpeme va
QVTILETOTTIOTOLY TOOO TA OCULUTITOPATA TNG VveoAyyeiwong OCO Kal TNG
VELPOEKPOLAIONG. ATTAITOLVTAI KATA CULVETTEIA VELPOTTPOCTATELTIKA PAPPAKA
Yl TN MEAETN KAl TNV avakAALWN TV OTIoIWV gival armapaitnta afiomoTa

TTEIPAPATIKA JOVTEAQ AUPIBANCTOOEISOTTABEIV KAl VEOI BEOATTELTIKOI OTOXOI.
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1.3 NEIPAMATIKA MONTEAA AMO®IBAHITPOEIAIKHLI IZXAIMIAX

e avalntnon &vog KATAAANAOL POVTEAOL, TTOL VA TIPOCOUOIAlEl TNV
AUPIBANCTEOEISIKN 1I0XAIYIA TOL AVOPWTTOL, TO TEAELTAIO PICO TOL 20°° alVA
€WC KAl ONUEPQ, EXEl AvVATITLXOE &vag PEYAAOC APIBUOG in vivo KAl ex Vivo
TEIPAUATIKWV  HOVTEA®Y Ot BnAaocTika. H avaliAtnon auTtr €ival apKeTa
S0OKOAN  €€amiag  TNG  HEYAANG  TTOIKIAOPOP®IAC  TTOL  gugavilel  TO
AUPIPANCTEOEISIKO ayyelakd oTiBo, oTta Silapopa €ién. KabBéva amo 1a koiva
UIKPA epyaoTnPIaka OnAAoTIKA, (apoLPEAIog, KOULVEA, IVEIKO XOoIpidio) Exel
SIAMOPETIKN aAYYEIAK TPoPodooia. QoTdCO, N AyYeakn TPoPodooia Tou
aPOLEAIOL gival TTIO KOVTA G& ALTA TOL AVOPWTTOL, UE ATTOTEAECHA TN XENON
APOLEAIWY YIA TNV AVATITLEN POVTEAWY AUPIBANCTOOEISIKNG ICXAIWIAC.

‘Eva amd 1a Tp@Ta JOVTEAQ in Vivo TTOL avarmTuxenkav ATav avto TNG
avénong TNG ev6oPOBAAUIAG TTiEoNG atto Tovg Smith kal Baird To 1952, 10 o110i0
TTeEpIEYypAWAV avaAluTIKOTEPA O Buchi karl ol cuvepyaTeg Tov 17O 1991, To YOVTEAO
auTO TTEPIAAUPBAVEl TNV TOTTOBETNON REAOVAC OTOV TTPOCBIo BAAaUO, N oTToia
gival ocuveedepévn Pe pia pikpn de€apev 0poL, avLYPWHEVN O KATAANAO LYOG
€101 OTe va aockei ieon 110mmHg, SnAadn ttieon peyaAdTepn Ao ALTH TTOL
PLOIOAOYIKA  LTTAPXEI OTO  PAT.  ELPEWC  XPNOIUOTTOIOLUEVA  LOVTEAQ
APPIRPANCTPOEISIKAG IOXAIMIAG €ival ETTIONG TA POVTEAD TNG AYYEIQKNG €TTISEONG
TOL OTITIKOL VELPOUL, TWV OTTCOIWYV PAEPAPISWTWY AYYEIWY N TWV KEVIQIKWYV

apTNPEIWYV, OTTWG PaivovTal Kal OToV TTivaka 1.

I'IiVGKGg = 1: Movréiha au@IBANOTEOEISIKAG 10XaIMIag Ot {@a KAl OXETICOMEVEG PE QUTA

AVOPWTIIVEG AOOEVEIES.

Neipaparikn MéBodog BaBuog loxaipiag Ixengoueveg AvBpormiveg AoBiveieg EMAEKTIKEG AVAPOPES
YwnAn ev6o@BAaAuIa Tieon OAOKANPQTIKN andePAgn TG KEVTPIKNAG apTNEIAg Smith kai Baird, 1952,
TOL AUPIBANCTEOEISH Buchi kai ouv., 1991
Emi&ean oTImikob vebPOL ONOKANPGTIKA amoPEAgn TG KEVIPIKAG apTNEIAS Stefansson kai cuv., 1988
TOL AUPIBANCTEOEISH
Emideon o@BaAUIKQV ayyeiov ONOKANPGTIKA amoPEAgn TG KEVIPIKAG apTNEIAC Otori kai ouv., 1997
TOL AUPIBANCTEOEIS Vidal-Sanz kar ouv., 2001
AUITTAELEN ATTOPEAEN TNG KOIVAG Mepikn andePAgn TG KEVTPIKNAG apTNEIAg Osborne kai cuv. 1992
KapwTidag TOL AUPIBANCTEOEISN
DTOSLVAUIKY) ATTOKOAANCN Mepikn anmoeEAgn KAAS0L TNG KEVTPIKAG ApTNEIag Mosinger kai Onley 1991,
TOL AUPIBANCTEOEISN Daugeliene kai cov., 2000

Toormotroinon ammd Osbornne kai ouv., 2004
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MOALAPIOUEG UEAETEC €XOLV TTPAYUATOTIOINGEN YIA TOV EVTOTIIOUO VEWV
OePATTELTIKOV OTOXWV YIA TNV QAVTIUETOTION TV AUPIRANCTOOEISOTTABEIV
(Osborne kal cuv., 2004). H mmapovoa &iatpipr)y 6a eonidoe oTnv TMOavn

VELPOTTPOCTATELTIKA SPACN TNG TOL VELPOTIETTTISIOL CWUATOCTATIVN.

1.4 LQMATOLTATINH

H cwpatooTaTivn-14 (SRIF-14, Somatotropin Release Inhibitory Factor-14
gival &va KOUKAIKO SekaTeQATTETITISIO TTOL AVAKAALPONKE OTOV LTTOBAAAUO ATTO
TOV Brazeau kai Toug cuvepyaTeg Tou 1o 1973. H cwuartooTtaTtivn-28 (SRIF-28) n
oTroia amoTeAeiTal amo 28 apivo&ea, eKTEIVETAI TTPOG TO APIVO-TEAIKO AKOO TNG
OWPATOOTATIVNG-14, KAl peTaPoAileTal OTnN cwUATOoTATiVN-14, avakaALPONKE
Aiyo apyoTepa ota omAaxva (Pradayrol kal cuv., 1980). O1 00 ALTEG OPUOVES
gival BIoAoYIKA evepyeg. MapdyovTal og SIAPOPES TTOCOTNTEG ATTO SIAPOPETIKA
KOTTAPA KAl §QOLV €iTe TOTIIKA O€ YEITOVIKA KOTTAPQA, &TE TTO EKTETAPEVA HECW
TNG KLKAOQOPIAG YIa VA PLOWICOLY SIAPOPES PLTIOAOYIKEG AEITOLPYIEG OTTWG
N KLTTAPIKN EKKPION, N VeELEPOSIARIRACN, N CLUCTAATIKOTNTA TWV ALV PLWV TWV
ayyeiwv, n amoppognon OPETTIKWY CLOTATIKWY KAl O  KOTTAPIKOG
TTOANATIAQCIaoPOG. Ta &vo avutd TemTidia Sdpouvy WG veLPOSIARIPACTEG,
ALTOKPIVIKOI N TTAPAKPIVIKOI PLOUICTEG KAl QaiVETAl va EUTTAEKOVTAI OTNV
TaBopuaololoyia SIaPOpwV VOOWV OTTWG O 0aKxapwdng SIaPNTNG, N vOTOG
TOL Alzheimer, n vooog Tou Huntington, n vooog Tou Parkinson kai n emAnyia
(Epelbaum, 1986, Reichlin, 1987, Patel, 1990, Timmers kai cuv., 1996, Eve kai

ouv., 1997, van de Nes kai cuv., 2002).

1.4.1 AvakdAvyn Tng cwuATooTarivng

H owpatootaTtivn (SRIF) avakaAb@Bnke kata Tnv TEooTiabea NG
opadag Tou Krulich va armoyovwaoel Ta LTTOBAAAIKA EKEiVa TTAPACKELACUATA
TTOL ATAV LTTELOLVA YIA TNV ATTEALOEPWON TNG avENTIKNG opuovNng (GH). Ita
TTAQICIa ALTWV TWV EPELVAYV, EVTOTTICAV PIA OLCIA, XAUNAOL pOoPIaKOL RaPoULG,

n OTToia NTAV IKAVA VA AVACTEAE TNV ATTEALBEPWON TNG ALENTIKAG OPUOVNG
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(Krulich kar ovuv., 1968). H amoudvwon Kal TAuToTToINCN TOL POPIOL EYIVE
@WOTOCO TO 1973 amd 1OV Brazeau kal TOLG CLVEQPYATEG TOL Ol OTIOIOI
avixvevoav TO KUKAIKO SekateTpatremTidlo SRIF-14 og KAAANIEQYEIEG KLTTAPWY

adevolTTopLONG apovpaiov (Brazeau et al., 1973).

1.4.2 BiooOvOeon TNG CWUATOOTATIVNG

H ocwpaTtooTtaTtivn TTOOEPXETAl ATTO £va PEYAAO TTPOSPOUO HopIo 116
apivoéewy, TNV TIPO-TIPOCWUATOOTATIVN (prepro-SRIF), 1o otoio e Taxeia
TTPWTEOALTIKY SIGCTIAcN TTaPdyel TNV TTPOOPUOVN TIPOCWUATOOTATiv (pro-
SRIF). ITa ©NAQCTIKA N MpoowuaTtooTaTivn Papovg 10kDa, aroTteAeital amo 92
apIvoéea Kal pEPEl TPEIC XAPAKTNEIOTIKEG BECEIC TTPWTEOALONG, HIA SIRACIKN
(apyivivng - Avoivng, Arg — Lys) kal pia povoPaoikn (apyivivng, Arg) oTo
KAPPROEL-TEAIKO QKOO KABWC Kal pia yovoPaoikh ©éon (Avoivng, Lys) oTto
AUIVO-TEANIKO AKPO. ATTO TNV TTEWN TNG TTPO0PPOVNG oTn SIBACIKn 6éon Arg-Lys
TTOOKOTITEl N CWPATOOTATIVN-14 KAl N cwuatooTativn-28p.7¢) (8kDa), eve amo
TNV TTEWYN TNG OTN JovoPRaacikn B€on Arg TTOOKLTITEl N CWUATOOTATIVN-28 Kal N
TooowuatooTativnnes  (7kDa, Ekova 6). Téhog, amd Tnv  TEWn TG
TTOOOWUATOOTATIVNG OTN JOvVoPRACIKA B6¢0n TMEWTEOALONG Lys TTOOKLTITEl N
TTPOCWUATOCTATIVN 1101 ) AvTpivn (Goodman kal cuv., 1983, Benoit kal cuv.,
1987, Patel and O’Neil, 1988, Rabbani and Patel, 1990).

OnTwg TPOAVAPELONKE, OTOLG IOTOLG TWV BNAACTIKWY LTTAPXOLY
SIAPOPEC AVAAOYIEC TV POPPWY TNG CwWUATOoTATivnG. Ta uopia autd
ameAeLOEPVOVTAl ATTO TA CWPATOOTATIVEQYIKA KOTTAPA, OAAG POVO N
owWUATOOTATIiVN-14 KAl N CWUATOOTATIVN-28 £xouv PIoAoYIKN §pacTiKOTNTA. H
OWUATOOTATIVN-14 €MIKOATEI OTOLG VELPIKOLG IOTOVG, EVE OTO TTAYKPEAGS, OTO
OTOUAXI KAl OTA TIEPIPEPIAKA VELPA €ival OLCIACTIKA N Povn uoeen. H
owpaTooTaTivn-28 armoteAei To 20-30% TNG CLVOAIKAG AVOCOEVTOTTICOMEVNG TNG
OWHATOCTATIVNG OTOV EYKEPAAO KAl TNV KLPIAPXN HoPPN OTO eviepo (Patel kai
ouv., 1981).

1Ta ONAAOCTIKA Ol HOPPEG TNG CWPATOCTATIVNG TTOOEOXOVTAI OAEG ATTO
Eva yovislo, e avTiBeon Ye TA YApIa OTTOL LTTAPXOLY SLO SIAPOPETIKA YOoVidIia

OWUATOCTATIVNG TA OTToIa eKPPAlovTal G SIAPOPETIKOLS LITOTTANBLOPOLS
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KOTTAPWV KAl KWSIKOTTOIOLY SV0 TTPOIOVTA avaAoya TNG CWUATOOTATIVNG-14
Kal  TNG owpaTtooTarivng-28. H  ocwpatooTtaTtivn-14  mmrapovoialeral
TTAVOPOIOTLUTIN O¢ WAPIA KAl BONAACTIKA &V N OWPATOOTATIVN-28 QEpEl

ouoAoyia povo kata 40-60% avaueca oe auta Ta €ién (Patel, 1999).

1 Lys Arg Arg - Lys 92
45 | Mpo - SS
13 64 77-78
I e 8kDa
SS - 28
I 7kDa
B Avipivn

BaoiAakn 2001

EIkOva - é: xnuaTtikr avamapdcTaon TG TEOCKUATOOTATIVAG KAl TV TTEOIOVI®Y TG OTa
OnAaoTIKA.

1.4.3 Meploxég EKppaong Kal AmEAELOEPWONG CWUATOOTATIVNG

Onmwg avageépbnke  TTAPATTAV®W, N owuatooTarivn-14  kal N
OWPATOOTATIVN-28 TTapAYOoVTal KLPIWG ATTO VELPWVEG KAl EKKPITIKA KOTTAPA
TOL KEVTPIKOL AAAG KAl TTEQIPEQIKOL KEVTPIKOL CLOTAWATOG, KABWG Kal ATTo TO
YOOTPEVTEQIKO OWANVA. H cwpaTtooTativn ek@Eeadletal €miong KAl o& AAAD
evbokpivny N e€wkpivr) KOTTaPQ, OTO Buvpeocdn, oTa emveppidia, oTov
TTAQKOUVTA, OTO VEPPO, O€ KOTTAPA TOL AVOCOTIOINTIKOL CLCTAPATOG AAAA KAl
oTov aupiPAnoTpoedn (Reichlin 1983, Aguila 1994, Epelbaum kai cuv., 1994,
Ellioft kar ouv., 1998, Tannenbaum & Epelbaum, 2000). O1 §b0 avTeC HOPPES
evrottiCovTal €TIONG OTO QiuA Ol OTTOIEG ATTEVEQYOTTOIOVVTAI TAXEWS OTO CULKTI
Kal Ta veppd (Patel kal ouv., 1981, Shoelson kail cuv., 1986).

H ameAevbépwon TNG CWPATOOTATIVAG ATTO TOLC VELPWVEG KAl TA

EKKPQITIKO KOTTAPa oLVNBWGS e€apTATal ATTO TN PEUPPEAVIKA EKTTOAWON N TNV

21



EIXAITQrH

avénon ToL acPRECTIOL OTO KLTTAPOTTIAACHA Kal SlEyEipeETAl ATTO IOVTA, OPUOVEC,

av&NTIKOLG TTAPAYOVTEG KAl BPeTTIKA cuoTaTika (Patel, 1999).

1.4.4 Apaoeg TnG cwuarooTarivng

H TTOAAQTIA KATAVOUN TNG OCWPATOOTATIVNG LTTOSEIKVLEI TO VPV PACUA
5pAO0NG TNG EKTOG TNV IKAVOTNTA TNG VA AVACTEAAEl TNV €KKPION TNG ALENTIKNG
oppoOvNG Atro TNV LTTOPLON. To TIETTISIO ALTO SPa T€& TTOANATTIAOLG OTOXOLG
OTTG O €YKEPAAOG, TA OTIAAXVA, TO eVOOKPIVEC KAl £EWKPIVES TTAYKPEAG, TA
emveppidla, o BupeoeldNg kal Ta veppd. O Spdoeg TNG €ival KLPIWG
AVAOTOATIKEG V@ EXEl AVTITTOAATIAQCIACTIKEG I81I0TNTEG KAl €ival Pia ammo TIg
KOPIEG VELPOSIARIPACTIKEG OLCIEC OTOV EYKEPAAO KAl TA TTEPIPEQIKA VELPIKA
kKOTTapa (Patel kai cuv., 1999).

AVAALTIKOTEQRQ, oToV eYKEPAAO n oWUATOOTATIVN, WG
veLPOSIARIPACTIKN OLOIA, PAIVETAI VA EUTTAEKETAI OE SIAPOPESC CLUTTEQIPOPIKES
AEITOLEYIEG OTTWG N YVWOnN, N JAbnaon, N TEiva, O KOPECHOG, O LTTVOG KAl N
avaAynoia (Reichlin, 1983, Patel, 1999). EmmAéov, TO TTETTTIOI0 ALTO, AVACTEAAEI
EKTOG aTTO TNV EKKPION TNG auvénTikNG oppovng (GH) kar auth TG SIEyePTIKNG
BupeoelbIkNG oppovng (TSH), eved 6pa KATACTAATIKO OTnv avénon Twv
ETMTTESWV TNG ASPEVOKOPTIKOTPOTTIKAG oppovng (ACTH) otn vooo Tou Addison
Kal o€ Oykoug ToL Tapayovy  ACTH. ‘Ommwg TmpoavagépOnke, N
OWUATOCTATIVN PAIVETAl ETTIONG OTI EUTTAEKETAI OE SIAPOPES VELPOAOYIKEG
VOOOLG OTIWG N VOOOG Tou Alzheimer (Craft kar cov., 1999, Davis kai cuv.,
1999, van de Nes kal ouv., 2002), tov Parkinson (Eve kai cuv., 1997), ToL
Huntington (Norris kai cuv., 1996, Timmers kai cuv., 1996) kai n emAnyia.

ITO YAOTPEEVEQPIKO CWANVA N OCWUATOOTATIVA AVACTEAAEl OAEG TIG
OTTAQXVIKEG OPUOVEG KAl TIG €EWKPIVEIC EKKPICEIG OTTOG TO YACTPIKO LYPO, TNV
TTEWIVN, TN XOAN KAl PEIQVEl TN YAOTPIKN KEVGON KAl TN CLOTOAN TNG XOANSOX0UL
KOOTNG.

Y10 BLPEoEId adéva, TO HOPIO ALTO AVACTEAAEl TNV ETTAYOUEVN ATTO TNV
TSH ameAevBepwon Bupolivng (T4) kal Tplwdobvpovivng (Ts) TTou SleyeipeTal

amdo Tnv TSH, eve oTa emveppibla AvaoTéAAEl TNV ETAYOPEVN ATTO TNV
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AYYEIOTEVOIVN KAl TNV AKETOAOXOAIVN EKKPION AASOCTEQOVNG KAl KATEXOAQUIVV
(Patel, 1999).

O1 6pdoeic aLTEG TNG CWHATOCTATIVNG  ETTITUYXAVOVTAI PECW TNG
AANNAETTIOpPaONG pE EI6IKOVG PEUPROAVIKOLS LTTOSOXEIG Ol OTTOIOI ATTAVTWVTAI O€
SIAMOPETIKEC AVAAOYIEC OTOLG I0TOVLG OTOXOLGS TNG (Srikant and Patel, 1986,

Patel kai cvv., 1990, Olias kai cuv., 2004).

1.4.5 Ymoboxeic ocwuaroorarivng

Or LTTodOoKEIC TNG OCWPATOCTATIVAG  AVAYVWEIOTNKAY  dpPXIKA o€
KOTTAPIKEG OEIPEC LTTOPLOIAK®WY KLTTAPWV (Schonbrunn and Tashjian, 1978,
Thermos kai Reisine, 1988) kal OTn CLVEXEIQ £yIVAV TTOAAEC TTPOOTTABEIEC va
ATTOPOVOOULV EiTe ATTO TTEPIPEPIKA OPYAVA OTTWG TO TTAYKPEAS (Sakamoto kai
ovv., 1984, Srikant and Patel, 1986a, Susini kal cvv., 1986, Knuhtsen kar cuv.,
1990, Thermos kai cuv., 1990), TO PAoIO TV emvePpISidv (Srikant and Patel,
1986B), To otoudyxl (Reyl-Desmars kai cuv., 1989) kai Tnv vrogpuon (Lewis and
Williams, 1987, Bruno kai Berelowitz, 1989, Murthy kai cov., 1989) n amo Tov

eyképalo (He kai cuv., 1989, Kimura, 1989, Thermos kai cuv., 1989).

1.4.6 KAowvormoinon cwuarooTaTivEPYIK@V LITOSOXEWY

H TauToToiNON TWV LTTOSOXEWY TNG CWHATOOTATIVNG, OXeSOV 20 XPoVIa
HMETA TNV avaKAALWN TOL TTEMTISIOL, ATAV £va PEYAAO PAUA YIA TNV TTEQAITEQW
HEAETN TV SpACEWV KAl TWV AEITOLPYIV TOL HOPIOL. AIATTIOTWONKE OTI
LTTNEXAV TTEVTE SIAPOPETIKOI LTTOTLTTOI TWV LTTOSOXEWYV TNG CWPATOCTATIVNG, Ol
ssti, sstz, ssts, ssts kan ssts (Bruno kal ocuv., 1992, Meyerhof kair cvv., 1992,
O'Carroll kar cuv., 1992, Yamada kar cuv., 1992). Ita BnAACTIKA, OAOI Ol
OWUATOOTATIVEQYIKOI LTTOSOXEIG KWSIKOTTOIOLVTAI ATTO SIAPOPETIKA Yovidla o€
EEXWPIOTA XPWHOOWUATA. YTTAPXOLY VO HOPMES TOL sst2 LTTOSOXEQ, O sstoa
Kal ssts OI OTTOIEG TTPOEPXOVTAI ATTO TO i8I0 YOVISIO WG CLVETTEIA EVAAAQKTIKOL

uaTtiopyatog (Baumeister kal Meyerhof, 2000). O1 bTTOTLTTOI TGV LTTOSOXEWY TNG
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OWUATOOTATIVNG  AKOAOLOOLV TNV  TUTTIKA  POPIOKA  APEXITEKTOVIKN TV
vmodoxeéwyv 1oL ouvdeovral Pe G TpwTeiveg (G protein couple receptor,
GPCR), 6nAabdry amotehovvTal amod enTd SIAUEUPPAVIKEG TTEQIOXEG WE TPEIG
EVOOKLTTAPIOLS KAl EEWKLTTAPIOLS PPOYXOLSG, WE TNV AaAAnAovxia DRY (Asp-
Arg-Tyr) oTnv TRITN SlIaueUPOAVIKn TTEQIOXN Yia Tn oLlevén Toug e TIC G-
TOWTEVEG KAl TEOOEPIGC BEoeg YALKOJLAIOONG OTO  APIVO-TEAIKO  AKPO.
InuavTikn eival kal n diathpnon tTNG aAAnAovxiag YANSCANPI/VLY otnv ¢RSoun
SlapepPpavikn  TTEQIOX N oTToia  Bewpeitar  n “vmoypaen” TV
OWUATOOTATIVEQYIKQV LTTOSOXEWY OTa BnAacTika (Olias kar cuv., 2004). Ta
Yyovidia TV CWUATOOTATIVEQYIKWY ULTTOSOXEWV  KWSIKOTTOIOLY TTPWTEIVEG Ol
OTTOIEC TTOIKIAOLY O€ PNKOG Kal pEPOLY ATTO 356 £€wg 391 KATAAOITTA AUIVOEEWV.
H peyaAdtepn ogoAoyia oTnv aAANAOLXIA ALTWV TWV TTPWTEVGYV TTAPATNEEITAI
OTIC SIaueUPPAVIKEG €NIKEG (55-70%) evad SIAQEOPOLY KLPIWG OTA AUIVO- KAl
KApPRo&L-TeAIKA Akpa Toug (Reisine and Bell, 1995, Patel kal cuv., 1995, Patel,
1999).

Me Baon Tn Sopun Kal TO PAPPAKOAOYIKO TOLG TIPOPIA, Ol LTTOTLTTOI TV
LTTOSOXEWY TNG CWPATOOTATIVNG XWEilovTial oe §VO0 ouadeg: TNV SRIFT kal TNV
SRIF2. H oudada SRIFT mrepiAauPavel TOLG LTTOTLTTOLG sstz, ssta kal ssts kal N opada
SRIF2 ToLG ssti kail ssta. TO QLAOYEVETIKO §€vTPO TTOL RacieTal oTNV AAANAoLXIa
TV AUIVOEEDY TWV LTTOSOXEWV TNG CWHATOOTATIVAG TTapouLaIAleTal OTNV
eikova 7. Or vmodoxeic TG SRIFT aAAa Ox1 TNG SRIF2 SecuebovTal Gueca OTa
KAQOOIKO oKTaTTenmmdika 1 eEamemmbikA avaloya OKTPEOTIdN, AavpeorTién,
oeyAITibn kail BarrpeoTién (BA.1.4.6).

O1 TéVTE LTTOTLTTOI CWHPATOCTATIVNG TTAPOLOIAJOLY CNUAVTIKO RABUO
SOUIKNG opoAoyiag ota SiIapopa ¢€idn. LTov avBp®TTo Sev LTTAPXOLV TTOAAEG
mMOAVOTNTEG YIA TNV AvAKAALYN VEDV CWPATOCTATIVEQYIKWY LTTOSOXEWV Of
avTiBeon de 1A PN-ONACCTIKG OTTOL TA TEAELTAIA XPEOVIA Exouv PEEDei
TTEQICOOTEPA ATTO TTEVTE YOVISIa EKPEACNG TOLG. LTOV TETPATTAOEISH TEAEOOTEO
yia mapadeyua, Carassius auratus, KAwvottoinenkayv Vo yovidia yia Tov sst,
€va yia Tov sstz, 500 yia Tov ssts kal Tpia yia Tov ssts (Lin kal cuv., 1999, 2000q,
2000R, 2002, Lin kai Peter, 2003). Xrta aocmmovéLAq, bev éxel PpeBei pexpl onuepa
KATTOIOG CWHATOCTATIVEQYIKOG LTTOSOXEAG, EVW OTA EVTOUA TO YOVISIO TTOL EiXe

amopovwBel  Pe  aAAnAouxia TTAPOPOIa  PE  ALTH  TWV  LTTOSOXEWV  TNG
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OWUATOOTATIVNG aTTOSEIXONKE LTTOSOXEAG YIA AANATOOTATIVEQYIKA TTETTISIA

(Birgul kai ovv., 1999, Auerswald kai cuv., 2001, Kreienkamp, 2002).

_EI'IOVTiKl sst,
Apovpaiog sst,
—— AvOpWTTOG Sst,
I:Xpuoétpopo sstia
XpLoOWAPO sstip
{Avepwnog sst,
[Movriki sst,
—— ApOLPAIOG sst;
_EI'IOVTiKl sst,
ApPOoLPAIOG sst,
—— AvOPWTTOG Sst,
_EApferonofus sst,
XpLOOWAPO $sts4
——XPLOOWAPO SSt,,
_EMocxdpl sst,
- fovpoLvi sst,
—— AvBpW1TOG sst,
ApoLPAaiog sst,
[Movriki sst,
Xpuooyapo sst,
Puffer fish sst,
a _EI'IOVTiKl ssts
ApPOLPAIOG ssts
[Mo6PRATO sste
AVOPWTTOG ssts
_l:Xpuoéqupo SStea
XpLOOWAPO SSteg
—— XpLOOWAPO Sste

Tootrorroinon arrd Olias kar ouv., 2004

15513
|

T15st2/5

EIKOVQA — 7: DUAOYEVETIKO 5EVTPO PACIOUEVO OTNY AAANAOLXIA TGV AUIVOEEY TV LTTOSOXEWVY
OWPATOOTATIVNG OTA OTTOVOLAWTA. TT: TIPOYOVIKO.
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1.4.7 Karavoun cwUATOCTATIVEPYIKWV LITOSOXEWY

H KkoTTapIK EéKPPaAon TwV LTTOSOXEWV TNG CWUATOOTATIVNG  EXEl
AVAYVPIOTE OE I0TOLG TPWKTIKGWV KAl avBpWTT®V AAAA Kal 0& SIAPOPOLG
OYKOLG KAl KOTTAPIKEG CEIPEG OYKWV HE TN XONON TTOIKIAWY TEXVIKWV OTTWG N
aAvo1bwTn avTibpaon TnNG avrioTpopng ueraypagaong (RT-PCR), n in situ
vRpISoTToiNoN, N avaAvon katd Nothern kal N avadAvon TNG TTEOCTACIAG TNG
piBovoukAeaong (Bruno kai cuv., 1993, Kong kal ocuv., 1994, Reisine kai Bell,
1995, Patel kal cvv., 1995, Thoss kal cuv., 1996). H avamTuén aviic@uaTwy Ta
TEAELTAIA XPOVIA avoife TO SPOUO YIO TOV AVOOOICTOXNUIKO EVIOTTIOUO TWV
OWUATOOTATIVEQYIKQV  LTTOSOXEWY. O1  PEAETEG ALTEG  aATTOKAALWYAV  €va
TTOAOTTAOKO HOTIRO KATAVOUNG TWV LTTOSOXEWY TNG CWPATOCTATIVNG & OAO TO
KEVIOIKO KAl TIEQIPEPIKO  VELPIKO CLOTNPA, TO OTI0I0  av KAl gival
ETTIKAALTITOUEVO, TTAPOLOIALEI EKAEKTIKOTNTA AVAAOYA WE TOV LTTOTLTTO, TOV IOTO
kal 1o €ibog (Patel kal cuv., 1995, Reisine kai Bell, 1995, Patel, 1997).

ITov  apovpaio, Ta mMRNA Tv  sst-ssts vmoTLTTOV  TWV
OWUATOCTATIVEQYIKWY LTTOSOXEWV  eVTOTTI(OVTAlI OTOV EYKEPAAKO (PAOIO, TO
PARSWTO CUA, TOV ITMMTOKAUTIO, TNV ALYSAAR, TOV 0oPENTIKO POARO Kal TNV
TTOO-OTITIKN TTEQIOXN (Bruno kail cuv. 1993). Me avoOOICTOXNUIKEG JEAETEC OTOV
eyKEPAAO apovpaiov SiakpivovTtal ol ssti, sst2 kal ssts CUATOOTATIVEQYIKOI
vrmodoxeig. O sst1 evroTttidetral omig oTIPASES 2, 3, 5 KAl 6 TOL £YKEPAANKOL PAOIOU,
OTOV ITITTOKAUTTO, OTOV LTTOBAAAUO KAl OTO PECO eykEPAAO (Hervieu kal Emson,
1998), eved O sst2 ep@avilel YeyAAn €k@EACN OTO 00PENTIKO PLUA, OTOV
amoelb) ACIO, OTIC OTIRASEG 2, 3, 5 KAl 6 TOL £YKEPAAIKOL PAOIOV, OTA PACIKA
YAyyAlQ, OTOV ITITTOKAUTTIO, OTNV APLYSAAR, OTO EYKEPAAIKO OTEAEXOG KAl OTOV
TTOOMNKN MLEAO (Dournaud kai cuv., 1996). O sstz eival o €mKPATECTELOG
LTTOTLTTOC OTIC OTIRASEG 5 KAl 6 TOL EYKEPAAIKOL (PAOIOVL KAl OTNV KOKKWEN
oTIpada TNG TTapeykepaAidbag (Kumar kal cov., 1996). rtov LTTOBAAAUO TOL
apovpaioL  evTomi{ovial  AVOOOIOTOXNWIKA ~ OAOI Ol LTTOTLTTOI  TWV
OWUATOOTATIVEQYIKWY LTTOSoXEWV (Helboe kar cuv., 1998, Kumar kair cuv.,
1999), vmodnAcvovtag pia TOaAv OCULUUETOXN TNG OWUATOOTATiVAG O¢f
ALTOVOWEG Kal eVOOKPIVIKEG Aeitovpyieg (Tannenbaum & Epelbaum, 2000), ue
TOV ssti va eival autOg TTOL EMMKPEATE KAl TOLG sstz, ssts, ssta kal ssts va

ekppalovTal o€ PIKPOTEPES TTooOTNTEG (Kumar kal cuv., 1999).
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To MRNA OA®WV TWV OCWUATOCTATIVEQYIKWYV LITOSOXEWY EXEl €TTIONG
EVTOTTIOTE KAl OE TIEPIPEPEIAKOVLGS IOTOLG TOL APOLPAIOL, OTIWG OTO OTOUAXI, TO
5@EeKASAKTLAO, TOV EINED, TO KOAOV Kal TNV aopTtn (Krempels kal cuv., 1997,
Khare kai cuv., 1999).

ITO avOpWIIIVO OTOUAYXI, eupavileTal éKppacon TV MRNA OA®DV TV
LOTTOTOTIWV TNG CWHATOCTATIVNG, €VA OTO PULCIOAOYIKO BOPO adéva avTd TWV
ssti, sstoa kai ssts (Le Romancer kal cuv., 1996, Ferone kai cuv., 1999). YwnAn
OLYKEVTOWON TWV sst2 LTTOSOXEWY ATTAVTATAI OTA EMVEPEISIA, PE TOLGS ssti Kal
TOLG sst3 va gugaviovtal o€ PIKPOTEPES TTOCOTNTEG (Bruno kai cuv., 1993, Patel
Kal oov., 1995). O sstz evToTTideTal €TTIONG OTO CLKWTI KAl OTN OTTANVA, O sst4 oTNV
KaPSId, OTOLG TIVELPOVEC KAl OTOV TTAAKOLVTA, evw ol ssti, sst2 kal ssts oTa
OTTEPUATOKVOTTAPA KAl oTa KOTTapa Sertoli Teov 0pxewv (Bruno kal cuv., 1993,
Caron kai ovv., 1997, Patel kar ovv., 1995, Rohrer kai cuv., 1993, Zhu kai cuv.,
1998). O sst2  eupaviletal  €miong o€ evepyoTToiNuéva  KOTTAPA  TOL
AvOOOTIOINTIKOL, OTTWC PAKPo@aAyd, T kal B Agu@okOTTAPA, GAAG Kal o€
KOTTapA TOL BOPOL oTo TTOVTIKI (Elliott kal cLv., 1994, 1998).

Y€ KOTTOPIKEG O€pEG Oykwv TO MRNA TOUL Ssst2 LTTOTOTTOL TNG
OWUATOOTATIVNG €ival ALTO TTOL &VTOTCETAl O LWNAR CLXVOTNTA, &V
aKoAOLOOLV KaTA CelPd ol ssti, sstz kal ssts. H ékppaon Tou ssts paiveral va
mapovolalel pia e€elbikevon yia TOLG OYKOLG, APOL Ot KATTOIOLG OYKOLG
ekppadletal, OTMWC O ALTO TOL HACTOL, EVW O KATTOIOLE AAAOLG VA

atmovolalouyv (Reisine kail Bell, 1995, Patel, 1997, 1999).

1.4.8 Anuiovpyia CUATOOTATIVEPYIKWV AVAAOYV

O1 TTOKIAEG 6pA0EIC TNG CWHATOOTATIVNG-14 KAl CWUATOOTATIVNG-28
EMTOYXAVOVTAl HPECW TNG SECPELONG TOLG OTOLG CWUATOOTATIVEQYIKOVG
LTTOSOXEIC PE oLYYEVEIQ TNG TAENG TV NM. EEaITiag TNG EANEIWYNG EKAEKTIKOTNTAG
TV TEMTISIV ALTWV YIA KATTOIO CLYKEKPIPEVO LTTOTLUTTO TWV LTTOSOXEWY TOLG
KAl TOL HIKOOL XPOVOL NUICONG TOLG, EYIVAV TTOAAEG TTPOOTIABEIES YIA TNV
avanTuén CWPATOOTATIVEQYIKQY AVAAOYWV pE avénuévn oTaBepOTNTA KAl JE
TNV IKAVOTNTA VA 6€CPELOVTAI EKAEKTIKA O€ KABE Eva ATTO TOLG LTTOTLTTOLG TWV

LTTOSOXEWY TNG owpaTooTaTivng (Mivakag-2). Kata TIG JEAETEG QULTEC EyIve
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Pavepod OTI 7O potipo FWKT (7-10) TNG O@pATOOTATIiVAG NTAV  KPICIUNG
onuUaciag yia TN SECPELOT) TNG PE TOLG LTTOSOXEIG, YE Ta VO KEVTPIKA auIvo&Ea
va 11aiovy To KLPIOTEPO POAO (Patel, 1999). AlaTnpwvTag AoImTov oTaBepd Ta
apivoéea auTa kal PETABAAANOVTAG Ta LTTOAOITTA SnuiovpynBnkav SiIagopda
OWUATOCTATIVEQYIKA AVAAOYA OTTWGS N OKTPEeoTidN (SMS201-995), n AavpeoTién
(BIM23014) kai n ParmpeoTibn (RC-160), eKAEKTIKA YIa TOLG LTTOSOXEIG TNG
opadac SRIF1 (Lamberts kal cuv., 2002). To TTPWTO EKAEKTIKO AVAAOYO YIA TOLG
LTTOS0XEIC TNG opadag SRIF2, To CH275 cuvTéBNKe OTA PECA TNG TTELACUEVNG
Sexaetiag (Liapakis kal ouv., 1996). Ta TeAevTaia XpOVIa £XOLV KAVE €TTIONG TNV
EUPAVION TOLG CPKETOI TIEMTISIKOI ) PN AYWVIOTEG, EKAEKTIKOI  yIO TOLG
SIAPOPOLS LTTOTLTTOLS TWV LTTOSOXEWV TNG CWHPATOOTATIVNG, AAAG KAl
OWUATOCTATIVEQYIKOI avTay®VIOTEG, OTTwwG To CYN154806, 10 NVP-SRA880, TO
BIM23627, 10 BIM23454, 10 sst3-ODN-8 kai 1o BIM23056 (Bass kal cvv., 1996,
Wilkinson kai cuv., 1996, Reubi kal cuv. 2000, Hoyer kai cuv., 2002, Tulipano kai
ouv., 2002).

I'IivaKag- 2: TOYYEVEIQ CWUATOOTATIVEQYIKGV AVAAOYWY HE TOLG LTTOTUTTIOLS TWY LTTOSOXEWV

NG cwpaTooTativng (TIHES ICso N Kioe NM).

sstl sst2 sst3 sst4 ssts
Octreotide (SMS 201-995) 290-1140 0,28-2,1 4,4-38 >1000 0,77-32
Lanreotide (BIM 23014) 500-2330 0,5-1,8 43-107 66-2100 0,6-14
Vapreotide (RC-160) 481->1000 5,4 31 45-351 0,7-7.5
BIM 23244 >1000 0,3 133 >1000 0,7
Seglitide (MK-678) >10000 0,05-1,5 27-230 127-4949 0,06-232
BIM 23052 6,3-100 10-13,5 2,1-5,6 16-141 1,2-18
BIM 23056 110->1000 132->1000 10,8-177 17-234 5,7-158
L-362,855 830->1000 1,0-2,0 5,1-6,2 63->1000 0,002-63
BIM 23268 18,4 15,1 61,6 16,3 0,37
CYN 154806 1200 3,6 150 650 2
CH 275 1,8-4,9 740->1000 12->1000 4,3-874 980->1000
NNC 26-2100 5000 3300 6800 100 4100
L-054,264 1740 1,6 2950 2000 4470
L-054,522 2392 0,01 31 81 163
[-363,301 >1000 5,1 129 >1000 25
L-797,591 1,4-3,5 1875 2240 170 3600
L-779.976 2760 0,05 729 310 4260
L-796,778 1255 >10000 24 8650 1200
L-803,087 199 4720 1280 0,7 3880
L-817,818 3,3 52 64 82 0,4

Tootrorroinon amo Olias kai ouv., 2004
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1.4.9 EKteAeoTIKA ovoThuara

OI  OWPATOOTATIVEQYIKOI  LTTOSOXEIC  pLvBuilovy  pIa  TTANBwWPEA
OLOTNUATWY PETAYWYNG CAUATOG PECK TNG EVEQYOTTOINONG €LAICONTWY N N
oTnv 1ogivn 1oL KokiTn G TMPwTEivadv (Meyerhof 1998, Csada and Dournard,
2001). O cival yvwoTo, N G mpwTeivn eival pia TIEPIPEQIKN PEUPBOAVIKN
TTPWTEIVN TTOL ATTOTEAEITAI ATTO pIa LTTopovada a (45kd), pia B (35kd) kar pia y
(7kd) (Gilman, 1987). H rpwTeivn auTr) peTamimTel YeTald piag oTepeodiaTaing
oL eopevel GDP kal piag mou decpevel GTP. To GOUTTIAOKO CWUATOOTATIVAG -
vTTodoxeag Seopevetal pe TNV G TTEWTEIVN, €TTAYEl TNV ATTEAELOEOLWON TOL
Seopevpévov GDP kal emrpértel TN Séopevon GTP. H vropovada a o gépel
GTP Siictaral armo Tnv LTTopovVAda Ry Ol OTTOIEG OTN CLVEXEIQ AAANAETTISPOLY g
SIAPOPA EKTEAECTIKO CLOTAUATA TOL KLTTAPOL OTOXOL (Stryer, 1988).

H abevLAIK KOUKAGON ATAV &va amro Ta TTPWTA EKTEAECTIKA CLOTAUATA
TTOL PAVNKE VA ETTNEEAZOVTAI KAl VA AVACTEAAOVTAI ATTO TNV EVEQYOTTOINCN TWV
OWUATOCTATIVEQYIKWY LTTOSOXEWY (Mahy kal cuv., 1988, Tallent & Reisine,
1992, Patel kal cuv., 1994). EmMmALOV, N CWUATOOTATIVAN PECW TNG SECUELONG
TNG OTOLG LTTOSOXEIG TNG, eival duvaTd va avénoel (Wang kar cuv., 1989, de
Weille kal ovv., 1989, White kai cuv., 1991, Sims kai cuv., 1991), n va pewozel
(Karschin kai cov., 1994, Karschin, 1995) Tnv aywyigotnta SiIapopwy TOTTWV
SIAVAWY 10VT@V KAAIOL. AANNAYEG OTNV AYW@YIUOTNTA TWV KLOTTAPWY PTTOPOLY
€miong va emeABouy e€QITiAG TNG evePYOTTIOINONG TNG PWOPOANTTAoONG A2
(Schweitzer kai cuv., 1990, Lammers kai cuv., 1996) 1 Tn Sikyepon NG
Ppo@oATtacns C amd 1 ocwpartootaTtivn (Csada and Dournaud, 2001,
Rosskopf kar ouv., 2003). EmmAéov, peiwon TNG aywyipotnTag SiIabAwV
aoPeoTiov €xel eTmioNg TTAPATNENOE YETG aTTO  evepyomtoinon  S1IapopwV
OTTOTOTTIGV TWV LTTOSOXEWV TNG CWPATOOTATIVNG O& TTOALAPIOUEG KOUTTAPIKES
oeipés (Csada and Dournaud, 2001). MapdAAnAa, n evepyottoincon TV
OWUATOOTATIVEQYIKQV  LTTOSOxEWV  eival  duvatd  va  odnynoe  oTnv
EVEQYOTTOINON TNG PWOPATACNS TNG Tupoaivng (Buscail kal cuv., 1994, Florio
Kal ovv., 1994, Reardon kai cuv., 1997), otnv avacToAn (Dent kai cov., 1997,
Cattaneo kai cov., 1999, Douziech kai cuv., 1999, Florio kai cuv., 2001, 2003)

TN SiEyepon (Florio kal ouv., 1999) TNG UITWTIKAG TTPWTEIVIKAG Kivaong (mitogen-
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activated protein kinase, MAPK), 1 akOua oTnV £vEQYOTTOINGN TOL AVTAAAGKTN

Na*/H* (Barber kai cuv., 1989, Hou kai ovv., 1994, Lin kai cov., 2003).

1.4.10 Evromouog 1NG OWUATOOTATIVIG OTOV AUPIBANCTPOEISN

AvOOOS0AOTIKN KAl PIOAOYIKA EVEQYI CWUATOOTATIV AVAKAALPONKE
yla TTPTN pOoPd OToV AuPIBANCTPOEISH apovpaiov (Rorstad kar cuv., 1979,
Shapiro kar cuv., 1979, Kirsch and Leonhardt, 1979), apyoTtepa 1O TETTTIOIO
EVTOTTIOTNKE KAl O¢ AAAQ €ién (Rorstad kal cvv., 1980, Sagar kar cuv., 1982,
Tornqvist kar cuv., 1982, Sagar and Marshall, 1988). Mo mpoopaTa n TapoLaia
TNG QAVIXVELTNKE HE TEXVIKES in situ LPPISIOUOL, padloavocoavaivong (RIA) kai
RT-PCR (Larsen kai cvv., 1990, Yamaguchi kai cuv., 1990, Thermos, 2003).

H avooodpaoTikOTNTa TNG OCWPATOCTATIVNG evToTi{eTal o€  &vav
OTTOPASIKA  KATAVEUNUEVO  TTANBLOUO  PPAXVIVGYV KAl PETATOTTIOMEVV
BPaxLIVRV KLTTAPWY CTOV APPIPANCTEOEISN TTOVTIKIOL, apovpaioL (Sagar Kai
ouv., 1985, Larsen kai cov., 1990), ivéikoL xolpibiov (Torngvist kar cov., 1982,
Spira kal ouv., 1984) kal avBpwtov (Torngvist kal Ehinger, 1988). Xtov
AUPIPANCTEOEIS )  KOLVEAIOD, YATAG KAl TTPWTELOVIWY  OBNAACTIKWY N
TTAEIOWNPIA TV KOTTAPWY OTA OTTOIA £VTOTTIETAI N CWUATOOTATIVN Eival EKTOTTA
Bpaxviva kuTTapa (Sagar, 1987, Marshak, 1989, Rickman kai cuv., 1996). Eva
HIKOO TTOCOOTO  YAYYAIOKQV  KOTTAPWV  Paiveral OTI  TTEPIEXOLY  ETTIONG
owpatooTartivn  otov  aupiPAnoTpoeidny Touv TmONkov Tupaia belangeri
(Engelmann kai Peichl, 1996) kal Tng yaTtag (White kar Chalupa, 1991). Emiong,
OWPATOOTATIVA  €VTOTTIIOTNKE OE YAYYAIOKA KOTTAPA TIoL  TTapovoialovTal
TTPOOWEIVA KATA TNV AvaTITLEIAK PACN — TIC TTIPWTEG PEPES META TN YEvVvVNON
TWV VEOYVWV - O¢ au@IPAnCTEoEdr) apovpaiov (Fontanesi kar cuv., 1997,

Xiang kai ouv., 2001).

1.4.11 Ymoboxeic cwuaroorarivng otov aupiBAnoTposisn

APXIKQ, TTOIV OKOPA KAWVOTIOINBOLY O CWUATOOTATIVEQYIKOI LTTOSOXEIG,

LTINEXAV PAPUAKOAOYIKEG HEAETEG TTOL PAVEQVAV TNV TTApoLCia BEoewy
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5E0PELONG TNG CWHATOOTATIVNG OTOV APPIPANCTPOEISA (Kossut kal cuv., 1989,
Liapakis kar ovuv., 1993). Me TNV KA®vOTIOINON OUWG TWV LTTOSOXEWV TNG
OWPATOOTATIVAG 80BNKE N €LKAIPIA OTOLG €PELVNTEG VA HEAETHCOLY TN
PLOIOAOYIKN Spdon TV LTOSOXEWV ALTWY OTa  SIAPOoPA  OPYaAva,
OLUTTEQIANOUPAVOUEVOL KAl TOL  AUPIPANCTPOEIS. Me TNV TeEXVIKA  TNG
avTioTpoPNG AALOISWTAG avTibpaong ToAvuepdong (RT-PCR) SiamoTtwOnke
yia TpwTtn @opd n vmapén Tou MRNA OA®V TWV CWUATOCTATIVEQYIKWV
LTTOSOXEWY Ot APPIPANCTPOEIS apovpaiov (Mori kar cuv., 1997). XItov
AUPIPANCTEOEISH ApoLEAIOL KAl TTOVTIKIOL TO MRNA TV sstz kal sst4 LTTOTOTTV
TGV LTTOSOXEWY TNG CWPATOOTATIVNG PaiveTal OTI LTTAPXEI o€ ApOovia (Mori kal
ouv., 1997, Cristiani kal cuv., 2002), ce avtiBeon He TOV AUPIPANCTOOEISN
KOLVEAIOL OTTOL TO MRNA TOUL ssti LTTOTLTTOL PEICKETAI € LYNAOTEQQA ETTITTESQ,
e TO MRNA TOUL sst2 LTTOTLTTOL VA AKOAOLOEI KAl e Ta €TTITTESA TV SSt3, ssta kKAl
ssts LTTOTOTTGV va €ival TTOAL xaunAad (Cristiani kar cuv., 2000). Tevika, TO MRNA
OAGV TV LTTOTLTIWYV TV LTTOSOXEWY TNG CWHATOCTATIVNG EXEl EVTOTTIOTE OTOV
AUPIPANCTEOEIS ] aPOLEAIOL, TTOVTIKIOL KAl KOLVEAIOL. ‘Ocov apopd ToV
AvBP®TIIVO auPIRANCTEOEISH, LTTAPXEI CLUPGVIA oTNV LTTAPEN TV MRNA TV
ssti, sst2 kal sst3 LTTOTOTTYV, €V YIA TOLG $sts KAl $st5 LTTAPXOLY AVTIKDOVLOUEVES
ATTOWEIC TTOL TMBAVOTATA OPEIAOVTAI OE TEXVIKOLG AOYOULG.

H mpooparn avamntuén aviioOUATOV £vavTl OA®@V TV LTTOTOTTIOV TWV
OWUATOCTATIVEQYIKWY  LTTOSOXEWV  Eixe OCAV  QATTOTEAECUA TN AETITOUEEN
XapToypagnon TNG EKPPAoNG TV LTTOSOXEWV OTOV  AU@IPANCTOOEION

SIaPOP®V €16V, OTIWG AVAPEPETAI KAl TTAPAKAT.

sst

H avoocodpacTikotnTa TOL ssti LTTOTLTTOL evTOoTlETAl O PPAXLIVA
KOTTOPA TNG ECWTEPIKNG TTOPENVIKAG OTIRASAG TTOL ekPPAlOLY CWUATOOTATIVN,
o€ EKTOTTIOMEVA PpaxLIVa KOTTAPA TNG YAYYAIGKNG OTIRASAC Kal o€ &va HIKPO
apIBPO YAYYAIOK®YV KLTTAPWY, KABWG KAl O& ATTOPLCEIC KLTTAPWY KATA PUNKOG
OANG TNG €0WTEPIKNG SIKTLWTAG OTIRASAG, Ot aIoPOpPa ayyeia kal oTo
HeEAQyYxpoLY €mBNAIO apovpaiov (Helboe kar cuv., 1997, Vasilaki kar cov.,
2002). XTO KOULVEA, O ssty vTTOTLTTOG evTomileTal O€ PPaAxLIVa KOTTAPA TTOL
PEPOLY N OXI TO &vlupho LEPOELAGCON TNG TLPOCIVNG, KABWG £TTIONG KAl O€

EKTOTTIOMEVA PpaxLIVa KOTTAPA KAl OTn OTIRASA TWV YAYYAIOK®V KOUTTAQWY
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(Cristiani kal ouv., 2000). Itov QvBPWTTO O LTTOTLTTOG ALTOG eKPPEAleTAl OTO
HEAQYXPOLV ETTIONAIO, O€¢ PEUPPAVEG TV EEWDTEPIKWV KAl ECWTEPIKDV TUNUATWY
TV PAPRSIOPOPWY KAl TV KOVIOPOP®WV KLUTTAPWY, OTIWG £MoNng Kal O¢
HMEPMOVWUEVA KOTTAPA OTNV £EWTEPIKN KAl ECTWTEPIKN TTOENVIKA OTIRASA AAAG KAl
oTn oTIRASA TwV YayyAlakwy KLTTapwy (Van Hagen kail cuv., 2000, Klisovic kai
ouv., 2001).

SStoa

H ékppaon Tou sst2a LTTOTLTTOL TWV LTTOSOXEWV TNG CWHATOOTATIVNG ME
AVOOOICTOXNUIKEG HPEAETEC OTO KOULVEA evToTiiCeTal Oe SITTOAQ KOTTAPA TTOL
oxetiCovtal pye Ta papsdiopopa KLTTapa (Johnson kar cuv., 1998, Vasilaki kai
ouv., 2001) kal oTTOPAdIKA Ot €LPEWG TTESIOL PPaxLIVA KOTTAPA CTA OPIA TNG
E0WTEPIKNG TTLPNVIKAG Kal SIKTLWTAG oTIPAdag (Johnson kal cuv., 1998). Xe
avamTLlIaKEG PEAETEG, O sstaa EVTOTTIOTNKE €mMONG O¢ SITTOAQ KOTTAPA TTOL
oxeTiCovTal pe Ta PaPsdIoPoOpa KOTTAPA Kal o€ Ppaxbiva KOTTaPa KATToIa aTTo
TQ oTT0id £pepav To EvLo LEPOELAGCN TNG Tupoaivng (Fontanesi kal cuv.,
2000), eved TENOG €VTOTIIOTNKE O€ ATTOPOVWUEVA  SITTOAQ  KOTTAPA  TTOL
oxeTiCovTal pe Ta papdlopopa kuTTapa (Petrucci kai cuv., 2001).

ITOV apOoLEAIO sstza AVOCOSPACTIKOTNTA EVTOTTICETAI OE KWVIOPOOA KAl
opIfoVTIa KOTTAPA, KABWG ETTIoNG KAl g€ SITTOAQ KOTTAPA TTOL OXeTICovTal TOCO
He paPdIoPOPA OCO KAl PE KWVIOPOPA KOTTAPA KAl O JECTIOL KAl PEYAAOL
HEYEBOLG PpaxLIVA KOTTAPA TTOL TTEPIEXOLY TNV LEPOELAGCN TNG TLPOGCIVNG
(Johnson kai cuv., 1999). L& GAEG PEAETEG, HE SIAPOPETIKA AVTIOWUATA, Ol SStoa
OTTOTLTTIOI  EVTOTHIOTNKAYV O€ HEYAAOL HeyéBoug PpaxLiva  KOTTAPA NG
E0WTEQIKNG TTLENVIKNG OTIRASAG TTOL TTEQIEXOLY LEPOELAGCN TNG TLPOTIVNG,
OTA €0WTEPIKA TUNPATA TWV KQOVIOPOPWY KOTTAPWY KAl OE iVEC KLTTAPWV
MUller (Helboe kal Mgller, 1999), 611w kal og SitToAa KOTTapa TTou oxeTiCovTal
ue Ta papdlopopa kutTapa (Vasilaki kar cuv., 2001).

YITO TIOVTIKI $stoa AVOCOS0ACTIKOTNTA eVTOTTeTAl €TTIONG O SITTOAG
KOTTOPA TTOL oxeTiCovTal pe Ta PARSIoOPOPa KOTTAPA, AANG Kal og opIlovTIa
KOTTAPA Kal BpaxLiva KOTTAPA TTOL TTEPIEXOLY LEPOELAACN TNG TLPOGCIVNG KAl
yAukivn (Cristiani kar cuv., 2002).

LITOV AvOPWTTO sst2a AvOCoOS0aoTIKOTNTA TTAPOLOIAZETAl OTNV ECWTEPIKN

Kal eETEPIKA TTOENVIKA AAAG Kal TN SIKTLWTA OTIRASA, OTTWG KAl TO PEAAYXPOLY
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emonANio (van Hagen kar ocvuv., 2000). Emiong, n sst2 avocodpacTikOTNTA
EVTOTTIETAI OTA ECWTEPIKA KAl €EDTEQIKA TUAUATA TWV PARSIOPOO®Y KAl
KQVIOPOPWY KOTTAP®Y, O€ JEUOVOUEVA KOTTAPA OTNV £EWTEPIKN KAl ECWTEQIKN
TToENVIKN OTIRASA, AAANG KAl OTN yayyAlakn oTipada, og evéoBnAiakda KOTTAPA
TV QIHOPOPWY AYYEIWY, OTO KLTTAPOTIAQCUA KAl TNV KLUTTAPIKA HEUPREAvVN
HUELOVUEVV KOTTAPWY O KAAEpyela atmo heAayxpouy emBnAio (Klisovic kal
ouv., 2001). To avTicCwWUA TTOL XPNCIPOTIOINBNKE YIA TNV TTAPATTAVE UEAETN EXE
HIa Auivogikn aAAnAouvxia TTou eival n idla kal yia Toug sstoa AAAG KAl yIa TOLG
sstos OTTOTE PTTOEE VA LTTOTEDEI N LTTAPEN KAl TV SVLO LTTOTLTTWY LTTOSOXEWV
OTA TTAPATTAV® KOTTAPJ.

17O KATWTEQA OTTOVOLAWTA O $st2a LTTOTLTTOG EVTOTTICETAI OTA KWVIOPOPA
Kal paPdlopopa KOTTAPA, OTA SIMOAa KAl oTa PpaxLiva KOTTaPa OTNV
€EWTEPIKN KAl €0WTEQIKA SIKTLWTH CTIRASA Kal SiIGxLTA OTN yayyAiakn oTiRada
aupIBANCTEOEIS calapavépag (Akopian kal cuv., 2000), v oTnVv aueipia
calauyavépa eu@avidetal ota  SimoAa kOTTapa 1oL OxeTilovral Je  TA
PaPRSIOPOPA, OTA £0WTEPIKA TUAUATA TWV KOVIOPOPWY KAl TO OCLVEETIKO

KpoooO TwV papdiwv (Grigoryan kai cuv, 2003).

sstos

AVTIOETa pE TOV SStoa LTTOTOTTO TWV CWUATOOTATIVEQYIKWY LTTOSOXEWV
5eV LTTAPXOLY TTOAAEG AVAPOPEC YIA TOV AVOCOICTOXNMUIKO EVTOTTIOUO TOUL st
OTTOTOTTOL. MOVO CO¢ PWTOLTTOS0XEIC TOL AUPIRANCTOOEISH APOLPAIOL EXEl
evrommorTei (Vasilaki kar ouv., 2001), KaBWGS €MMoONG KAl 0& KAANEQYEIES KOTTAPWY

AvBP®TTIIVOL peAAYXPOoLY emBNAioL (Vasilaki kal cuv., 2004).

ssts

ITOV QUQIPANCTEOEIS TV OBNAACTIKGOV &€&V Exel evTOTOTEl O ssta
LTTOTLTTOC TTAPOAN TNV LTTAPEN TOL AYYEAIOPOPOL RNA CTOV APOLPAIO KAl TOV
avBpwTto (Mori kal cuv., 1997, van Hagen kai cuv., 2000). e KATWTEQA OPWS
OTTOVOLAWTA  OTTWG N aueipia  calauavdépa  mmapatnendnke  ssts
AVOCO050ACTIKOTNTA KLPIWGS OTA ECWTEQIKA TUAUATA TV KQVIOPOPWY KAl TOLG

OLVEETIKOLG KPOOTOLGS TV PaPdloPopwy (Grigoryan kai cuv, 2003).
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Ssta

H ékppaon Tou sst4 LTTOTLTTOL OTOV  APPIPANCTEOEISH APOLEAIOL
EUQaViCeTal OTA KLTTAPIKA CWHATA, TOLG SeVEPITEC KAl TOLG VELPAEOVES TWV
yayyAlakwyv kottapwv (Vasilaki kar cuv., 2002), eved OTO TTOVTIKI evTOTTIETAI O
KOTTAPA TNG YAYYAIGKNG OTIRASAG TTOL PEQOLYV I OXI TNV ACRECTOSECUELTIKN
mpawTeivn (Cristiani kal cvv., 2002). Emiong, og aupIPANCTEOEISH apoLEAIoL KAl
TTOVTIKIOU  evToTnleTal O€  TTOAATIAEG  SIACTOWUATWOEG TWY  YAYYAIGKWV
KOTTAPWYV KAl O ATTOPLTEIG O OAEG TIG LTTOCTIRASEC TNG ECWTEPIKNG SIKTLUWTNG

oTipadag (Brecha kai cuv., 2002).

ssts

H avoocobpaoTikOTNTa TOoL ssts LTTOTLTTOL é&xel evToTOOEl POVO o€
KOANIEQYEIEC KOTTAPWY AvOPWTIIVOL PeAAyxpoLV emBnAiov (Vasilaki kar cuv.,
2004) mapoAo mov TO MRNA TOL LTTOTLTTOL ALTOL PAIVETAl va eKPpPAlETal,
€0TW KAl O€ XAUNAQ €mTiTeda, oToV AUPIRANCTOOEIS APOLETIOL KAl TTOVTIKIOV
(Mori kar ovv., 1997, Cristiani ka1 ouv., 2002). Npoopara, ol Ke kalr Zhong
EVIOTTICQAV TNV £KPEACN TOL ssts LTTOTOTTOL T€ XOAIVEQYIKQA, VIOTTAUIVEQYIKA KAl
GABAgpyIKQ Ppaxdiva KOTTapd oTov appIiBAnCTpoEld) apovpaiov (Ke kai
Zhong, 2007).

1.4.12 POAOG TNG CWUATOOTATIVNG OTOV AUPIBANCTPOEISNH

H oouarootarivn otov  aupIiPANCTood @aivetal va §pa ocav
veLpodIaPIPACTAG, VELPOTPOTIOINTAC N TPOPIKOC TTAPAYOVTAG. IOPUPWVA HE
TTOOOPATEG PEAETEG, N CWPATOOTATIVN £TNPEEALEl TNV KLTTAPIKN §pACTNPIOTNTA
KAl TN VELPGWVIKN ATTEAELBEPWON OTOLG PWTOVTTOS0XEIC AAAD KAl OTOV £0W
Au@IPANCTEOEISH ELOWICOVTIAC TA KAVAANQ 1OVI®V KAAOL Kal AoReCTiov
(Akopian kai ovv., 2000, Ayoub kal Matthews, 1992, Johnson kai cuv., 2001). H
SpAon auvTh TNG CWHATOOTATIVNG £xel SIATOTWOE O¢ ATTOPOV@UEVA SITTOAQ
KOTTapa kal SiagecoAafeitar amod Touvg sstz vmodoxéwv (Petrucci kalr cuv.,
2001), o1 omoiol TmapovoialovTal emong LITeLOLVOI yiIa TN ELOUICN TNG

ATTEAELOEPWONG TOL YAOLTAUIVIKOL OEEOG. 1€ CLPPWVIA UE TA TTAPATTAV®W, OE
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APPIRPANCTPOEISN e EAAEIYN SST2 LTTOSOXEWV N CWPATOOTATIVN KAI O AYWVIOTNG
EVAVTI TV $st2 DTTOSOXEWY OKTPEOTION, SEV ETTNPEACAV TNV ATTEAELOEOLWON TOL
yAoutapivikob (Dal Monte kai ouv., 2003a). AvtiBeta, ot au@IPANCTEOEISN
TTOVTIKIOV HE EANEIWN TV ssti vTTodoxéwy, OTToL LTTIEPEKPPAlovTal Ol ssto
LTTOSOXEIC, TTAPATNENONKE aLENON TNG AVACTOANG TNG €MAYOUEVNG ATTO TN
OWPATOOTATIVA ATTEAELBEPONG TOL YAOLTAUIVIKOU (Bigiani kal cuv., 2004).

Emiong Bpednke OTI N CWUATOOTATIVN O XAUNAEG OLYKEVTPWOEIG EXEI
SIEYEPTIKEC SPATEIC OTA YAYYANAKG KOTTAPA, eV eTnNpedadel TN §pacTnpiotnTa
TV SITTOA@V KAl PPAXLIVV KOTTAPWY Kal TOL SIKTOLOL TwV OPICOVTIWY
KOTTAP®V (Zalutsky kar Miller, 1990).

TO CWPATOOTATIVEQYIKO CLOTNUA TTAICEl KEVTPIKO POAO OTN pLOWICH TOL
HOVOTTATIOL TV PARSIOPOPWY KOUTTAPWY, CAANNAETTISPWVTIAC HE AAAOLG
VELPOTPOTIOTTOINTEG KATA TN SIadIKaoia TTPOCAPUOYAG OTO PWTOG. MEAETEG
edaav om Ta emimeda TNG €€KLTTAPIAC VTOTTAMIiVNG avavovTal OToV
auPIBANCTEOEIS KaBwg avaveral n &viacn Tov P®TOS (Djamgoz Kai
Wagner, 1992, Boelen «kal ovv., 1998) «kal pvBuilovral HPECwW NG
AAANAeTTIOPAONG TNG CWHATOCTATIVNG Kal TNG ovaiag P (Casini kal cov., 2002).
TOCO 01 LTTOSOXEIC CWUATOOTATIVAG OCO KAl TNG ovoiag P ekppadlovtal ot
BpaxLiva KOTTapaA TTOL TTEPIEXOLY vToTtauivn (Casini kal ocuv., 1997, 2002,
Helboe kal Mgller, 1999, Johnson kai cuv., 1999, Cristiani kar cov., 2000, 2002,
Catalani kal cuv., 2004). NMEOCPATEG PUEAETEG OTO £0YACTNPIO Pag £5e1i€av OTI N
OWUATOOTATIVN PYECW EVEQYOTTOINONG TwV ssti kal sst2 bTmodoxéwv avéavel Ta
€MiTedA TNG VTOTTAWiVNG OTOV au@IPANCTPOoEIS apovpaiov (Kouvidi kal cuv.,
2006). Mg 6ebopévo OTI N cwuartooTartivn §pa oTov ApPIBANCTOOEISH TOL
KOTOTTOLAOL WG CHUA OKOTOLG (Ishimoto kar cuv., 1986, Yang kal cuv., 1997)
Kal OTl n ovoia P mmpokaAei ameAevBépwon TG viommapivng (Casini kal cuv.,
2004) mBavoTata SpWVTAG WG CAUA PWTOG, PTTOPOLHE VA EIKACOLUE OTI N
aAnAetTibpaon Twv mEMMdiov auvTwv Ba pmopovoe va pubuice TNV

aATTEAELOEPON TNG VTOTTAUIVNG KAl KATA CLVETTEIQ TNV TIPOCAPPOYN OTO PWG.
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1.5 KOPTIZTATINH

H kopTtioTaTivn €ival Eva VELPOTIETTTIOIO CLYYEVEG WE TN CWUATOOTATIVN.
To memTiblo avTO AVAKAALPONKE KAl OVOUACTNKE ETOI TOCO AOYW TNG €LEEIAG
KATAVOPNG TOL OTOV EYKEPAAIKO PAOIO, OCO KAl TNG IKAvVOTNTAC TOL Vva
KATAoTEANEN TN §paocTnEIOTNTA O¢ AuTov (de Lecea kal cuv., 1996). NMapoio
TTOL N KOETIOTATIVN-14 poipAleTal TA £VTEKQ ATTO TA SEKATECTEOA APIVOEED E TN
owWUATOoTATIiVN-14, N VOLKAEOTISIKA TNG AAANAOLXIA KAl O XPWHUOCWMIKOS TNG
EVTOTTIOPOG LTTOSNAWVOLV OTI gival TO TTPOIOV evOG EexwPIoTOL Yovidiov. H
KopPTIoTATiVN §eCpebETAl O& OAOLG TOLG LTTOTLTTOLG TWV CWHATOOTATIVEQYIKGV
LTTOSOXEWY KAl HIPEITAl TTOAMEG aTTO TIC (PAPPAKOAOYIKEG KAl AEITOLPYIKEG

1810TNTEC TNG owuaTooTaTivng (Siehler kal cuv., 1998).

1.5.1 AvakdAvyn Tng KopTIoTATIVNG

MOAIG TO 1996 n oudda Tov de Lecea kaATAPEPE va ATTOUOVWOEl TO
cDNA 1ouv  kwbikotrolei  éva  moAvmenTidio 112 apivofiwv, TNV
TTooTIPOKOPTIOTATIVN (PreproCST) amod Tov eykEPAANO apovpaio (de Lecea kai
ouv., 1996). H TpOoTToOKOPTICTATIVA N OTTOIA EXEI EVTLTTWOIAKI OUOIOTNTA PE TNV
TTPOTTPOCWPATOCTATIVN OTO KAPPOEL-TEAKO AKOO TNG KAl PETAPROAICeTal OTNV
TTPOOPUOVN TTPokopTIoTaTivVn (ProCST). H TTpoKoPTICTATIiVh TOL APOLETIOL KAl
TOL AVOPWTTIOL £XEl TEEIG SIPACIKEG XAPAKTNPIOTIKEC BECEIC TTPWTEOALONG, EVW
TOL TTOVTIKOL 8VO, pia SIBAcIKh kal dia povoPacikn. ATO TNV TEWn TWV
TTPOOPPOVAY ALTWV TIPOKLTITOLY Ol KopETIoTaTivn-17 (rCST-17), KopTIoTATIVN-
31(rCST-31), kopTtioTativn-29(rCST-29) kai kopTioTtativn-14(rCST-14) yia TOV
apovpaio, KopTiIoTativn-44(mCST-44) kal kopTioTaTtivn-14(mCST-14) yia 710
TTovTikl, kopTioTativn-21(hCST-21), kopTtiotaTtivn-31(hCST-31), kopTioTATIiVN-
29(hCST-29) kar kopTtioTaTtivn-17(hCST-17) yia Ttov avBpwto (de Lecea kai

ouv., 1996, Fukusumi kai cuv., 1997)(Eixkova 8).
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Arg - Arg Lys-Arg Lys-Lys
APOYPAIOZ 1
rCST17
rCST31
rCST29
rCST14
Arg Lys - Lys
MONTIKI i
mCST44
mCST14
Arg - Lys Arg-Arg Arg-Arg

ANGOPQINOZ

hCST21
hCST31
hCST29

hCST17

Tpotromoinon amé Spier and de Lecea, 2000

EikOva — 8: IxnuaTikr avamapdoTacn TG TPo-KoPTIoTATIVAG KAl TV TTOOIOVTIGY TN OTa
OnAaoTika.

Or1 TTapamavw popgeg TepIAauPavouy 1o TeTpauepec FWKT 1O otToio
gival uTTeLOLVO YIa TN SECHELON TNG CWPATOOTATIVNG OTOLG LTTOSOXEIC TNG
(Siehler kai cuv., 1998), KOBWG KAl KLOTEIVEG TTOL ETITPETTOLY OTO TIETTISIO VA
KLOKAoTTOIEiTal (ElkOVa 9).

NMaPOAO TTOL O OMOIOTNTEG PE TN CWHATOOTATIVN €ival PAVEPES, TO VEO
auTo TIETTTIOIO €ival EeXWPIOTO ATTO TN CWUATOOTATIVA, APOL d) N CLPA TWV
TETTISIOV OTA SEKATETOAPEPN TOLG TIETTTIOIA SIAPEOOLY KATA EvA KATAAOITTO PId
Kalr To TTEMTiSIo  TNG  kopTioTaTivng &ekivad amod  TO  KATAAOITO 2 NG
owpatooTativng, PB) o aAAndovxiec Twv CcDNA Twv Lo TEMmdicoy &ev
Tapovoialovv  opoAloyia pe e€aipecn TNV TIEQIOXN TTOL  KWSOIKOTIOIEI  TA
SEKATETPAMEPN, KAI Y) OTO TTOVTIKI, TO YOViSIo TNG KOPTIOTATIVNG EVTOTTIOTNKE OTO
XPWHOOWUA 4, eV TNG CWPATOOTATIVNG OTO XPWHoowua 16 (de Lecea kai
ouv., 1997).
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1

Ala Gly (Cys Lys (Asn (Phe Phe

Trp
I Lys

Cys (Ser  Thr (Phe Thr

14

ZwpartooTarivn-14 ONAaoTIKWV

1 1

Pro (Cys Lys (Asn)(Phe Phe Asp Arg Met Pro (Cys) Arg (Asn)(Phe Phe
I Trp Trp
Lys I Lys
Lys (Cys(Ser ' Thr (Phe Thr lys (Cys (Ser Thr (Phe Thr
KopTtioTarivn-14 KopTtioTarivn-17
apouUPaiou Kal TTOVTIKIOU avepwirou

Tootmotroinon amod Spier and de Lecea, 2000

EIKOva — 9: IxnuaTikr avamapdcTacn TG OWHATOOTATIVAC KAl TG KOETIOTATIVAC TGV
OnAaoTikyV. Ol KLOTEVEC EMTPETOLY OTA POPIA VA KLKAOTTOIOLVTAI, EVE N Koivh Bion
SECPELONG TV TIETTISIWY OPIOOETEITAI ATTO TO TTOPTOKAAI TTEQIYPAUUA.

1.5.2 [eploxég ékppaAong Kal ameAeLOEPWONG KOPTIOTATIVNG

1TO KEVTPIKO VELPIKO cLOTNUA, TO MRNA TNG KOETIOTATIVNG evTOTTICETAl
ue in situ LRPISOTTOINCN OTOV £YKEPANKO PAOIO KAI OTOV ITTTTOKAUTTIO (de Lecea
Kal oLv., 1996), oc TTOAD HIKOEG TTOCOTNTEG OTO PARSWTO KAl OTOV 00PENTIKO
BOARO apovpaioy, &V POVO OTOV  €YKEPAAO TIOVTIKOL evTOTTi(eTAl OF€
HIKQOTEPEG TTOCOTNTEG OTNV AULYSAAN KAl OTOV LTTOBAAAPO, O€ AVTIOEON We TN
OWHATOCTATIVN TTOL EKPEALETAI OE PEYAAEC TTOCOTNTEC OTIG SVO AVTEC TTEPIOXES
(Spier kar de Lecea, 2000). MeAETEG cLveVTOTTIOPOUL £6ei€av OTI N KOPTICTATIVN
ekpPALeTal ATTOKAEIOTIKA 08 GABAEQYIKOVG evOOVELPWVES, SIAPOPETIKOLS ATTO
ALTOVLG OTOLG OTTOIOLG EKPPALETAl N CWHATOOTATIVN, KABWCS KAl & KOTTAPA
OeTIKA OTIGC ACRECTO-£EQAPTWHEVESG TTPWTEIVEG KAARISIVN Kal TTApaABoupivn, Tov
PAOIOL Kal TOL IMTTTOKAUTTOL (de Lecea kai ouv., 1997).

To MRNA TnG KopPTIoTATiVNG ekPEAleTAl ETTIONG KAl OE TIEQIPELIKOVG
IOTOVG OTTWC TO TTAYKPEAG, O YACTPEVTEQIKOG CWANVAG, TO CUKWTI, O VEPPOI,

TQ ETIVEPPISIA, OI TIVELUOVEG KAl 0 BLPEOEISNG adevag (Dalm kail cuv., 2004).
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1.5.3 Apaosig Tng KopTioTaTtivng

H kopmiotativn @aiveral va armoTeAel pLBPICTIKO TTapAyovTa NG
S1a8Ikaciag Tov OTIVOL, MIa KAl N ékPpacn Tov MRNA TNG AkoAoLOEl Eva
KIOKASIO pLBPO Kal avfAveTal KATA TNV ATIOAEIA TOL LTTVOL. MNMAapPAAANAQ, To
TETTIOI0 ALTO avTaywvVileTal TIC SPATEIC TNG AKETOAOXOAIVNG CTOV ITTTTOKAUTTO
KQl OTO PAOIO KAl OXETICETAI PE TNV KIVNTIKA CLPTIEQIPOPC (de Lecea kal Guv.,
1996). H kopTtioTtativn @aiveral €mong va euttAékeTal oe SIadIKaoieg pvAuNG
TOOO O€¢ TTOVTIKIO OCO KAl Ot ApOLPAIOLG, ETTISEIVAOVOVTAC TN PVAUN HECW
ATTOPPLOUICNG TOL OXNUATIOPOL TOL CAMP C& VELPWVEG TOUL ITITTOKAUTIOL
(Flood kai ocvv., 1997, S&nchez-Alavez kai cvv., 2000). NMoOCPATEG HUEAETEG
TEoodiSoLY OTNV  KOPTIOTATIVN €va  VELPOTTIPOOTATELTIKO EPOAO aTd TNV
TTOOKAAOLHEVN HPE TO KAIVIKO OEL SieyepTofIKOTNTA OE EYKEPAAO APOLEAIOL
(Braun kar cuv., 1998), kKOBWS Kal &va POAO PLOWICTH, WIa KAl QaiveTal va

AvVAOoTEAAEl TN PACIKA EKKPION TNG IVOOLAIVNG (Broglio kai cuv., 2002).

1.5.4 Ymoboxsic kopriorarivng

OnwG TPOAvVAPEPONKE, N KOEPTIOTATIVN SeCPELETAI O OAOLG TOLG
LTTOTLUTTOLG TWV CWUATOOTATIVEQYIKGWY LTTOSOXEWV. QOTOCO, Ol SIAPOPETIKEG
BIOAOYIKEG 6paCTNEIOTNTEG TNG KOPTIOTATIVAG OE OXEON MPE ALTEC TNG
OWPATOOTATIVAG, LTTOSEIKVLOLY TNV TOAVH OTTAPEN EKAEKTIKV YIia TNV
KopTioTaTivn vttodoxéwyv (Spier and de Lecea, 2000). Mpdayuar, mpoopaTta
AvVAKaALPONkKE Evag LTTodoxeag TToL ovopaletal MrgX2 (Mas related gene X2)
Kal EXEl LWNAR CLYYEVEID YIA TNV KOPTIOTATIVN-14 in vitro (Robas kal cuv., 2003).
O MrgX2 avnkel oToug LTTOSOXEIG TTOL cLvSEovTal Pe G TTPWTEIVEG KAl ATTOTEAEI
HMEAOG HIAG OIKOYEVEIAC KWOIKELUEVRV AAANAOLXIGV TTOL OXETICOVTAI PE TO Mas]
oykoyovisio (Dong kai cuv., 2001).

O MrgX2 eviomioTnke o¢ SIAPOPEG TTOCOTNTEG OTO VWTIAIO MLEAO, O€
KATTOIOLG VELPWVES TOL ITTTTOKAUTTIOL, OTOV LTTOBAAAUO, OTO BLPEOEIST, OTNV

LTTOPLON, OTO TTAYKPEAS, OTOLG TIVELHOVEG, OTOLC OPXEIG, OTIC WOBNKES KAl
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OTO YOAOTPEVTEQIKO TWANVA AAAG OXI OTOV £YKEPAAKO PAOIO OTTOL eKPpPAlETal
KLPIWG N kopTiIoTaTivn (Robas kal guv., 2003, Allia kal cuv., 2005).

O MrgX2 &ev evepyoTtrolgital JOvo ammo TNV KOETIOTATIVA AAAd Kal aTto
SL0 akoun TemTidia Ta PAMP-12 kai PAMP-20 (proadrenomedullin N-terminall
peptides) (Kamohara kai cuv., 2005). H kopTioTaTivn kal Ta PAMP mBavoTtara
SeopevovVTal oToV MrgX2 otnyv isia B£on AOYw evOG KOIVOL SOUIKOL POTIBOL Kal
gival suvatd va SeopPELOVTAI AVTAYWVIOTIKA TO &va OE OXEON HE TO AANO
(Nothacker kar ocvuv., 2005). MAviwg, kavéva amo TA TTAPATTAVR &ev

EVEQYOTTOIEI TOV LTTOSOXEQ iN VIVO.

1.6 EAEYOEPH PIZA TOY MONOZEIAIOY TOY AZQTOY - NO:

H eAevBepn pila Tou povolediov Tou alwTtouv (NO-) eival Eva agplo, Je
XPOVO NUICNG HEPIKWY SELTEPOAETITWY, TO OTIOIO 8IATTEPVA €OKOAD TNV
KOTTAPIKA PepPPAvVN. Apxikd, N NO:- avayvwpioTnke wg 0 TTApayOueEvog arto To
evéoBNANio Tapayovtag xaAaong (Endothelial-Derived Relaxation Factor,
EDRF) TV A&V PUIKGV IVOV TV AYYEWY, AAAD gival TTAEOV YVWOTO OTI §pa
oav ayyeAlopopo poplo ot Siagopa cuoTthuata (Furchgott kal Zawadzki,
1980, Palmer kar cvv., 1987, Goldstein kal cuv., 1996). LTO KEVIPIKO VELPIKO
oboTnua n NO- §pa wG vevpodiapiPacTng/vevpoTpoTrotToiNTNG (Bredt kai
Snyder, 1992), eved mapAyetal TOOO O€ VELPIKA OCO KAl O& KOTTAPA TOL
AVOOOTIoINTIKOL CULOTAPATOG Kal ev60BNAIKG KOTTapa amo To &vILPO TNG
ouvvBaong ™Ng NO: pe oeibwon TNG L-apyivivng oe L-KITpoLAivn TTapouvacia
KOAUOSOLAIVNG, TNG avNYHEVNG HOPPNG TOL  (PWOPOPIKOL  VIKOTIVAUISO-
adevivo-6ivoukAeoTiSiov  (nicotinamide adenine dinucleotide phosphate
NADPH), 5,6,7,8 tetpavdpopiomntepivn (BH4), @AAPIVO-adevivo-SivOLKAEOTISIOL
(FAD), oAaPivouovovoukAeotibiov (FMN) kar tetpabdpopiontepivng (Marletta,
1994, Dawson kai Snyder, 1994, Eikova 10).

YTTAPXOLV TPEIG ICOUOPPEG TNG cubvbaon TNG NO:, avaAoya pe Tov I0TO
EKPPACNG TOLG. ATTO ALTEG, N veLPWVIKN (NNOS) kal n evéoBnAiakn (eNOS)
EVEQYOTTOIOLVTAI HPE ALENoN Twv emMTMESWV TNG &vOOKLTTAPIAG AOCPRECTIO-
KAAUOSOLAIVNG kal TTapayovy NO- og CLYKEVTPWON TNG TAENG TV picomolar

UECQA o€ ANiya SELTEQOAETITA £WG AETTTA, VW N avoooAoyikn (iNOS) n otoia eivail
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ave€dpTntn TOL CACPRECTIOL KAl  EVEQYOTTOIEITAI TTAPOLOIA  TTAPAYOVTIWY
PAEYHOVNG OTTWG Ol KLTOKIVEG KAl O AITTOTTOALCAKXAPITEG TTapayovTag NO- oe
HEYOADTEQEG CLYKEVTPWOEIG (TAEN nanomolar) TToLv PTToPEl va TTapauEivoLY

LWNAQ WG KAl YIA APKETEG NUEPES (Hardy kar cuv., 2000).

Y"“z

NH
NADPH 1/2 NADFH
—l"' —_—
+
HaN coo™

L-apyivivn Ne- b6pofv-L-apyivivn L-KITPOLAivn NiITpikd o§0

Toomormoinon amoé Dawson kai Snyder, 1994

Eikova — 10: H piocOvBeon Tng NO- amo Ty apylvivn ouvTeieital oe 0o oTasIa. H o&eiswon
NG L-apyivivng oe Ne-08p0u-L-apyivivn aTTOTEAE TO TTPWTO OTASIO, EVM N PETATOOTIN TNG OF€ L-
KITOOLAIVN Kal NO- attoTeAEl TO Se0TEPO.

1.6.1 NO: kai aupiBAncTpos&dng

Me TN xprnon TNG I0TOXNUIKNG Xpwong TNG NADPH-8lapopdaong, n otroia
XPNOIUOTTOIEITAl WG PAPTLEAG TNG TTAPOLOIAG OAV TWV ICOUOPPWY TNG
ouvvBaong TNG NO- oToVv I0TO, MOoTOTTOINBNKE N TTapovaoia TNG NOS ce OAo TO
OTITIKO cLoTNua (Vincent kal Hope, 1992). H NOS éxel evToToTel 08 OAOLG TOLG
TOTTOLG  VELPWVWYV TOL AUPIPANCTPOEISH  (BpaxLiva, &iTToAa, opIlovTia
PWTOLTTOS0XEIG Kal YayYAIOKA KOTTAPA), O€ VELPIKEG iIVEG TNG eEWTEPIKNG Kal
EOWTEQIKNG  SIKTOWTNG OTIRPASAG TOL KABWG ETTIONCG KAl OTO  HUEAQYXQOLV
€MONAIO Kal ToV xoploeldn xitwva (Bredt kal cuv., 1990, Goureau kai cuv.,
1993, Yamamoto kar cvv., 1993, Koistinaho kai cuv., 1993, Hardy kai cvuv.,
2000, Haverkamp kai cuv., 2000). e OTI apopPd TIG SIAPOPES ICOPOPPES TOL
eviOUOL, n vevpwvikn NOS ocouvtiBeTal Ao pIa TTAEIAda  VELPWVWY, N

evboOnAiakn NOS oe ayyeia Kal N avoooAOYIKN O€ XAUNAG emTiTeda o€ KOTTAPA
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Muller kal oTo peAayxpouy emenAio (Lopez-Costa kal cuv., 1997, Shin kal cuv.,
1999, Cheon kai cvv., 2003).

H NO- Seocpebetal og pia SIQALTH POPPN TNG YOLAVLAIKAG KLKAAONG
(sGC), n otoia gival bmevBLVN yia TNV TTapaywyn cGMP oTta diToAa KOTTaPA.
H 6¢opevon TN NO- otnv sGC obnyei oTnv evepyoTToincn TNG TEAELTAIAC ME
amoTéAeopa TNV avfnon Twv emmmedwyv TG cGMP, popiou kAeldiob oTn
uetapBipaocn TG omTKNG TIAnpo@opiag (Shiells & Falk, 1992, Ahmad «kai
Barnstable, 1993, Koistinaho & Sagar, 1995, Blute kai cuv., 1998). H cGMP e 1n
oeipa NG, PLOWICEI TIC XAoPATOOLVEECEIC WETAEL TWV SITTOAY KLTTAPWV
PWTEIVOL TTESIOL TTOL OXeTiICOVTAl PE TA KWVIOPOPA KOTTAPA Kal TV All
BPaAXLIVRV  KOTTAPWY OTOV  AUPIPANCTEOEIS )  KOLVEANIOL QAANG KAl TIG
XAOoPATOOLVEETEIC ETAEL TV OPICOVTIV KLTTAPWY (De Vries kal Swartz, 1989,
Mills kal Massey, 1995, Xin kai Bloomfield, 1999). H NO- etnpedadel mBavov kai Tn
oLuvanTikn peTaRipacn amo TOLG PWTOUTTOSOXEIC OTa SiTToAa  KOTTAPA
OKOTEIVOL KEVTPOUL TIOL OXeTICOVTAI PE TA KWVIOPOPA KOTTAPA HECW TNG
aA\nAemibpaong TNG pe TN vrotmtauivn (Maguire kar Werblin, 1994), n
aTreAeLOEPWON TNG oTToiag Paiveral va pvBuiletal armd v NO- (Bugnon kai

ouv., 1994, Djamgoz kai cuv., 1995).

1.6.2 NO: kal couarooTarivn

YOUPWVA Pe TTPOOPATEG PEAETEG, N NOS @aiveTral va CLVLTTAPXEI OTOV
AUPIPANCTEOEIS PE TOLC SSt2 CWUATOOTATIVEQYIKOUG LTTOSOXEIG, APOL N
xpwon TNG NADPH-810popAoNG CLVEVTOTIIOTNKE WE TOLG SSta LTTOSOXEIC OTA
SiToAa KOTTaPA TToL OXeTiCovTal peE TA PAPRSIOPOOT TOL KOLVEAIOL KAl TOL
apoLPAIOL, AAAG Kal PE TOLG sstos OTOLG PWTOVTTOS0XEIG apovpaiov (Vasilaki
Kar ovuv., 2001). EmmAéov, n ocwpartootarivn avfdvel Ta emimeda TV
peTaPoANT@V TNG NO- pEcw TV sst2 CWPATOCTATIVEQYIKWY LTTOSOXEWY TOCO
OTOV  AU@PIBANCTEOEIS) OCO KAl Ot KAANEQYEIEC AVOPWITIVRV  KLUTTAPWY
pueAayxpouvy emoBnAiov (Vasilaki kar cuv., 2002, 2004), kai gaiveral va TTailel éva

PLOUICTIKO POAO OTO oNUATOSOTIKO povoTtaTi TG NO-/cGMP.
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1.7 POAOX THI IQMATOLTATINHI ITIZ AM®IBAHITPOEIAONAGEIEX

IOJQVA  pE TA G Tpa dedoueva, @aivetar o1 SlAgopa
OWUATOCTATIVEQYIKA avaloya &xouvv TOavr BepamevuTikn Spdon KATA TNG
APPIPANCTEOEISIKNG 1I0XaIhiag, TNG e€oibnong TNG wxpAg KNAISag kal TNG
VEOQYEIONG TOL AUPIPANCTEOEISH O OTTOIEG ATTOTEAOLV ONUAVTIKEG KAIVIKEG
TTAPAUETOOLG aoBeveiy OGS N S1IAPNTIKN  aPpIPANCTOEISOTTABEId, N
amoPpaén TNG AUPIPANCTEOEISIKAG APTNPIAG, N YEQLOVTIKN EKPOLAICN TNG WXPAG
KNAI6ag kal To yYAQLK®UA.

1.7.1 Aiapnrikn aupiBAnortpociSomabsia

ITIC apxéG TNG Sekaetiag Tov ‘90 TG AvAloya TNG CWHATOOTATIVNG
XPNoluoTToINGNKav & oLVOLACKO HE TN XPNON TNG PWTOTINEIAG OE KAIVIKEG
HEAETEC vIa TN Bepameia TNG SIAPNTIKAS Ap@IPANCTPOTTABEIag. EvBappuLvTIKa
ATTOTEAECUATA TTPOEKLWAYV ATTO KAIVIKEG HEAETEG Ol OTTOIEG €OTIAOTNKAV OTN
XPNON OWUATOOTATIVEQYIKGV avaAOywVv yid Tn Bgpareia tng SiapNnTIKAG
AUPIPANCTEOEISOTTABEIAG KAl TNO  CLYKEKPIUEVA TNG  TTOAAQTTAQCIACTIKNG
S1aPnTikAG ap@ipAnoTpocdorrabeiag [Proliferative Diabetic Retinopathy (PDR)]
(Kirkegaard kai cvv., 1990, McCombe kai cuv., 1991). Ta ATTOTEAECUATA TV
HMEAETAV QLTWV O& CLVELACHO TOCO HE TNV EKPEPACN TWV Sstaa LTTOSOXEWY OTA
veooxnuatloyeva ayyeia (van Hagen kal cuv., 2000), OGO KAl PE PEAETEC Ol
omtoieg vtedeiEav 0TI, N AUPIPANCTEOEISIKN @wToTNia ot aoBeveic de
TTOANATTAQCIACTIKE S1aPNTIKA AuPIPANCTRoEISoTTABEIa Sev NTAV APKETH YIA TNV
eVOOPOAAUIO PEIDON TV ALENTIKWV TTAPAYOVTWY TOTTOL-IVGOLAIVNG [insulin-
like growth factors’ (IGFs)] mou TTpoépxovTal amd TNV KLKAOPOpPIa (Spranger
Kal ouv., 2000, 2001), vmodnAcvouy OTI Td CWPATOCTATIVEQYIKA aAvAAOya
UTTopEl  va  ExouLv  TOOO dueon Spdon  OTOV  TTOAATIAQCIACHO TV
evO0ONAIOKQV KLTTAPWY OCO KAl £UUECN, MECW TNG PEIONG TNG ALENTIKNG
oppovNng. Katd cuvemea, n ap@IPANCTROEISIKA pwToTINEid Ba PYrmopovoe va
oLVvoLACTE UE OCWUATOOTATIVEQYIKA (PAPUAKA YIA TNV AVTIUETTION TNG
VEOQYYEIWONG, TNV TTPOANWN TTEQAITEQG EKTTTONG TNG OTITIKNG ofuTNTAC O¢f

aoBeveic Pe TTOANATIACCIAOTIKAG  S1ARNTIKNG  augpIPAnoTpoebomabelasg. To
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OWUATOCTATIVEQYIKO AVAAOYO OKTPEOTION, TIPOKAAece emPpaduvon NG
e€ENENG TNG S1IaPNTIKNG apPiPAnoTpocdomtabeiag (Pawlikowski kal Melen-
Mucha, 2003, Gargiulo kai cuv., 2004).

1.7.2 Neoayycicoon

MeAETeG o€ Ca Kal XPNon TOL POVTEAOL TNG ETTAYOUEVNG ATTO TNV
IoXQIJia veoayyeiwon TOL AUPIPANCTEOEISA VEOYVQV, CLVNYOPOLYV LTTED TNG
EUUEONC AVACTAATIKNG 6pA0NG TOL CWPATOOTATIVEQYIKOL avaioyouv MKé78
oTa eTmimeda TNG avénTIKNG OPPOVNG KE CLVETTAKOAOLON pEIwON TNG cLVBECNG
TV IGF-I (Smith kal cuv., 1997). L& TAPOUOIEG £PELVEG, AVAAOYA ATTOTEAECUATA
€dwoav kal SLO AKOUA CWHATOOTATIVEQYIKA AVAAOYQ, N OKTPEOTIOSN KAl TO
Wox4D (Higgins kar cvuv., 2002). EmmAéov, oe TTOOCPATEC KAIVIKEG UEAETEC N
XPNON OWUATOOTATIVEQYIKGY  AVOAOYWY  KPIOnke avaykaia yia Tnv
QVTIMETTTION TNG VEOQAYYEIWONG TOL AUPIBANCTEOEISH, UIa KAl O OLCIEG ALTEG
Paiveral 0TI avacoTéAAoOLY TNV ékKpion Tou VEGF kal Tov TTOAAQTTAQCIAOUO TV
avepwTVV ev60BNAIaKWY KLTTAPwV (Grant kal cuv., 1993, Danesi kal cuv.,

1997, Lawnicka kai ouv., 2000, Garcia de la Torre kai cuv., 2002).

1.7.3 H owuaroorarivi) @G VELPOTTPOCTATELTIKOG TTAPAYOVTAG

YTO TEAOG TNG SeKAETIAC TOL 90, PEAETEG OTOV EYKEPAAO LTTOOTNPIEQV OTI
N OWUATOOTATIVN KAl TA EKAEKTIKA yid Tov sst2 DTTOTLTTO TNG aAvaAoya
TTPOOTATELOAV VETPWVEG TOL EYKEPAAIKOL PAOIOL aTTO  SleyePTOTOEIKOTNTA
opeINopeEvn oTa SieyepTikA apivoéeéa NMDA kal Kaiviko ofb (Forloni kal cuv.,
1997, Braun kai ouv., 1998). ETiong, N owpatooTaTivn Kal TO sstzs avaAoyo TNG
OKTPEOTISN, TIOOCTATEWAV VELPWVEG TOL APPIBANCTEOEISH) OE POVTEAO aLENONG
NG evéopBaAuiag mieong (Celiker kar lihan, 2002). O1 pEAETEG AULTEC
oLVNYOPOLV LTTED NG VELPOTTPOCTATELTIKAG spaong TV
OWUATOOTATIVEQYIKGV AVAAOYWYV OTO KEVIPIKO VELPIKO CLCTNUA Kal ivouy TO
EVALOPA YIA TNV TTOAYUATOTIOINGN ETTITTAEOV PEAETWYV HE OTOXO TN SiIaAeLKAVON
TV PNXAVIOUWVY TToL bTTooTNPEI(oLY TN §PACN TOLG WG VELPOTTPOCTATELTIKA

KQl TN XPNOIMOTNTA TOLG O VOOOULG TOL APPIBANCTEOEIS).
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2. IKONOZX THX AIATPIBHX

Ta mapamave &edopéva, KLUPIWG ATTO PEAETEC OTOV eYKEPAAO AAAG Kal
TOV APPIBANCTEOEISH, LTTOOTNEICOLY OTI N CWPATOCTATIVN KAl TA EKAEKTIKA VIO
TOLG LTTOSOXEIC TNG avaAoya TTAPOLOIAlOLY TO PAPHUAKOAOYIKO TTPOPIA EVOC
VELPOTIPOOTATELTIKOL  PAPPAKOL  ToL  duvnTiKG  Ba  PITopPoLOE VA
XPNOoluoTToINGE OTN BEPATTELTIKN AYWYN A0BEV@Y TTOL TTACXOLY ATTO CORAPES

AUPIBANCTOOEISOTTAOEIEG.

O okomog TNG TTapoLoag SIATPIPAG NTAV A) va UEAETNOEI TTEPAITEQKD O
POAOG TNG CWPATOCTATIVNG KAl TNG KOPTIOTATIVNG OTOV AUPIRANCTEOEISNA Kal B)
va efetaoTel N mOaAv  VELPOTIPOOTATELTIK  TOLG  §pAcn  OTNV

AUPIPANCTEOEISIKN IOXAIUIa.

O1 KOPIOI OTOXOI TTOL TEOBNKAV NTAV Ol £ENG:

O O T1mpocdiopIopdg TOL POAOL Twv LTodoxewy sst1 kal sst2 NG

OWPATOOTATIVAG OTOV AUPIBANCTOOEISN

O H dnuiovpyia povTEAoL AUPIBANCTEOEISIKAG ICXAIUIAG O ApOLEAIO

O H digpedvnon TG MBavNs §pAoNG TNG CWPATOOTATIVNG, TWV EKAEKTIKGV
yIa TOLG SIAPOPOLES LTTOTLTTOLE TV LTTOSOXEWY TG AVAAOYWY KAl TNG

KOPTIOTATIVNG WG VELPOTTPOCTATELTIKA TNV AUPIBANCTOOEISIKN ICXAIYIa

O H JEAETN  TWV  pNXaviopwV  TTIOL  EUTTAEKOVTAlI  OTNV  TMOAvn

VELPOTTPOOTATELTIKA SPACN TV CWUATOOTATIVEQYIKWY AVAAOYWV
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3. MEOOAOAOTIA

Napapardlwa

XpnoipotronGnkav  evnAikol BnAvkoi Sprague Dawley apovpaiol,
Bapoug 250-300 yp. Ta {oa diatnpnBnkayv oe KAOLRIA pE EAeLBePN TTPOCRACN
o€ VEPO Kal TPOPN. TNENBNKE KOKAOG NUELAG-VOXTAG 12 pV.

Ta meipapatolwa BavaTwbnkay e eIoTivon SIaiBLACIBEPA KATA TNV
TTAPAUOVN TOLG O€ KAEIOTO BAAauo yia 10 mepimov Aemtd. O1 CLVONKES
S1aRioNg KAl XEIPICUOL TWV TTEIPAPATOWWY NTAYV COPPWVES JE TNV EAANVIKN
vopoBeaia (M.A.160/91).

YAIKG
Ta LAIKA TTOL XpPNnoluyoTToNBnkav ATav amo Tnv Sigma - Aldrich. XITig
TTEQITTTAOEIG TTOL XPNOIUOTTIOINBNKAY LAIKA ATTO AAAEG €TAIPIEG, AVAYPAPETA

OTIG TTapevBETEIS SITTAQ TOLG.

3.1 AEITOYPTIKOX POAOXL TQN SST: YMNOAOXEQN ITON AMO®IBAHITPOEIAH
APOYPAIOY

Nna 1n SigpedvNon TOL AEITOLPEYIKOL POAOL TwV sst1 LTTOSOXEWY
TTOPAYUATOTTOINBNKAV PEAETEG TTOOCSIOPICUOL TV ETTTESWY CWUATOOTATIVNG
O€ X ViIVO IOTOKAANEQYEIEC AUPIPANCTOOEISH) ApOLPAIOL.

O1 o@BaAuoi apéowg deta TNV €€aywyn Toug amd 1O (WO
TOTTOBETNONKAY T& BPETTTIKO LAIKO (M-199, Gibco) 1o oTT0i0 TTEPIEiXE RPAKITRAKIVN
Img/ml. O TMPOCBIog TTOAOG TOLG ATTOPAKELVONKE, €ve ATTO TOV OTNCOIo
TTOAO, O AUPIPANCTEOEISNG ATTOXWEICTNKE ATTO TOV OKANPO XITWVA PETA ATTO

aATTOEETT) TOL e OTTATOLAQ.
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3.1.1 MeAérn TNG VELPWVIKNG ATTEAELOEPWONG TNG CWUATOOTATIVNG

Na va e€etaotel av n ameAeLBéPwOon TNG CWUATOCTATIVNG  gival
VEDPWVIKNG MOP®MNG, MEAETABNKE N KAAIO- KAl aoPéoTio-  e€QpTnuévn
atmeAeLBEP WO TNG. KABe ap@IPANCTEOEISNG TOTTOBETHONKE O BPETTTIKO LAIKO
(500ul) otoug 37°C via 1 wpa ot 5% CO2/95% aépa. ITn CLVEXEIA O I0TOG
ETWACTNKE YIA SeVTEPN POPA Ot BPETTIKO LAIKO (500ul) (Seiypata uapTLEES) N
o€ BPeTTIKO LAIKO (500ul) TTapovaia KCI (50, 100mM) 3 EGTA (10mM) oToug
37°C yia 1 wpa oe 5% CO2/95% agpa.

3.1.2 MeAétn 1ng evepyormoinong Tov vmodoxéa ssti oTnV ameAevBipwon

owparoorarivng

Nna va digpeovnBel 0 POAOC TOL ssti LTTOTLTTOL WC ALTOVTTOS0XEQ
ATTAITOLVTAI AEITOLPYIKEG HEAETEG TTOL va &eixvoLv OTI N EvEQPYOTTIOINGH TOUL
UEICOVEI TA ETTITTESA TNG CWUATOOTATIVNG. 'ETOI, XONOIUOTTOINONKE O $5t1 EKAEKTIKOG
aywvioTng CH 275.

Ol au@IPANCTPOEISEIC ETTACTNKAY Ot BPEeTTIKO LAKO (500ul) TTOUL
mepieixe To CH 275 (105, 108, 107M) oTtoug 37°C vyia 1 wpa ot 5% CO2/95%
agpa.

Na va SiIamoTwOel N PAPPUAKOAOYIKN EKAEKTIKOTNTA TOL AVAAOYOU, £YIVE
£TTACN TOL I0TOL T€¢ BPETTIKO LAIKO (500ul) TTOL TTEPIEXE TOV Ssti AvTaywVIoTh,
NVP-SRA 880 (10-5M) kal emeira oe BPemTIKO LAIKO (500ul) TTou TTepieixe CH 275
(10-°M). EtmioNng 10T0C emACTNKE O BPETTIKO LAIKO (500ul) TTOL TTEPIEIXE POVO
NVP-SRA 880 (10-°M). O sst2 eKAEKTIKOG aywvioTAg MK 678 (105, 10, 107M)
xpnoluotroindnke yia va e£akpiPwBei av n evepyorroinon Tou sst2 bTTodoxEa
eTNEEAdEl TNV ATTEAELBEPWON TNG CWPATOOTATIVNG. ‘'OAEG O1 ETTWACEIC EyIVaV
oToug 37°C yia 1 wpa oe 5% CO2/95% agpa, evew 1o CH 275, To NVP-SRA 880

kal To MK 678 Atav pia ocuvvelopopd Tou Dr Hoyer.

MEeTA TO TEAOG TWV ETTWACEWY £YIVE GLUANOYR TOL BPETTTIKOL LAIKOUL TTOL

TTEQIEXE TOLG APPIBANCTEOEISEIG. TO BPETTIKO LAIKO pLYOKeVTPNONKe (Biofuge
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15, Heraeus, Sepatech) yia 15 Aemrra omig 12000 OTPOPEG Ava AETTTO OTOLG
4°C. To OLTIEPKEIMEVO TNG QLYOKEVIPNONG ATTOPEIPONKE Kal OTO i{Nua
TTpooTEONKe 0&IKO 0&L (2N, 300ul) kal eupLBIcTNKE yiIa 10 AeTA O€ vEPO OTOLG
100°C. ITn ouvéxea, Ta Seiypata nxoPoAndnkav, kpatndnkav 50ul amo 1o
KaBeva oToug -20°C yia Tov TTPOCSIOPICUO TWV TPWTEVGY WE TN HEBOSO
Bradford kai 1a ummoAoIta guAdaxTnkav oToug -80°C yia 24-48 wpeg. Emerra 1a
Seiyparta amoywLuxdbnkav Kal puyokevTeNBNkav yia 20 Aerrtd oTiG 13000 oTPOPES
ava AeTO oToug 4°C. To LTTIEPKEIPEVO TOL KOO SelyUATOG UOIPACTNKE O€
SIMTAETEG TV 100ul, ALOPINOTTOINBNKE KAl PLAAXTNKE OTOLG -80°C UEXPI TOV
TTPOCSIOPICUO TV EMMTTESDV CWUATOOTATIVNG HE PASIOAVOTOAOYIKN TEXVIKN
(RIA).

3.1.3 MpoosiopIouog emMmESY OCWUATOOTATIVNG HE PASIOAVOCOAOYIK)

1exvikn (RadiolmmunoAssay)

H texvikn TNG padloavoocoavaiuvong Baaciletal oTny avtiépaon:

[S] + [S] + [Ab] € [ALS] + [ALS'] + [S'] + [S™']

[S]: YOYKEVTOWON EAELOEONG CWPATOOTATIVNG
[S]: YOYKEVTPWON €AELBEPNG PadlooNUACPEVNG CWHUATOOTATIVNG TTOIV

TNV avtiépacn

[ADb]: YOYKEVTPWON EAELOEPOL AVTICWUATOC TTPIV TNV AvTibpaon

[ADS]: YOYKEVTOPWON OCULUTTIAOKOL  AVTICWHATOG-UN  PAadlooNUAcuévng
ovoiag

[ALS™: YOYKEVTOWON CLUTTAOKOL AVTICWPATOG-PASIOCNUACHEVNG OLCIAG

[S']: YOYKEVTOWON €AELOEPNG UN PASIOONUACUEVNG CWPATOCTATIVNG

HETA TNV AvTiSpaon
[S]: YOYKEVTPWON eAeLOEPNG padloonUAcPEVNG CWPATOOTATIVNG PETA

TNV avtiépaon

Metd TNV avtibpaon, mpoaoTiBeTal SIGALPA evePYOoL AvBpaka/6e€TpAvng
(Pharmacia), otmoTe yiveral KATakpnUVIoN TNG €AeLBePNG PAdiIooNUACUEVNG

owpatooTativng S Kal SIaxwPIoPOS TNG Ao ALTA TTOL £XEl TTPOCSEBE OTO
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AVTIOWPA TNG owpaTooTaTtivng AbS*, n oTroia Kal JETPIETAlI O& PETPNTA Y-
akTivoPoAiag. 'Oco peyaALTEQOG €eival O aAPIBUOG TWV KPOLOEWYV, TOCO
HEYOADTEQN  €ival N OLYKEVIPWON TOL  CULPTTAOKOL  AVTICWUATOG-
PASIOCNUACUEVNG CWHATOOTATIVNG, TOOO HIKOOTEQN N CULYKEVIPWON TOUL
OLUTTAOKOL QVTICWUATOG-CWUATOOTATIVNG KAl ETTOUEVG TOOO MIKOOTEQN N
APXIK OLYKEVIPWON TNG owuaTooTativng. Etol mpoobdiopiletal éuueca n

APXIKN CLYKEVTPWON TNG CWUATOOTATIVNG.

Na TIG PEAETEG QLTEC KATAOKELACTNKAY TTPOTLTTEG KAPTTOAEG HE XPNON
SiaAvpaTtwyv cwuatooTativng o€ R.ILA. buffer | (0,15M NaCl, 0,1% CeAaTivn, 0,1%
BSA, 0.02% Ppakitpakivn, 0,02% NaNs / 0,1 M NaNaz) (NaNaz: Na2HPO4/
NaH2PO4) kal og cuykevTpwaoelg: 200pgr/100ul, 150pgr/100ul, 100pgr/100ul, 50
pgr/100ul, 25 pgr/100ul, 12,5pgr/100ul,  6,25pgr/100ul,  3,125pgr/100ul,
1,56pgr/100ul, 0,78pgr/100ul kar Opgr/100ul.

X6 OowANvapia TToAvoTLPEvioL  55X12  xINloOOTWV, &G  SITTAOLY,
TPooTeONKkav100ul ammd Ta TMapamave Seiypata TNG TTEOTLTING KAWTIOANG N
Seiyua 1oL emmavasdiaAvtortoiNBnke pe 100ul RUILA. buffer I Itn ouvéxeaa
mpooTednkav 100ul SiaAvpaTtog padlevepyng cwuatooTativng [1281]-Tyr!-SRIF-
14 (Amersham) tmou Trepleixav tepitmou 20000 kpoLoelg ava AerTo(cpm), 100ul
AVTIOCWHPATOS CWPATOOTATIVNG (oLuvelopopd Touv Dr Sperk) og CLYKEVTPWON
1/3000 kai R.ILA. buffer | ET01 OTE 0 TEAIKOG OYKOG TOL LYPOL ETTOACNG VA Eival
500ul. To piypa €MWACTNKE YIA 24 PEC OTOLG 4°C. ITN CLVEXEIQ TTPOOTEBNKAY
o€ KABe Seiypa ammo 200ul SiaAhduaTtog 2,5% evepyoL avBpaka/0,25% &e€tpavng
oe R.LA. buffer Il (0,15M NaCl, 0,1% BSA, 0,02% pakitpakivn, 0,02% NaNsz / 0,1 M
NaNa2), puyokevipnOnkav yia 20 Aertd otoug 4°C oTig 3000 oTPOPEG ava
AETTTO. 700Ul QTTO TO LTTEPKEIPEVO TOL KABE SEiyUATOC PETONONKE OE LETENTN Y-
akTivoBoAiag (LKB-Wallak MiniGamma 1275, arroboong 75%).

H avalvon T1wv PETPNOE®WV Eyive de TN Pondea Tou AOYICUIKOL
Tooypauuatog GraphPad Prism 2.01. IxeSiGoTNKAV OIYUOEISEIG KAUTTOAEG ME
OULVTETAYMEVEG: OTOV Aova TWV X, TIC AOYAPIOUIKES TIUEC TV CLYKEVTPWOEWY
NG YN padloonuacuévng ovoiag (log [M], AoyAapIBuoG TNG CLYKEVTPWONG O€
molar) kal otov afova TwV Yy, TIC TIHEC TWV KOPOLOEWV AVA AETTTO TOUL

OULUTTAOKOL TOL AVTIOCWUATOG WE TN PASIooNUACHEVN CWUATOOTATIVN.
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3.2 POAOX THX cGMP

3.2.1 EmiSpaon ocwparoorarivng kai avaAoywv ora emimeda cGMP ortov

aupiBAnocTpocidn

MNa 1n Slgpebvnon TNG €MiSPACNG TNG CWHATOOTATIVNG, AVAAOY®V TNG,
aMa kal TN NO- ota emimeba NG cGMP  Slevepyndbnkav  PEAETEG
TPOCSIOPICUOL TV emmedwy TNG cGMP pe Tnv Texvikh NG €v{LUIKNG
avoooavaivong (ELISA). H pebodog Raciletal oTov aviay@Vviopo PeTalyd TNG
eAeLBepNG cGMP kal evOog OLUTTAOKOL CGMP — QKETLUAOXOAIVECTEQACNG
(cGMP-AchE), mou ovopaletal cGMP fracer, yia TTEQIOPICUEVO APIBUO BEcEwY
AVTIOCWPATOG KOLVEAIOL TTOL ¢gival e16IKO yia T cGMP (Eikova 11).

1E EMOTPWPEVN TTAOKA PE MOVOKAWVIKO QVTIOWUA TTOVTIKIOL evAVTIA O€
KOLVEAI (A) TpooTiBevial oTaBepr) ToootnTa cGMP-AChE Kal avTio@WUATog
QVETITOYMEVOL O€ KOLVEA evavTia oTn cGMP, kaBwg kal Seiypua yvwoTNG Kal

AyvVwoTNG oLYKEVTPwong cGMP (B), ommoTte va Aappavel xopa n avtidbpaon:

cGMP-AcChE + Avticwua + cGMP-->AvTicwua-cGMP-AchE + Avticwpa-cGMP

Ta cOUTTAOKG ALTA TTPOCEEVOVTAl OTO UOVOKAWVIKO QVTICWUA TTOVTIKIOU JE TO
OTTOIO €ival EMOTPWHEVN N TTAAKA. ZETTAEVOLHPE WOTE VA ATTOUAKOLYOOLY OAQ
Ta adéopevta avrispaoTtnpia () kar TpooBETovue avtiSpaoThpio Ellman’s 1o
oTToio kaTaAveTal amd TNV AchE kai Sivel éva Tpoiov e SIaKPITO KITPIVO XPWHA

(A) TTOL Exel PEyIOTO aTTOPPOPNONG OTA 412nm.

X
x/\%?‘;,
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Eikova - 11: Ixnuatikn avamapdotacn NG HeBOSoL TG EVCUUIKI’Eﬁ avoooavaivong. Y
HOVOKAWVIKO QVTIOCWHA eVAVTIA O& KOLVEN QVETTTOYUEVO OE TTOVTIKI. T avTiowpa evavtia oTn
CcGMP avenTOYPEVO O€ KOLVEAN @ : cGMP. :OOPTTAOKO AChE — cGMP.
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Metd TNV Bavatwon Twv OV apaipEédnkay  Ta  pATia KAl
TOTTOBETNONKAY O& PLOUICTIKO SIAALPA PWOPOPIKWY AAAT®V (0,1M PBS) TOUL
TTEQIEXE  PAIVOAUEBLATOLAPOVLAPAOPISIO  (PMSF, 0,1mM) Kal  AELTIETTTIVN
(Tug/ml) (avaoToAeic TTpwTeaowY), KABWS Kal  3-1I00ROLTLA-1-pEBLAEQVBIVN
(IBMX, TmM), TOL PN €8IKkoL avaoTOAEQ TNG PWOPOdiEaTELACNS — AIGALUA .
ATTOPOKPLVONKE O TTPOCOIOG TTOAOG TWV PATIV, O PAKOG KAl TO baAwdeg. O
AUPIPANCTEOEISNG ATTOKOANNBNKE PNXAVIKG Kal TOTToBeTnONKe o€ SilaAvua |,
EVQ akoAoLBNOE emwacn 15 AeTTv o LEATOAOLTPO OTOLG 25°C LTTO ATTIA

avasdevon,.

3.2.1.1 MeAéTn TNG Spaonc TnNG apyivivnG Kai TV OCWUATOOTATIVEQYIKWV

avaloywyv orTa errireéa 1ng cGMP

Na va e€etaoTte N §pAon TNG APYIVIVNG KAl TV CWUATOCTATIVEQYIKGV
avaloywv ota emmeda tng cGMP, o1 1070 emacTnkav yia 30 AemTa o€
vdaTtolovtTpo oTovg 37°C LTO AmMAa avadevon Pe AlIGALUA | TTOL TTEPIEIXE
apyivivn (250uM), n cwpatooTativn (0,01-10uM), 1 TOV sst2 EKAEKTIKO Ay@VIOTN
BIM23014 (0,01-10uM), 1 1O sst3 ekAekTIKO aywvioTn L-796,778 (10uM, Merck), N
owpartooTativn (0,TuM) oe cuvévacuo pe 10 sst2 avraywviotry CYN154806
(TUM). MeAeTnBNnke emmiong n SuvaTOTNTA TOL PN EKAEKTIKOL AVACTOAEA TNG
ouvBaoNng TNG eAeLBePNG pPICag Tou povoteldiov Tov alwTov NMMA (250uM),
va avacTéAAel TNy emdépacn NG cwpatooTativng (0,1uM) ota emimeda NG
cGMP. MNa TN PACIKN EKKPION XPNOIUOTTOINONKAY ICTOI TTOL €iXAV ETTWAOCTEN UE TO
PLOUICTIKO SIAALUA TTOL TTEPIEIXE POVO TOLG AVACTOAEIC TTOWTEAC®VY KAl TNG
POOPOSIECTELAONG.

AkoAoLBNCE CLANOYN TWV 10TV o PB (50mM, 300ul) opoyevottoinon
TV I0TQV, £VW ATTO TO OUOoYyevoTToiNUa Kpathonkav 50ul otoug -20°C yia va
Yivel O TTOCOTIKOG TTPOCSIOPIOUOG TV TTPWTEIVGOV TOL KABe SelyuaTog We TN
uEBodo Bradford. Itn cuvéxeia eyive TTPOOONKN TPIXAWPEO-0EIKOL 0&tog (TCA,
10% k.0.) kal puyokévTpnon oTiG 15000 oTPoPEG ava AETTTO yia 10 AemTd OTOLG
4°C. LTO LTTEPKEIUEVO £YIVAV TTEVTE EKXLAICEIC UE TTEVTATTAQCIO OYKO AIBEQQ, eV
TQ iXvN QLTOL ATTOPAKPLYONKAV pE BEepuavon Twv SelyuaTwy ot vepo (70°C)

YIQ TTEVTE TTEPITTOL AeTTTA. Ta SeiypaTa pLAAXTNKAV OTOLG -80°C.
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Na 1 YeTpNoeag TV emmmeédwy TNG CGMP pe TN YuEBoSo TNG evCLUIKNG
aAvoooavaALong xpnaoilgotroindnke 1o kit ACE™ ElAs (Cayman Chemical) kai

akoAoLONBNKAV ol 0dnyieg TNG eTAIPIAC.

3.2.1.2 Moo oTIKOG TTPOCSIOPICHOGC TTRWTEVAY e TN uEBoSo Bradford

O TTOCOTIKOG TTPOCSIOPICUOS TWV TTIPWTEVGOYV TOL OUOYEVOTTIOINUATOG,
TO OTIOI0O  TIPOKLTITEl KATG TN Siadikacia A\WNS TwV  HEUPOAVIKWV
TTAPACKELACHATWY APPIPANCTEOEISN, TTPOCSIoPICONKE pe TN PEBoSO Bradford
(Bradford, 1976). H xpwoTtiky Coomanssie Blue G-250 (Merck), T10L
XPNOIUOTTOIEITAl OTN CLYKEKPIUEVN TEXVIKA, OLJELYVLTAI PE TIG TTOWTOVIWUEVES
APIVOOPASEG TV LTTOAEIUPATWY TV APIVOEEWY TNG TTOALTTEMTISIKNG AALCISAG
YEYOVOG TTOL TTPOKAAEI TNV PETATOOTIA TOL PEYIOTOL ATTOPEOPNONG TNG ATTO TA
465 ota 595nm. H ouvdeon TPWTEIVNG-XPWOTIKNG TTPAYUATOTIOIEITAl TTOAD
ypnyopa (mepitmou oe SVO0 AETTITA) KAl LTTAPXEI TTOAD KAAN OTABEOPOTNTA TOL
XPWHATOG - YIA TTEQITTOL HIA WPEA - WETA TNV TTPOCONKN TNG XPWOTIKNG. To
OUUTTAOKO  TTPWTEIVNG-XPWOTIKAG  £Xel LWNAO OULVTEAECTH)  ATTOPPOPNONG,
YEYOVOG TO OToIO  TIapéxel MEYAAN evaicbnoia kata Tov  TTOCOTIKO

TTPOCSIOPICUO TRV TTRWTEVAV.

e owAnvapia ependorff (1.5ml, &g &immAovyv) mpooTednkay 200yl
SEIYUATOV YVWOTWV TTOCOTATWY aABoupivng opoL Rodiov B.S.A. (0, 5, 10, 20,
30, 40 xar 50 pg) | opoyevoTTOINUATWY AUPIRANCTPOEISH C& PLOBUICTIKO
SiaAvpa-l kar 800ul siaAvpaTog Bradford (0,01% k.p. Coomanssie Blue G-250,
5%K.0. 95% a1Bavoin, 10%k.0. 85% pwo@opikd 0ofL). H OTITIKA TTLuKVOTNTA TWV
SEIYUATWV LETPNONKE O€ PACUATOPWTOUETOO O€ UNKOG KOLUATOG 600nm.

H Tmoocotnta 1Tng TpwTeEivng oTa  &eiypata  au@IPANCTOOEI6N
LTTOAOYIOTNKE WE TN XPNON TNG TTEOTLTTNG KAUTTOANG N OTTOIA TTPOKUVTITEI ATTO TNV
TALTOXPOVN WETPNON TV SElYUATWY YVWOTAG CLYKEVTPWONG B.S.A.. H eAdxioTn
SIAKPITIKN IKAVOTNTA TNG HEBOSOL NTaV Sug/ml. Ta ATTOTEAECUATA EKPOACTNKAV

o€ Ug TPwTEIiVNG ava ml SIaAbPATOG.
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3.2.2 Avo00ioTOXNUIKOG EVTOTIONOG TNG KLUKAIKNG GMP

Metd TNV Bavatwon Twv OV apaipEédnkav  Ta  paATia KAl
TOTTOBETNONKAY O€ BPETTIKO LAIKO (Dulbecco’s Eagles Medium, Gibco BRL) 10
otroio Trepieixe PMSF (0,1mM) kai Aevmremttivn (Tpug/ml), kaBwg kar IBMX (1mM) —
SiaAvpa . Emata agaipebnke o TpOoBIog TTOAOG, &ved O AUPIBANCTPOEISNG
XITVAG, TO MEAAYXPOLV ETTIONAIO KAl O OKANPOG XITVAG EEMALONKAV KAAd O€
SiaAvpa | yia 15 Aerrta gg LSATOAOLTPO oTOLG 37°C LTTO ATTIA AvAdevon,.

Or 1o10i emwacTnNkayv yia 30 AemTa ce LSEATOAOLTPO OTOLS 37°C LTTO
nma avadevon pe SiaAvpa | R pe SIGAvpa | TToL TTEPIEiXE TO SSt2 EKAEKTIKO
avaloyo L-779,976 (Merck, 10uM) 1 vitpotpouacisio Touv vartpiovu (Sodium
NifroPrusside, SNP, TmM).

Metd TIC  PAPPAKOAOYIKEG — €mbpACcEC O OTioBiol  TTOAOI
povigotroinBnkayv oe SIGALvpa 4% TTapapoAuadeddéng oe PB (0,1M) yia 1 wpa
OTOLG 4°C Kal £METa emwAacTNKay o€ diaAvpa 30% covkpolng / PB (0,1M) yia
16-18 wpeg oTOLG 4°C yIa KPLOTTPOOTACIA. AKOAOLONCE Taxeia WOEN TwWV
IOTQV, YE ePPLOICT TOLG O€ ICOTTEVTAVIO YIa 1 AeTITO OTOLG -45°C Kal PLAAEN
TOLG OTOLG -80°C PEXPI TNV KOTIN TOLG. LTN CULVEXEIQ KOTTNKAV KABETEC TOUES
maxoug 10 um o€ kpvooTaTtn (Leica CM 1850) oToug -25°C, ToTroBeTnONKAV C¢
CEAQTIVOTTOINUEVEG QVTIKEIUEVOPOPES TIACKEG KAl N CLAAOYR YIVOTAV [E TETOIO
TOOTIO WOTE N WIa TOWN va aréxel amro TN SimAavr 100pm. O1 TOPEG PLAAXTNKAV
oToLG -20°C péExpl va xpnoluotroinBouy. O TopES TTAipvovVTAV KOVTA OTO

OTITIKO VELPO, £V EVVIA TOUEC TOTTOBETOLVTAV O KABE AVTIKEIUEVOPOPO TTAAKA.

Nna TNV avoooioTOXNUIKN OAUAVON TWV TOPWY, XPNOIUOTTOINONKE N
HEBOSOGC TOL EUPECOL POOPICHOL, KATA TOV OTT0IO, Ol TOPEG E€MWALOVTAI WE
TTOALKAGWVIKA 1 HOVOKAWVIKA QVTICUATA KAl ETTEITA e KATAANAG pBopilovTa
S5e0TEPA AVTICWUATA.

Na ™ HEAETN TNG avooodpacoTikOTNTag TG cGMP xpnoiuotToinnke
AVTIOCWUA AVETTTLUYUEVO Oe TTpoPato evavtia otn cGMP Ge CLYKEVTPWON
1:1000 (mpoopopda ToL Dr de Vente), evo 1O 6e0TEPO avTIOCWUA NATAV
avrioopa aiyag n ydidovpiob kata Twv IgG (H+L) avoocoo@aipivav

TooPRAaToL, cLVEESEUEVO PE epLBPO Tou Te€ag (Jackson ImmunoResearch
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Laboratories,Inc.) i pAovopeokeivn (Molecular Probes) oe cuykevipwon 1:100
N 1:300 avrioToixa.

MNoayuaTommoiNBnKay  €TTIONG  PEAETEG  OULVEVTOTIIOUOL  OTE VA
XOPAKTNEIOTE O TOTTOG TWV  KOTTAPWV ToL  Trapovacialovy  cGMP
AvOOoO050ACTIKOTNTA. XPNOIUOTIOINONKE KAl TO  POVOKAWVIKO  AVTICWUA
QVETITOYUEVO O€ TIOVTIKI evAvTId OTNV TpwTeivikh kivaon C (PKC) yia 1n
onuavon TV SITOAWV KLTTAPWY TTOL CULVATITOVTAI e TA PAPRSIOPOPA, OE
ouykevipwon 1:50 (Leinco Technologies Inc.), evd 10 6e0TELO AVTICWUA NTAV
avricwua aiyag kata 1wv IgG (H+L) avocoo@aipiveoy TTOVTIKOL, CLVEESEUEVO
ue podapivn (Jackson ImmunoResearch Laboratories, Inc.) oe cuykévipwon
1:100.

APXIKA oI TOPEG NEBav ot Bepuokpacia dwuaTiov kal EeMALONKay Lo
POPEG PE PLOWICTIKO SiAaAvpa TBS (Tris-HCI, 0,1M  kai NaCl, 0,9%, pH=7,4). ¥1n
ouvexela  emwaoTtnkav  oe Siahvpa  3,3%  PULOIOAOYIKOL OPOL  diyag N
yaidovpiod (NGS r; NDS) / TBS (0,1M) yia 30 AeTiTd o€ BepuoKpacia SWUATIou,
WOTE VA aTToPeLXOE N un €181k §€cELON TOL SEVTEPOL AVTICWPATOG. Ol TOUEG
EeMALONKaV TPEIC POPES e TBS kal eMACTNKAY e SIAALUA TTOL TTEPIEIXE TO
TEWTO AvTicwpa evavTti TNG CGMP yia 16-18 wpeg o€ Bepuokpacia SWUATIou.
To SiaAvpa avto Trepleixe 0,5% NGS ) NDS kai 0,3% Triton X-100 og TBS (0,1M).
Emeita, ol ToEG EETTALBNKAV TPEIG POPES pe TBS Kal eTAcTNKAVY e SIGALUA TOL
PBopIlovTog SeLTELOL AVTICWUATOG YIa 1 WPa Ot BepuoKpacia SWPATIOU.
TEAKG KQAOPONKav pe LAIKO KaAvwng @BopicuoL (fluorescent mounting
medium, Vector Laboratories) kalr mapatnononkav pe Tn PonbBeia oTTiIKov
HIKQOOKOTTIOU.

ITIC MEAETEC OLVEVTOTTIOPOL, AKOAOLONONKE N TTapamavw Sladikacia
XWPIGC va yivel n kaAoywn TV Topwv. O1 TopEég EemALBNnkav Efava «al
EMOACTNKAV e SIOALUA TTOL TIEPIEiXE TO TTPWTO avTicwua évavTt Tng PKC yia
16-18 wpeg o€ Beppokpacia SWPATIoOL. XTN CLVEXEIA EQAPUOOTNKE N Siadikacia
TTOL TTEPIYPAPETAI TTAPATTAVE® YIA TNV ETTWACN HUE TO SEVTEOO AVTICWHA KAl TNV

KAALWN. TEAIKA, Ol TOUEG EEETACTNKAY OE PIKQOOKOTTIO CLVESTIAONG.
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3.2.2.1 ZeAQTIVOTTOINGN QVTIKEIUEVOPOLWV TTAQKWV

H CeAaTivoTtoinon TV QVTIKEIMEVOPOPWY TTAGKQV TTRAYUATOTIOINONKE JE
TNV eUPLBICT ToLG o€ piypa 0,5 k.pB. CeAaTivng (~300 bloom, Merck) kai 0,05 k.p.
BeiikoL  xpwpiovxoL KaAiou (K[Cr(SO¢H4) (H20)]-6H20, AICrOs, Merck) o€
Bepuokpacia 62°C kal oTeyvwua otous 30°C yia 16-18 wpeG.

3.2.2.2 Mikpookorria

Ta TOPACKELACUATA TWV AVOCOICTOXNUIKWY KAl ICTOXNUIKWY UEAETGOV
TapaTNENONKAV o€ CLUPATIKO MIKOOOKOTTIO [UIKOOOKOTNIO Zeiss Axioskop
(Zeiss), pe @akO Plan-Neofluar x40/ 0,75] Kkal MIKQOOKOTIIO CLVECTIAONG
[cLveoTIOKO HIKPOOKOTTIO laser, Leica DM RE (Leica), (He/Ne laser) pe pakod HP
Plan APO x 20/0,70 kai eghaiokaTtadutikd ¢akO Plan Fluotar x 40/1,00]. H
PLOUIoON TNG PWTEIVOTNTAG KAl TNG AVTIOEONG TV PWTOYPAPIDV EYIVE PE TO

AOYIOUIKO TTPOYpaupa Adobe Photoshop 5.0.

3.2.3 PoAog 1ng Tvpoaoivopwoparaong SHP-1

3.2.3.1 EVTOMOUOG TNG TLUPOCIVOPWOPATACNG SHP-1 e TNV Texvikn NG

avoooarroToTTeong

[MapaokeLn UEUPBOAVIKWV TTARACKELACUATWOV

DLCIOAOYIKOI eVAAIKEG apovpaiol Sprague-Dawley Bavartwbnkav e
gloTTVon SIaIBLACIBEPA Kal ATToOV@ONKav TOCO O AUPIPANCTPOEISEIC OCO Kal
O EYKEPAANKOG PA0IOG. OpoyevotrioiNBnkav e TN Pondeia opoyevoTtoiNth
(Ultra-Turrax;IKA Works) oe Tris-Cl pH 7,4. TO opoyevottoinua ToL KABE 1I0TOL
puyokevTpnBnke oe 1000xg yia 10min kal TO TIAPAYOUEVO LTTEPKEIUEVO
PLAAOXONKE. To iCnua emavadiaAvBnke kal EavapuyokevTpnBnke. Katoty, 1o
TTAPAYOPEVO ALTO SEVTEPO LTTEPKEIUEVO EVAONKE PE TO TTOONYOLHEVO KAl TO
biypua uyokevtpnBnke ota 11000xg yia 20min. To i¢nua emavadiaAbOnke ot

PLOUICTIKO SlAALHAa Tris kal PpLyoKevTENONKe oTa 27000xg yia 10min. TeAika, TO
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ilnua erravadlaAbonke ot lysis buffer (10mM Tris-HCI, pH 7.4, 250 mM coukpodln,
ImM EDTA, TmM PMSF, 1% Triton, 2ug/mL AevtermTivn, 2ug/mL ammporTivivn).
‘OAn n mmapanmavw Siadikacia mpayuaTtorointnke otoug 4°C. To TTPWTEVIKO
TTEQIEXOUEVO TV SelyuATwY TIPoCdiopioTnke pe TN pEBodo Bradford (BAETe

Tapaypa®o 3.2.1.2).

HAekTOOPOONON TTOWTEIVEV

O1 TpwTEiVES €ival popPTIOUEVEG BETIKA 1) apvnTIKA €€QITiAg TV BETIKA N
apvNTIKA POPTICUEVRY auIvoEEwy Toug. ‘Otav Ppeboly o NAEKTPIKO TIESIO
METAKIVOLVTAI TTPOG TOV BETIKO 1) apvNTIKO TTOAO avAAOYa PE TO pOoETio TOLg. O
BaABPOC PeTakivnong Toug eEapTATAl ATTO TNV TTLUKVOTNTA TOL POPTIOL TNG KABE
TowTeivng, &nAadr, 1O AOyo “@oprtio/uala”. H TeEXVIKN ME TNV OTIOId
EMTOYXAVETAI O SIOXWPICHOG TWV TIPWTEVWY Ot £&va  NAEKTPIKO  TTedio
ovopadleTal NAeKTPOPOPNCN.

H NAEKTPOPOPNON TV HEUPOAVIKGV TTAPACKELACUATRV
AUPIRPANCTEOEISH) KAl PAOIOL  APOLEAIOL EyIVE O CLOTNUA  ACLVEXOLG
NAekTpOPOPNONG o©¢  TiNypa  SDS-moAvakpuAauibiov,  (SDS-PAGE,  SDS-
polyacrylamide gel electrophoresis) cOupwva pe tov Laemmli (1970). Qg
WECO LTTOOTAPIENG XPENOIMOTTOINBNKE TINKTA TTOALAKPLAGUISIioL (10%) oTToUL,
KATw ammo  ouvonkeg amodiaraéng, N HETAKIVNON TWV  TTEPICCOTEQWV
TTOALTTEMTIOIKWYV AALCISWY €ival ATTOADTWS AVAAOYN HE TOV AOydpiBuo TNG
uadag Toug.

Ta peUPPAVIKA TTAPACKELACUATA APPIPANCTOOELISA KAl EYKEPAANKOL
PAoIoL apovpdaioL (60ug) (BeTIKOG YApTLEAG) TTPWTA SIAALBNKAV O¢ SIAALUA
(sample buffer: 0,1M Tris-Cl, 4% SDS, 0,2% pmAe Ppwpopaivoing, 20%
YAUKEQOAN) SwdekLAOBEKOL vaTpiov (SDS, Sodium Dodesyl Sulphate), evog
ATTOPPULTTAVTIKOL  TTOL  KATACTREPEl OXESOV  OAEC TIG PN OPOIOTTONIKEG
AANNAETTISPACEIC PIAG PLOIKAG TTPWTEIVNG VG TA AVIOVTA TOL SECUELOVTAI OTIG
KOPIEG AALCISEC TWV TTPWTEVWY Yeyovog TTou Sivel 0To COUTTAOKO ToL SDS e
TNV ammodlatayuévn TPwTEVN £va peyaAo popTio, TTEQITTOL avAAoyo pe TN Padla
NG TPWTEVNG. Ta TTapackKeLACHATA ERpacav e LOATOAOLTPO YIA 5 AeTTA
oToug 100°C  vyia Tn HETOLOIWON TWV TIPWTEVAV KAl  OTn  CLVEXEID
TOTTOBETNONKAY  OTa  TINYadakia  TOL  TINKT@aTtog  emorTipaéng  H

NAEKTOOPOPNCN TIPAYMUATOTTIOINONKE C& BegpUOKPATIa SWUATIOL PE, APXIKA,
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oT1aBepn TG0N 80V kal katotmv 110V, PETA TO TTEQACHPA TOL HETWTTOL TWV

TTEWTEVWYV OTNV TTNKTA SIAXWEICUOL.

Texvikr) avoooarroTorrwong (Western blot)

O mpwrTeiveg 1oL  SlaxwpioTnkav katad TNV SDS  nAekTpOPOPENON
TTOALOKPLAQUISIOL  pETAPEPONKAY  pE  ATTOTOTIWON  O¢  PepPpaveg
viTpokLTTapivng (Nitrocellulose membranes 0,45um, Sigma) pe TNV €papuoyn
NAEKTOIKOL QELPATOG KATA TN SIAPKEIA TNG VOXTAG oToug 4°C. ‘Emeraq,
TTPOOTEONKE avTiowua e16IKO yia Tnv SHP-1 (1:500, Chemicon International).

To CUOUTTAOKO AVTIYOVOL-AVTICWPATOC AVIXVELONKE PE TNV TTOOCONKN
SeVTELOL  AVTICWPATOC €8IKOL YIa TO TIPWTO AVTICWUA TO OTIoI0 NTAV
OLVAPPOOPEVO pE TO évlupo vmepoeldaon pamaviob (HRP: horseradish
peroxidase) [TTOALKAWVIKO avTicwua aqiyag kata Tov  1gG  (H+L)
AvVOCOOoPAIPIVGV TTOVTIKIOL cLleLYuEVO Ue HRP, (Chemicon)]. ITn cuvexela, To
OUUTTAOKO AVIXVELONKE PE TNV TEXVIKA TNG XNMEIOPWTAVYEIAG KAl TNV TTOOCONKN,
WG LITOCTPWPA TOL &vILPOL, AOCLUIVOANG (luminol, Chemiluminescence
Chemicon) yeyovog TToL éxel OaV ATTOTEAECUA TNV EKTTOPTIN PWTOSG TO OTT0IO

ATTOTUTTGVETAI O PWOTOYPAPIKO PIAU (ECL, Hyperfilm, Amersham).

3.2.3.2 MeAétn Tng emiSpaong Touv avtaywviotn tng SHP-1 orta emimeda NG

cGMP

Nna va peretnBei n mBavrh eumAokn TN SHP-1 omig Spdoeag NG
owpatooTarivng ota emimeda tnG cGMP, O 10TOC TTPOETOINACTNKE OTTWG
eplypAgetal otnv mapaypa@o 3.2.1. Oi 1o1oi emwacTtnkav yia 30 AeTa o€
v&éatoAoLTPo oToLG 37°C LTO AMMA avadevon He AIGALPA | TTOL TIEPIEIXE
owpartooTartivn (0,1uM) kal opBoPavadikd vaTpio (1uM), TO oTToio aTTOTEAEI
TOV aviaywviot TnG SHP-1. ITn ouvéxela akoAouvBnOnke N TTEIOAPATIKN

Siadikaaoia TTouv TTEPIYPAPETAl OTNY TTAPAyPapo 3.2.1.1.
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3.3 MONTEAA AMODIBAHLITPOEIAIKHL IZXAIMIAL XE APOYPAIO

MNa TNV TPOKANCN ICXAIYIAG XPNOIUOTTOINBNKAY VO POVTEAD, ALTO TNG
SIEYEPTOTOELIKOTNTAC KAI ALTO TNG XNUIKNG ICXAIMIAG

Metd  Tnv  Bavatwon Twv OV aaipEédnkay  Ta  pATia KAl
TOTTOBETNONKAY O¢ PLOUICTIKOL SIAAVUATOC PWOPOPIKDV 0ftwv pH=7.4 (PB:
NaH2POs / KoHPO4)(0.1M), atmmopakpLvbnke o TPOCHOIOG TTOAOG, €V O
AUPIPANCTEOEIBNG XITVAG, TO HEAAYXPOLV ETTIONAIO KAl O OKANPOG XITWVAG
EemALONKav kaAa ce PBS (0,1M) yia 15 Aemtd otouvg 37°C oe ATHOC(AIPA
5%CQO2 /95% aépa vttd ATMAa avadevon.

3.3.1 Aigyeproro§ikornra

MNa TNV TTPOKANCN I0XAIuiag ol 10Toi emwaocTnkav oe PBS (0,1M) TTou
Tepleixe yAoutapivikd o (1, 3 mM), | RS-alpha-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA, Tocris) (1, 3 mM), n N-methyl-D-aspartic acid
(NMDA, Tocris) (0,5, 1,5, 3 mM), n kaiviko oL (1, 2, 4 mM) yia pia wpa 0ToLG
37°C, o 5% CO2/95% aépa, vmod Ama avadevon. Ol 10Toi OTN CULVEXEID

EeTALONKav o€ PBS yia 15 AettTa.

3.3.2 Xnuikn iocxaigia

Na TNV TPOKANCN ICXAIKIAG JE TO JOVTEAO TNG XNMIKAG ICXAIWIAG, Ol I0TOI
emwaocTnkav oToug 37°C oe 5% CO2/95% aépa, vmod Ama avadevon e PBS

(0,1M) TTouL TEPIEiXE:

I50-08Ik6 0§  Kvaviobyxo varpio
(mM) (mM)
0,5 2,5
5 25
50 250
100 500
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oe 81apopoLG xpovoug: 15, 30, 45, 60 N 120 Aetttd, kaBwg kal pe PBS (0,1M)

OTOULG II0LG XPOVOULG YIA TOLG AVTIOTOIXOLG PAPTLPEG.

3.3.3 MeAéreg BioooiuoTnTag iIoTov

Na TNV e€étaon NG PIOCIUOTNTAG TWV 10TV KATW aATTO TIG SeS0opEveS
TTEIPAPATIKEG CLVONKEG, OI I0TOI ETMWACTNKAY YIa 2, 6, 12 | 24 wpeg pe PBS
(0,1M) oTtoug 37°C, ot 5% CO2/95% atpa, LMo AMMA avadevon kal TEAKA
EemALONKav ce PBS (0,1M) yia 15AemTTa.

MeTa TIG TTAPATTAVG® €mM&PATEIG, O OTIIOBIoI TTOAOI JoVIPoTToOINGNKav o€
S1aAvpa 4% TapapoAuadeddéng oe PB (0,1M) yia 1 wopa oTtoug 4°C kai Ermera
emwaocTnkav oe SiaAvpa 30% couvkpolng / PB (0,1M) yia 16-18 cwpeg oTovg 4°C
yla KpLoTIpooTaCia. AKoOAoLONCE Taxeia POEN TWV I0TWY, Ue EUPLOICT TOLG O€
ICOTTEVTAVIO YIa 1 AeTITO OTOULG -45°C Kal QLAAEN TOLG OTOLG -80°C pEXPI TNV
KOTT) TOLG. XTN CLVEXEIQ KOTTNKAYV KABETEG TOUES TTAXOLS 10 M o€ KPLOOTATN
(Leica CM 1850) oToug -25°C, TOomOBETNONKAY OC€ CEAQTIVOTTOINUEVES
QVTIKEIMEVOPOPES TTACKEG KAI N GLAAOYN YIVOTAV E TETOIO TPOTTO WOTE N UIA
TOMN va atmexel ammo TN SimAavh 100um. O1 TOPES PpLAAXTNKAY OTOLG -20°C PEXO!
va xpnolgotmoinBouvyv. O1 TOUEG TTAIPVOVTAV KOVTA OTO OTITIKO VEVPO, EVW EVVIA

TOPEG TOTTOBETOLVTAV O€ KABE QVTIKEIUEVOPOPO TTAAKA.

3.4 MPOXAIOPIZMOL IZXAIMIAX

3.4.1 Meléreg avooo®pOopIiouoL ue avricoua evavria ortnv

akeTvAoTpavopepaon Tng xoAivng (ChAT)

Na TNV avooOoicTOXNUIK CAUAVON TWV TOPWYV, XPNOIUOTTOINONKE N
HEBOSOG TOL EPPECOL POOPICUOL, KATA TOV OTTOIO, Ol TOUEG ETTWALOVTAIl LE
TTOALKAGWVIKA 1 HOVOKAWVIKA QVTICUATA KAl ETTEITA e KATAANAG pBopilovta

S5e0TEPA AVTICWUATA.
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To TPWTO AVTICWHPA TTOL XPENOCIUOTTOINBNKE yia Tn &iammioTwon TNG
€MMiTELENG TNG IOXAIYIAG, NTAV POVOKAWVIKO AVTIOCWUA AVETTTOYMEVO O€ TTOVTIKI
EVAVTIA OTNV AKETLAO-TPAVOPEPATN TNG XOAivng (ChAT), yia Tn onuavon Twv
XOAIVEQYIKQV KLUTTAPWY, ot ouykévipwon 1:100 (Bio Trend, Tleppavia). To
S5EVTELO AVTICWHA TTOL XENCIPOTTOINBNKE NTAV AVTICWUA Aiyag kata Twv IgG
(H+L) avoocoo@aipIviov TIOVTIKOD, OLVEESEUEVO cLVEESEUEVO e podapivn
(Jackson ImmunoResearch Laboratories, Inc.) 1 gAovopeokeivn (Molecular
Probes) og cuykevtpwon 1:100 i 1:300 avTioToIxa.

H mepapatikh Siadikacia TToL  akKoAoLONBNke TEPIYPAPETAl OTNV

Tapdaypa®o 3.2.2.

3.4.2 MeAéreg pBopiouoL pe xpaon TUNEL

Na TN oNAUavon TV ATTOTITWTIKWY KOTTAPWY OTIG TOMPES  TTOL
XPNOILOTTOINONKAY YIA TIG HEAETEC BICOCIUOTNTAG TOL IOTOL, KABWGS KAl & ALTEG
TTOL €iXAV EMWACTEI PE TO HiYHa XNWIKNG I0XAIKIAG XPNOIPOTTOINBNKE N UEB0S0C
TUNEL (Terminal UTP Nick-End Labeling). H pébodog otnpiletar otnv in situ
evCLUIKN ONUAvon TV TEAKWY Bpavopateyv ToL DNA TV ATTOTITATIKGWV
KOTTAP®WV pe TMR-AUTP pécw TNG TEAIKAG S€0ELVOLKAEOTLEIKNG TPAVOPEPATNG
(TDT). Img €pevvég pag xpnoldotroinBnke 1o TUNEL assay Tng Roche «ai
akoAoLBNBNKavV ol 0dnyieg TNG eTAIPIAG.

3.5 EMNIAPAIH IQMATOITATINHX KAl XQMATOITATINEPTIKQN ANAAOIQN XTH
XHMIKH IZXAIMIA

Na va bigpevvnBel N evdexduevn TIPOCTATELTIK  Spdon  TNG
OWHATOCTATIVNG KAI TV AVAAOYWY TNG KATA TN XNUIKN 1I0XAIMIA, £YIVAV UEAETEG
APXIKG HE TN XPNON OWPATOOTATIVAG Ot SIAPOPOLS XPOVOLGS ETTWACNG KAl

OXNUATWY O€ OXEON WE TO Piypa TNG XNWIKAG 10XAIWiag.
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3.5.1 ®apuakoAoyikn emispaocn cwuarooTarivng

Or 1010 emwaoTtnkav otoug 37°C oe 5% CO2/95% aépa, Lo ATTIa
avadevon pe PBS (0,1M) Tou TepIgiXe TO Wiypd TNG XNWIKAG I0XAIMIAg (5mM
1060-0EIKO 0EL/25MM KLavIoLXOL vaTpiov, X. |.) TTAPOLTIa CWPATOOTATIVNG
TALTOXPOVA, TTPIV N PETA ATTO TNV ETTWACHN HE TO HiyHa ALTO, OTTWG PAiVETAI KAl

OTOV AKOAOLBO TTiVaKA:

Xpovog emmdaong  Xpovog emodacng  Xpovog emmaong
HM  TIpIV TNV emMdAon e TTAPAAANAG HETO  HETA TNV ETTOACT HE
10 piypa X.I. (Aemrrd)  piypa X.1. (Aemrrd) 1o piypa X.I. (Aerrrd)

10 30 2x30 -
10 - 2x30 -
10 - 2x30 2x30
100 - 2x30 -
1 - 2x30 2x30
1 - 2x30 4x30

1 - - 2x30

3.5.2 ®apuakoAoYIKES EMSPATEIS HE CWUATOOTATIVEPYIKA avaloya

O1 10TOI €MWACTNKAV EKTOGC TNG CWHATOOTATIVNG KAl e AAAO avAaAoya,
EKAEKTIKA YIQ TOLG LTTOSOXEIG TNG CWPATOOTATIVNG OTTWC e To BIM23014 (0,1, 1
N 10 uM) kar 70 MKé678 (0,1, 1T 10 pM) (sst2 ekAekTIkG avaAoya), Tnv
kopTtiotaTivn (0,1, 1 4 10 uM), To L-803,087 (1uM) (ssts eKAEKTIKO QVAAOYO) KaI TO
L-817,818 (1uM) (sst5 eEKAEKTIKO avAAOYO).

O1 emépaoelg éyivav oe PBS (0,1M) TTou Tepigixe TO piypua TNG XNWIKNG
IoXaIiag (5mM 160-08IkO 0&1/25MM kKvavioLXoL VATEIoL) TTAPOoLTIa TWV
OWUATOCTATIVEQYIKWY AVAAOYWV Yia 2 x 30 AemTda KAl OTn ouvéxela oe PBS
(0,1M) TTOUL TTEPIEIXE HOVO TO AVAAOYO ALTO Yid 2 x 30 AetrTa oTouvg 37°C oe 5%

CO2/95% aépa, uttd AMAa avadevon.

Ye KOOe Eva ammo Ta TTAPATIAV@ TTEIPAPATA, LTTNEXE TTAVTA EVAC I0TOG
oL emmwalotav yia 2 X 30 Aemrra pe PBS (0,1M) 1oL TTEpIEiXE TO Wiyha TNG
XNHIKAG 1I0XAIMIAG KAl yIa TO LTTOAOITTO XPOVIKO Siaotnua pe 0,1M PBS wg

MAPTLPAG YIa TN XNUIKN IoXAIYia. ETTiIoNG LTTHPXE KAl £vag I0TOC TTOL £TTWAlOTAV
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yla OAn TN XPOVIKN SIdpKea TV emwacewy Je PBS (0,1M) g pdaptupag

PLOIOAOYIKOL IOTOU.

MeTd 1O TEAOCG TV EMOPATCEWY, Ol OTTIICBIOI TTOAOI JOVIUOTIOINBNKAY O¢
S1aAvpa 4% TmapapoAuadeddéng oe PB (0,1M) yia 1 copa oTtoug 4°C kai Emmera
emwacTnkayv oe SiaAvpa 30% couvkpolng / PB (0,1M) yia 16-18 wpeg oToug 4°C
YIa KPLOTTPOOTACIA. AKOAOLONCE TAxEIa YOEN TWV IOTWYV, PE EUPLOICT TOLS O¢
ICOTTEVTAVIO YIa 1 AeTITO OTOULG -45°C Kal QLAAER TOLG OTOLG -80°C pEXPI TNV
KOTT TOLG. XTN CULVEXEID KOTTNKAV KABETEG TOWEG TTAXOLG 10 UM o€ KPLOOTATN
(Leica CM 1850) oToug -25°C, TOTOBETAONKAY C€ CEAATIVOTTOINUEVES
QVTIKEIMEVOPOPES TTACKEG KAI N GLAAOYN YIVOTAV E TETOIO TOPOTTO WOTE N UIA
TOUN va atméexel ammo TN SimAavrh 100um. O1 TOES PLAAXTNKAY OTOLG -20°C PEXO!
va xpnolgotmoinBouvyv. O1 TOUEG TTAIPVOVTAV KOVTA OTO OTITIKO VEVPO, EVW EVVIA

TOUEG TOTTOBETOLVTAV O€ KABE AVTIKEIUEVOPOPO TIACKA.

3.6 MPOXAIOPIZIMOL NEYPOIPOXITAZIAL KAI MEAETH THXI EK®PAIHI TQN
AIAOOPQN TYNMNQN  KYTTAPQN  EMEITA  AMO THN  EMIAPAXH
IQMATOITATINHI KAI IQMATOITATINEPTIKQN ANAAOIQN XITH XHMIKH
IZXAIMIA

Na Tov TPOCSIoPICUO TNG  VELPOTIPOOTACIAC  £YIVAV  PEAETEG
AvVOoOPOOPICUOL e AVTIOWUA evAVTIA OTNV  AKETOAOTPAVOPEQAON TNG
XOAIVNG OTTWC avagEéPEeTal KAl OTNV TTApAyPapo 3.4.1.

Katda Tn xpwon avTh, EyIVE KATAUETONON TOL APIBUOL TWV XONVEQYIKGWV
KOTTAPGY OTOLG IOTOVG WETA ATTO TIG SIAPOPEG emMbpaaoelg. H kABe Toun TTPOG
KATAUETONON TOTTOBETOLVTAV OTO KEVTOO TOL OTITIKOL TTESiov ToLv HP Plan APO x
20/0,70 akoL. H TTeEpIOX OTNV OTToIa YIVOTAV N KATAUETPNON ATAV TTAVTA
KOVTA OTO OTITIKO VELPO. MNa TIC YETPNOEG e€eTO0TNKAY 21 TOPEG ATTO TTEVTE
SIAPOPETIKOLG  APPIPANCTPOEISEIC OTOLG I0TOLG MAPTLEEG, 13 TOUEG aTTo
TECOEPIC AUPIPANCTEOEISEIC TTOL €iXAV ETTWACTE PE TO Miyua TNG XNMIKAS
Ioxaipiag kal BIM23014 (1uM), 9 Touég atmd TpelG aupiPAnoTpoEedec ue MK678
(TUM) kai 12 TouEG aTTO TECCEPIC AUPIRANCTEOEISEIC YE KoPTIOTATIVA (TUM).
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MeAeTnBNKaV €TTioNG oI TMBAVES SIAPOPES OTNY EKPEACN TV SIAPOPWV
TOTTIV KLTTAPWV ETTEITA ATTO ETTI6OACN TOL WiYUATOG TNG XNMIKAG I0XAIWIag TO00
XWPIG OCO KAl YE TNV ETTISPACN CWUATOOTATIVEQYIKGDV AVAAOYWV.

Ma TIC PEAETEG ALTEG XPNOIUOTTOINBNKAV TA AKOAOLOQA, AVETTTLYHEVA OF
KOLVEAI, TTOALKAGVIKA QVTICWUATA VAVTIA:

X omnv  vdpofvAacn TG TLpoocivng (TH) yia TN onRUavon TV
VTOTTAMIVEQYIKWY  KOTTAPWY, 0O¢ oLykévipwon 1:1000 (Chemicon
International)

X OTn VELPWVIKN HOPPN TNG ouvbaong TNG eAeLBepng pEilag ToL

puovoéeidiov Tou alawTou (bNOs), og cuykévipwon 1:3000

KABWGS KAl Ta aKOAOLOA HOVOKAWVIKA QVTICWUATA QVETTTOYHEVA OE€ TTOVTIKI
evavTia:

X otnv MPwTEVIKN kKivaon C (PKC) yia Tn cnuavon 1@V SIToA®Y KLUTTAPWY
TTOL CLVATITOVTAI PE Ta PaPRdloPpopa, ot ouvykevipwon 1:50 (Leinco
Technologies Inc.)

X oTNV TPWTEVN TTOL OXETICETAI PE TOLG MIKOOOWANVIOKOLG-1A (MAP-14)

yla TN CAPAvVoN TV YayyYAIOK®V KLOTTAPWY, O oLYKEVTP®on 1:100

H Ttepapartikny Sladikacia Tou  akoAouBnBnke TEQIYPAPETAlI OTNV
Tapaypa®o 3.2.2. Na Ta TTOALKAWVIKG AvTICWUATA TO SEVTENLO AVTICWUA TTOL
XPNOIUoTTOINBNKE NTAV avTicWUa diyag Katd Twv IgG (H+L) avocoogaipivav
KOLVEAIOL  oLveedeuevo  pe  @Aovopeokeivn  (Vector Laboratories) oe
ouykevipwon 1:150. Na Ta PYOVOKAWVIKA AvTIOCQUATA TO SE0TERO AVTIOWUA
TTOL  XPNOIUOTIOINOBNKE NATAV  avTicwua aiyag kata T1wv  1gG  (H+L)
AVOOOOQAIPIVAV  TTOVTIKOL,  ouvdededévo  pe  podauivn  (Jackson
ImmunoResearch Laboratories, Inc.) oe¢ ovykévipwon 1:100 1 pe

pAovopeakeivn (Molecular Probes) oe cuykevtpwon 1:300.

3.7 METPHXH EMINEAQN IQMATOLTATINHI XITO MEXO ENQAIHX

Ol 10TOI TTPOETOIUACTNKAY OTIWG AVAPEQETAl OTNY TTApAyPaAPo 3.3 Kal

emwaoctnkay o€ PBS (O, 1M, 800ul) mmou Tepieixe 1006500EKO ofL (5 mM),
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KLAVIOLXO VATPIO (25mM) kai cwpatooTtaTtivn (1uM) otoug 37°C ce 5%

CO2/95% atpa, Lo AMa avadevon yia 1 Ea (2X30AeTTTA).

MEeTA TIG ETTWACEIC £YIVE GLAANOYI TOL PECOL ETTWACNG TTOL TTEPIEIXE TOLG
AuPIPANCTEOEISEIC KAl akoAoLONCE puyokevTPNOoN Yia 15 Aetrta oTig 12000rpm
oToLG 4°C. YTO KABe LTTEPKEIUEVO TTPOOTEONKAY 2 Tul ofikob o&tog (2N). ITn
ouvéxela T1a  Seiypata TtomoBetnOnkav  yia 10 Aemtd otoug  100°C  kai
NXoROANBNKav. ATTO TO KGBE opoyevoTToiNua kpaThBnkav 50ul oToug -20°C yia
TOV TTIPOCSIoPIoUO TV TTpwTeivay (Bradford, 1976) (BAéTre Tapaypago 3.2.1.2)
KAl Ta LTTOAOITTA PLAAXTNKAY OTOLG -80°C yia 24-48 wpeg. Emera 1a deiypata
EemaywBnkav kal puyokevTenonkav yia 20 Aerrra oTig 13000rpm oTtoug 4°C.
ATTO TO LTIEQKEIMEVO PTIAXTNKAV TPITTAETEG TV 100ul amd 1o KABe Seiyua,
ALOPIAOTTOINBNKAV KAl PLAAXTNKAY OTOLG -80°C pEXO! TN PETPNON TOLG UE
padloavoooAoyikn TexVIKN (RIA) (BAETTe Tapaypago 3.1.3.).

3.8 MHXANIZMOI NEYPOIPOZXTAZIAL

Na v €&TaAoOn TOL  PNXAVIOWOL  VELPOTTPOOTACIAG, Ol IoTOI
TTPOETOINACTNKAY OTIWG AVAPEPETAl OTNY TTAPAYPAPO 3.3 KAl EMWACTNKAV e
PBS (0,1M) tTou mepieixe 106500EIKO 0L (5MM) Kal KLavIoLXOL VATPIOL (25MM)
TTapouLaia:

- apyivivng (0,05, 0,125, 0,25, 0,5, 1 1 2 mMM) n omoia aTToTEAEI TO LTTOCTPWUA
yla Tnv mapaywyn tng NO:

- viITpotipouaidiov Tou varpiov (SNP, 0,25, 0,5, 1, 2 n 4 mM) 1O oTOIO
ameAevBepvel NO-

- spermine NONOate (Tocris) (1, 51 10 uM) 10 otroio atreAevBepvel NO- apya
- SIN-1 (Tocris) (0,1, 0,3 A TmM) 1O otToio aTmeAeLBepvel NO- kKal LTTEPOLEISIO.
MetaPoAileTal o Vo oTadia, apxika o€ SIN-TA kal oTn cuvéxela oe NO- kal SIN-
1C (Feelisch kai cuv., 1989, Singh kai cuv., 1998)

- 8-Br-cGMP (Tocris) (0,1, 0,5 4 TmM) 1O omoio eival éva avaioyo tTng cGMP

TTOL SIATTEPVA ELKOAOTEPA TIGC HEUPPAVES
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yia 1 wpa (2x30AemTd) otoug 37°C oe 5% CO2/95% agpa, Lo NMAa avadevon
KAl OTN OLVEXEID Eyive emaacn Yia 1 wpa (2x30AemTd) e PBS mmapouvaoia tnG
apyivivng n virpotpouaidiov Tou varpiov ) Too NONOate 1) Tou SIN-1 1) Tng 8-

Br-cGMP GOTIC QVTIOTOIXEG CLYKEVTPWOEIG.

3.8.1 Emispaon tov SIN-1/L-kvoTeivn otn Xnuikn loxaigia

MNa va eréyEovpe av n moOaAvr TEOCTATELTIKN Spdon Tou SIN-1 kKatd TN
XNMIKN 1o0XaIpia ogeileTal oTo TrepofuviTpwdeg, e€eTaoaue av n L-kvoTeivn, n
OoLCIA TTOL ATTOPAKPLVEI TO AVETIOVUNTO TTEPOLLVITPWSEEG, BA AVACTEIAEl TIG
Spaoceig Tov. Ol 1oToi emwwacTnkay pe PBS (0,1M) mTou mepieixe 100600EIKO 0&L
(5MM) kal kvaviovxou vaTpiov (25mM) mapovcia SIN-1  (0,1TmM) kar L-
KLOTEIVNG (5MM) yia T wpa (2x30AeTtTa) oToug 37°C oe 5% CO2/95% aépa, uTTo
NTTIa Avadevon KAl OTN CLVEXEIQ £yIve eTwacn via 1 wpa (2x30AemTTa) pe PBS

mapouvaia Touv SIN-1 kal L-kuoTeivNG OTIG AQVTIOTOIXEG CLYKEVTPWOEIG.

3.8.2 EmiSpaon touv SIN-1

Na va e€etaotei n emidpacn Touv SIN-1 oTov ApPIBANCTEOEISH, OI ICTOI
emwaocTnkav Pe PBS (0,1M) ) pe PBS tTou trepieixe SIN-1 (0,1, 0,3, 1 4 3mM) yia 2
WPEG (4x30Aettta) oToug 37°C oe 5% CO2/95% agpa, LTTO NTTIA avadevon.

3.8.3 EmiSpaon Tt0oL avactoAéa T¢ ovvldong 1ms NO-  om

VELPOTTPOOCTATELTIKN §pdon Tov BIM23014

Nna va SdiamoTtwbdei av n moavr VELPOTTPOOTATELTIKA &pACcN TOUL
BIM231014 o@eireTal oTnv NO- xpnoIuoTToINGNnKe O AvaoTOAEAG TNG cuvBdaoNng
NG NO:, NMMA.. O1 1oT0i emmeacTnkay pe PBS (0,1M) 1Tou TTepieixe 100500EIKO 0&L
(5MM) kar kbaviobxou vaTpiov (25mM) mapouvcia BIM23014 (1uM) kai NMMA
(0,5mM) yia 1 pa (2x30AeTtTd) otoug 37°C oe 5% CO2/95% agpa, LTTO ATIA
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avadevon KAl OTn CLVEXEID E€ylve €mwacn via 1 pa (2x30Aerta) e PBS

TTapovaoia Tov BIM23014 kal Too NMMA OTIG QVTIOTOIXEG CLYKEVTPWOTEIG.

3.8.4 EmiSpaon Ttwv avacToAé®V TNG YOLAVVLAIKNG KLUKAAong oTn

VELPOTIPOOTATELTIKN §pAdcn Tov BIM23014

E€eTAOTNKE €TMiONG N €MSOACN EKAEKTIKGWV AVACTOAEWY TNG SIAALTAG
YOLAVULAIKNG kukAaong, ODQ (Tocris) kar NS2028 otn 6pacn Tou ssh
OWUATOOTATIVEQYIKOL avaAoyoL BIM23014 katd tn xnuikn 1oxaiyia. O ODQ
gival 0 AvaoTOAEQG TTOL XPNCIPOTIOIEITAI CLVNBWGS, OPWG OTA TIEIPAUATA PAG
xpnoiotronenke kalr o NS2028 efairiac NG kaALTEPNG §OACTIKOTNTAC KAl
EKAEKTIKOTNTAG ToL. QI 10TOI eTmwacTnkay e PBS (0,1M) 1Tou trepicixe 160600€&IKO
ofL (5mM) kal kvavioLXoL vaTpioL (25mM) Tapovcia BIM23014 (TuM) kai
ODQ (100uM) 1 NS2028 (50uM) yia 1 wpa (2x30AemTa) otouvg 37°C oe 5%
CO2/95% atpa, LTTO NIA AvVASEeLON KAl OTN CLVEXEID £YIVE ETTAACN YIA 1 wEA
(2x30AettTa) pe PBS mmapovacia tou BIM23014 kal tov ODQ ) tou NS2028 oTig

QAVTIOTOIXEG CLYKEVTOWOTEIG.

Ye KGBe Eva ATTO TA TTAPATIAVE® TTEIPAPATA, LTTHPEXE TTAVTA £vag I0TOG
oL emmwadloTtav yia 2 X 30 Aemmra pe PBS (0,1M) 1oL TTEpIgixe TO Wiyua TNG
XNUIKNG I0XAIYIAC KAl yId TO LTTOAOITTO XPEOVIKO Siaotnua pe 0,1M PBS ¢
MAPTLPAG YIa TN XNUIKN IoXAIYia. ETTioNg LTTHPXE KAl £vag I0TOC TTOL £TTWAlOTAV
yla OAn TN XPOVIKN SIdpkKeIa TV emwacewy pe PBS (0,1M) g papTupag

PLOIOAOYIKOL IOTOV.

MeTA TO TEAOG TV €MEPACEWY, OI OTTICBIOI TTOAOI JOVIUOTTOINBNKAV O€
SIaALUa 4% TTapapoAuadeddng oe PB (0,1M) yia 1 wpa oTtoug 4°C kal ETTera
emwacTnkav oe dialvpa 30%covkpolns / PB (0,1M) yia 16-18 wpeg oTtoug 4°C
YO KPLOTTPOOTACIA. AKOAOLONCE TAxEia YOEN TWV ICTWV, PE EUPLOICT TOLG O€
ICOTTEVTAVIO YIa 1 AeTTO OTOLG -45°C Kal PLAAEN TOLG OTOLG -80°C pEXPI TNV
KOTT) TOLG. XTN CLVEXEIQ KOTTNKAYV KABETEG TOUES TTAXOLS 10 UM o€ KPLOOTATN
(Leica CM 1850) oToug -25°C, TtomoBetnBnkav o CeAQTIVOTTOINUEVES

QVTIKEIUEVOPOPES TTACKEG KAl N CLAAOYN YIVOTAV HE TETOIO TPOTIO WOTE N WIA
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TOMN va atmexel ammo TN SimAavrh 100pm. O1 TOES PLAAXTNKAY OTOLG -20°C PEXO!
va xpnolgotmoinBouvyv. OI TOUEG TTAIPVOVTAV KOVTA OTO OTITIKO VEVPO, EVW EVVIA
TOPEG TOTTOBETOLVTAV O€ KABE QVTIKEIUEVOPOPO TTAAKA.

AKOAOLBNCAV PEAETEG AVOCOPOOPICUOL HE TN XPNON TOL AVTICWUATOG
evavtl TN ChAT, Omwg meplypagetal otn TapAypapo 3.4.1. Y& KATTOIEG

ETTIAEYUEVEG TOUEG TTPAYHATOTTOINONKAY JEAETEG Kal Pe TN pEBoSo TUNEL (3.4.2).

68



AMNOTEAEEMATA

4. ANOTEAEIMATA

YTOXO!I TNG TTapoLOAG SIATPIPNG NTAV A) N TTEPAITEPG UEAETN TOL POAOL
TNG CWPATOOTATIVNG KAl TNG KOPETIOTATIVAG OTOV AU@IPANCTOOEISN WE TN
BoNBeIa EKEAKTIKGV AVAAOY®V YIA TOLG SIAPOPOLS LTTOTLTTOLG TV LTTOSOXEWVY
TNG CWPATOOTATIVNG Kal B) N mMOavr VELPOTTPOCTATELTIKA TOLS SpAon OTNV
APPIBANCTEOEISIKN IOXAIUIa.

IXETIKA HE TOV TTPWTO OTOXO, OTOV AUPIPANCTEOEISH) £XOLV EVTOTTIOTE
AVOOOICTOXNUIKA Ol LTTOSOXEIC TWHUATOOTATIVNG sst1, sst2, ssta kal TeAevTaia O ssts.
O sst2 vTodoxéag eival O EMKPATECTELOS CWHATOOTATIVEQYIKOG LTTOSOXEAG
OTOV 10TO KAl O POAOG TOL EXEl UEAETNOEI TTEQICTOTEPO ATTO OAOLS TOLG AAAOLG
LOTTOTLTTOLG. QOTOCO, TIEPAITEQLG MPEAETEG QATTAITOLVTAI YIA TNV TIANOECTEPN
Slalevkavon Tou POAoL Tov. Ta ATOTEAECHATA TTOL TTapoLOIAlovTal OTNV
TAPAYPAPO 4.2 CULVEICPEQOLY OTA NSN SNUOCIELUEVA ATTOTEAECUATA KAl
OLURGANOLY  OTNV  AVAYVWEION TOL PNXAVIOWOL PECOL  TOL  OTTOIOL
EMTOYXAVETAI N VELPOTIPOCTATELTIKA SPACN TNG CWPATOOTATIVNG  (BAETTE
TapAyPa®o 4.3).

TNV TTAPOLOA HEAETN, ETTIAECAUE VA PEAETNOOLUE KLPIWG TOV POAO TOL
sst vTToSoxea yiaTi BIPAIOYPAPIKG AVOTOICTOXNUIKA §eS0pEva LTTOCTNPEICOLY OTI
o ssh vmodoxéac eivar o avtodmodoxtéag TNG ocwpartooTaTivng. MNa va
e€akpIPwBei 0 POAOC TOL ssti WG ALTOVTTOSOXEAG, ATTAITOLVTAI AEITOLPYIKEG
WEAETEC TTOL VA S&€iXVOLV OTI N €VEQYOTTOINON TOL MEICOVEN TA ETTTESA TNG
owWUATOOoTATiVNG. Ta ATTOTEAECUATA TWV HEAETOV TIOL OTOXO Eixav TNV
e€akpipwon Touv POAoL ToL sst1 LTTOSOXEA WG avTolTTOS0XEA TTAPOoLOIAlovTAal

oTNV TAPAKATW TTAPAYPAPO (4.1).

4.1 AEITOYPTIKOX POAOL TQN SSTi YMNOAOXEQN ITON AMO®IBAHITPOEIAH
APOYPAIOY

Nna TN MPEAETN  TOL  AEITOLPYIKOL  POAOL  TOL  Ssti,  apxka

TTOAYUATOTTOINONKAY  HEAETEC  YIA TOV  TTPOGCSIOPICUO  TNG  VELPWVIKAG

ATTEAELOEPWONG TNG CWPATOOTATIVAG ATTO ToV ApPIBANCTPOoEISH. Ta emitreda
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TNG CWUATOOTATIVNG PETPNONKAV UE PASIOAVOTOAOYIKA HEBOSO OTOV IOTO (Pgr
SRIF) kal ekpEAOCTNKAV WG TIPOG HPgr TNG TTPWTEVNG TTOL TTEPIEiXE O KABE
AUPIRPANCTPOEISNG. TN CLVEXEID EKPPACTNKAV WG TO €T TOIG €KATO (%) TNG
BAOCIKNG aTTEAELOEPONG.

Ta emimeda TNG cwuatooTativng petpndnkav ota 1,815 £ 0,206 pgr
OoWPATOOTATIVNG / Ugr TpwTeivng (Nn=23). H emmedaon Tou 10ToL pe 50mM KCl bev
ETTNPEACE TNV ATTEAELOEP WO N TNG CWHUATOCTATIVNG. KATA TNV TTPOCHONKN OPWS
100mM KCI ta emimeba TNG CWPATOOTATIVNG aALENBNKAV PE Eva OTATIOTIKA
onUavTikO TPOTo  (p<0,05 1-TECT pe HOVOTIAELPO EAEyXO aveEapTNTWV
Selypdatwv) ota 151,2 £ 20,0% (n=4), eved 1A €mimeda TNG CWPATOCTATIVNG
amovoia 10viwv acPeoTtiov (10mM EGTA) cixav peion Tov ATAv OTATIOTIKA
onuavTikn (<0,005 t-TECT Ye QUPITTAELPO EAeYXO aveEaPTNTWV SelyuATwWY) OTA
31,2 £ 6,7% (n=4), Ta amoTeAéopaTa auTa LITOoTNEICOLY OTI N ATTEAELOEP KON
TNG CWPATOOTATIVNG &iVAI VELPWVIKAS PLONG (KANIO KAl ACRECTIO e€EQPTWHEVN

ammeAeLBépwon) (IxAua 1).
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IXAMA 1: NevpwVIKR aTEAELOEPON TNG CWUATOOTATIVIG aTTO TOV  AUPIBANCTEOEISH
apovpaiov: emdpacn NG mapovaoiag KCI (A) kal TNG EANeIYNG 16vT®wY acPecTiov (B, 10mM
EGTA). H ameAeuBépwon TNG CWUATOOTATIVAC ammd ToV AUPIPANCTEOEIS avéndnke TTapovaia
KCI (100mM, n=4) kai Peiwdnke mapovaia EGTA (10mM, n=4), * p<0,05 t-Te0T pe HOVOTTIAELPO
EAEYXO AveEEAPTNTWY SeElyHATWY, ** p<0,005 t-TECT Pe AUPITTAELPO EAEYXO AVEEAPTNTWY SEVYUATWV.
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H emiépaon Tou sst1 aywvioty CH275 pe Tov aupIiBANCTOOEISN €ixe WG
ATTOTEAEC A TN HEIWON TNG ATTEAELOEPWONG TNG CWPATOOTATIVNG ATTO TOV I0TO
KATA &va OLYKEVTPWOO-eEAPTWHEVO TPOTTO, SivovTag OTATIOTIKA ONUAVTIKN
ueicoon 59,84% (p<0,0001 t-TeOT Pe QUPITIAELPO EAEYXO AVEEAPTNTWV SEIYUATWV)
oTn ovykevipwon 10°M kal 47,93% (p<0,005 t-TeOT Pe QUITTAELPO EAEYXO
aveEdpTnty SelyuaTwy) oTn oLykévipwon 106M, apol Ta emimeda TTov
ueTPNBNnkav NTav 0,729 + 0,128 pgr cwuatooTaTivng / ugr mpwTeivng (n=13) kai
0,945 + 0,160 pgr cwuatooTativng / hgr mpwteivng (n=9), avtiotolxa, oe oxéon
ue Ta Paocika mouv ATav 1,815 £ 0,206 pgr cwuaATOoTATIVNG / HOr TTEWTEVNG
(n=23). ITn xaunAoTepn ovykevipwon 107M n ueioon &ev ATAV ONUAVTIKA

apovL Ta ermimeda NTav 1,704 £ 0,285 pgr cwuaTooTaATivng / pgr TTPWTEVNG

(n=10) (ZxNua 2).
3.0
< 254
)
= C
O, 2.0
e § 1 T
238 151
g_ g— *k
3 57 1.0 *kk 1
E 3 I
o 0.5
0.0-

MdapTopag 10°M 106 M 107 M

—~

CH275

Zxﬁpa 2: EMi6pacn TOL eKAEKTIKOL ssti ayevioTr) CH-275 oTnv ameAeLBEQWON CWUATOOTATIVAG
amd  TOoV  au@IBANCTEOoEIS)  apovpaiov. To CH-275 ueiwoe  TnvarmeAeLBépwon NG
OWPATOOTATIVNG e TPOTIO €EAPTOUEVO ATIO TN CLYKEVTPWON (nN=9-23), ** p<0,005 t-Te0T pE
AUPITTIAELPO  EAeyXO aveEAPTNTWY  SelyddTwy, *** p<0,0001 t-TEOT PE QAUQPITTAELPO EAEyXO
ave€ApTNTWV SEIYUATWOV.
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IXnMa 3: Emispacn Tou sst avraywviot) NVP-SRA 880 oTnv ameAeLBEPWON CWUATOSTATIVAG
amo Tov auPIPANCTPOoEISH apovpaiov. To NVP-SRA 880 (n=8) &ev emmnpéace amd Povo ToL TNV
ATTEAELOEPWON TNG CWHATOCTATIVAG ATTO TOV AUPIPANCTEOEISH, eved OTAV TTPONYABNKE TNG
emdpaong Tou sst1 aywvioTt) CH-275 avéoTtpewe TNV amd 10 CH-275 (n=8) TpokaAoLPEVN Peion
TNG ATEALLBEPWONG CWUATOOTATIVAG aTmO ToV 10TO. *OULYKPIVOUEVO e TO pdpTtupa, #
OLYKPIVOUEVO pE To CH-275, p<0,05 1-1€0T e AUPITTAELPO EAEYXO aAveEAPTNTWYV SelyUATWY, ***
p<0,0001 t-TECT UE APUPITTAELPO EAEYXO AVEEAPTNTWV SEIYUATWV.

H peicoon TNG ameAevBEPONG TNG CWHATOOTATIVNG AvESTPAPN OTAV
Toonynenke TNG xopnynong tou CH-275 n emwacn Tou I0TOL pe Tov ssty
avtaywvioT NVP-SRA 880. Yuykekpiuéva, o€ auTn TNV TTEQITITON TA ETTITTESA
TNG  armmeAevBepobuevng cwpatooTativng ATtav 1,096 0,217 pgr
OWPATOOTATIVAG / Hgr TTPwTeivnNG(n=8), evd HOVO LTTO TNV EMMdPACN TOL
avTtaywvioTn (amoucia aywvioTh) T1a emmeda nrav 1,707 £ 0,092 pgr

OWPATOOTATIVNG / hgr TpwTeivng(n=8) (IxNua 3).

Ye avtiBeon pe Ta TTApATavw, O sst2 aywvioTng MK678 (n=4) bev
€TNEEace Ta PACIKA eTTiTTeda ATTEAELOEPWONG TNG CWPATOOTATIVNG ATTO TOV
I0TO (N=11) O¢ KQUIO ATTO TIC CLYKEVTPWOEIG OTIC OTIOIEC XPNOIUOTTOINONKE

(IxNua 4).
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IXNMa 4: Emispaon Tou sst2 ayevioTh MK-678 oTnv ameAELOEQWON CWUATOCTATIVAG ATTO TOV
AuPIPANCTEOEISH apoLpaioL. To MK-678 Sev £TNPEACE TNV ATTEAELOEPKON TNG CWUATOOTATIVNG

amo Tov I0TO (N=4).

Ta amoTteAéopaTta avtd LTTooTNEICOLY YIa TIPWTN POPA OTI O sst
vmodoxéag Spa  WC  avTtolmModoxéag TNC  OCWPATOOTATIVNG — OTOV

APPIPANCTEOEISA Kal TTIBava pLBUilel TN cLVBECN KAl ATTEAELOEPWOT) TNG.

4.2 ENIAPAIH IQMATOITATINHL KAl ANAAOIQN XITA EMINEAA THX cGMP XITON
AMO®IBAHITPOEIAH

4.2.1 PoAog ng cGMP

H cGMP cival évag onuavTtiKOG PLBUICTAG TNG PLOIOAOYIAC SIAPOPV
OLOTNUATWY  CLPTTEQIAQUPBAVOPEVOL KAl TOL  AUQIPANCTEOEISA. Emnpeddel
SIABAOLG IOVTWY KAl TPOTTOTTOIEI TNV KLTTAPIKA AciITovpyia. Ta emimeda TN cGMP
avfavovTal YeTa armo evepyoTtoinon TNG SIAALTAG YOLAVULAIKAG KLKAGONG aTToO
TNV eAeLBepn pila ToL alwTtov (NO-). ATTO TIPONYOUVUEVEC HEAETEC TOUL
£0YAOTNEIOL PAG, £YIVE YVWOTO OTI N EVEQYOTTOINCN TOL sst2 LTTOSoxEa avEavel
10 emmimeda TNG NO- oTov apgipAncTpocdn (Vasilaki kal cuv., 2002, 2004).

ITOXOC TWV  €PELVAOV PAC NTAV N MEAETN TNG Spdong NG

owparooTarivng  ota  emimeda NG cGMP  otov  au@IPANCTEOEISN.

73



AMOTEAEIMATA

MNoayuatomoinBnkayv JeAETEG ELISA yia Tnv pétpnon Twv emmédwy cGMP peta
aTTo TTOIKIAOLG PAPPAKOAOYIKOUG XEIPIOUOUG.

Emcoaon Tou 1I0ToL pe cwuatooTativn avénoe Ta emimeda tTng cGMP e
TOOTTO €EAPTWHEVO ATTO TNV CLYKEVTPWON TNG. LITN HIKPOTEPN CLYKEVTPWON
(0,01uM, n=7) n cwuartooTativn avénoe Ta emimeda NG cGMP ce oxeon e TG
Bacika (n=16, 100 % 7,6%,) ota 146,1 = 254%, €v®d OTIC MPEYAADTEQEG
oLYKEVTPOTEIG O, TUM, TuM kal 10uM TTPOKAAECE OTATIOTIKA CNUAVTIKA abénon
kata 290,1 £ 24,6% (n=10), 227,0 £ 34,1% (n=10) ka1 271,8 £+ 25,7% (n=13),
avrtioToixa (p<0,01 kpIThPIo TTOANATTIAGV CLYKPIoEWY Dunnett) (IxAua 5).

Emcdaon tou 10ToL pe owpaTtooTaTtivn (0, TUM) TTapoLaia TOL EKAEKTIKOD
avtaywvioTn évavTt Twv sst2 vmodoxeéwv CYN-154806 (1uM, n=8) eixe g
ATTOTEAECUA TNV emavagopd Twv emmmeédwyvy cGMP ota Paocikd emimeda,
oéNy®wVTAG PAg OTO CLUTTEPACPA OTI N avénon Twv emmédwyv NG cGMP

OMEIAETAI OTNV EVEQPYOTTOINCN TOL sst2 LTTOSOXEQ (IxNUQa 6).
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@ 1007 —
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Mdptopag  0,01uM 0,TuM TuM 10uM
YoopatooTaTivn

Zxﬁpd 5: Emiépaon g ocwuarootativnig ota emmeda cGMP  oTov  au@iBANCTOOEIST
apovpaiov. H cwuaTtooTativn emnpeddel Ta emimeda cGMP oTov 1070 KATA &va CLYKEVTPWOO-
€€APTWUEVO TPOTTO (N=7-16), ** p<0.01 KPITAPIO TTOAATIAGY CLYKPIoEWY Dunnett.
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IXAHA 6: AvaoTpo®r) TG §pdcng TG cwpaTtooTtativng (0,1uM, n=10) oTa emimeda Tng cGMP
TOL AUPIBANCTEOEISH APOPTIOL ATTO TOV EKAEKTIKO AVTAYWVIOTH TWV $st2 CWUATOCTATIVEQYIKGDV
vrmodoxéwyv, CYN-154806 (1uM, n=8), ** p<0.01 KPITNPIO TTOAATIAGV CLYKPIoEWY Dunnett,

Na mePAITERG MEAETN TOL POAOL TOL sst2 LTTOSOXEQ OTN PLOUICN TWV
emmmédwy TNG CGMP, peEAETNONKE N eTTI6pACN TOL €KAEKTIKOL yia Tov ssto
aywvioTh BIM23014. To avaAoyo auTto Hiundnke Tn §pdon TG CWPATOOTATIVNG
apoL avénoe Ta emimeda TNG cGMP oTov I0TO O¢ OXéon He Ta PAcIKa (n=16)
kata 184,3 + 30,6% (n=6), 185,3 + 34,6% (n=9), 147,.3 £ 34,1% (n=9) kai 251,8 +
53,3% (n=10) o¢ ocvykevipwon 0,01uM, O0,TuM, TuM kai 10uM, avTicTtoixa. H
avénon TV emmmedwy TNG cGMP oL TTpokaAeoe To0 BIM23014 ATav OTATIOTIKA
ONUAVTIK OTN PEYAALTEPN CLYKEVTPWON 10uM (p<0,01 KPITAPIO TTOANATTAGYV
ouykpicewv Dunnett, Ixfua 7).

AVTIOETA, O EKAEKTIKOG AYWVIOTNG yia Tov sstz ummoTLTTO (L-796-778) Sev
gixe kapia paon, a@oL ot cLYKEVTPWOoN 10uM (n=5) &ev emnpéace Ta PACIKG
emmimeda NG cGMP (n=16, IxNua 8). O sstz LITOTLTTOC &€V EXEl EVTOTIIOTEI OTOV
AUPIPANCTEOEISN, KAl TA €LPLPATA ALTA XENOIUOTIOINBNKAV WG PAPTLPEG.
Emouévadg, Ta TapaTmave AmmoTEAECUATA Pag odfynoay OTO CLUTTEPACUA OTI
n avénon Twv emmedwy NG cGMP oeidetal oTnVv evepyoTtToincn Twv sst2
OTTOSOXEV.

ITN OLVEXEIQ €EETAOTNKE N EUTTAOKN TNG NO: oTnNV avénon Twv eMTESWV
NG cGMP TTOL TTPOKANBNKE ATTO TNV CWHATOCTATIVN. APXIKA SIEQELVABNKE N

5pAaon TNG apyIvivng, TTOL ATTOTEAEI TTPOSPOPO OLCIA OTNV CLVOETIKA TTOPEIa
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NG NO:, oTa emimeda Tng cGMP. H apyivivn (250uM, n=5) avénoe Ta etmimeda
NG cGMP kaT1d oOTaTIOTIKG ONUAvTIKO TpotTo 134,5£17,0% (p<0,05 kpitrhpio
TTOAATIAQV oLYKPiIoewV Newman-Keuls). TNa TN PeAETN TNG eUTTAOKAG TNG NO-
oTn §pAcn TNG CWPATOOTATIVAG, O AUPIRANCTOOELISNG ETTWACTNKE TTAPOLTIA
NG owpatooTativng (0,TuM) kal Tou pn e6Ikob avacToAéa TNG cuvBaoNng TNG
NO:, NMMA (250uM, n=8). Ta ammoteAéouaTa bITooTNEICoLY OTI N AVACTOAA TNG
NOS peiwoe Tnv avbénon Twv emmedbwy TNG cGMP TToL TTPOKANBNKE ATTO TN

owpatooTativn ota RPacika ermmimmeda (IxHua 9).

TOUTTEQACHUATIKA, N OCWUATOOTATIVN PECW EVEQYOTTOINONG TWV  sst2

vTTodoxewv avfavel Ta emmimeda TNG NO- kal oTn cuvexela TNG cGMP.
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MdapTupag 0,01uM 0,TuM TuM 10uM
BIM23014

IXAMQa 7: Emispaon Tou sstz aywvioTh) BIM23014 ota emimeda TG cGMP oTov au®IBANCTEOEISA
apovpaiov. To BIM23014 avénoe Ta emimeda TNG cGMP KaTd OCLYKEVIPWOO-£EQPTWUEVO
TPOTO(N=6-16), ** p<0.01 KPITAEIO TTOANATTIAGY CLYKPICEwY Dunnett.
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IXnUa 8: Emispacn Tou ssts aywvioTty L-796,778 (10uM) ota emimeda Tng cGMP oTov
apPIPANCTPOEISH apovpdiov. Ta emimeda TNG cGMP &ev enpedoTnKay Amod TNV £mMidpacn ToL
sst3 EKAEKTIKOV avaAOyouL L-796,778 (10uM) oTov aupIBANCTEOEISH apovpdiov (N=5).
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Zxﬁpd 9: Emi6paon Tewv emméSwmv TNG NO- oTny emayOpevn amd Tn CWPATOoTaTivh adénon Tev
emmmedwv cGMP otov au@IiBAncTEoEIdr apovpaiovu. H apyivivn (250uM, n=5) avénoe ta emimeda
TNG cGMP oToV 10TO. O PN eKAEKTIKOG avaoToAéag TNG cuvBdaong TNG NO- NMMA (250uM, n=8)
mapovoia  TNG owpatootativng  (0,1uM, n=10) avéoTelke TNV Ao TN CWUATOOTATIVN
TTpokaAoLPEVN avbénon, * P<0,05 kPITAPIO TTOAATTAGY cLykpicewy Newman-Keuls, *** p<0,001
KOITHPIO TTOAAQTTAGYV CLYKPIoEWY Newman-Keuls.
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4.2.2 AvoOOICTOXNHIKOG EVTOTIIOUOG TNG KLUKAIKNG GMP
AVOOCOIOTOXNUIKEG HENETEG Exouv &ei€el TRV OTTApén TG cGMP ot

KOTTapa ToL auPIPANCTEOEISH (Johansson kal cuv., 2000). MNa va PeAETNOE
TEQAITEPW N emiépaocn TNG oCwPATooTATivAg oTa  emimeda NG cGMP
TTOPAYUATOTTOINBONKAY AVOCOICTOXNMIKEG UEAETEG OE TOUES APPIRANCTOOEISN.

H avixvebon g cGMP avoocodpacoTiKOTNTAG OTO  (PLOIOAOYIKO
AUPIPANCTEOEISH I OTOV AUPIBANCTOOEISA TTOL €iXe LTTOOTE TNV emidpaon sst2
OWUATOOTATIVEQYIKOL AVAAOYOUL, SeV £YIVE €PIKT. QOTOCO, £TTMACN TOL IOTOL
pe To 56TN TNG NO: SNP (TmM) avénoe ta ettimeda TNG cGMP, e ATToTEAECA N
cGMP avooobpaoTikOTNTA Va gival eupavng o owpaTta, AEoveg Kal atToANEeIg
SITTOA@V KLTTAPWYV, MEeAETEG oLVEVTOTTIOUOL TNG CGMP pe 1O SeikTn TWV
SITTOA@V KLTTAPWY TTOL oXeTiCovTal pe Ta papdlopopa kKLTTapa, PKC, amedeifav
OTI TG KOTTAPA AvTA €ival SiToAa KOTTapa oL oxeTiovTal Pe Ta PapdloPpopa

KOTTAPA TA KOTTAPA SNAASH TTOL eKPEALOLY TOLG sstz2 LTTOSOXEIG. (IxNua 10).
H evepyorroinon Twv sst2 DTTOSOXEWV KAl N TTEPAITEP® aALENON TWV

emmédwv NG cGMP  Sev NTrav  emapkng via va avénBe n cGMP

aAvooo05pACTIKOTNTA.
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IxXnHa 10: AvoOoOioTOXNUIKOG &VTOTIOWOS TNG CGMP  oTov  au@IBANCTOOEISN
apovpaioL émeTa amd  biEyepon pe SNP (ImM). cGMP  avocobdpaoTikotnta
TapaTNENONKe ot SimoAa kOTTApAa (A). Ta SimoAa avtd KOTTAPA OxeTiICOVTIaAl WE TA
papsdlopopa apoL n PKC avocodpacTikotnta (B) 1mou evromidetal og avutd Tov TOTTO
KOTTAPWYV cuvevTtoTtidetal pe avtr) TNG cGMP (I'). EoK: EcwTePIKr KOKKWENG oOTIRASA,
EcA: EcwTepikr SIKTLWTA OTIRASA.
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4.2.3 PoAog TnNg TvpooivopwoPparaong SHP-1

Mookelpévov  va  SIAMOTWOOLUE TNV EUTTAOKN  TNG  TLPOCIVO-
owoearaong SHP-1 oT1o pnxaviopd katd Tov omoio n cGMP  §pa
VELPOTIPOOTATELTIKA OTOV AUPIBANCTOEOEISH, UEAETACAPE TNV TTAPOLOIA TNG
SHP-1 oTov 1I0TO KABWG €MMoNG KAl TO POAO TNG OTNV EMAYOUEVN ATTO TN
owpartooTativn avb&énon tTng cGMP. Me TNV TeXVIKN TNG AVOCOATTOTOTIWONG, KAl
HE 1I0TO pAPTLPA TOV EYKEPAAIKO PpAoIO (Horvat kal cuv., 2001), SIOMOTWOAE

oTl, N SHP-1 evroTriletal oTOV AuPIPANCTEOEISN (IXAUa 11).
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IXnHa 11: Avoooamotdmewon SHP-1 katd Western TOWTEIVIKGY SelyUAT@Y AUpIBANCTOOEISH
KAl EYKEPANKOL PAOIOL poLPECIOL. ITO OXAUA TTAPATNEOLIE TA emiTTeda ékppacong TNG SHP-1
(Loplakd papoc: 50kDa) oTov AUPIPANCTEOEISH KAl OTOV £YKEPAAIKO PAOIO (I0TOC HAPTLEAG).

Tavtoxpovn xopnynon Tou avtaywvioTh TnG SHP-1 opBopavadikov
vVaTPIOL KAl CWHATOOTATIVAG OTOV AU@IRANCTEOEISH 0bnyel OTN peiwon TNG
ETTAYOPEVNG ATTO TN owHaTooTativn avénong Twv emmmédwy NG cGMP (IxAua
12) yeyovog 1oL LTTOSEIKVLE TNV DTTAPEN OTOV I0TO £VOG PNXAVIOUOL §pAoNng

TNG CWHATOOTATIVNG OTOV OTTOIO EUTTAEKETAI N TOPOTIVO-PWOPATACN SHP-1.
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IXnMa 12: Emispacn Touv aviaywviotg g SHP-1 0pBoBavasdikd VATPIO GTNV eMTAYOHEVN ATTO
N OWUATOoTATiVN abénon Twv emmedwy cGMP oTtov au@ipPAnoTtpoedny apovpdaiov. To
opBopavadikd vaTplo (1uM) yeiwaoe TNy emayouevn amo Tn cwpatooTtativn (SRIF, 0,1uM) avénon
TV emmmedwy NS cGMP oTov 1010. *, # p<0,05 KpITHPIO TTOAATIAGY CLYKpiIoewy Dunnett, **
P<0,01 KPITNPIO TTOAATTIAGY CLYKPIoEWY Dunnett (* oe oxéon e Tov pAPTLEA, # O OXEoN WE TN
owpaTooTarivn).

O 6e01EPOG KAl KOPIOG £0ELVNTIKOG OTOXOG TNG  OULYKEKPIUEVNGS
SISAKTOPIKNG  SIaTPIPAG ATAv N SnuIoLPEYIA  POVTEAWV  IOXAIYIAG  TOL
AUPIBPANCTPOEIS) KAl N PEAETN TOL  VELPOTIPOCTATELTIKOL POAOL  TNG
owpatooTativng. Ol YEAETEG PAG €0TIACTNKAY OTN dnuiovpyia SLO UOVTEAWY

IOXAIMIAg avToL TNG SlEyEPTOTOEIKOTNTAG KAl EKEIVOL TNG XNMIKAC IOXAIWIAC.

4.3 MONTEAA AMOIBAHITPOEIAIKHI IZXAIMIAL XE APOYPAIO

4.3.1 Aigyeproro§ikoTnra

Na Tnv TPEOKANCN SleyePTOTOEKOTNTAG XPNOIYoTTOINBNKay 1A SIeyePTIKG
auivoéea: kaiviko ofow (1, 2, 4mM), NMDA (0,5, 1,5, 3mM), AMPA (1, 3mM) kai
yAouTtapivikd of0 (1, 3mM). H avixveoon mOavnc vevbpoToikNG PAARNG oToV
I0TO HEAETNBNKE AVOCOICTOXNUIKG HE TN XPNON EKAEKTIKOU QVTICWUATOC EVAVTIA
oTNV aKeTLAOTPAVOPEPACN TNG XoAivng (Choline AcetyloTransfarase, ChAT), n

5pA0TNEIOTNTA TNG OTTOIAC PAIVETAI VA UEIVETAI OTOV AUPIPANCTOOEISN HE TNV
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emiépacn SeyepTIKY  APIVOEEWY KAl IOXAIWIKNG TIPOCROANG TOL I0TOL

(Siliprandi kar cuv., 1992, Osborne kai cvv., 1995, Kapin kai cuv., 1999).

Onwg aivetal kal oto oxnua 13, 1a Tpia SeyepTika auivoéea Sev
KaTagepay va emeépovy eEaANWN TNG ChAT avocoS0aoTIKOTNTAG KATW ATTO
TIC TTaPOLOEC OLVONKeS. MapoOAo ToL  @aiveral va peveral N ChAT
AvOOO0SPACTIKOTNTA OE OXEON ME TOV I0TO PAPTLEA OTIC TTIO  LWNAES
OULYKEVTPWOEIG TTOL XPNOIUOTToOINBNKAY, To oNua &ev e€aleipOnke (IxNua 13).

MNapAAANAQ, e0TIGCAPE OTN SNUIOLEYIA TOL PHOVTEAOL XNUIKNG ICXAIYIAG.

4.3.2 Xnuikn iocxaipia

MNa TNV MPOKANCN XNUIKAG I0XAIMIAG XPNOIWOTTOINONKE TTOWTOKOAAO aATTO
N PIPAIOYPAPIa OTO OTT0IO O XNWIKEG OLCIEG KLAVIOLXO VATPEIO KAl IS00EIKO
oL TTPOKAAEC AV IOXAIUIa O€ PETES ITTTTOKAUTTIOL (Reiner et al., 1990). O1 ovoieg
QULTEG pIpoLVTAl TNV avofia Kal TNV LTTOYALKAIYIa TTOL TTAPATNEOLVTAI Of
TEQIMTWOEIG 10XAiMIAG. To KLAVIOLXO VATPIO AVACTEAAEl TNV ofeldAacn ToL
MITOXOVEPIAKOL KLUTOXPWUATOG C, &V TO 1W0S00EKO 0L AVACTEAEl TO
YALKOAULTIKO £vCLPO TNG 3-PWOPOYALKEQAASEDSIKNG APpLEPOYWVACNG.

MNoayuaTtomoIiNBnKay  TNAOTIKEG  PEAETEG  YIA TNV AVELPECN  TWV
KATOAANAGWY CLVONK®WV YIa TNV TTPOKANCN ICXAIUIAC OTOV AUPIBANCTOOEISN
apovpaiov. Xpnoiyotoindnke N ChAT avocodpaaoTIKOTNTA YIA TNV Avixveuon
XOAIVEQYIKGV KOTTAPWY OTOV IOTO HAPTLEA KAl OTOV ICOXAIUIKO I0TO.

YOupwva pe TN ChAT avocodpaoTIKOTNTA, N £TGACN TOL I0TOL e 5, 50,
100 mM kai 25, 250, 500 mM 1060-0EIKO 0&L Kal KLavIoLXO VATPIO, AVTIOTOIXA
yia 60 kar 120 Aemta TMPOKAOAEl AU@IPANCTOOEISIKN 1I0XAIdia. XITIC TTEQAITEQW
WEAETEC HAG xpnoluyottoNdnkav Ta 5mM  1060-0fikob oftog kal 25mM
KLAVIOLXOL VATPIOL YIa 60 AeTTTA WG Ol I6AVIKEG CLVONKES YIa TNV TTPOKANCN
XNHIKNG I0XAIWIAg (ZXNHa 14).

H emmitevén TNG 1IoxaIpiag emPepaicdOnke €miong kal ammo TN xpwon TUNEL,
n OoTToia XPNOCIUOTIOINONKE OTIG XAUNAOTEQEG CLYKEVTPWOEIG (5MM 1060-08IKO
oL kal 25MM kuavioLXo vATPIo) yia 60 AemTtd (IxAua 15). ITov I0TO YApTLEA

Sev TTAPATNENONKAY ATTOTITWTIKA KOTTAPA. AVTIOETA, OTOV IOTO TTOL €iXE LTTOOTEI
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XNMIKNA 10XaIdia, N TTAPOLCIA TWV ATTOTITWTIKWY KOTTAPWY NTAV 0PATH O& OAEG
oxeSOV TIG OTIBASEG, EKTOG ATTO TN YAYYAIQKN.

Ta amoteAéopata avtd SNAVOLYV OTI TO POVTEAO TNG X VIVO XNUIKNG
IOXAIMiag  €ival KatAANAO  yIa TN PEAETN TNG  VELPOTIPOOTATETUTIKNG /
QVTIATTOTITOTIKAG 6§pA0NC TWV CWUATOOTATIVEQYIKWY AVAAOYWYV. LTN CLVEXEID,
OAEC Ol PEAETEC TNG TTAPOLOAG SIATPIRAG €CTIACAV OTN XPNON TOL POVTEAOL

avToL.

Zxr'ma 13: Ex vivo emiépaon Tev SieyepTIKeY apivogéwv NMDA, AMPA, Kaivikd Kal YAOUTAUIVIKO
o0&V OTOV AVOCOICTOXNMUIKO EVTOTTIOUO TV KLUTTAPWY TTOL EKPEACOLY TNV AKETLUAO TPAVOPEPADCN
TNG XOAivnG OTOoV  aAu@IPANCTPOEIS)  apovpaiov. XITov 1010  Japtopa (A), n  ChAT
avooospaoTIKOTNTA evTOT{ETAl O PPAXVIVA TNG ECWTEPIKAG KOKKWEOLSG KAl yaAyYAIGKAG
OTIPASAG, KABWG Kal Ot ATTOPLOEIC KUTTAPWY OTNV ECWTEPIKA SIKTLWTA OTIRASA. H xpwon
HEIONKE AANG TTAPEUEIVE OTA KOTTAPA TOL ICTOL TTOL EiXAV EMWAOCTE pe KAiVIKO oL (4mM, B),
NMDA (3mM, T), AMPA (3mM, A), yAoutauivikd of0 (3mM, E). EoK: ECWTEPIKY) KOKKWSENG
oTipAada, ECA: EowTepikr SikTuwTh oTIRAda, TK: yayyAiakn oTtipada. KAiuaka: 40pum.
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Zxr'ma 14: Emiépacn NG ex vivo XNUIKAC IoXAIUIAS OTOV aVOOOICTOXNHIKO EVTOTIOHO TRV
KOTTAPWY TIOL eKPPALOLY TNV CAKETLAO TPAVOPEPAON TNG XOAIVNG OTOV aU@IBANCTOOEISN
apovpaiov. H ChAT avocobpaoTIKOTNTA O¢ I0TO TTOL éxel eTWAOTE Ye PBS (A), evromiletal o€
Bpaxviva KOTTapa TNG E0WTEPIKAG KOKKWSoLGS (EoK) karl yayyAlakng oTiBadag (TK), kaBwg kal o€
ATTOPLOEIC KUTTAPWY TNG ECWTEPIKAG SIKTLWTAG oTIRASAG (ECA). Kauia xpoon dev mTapatneeital
O€ I0TO TTOL €IXE ETTWACTEI E TO YiyUa XNUIKAG IOXAIMIAG (5mMM 100600&IKO 0§1/25 MM KuavIoLXOL
varpiov) yia 60 AeTita (B) r Tapouvaoia povo Tou §ebTepoL avTiowuaTod (I). KAipaka: 40um.

IXAMa 15: EmiSpaon g ex vivo XNUIKAG I0XAIUIag OTov aTOTITON TV KOTTAPWY TOUL
AUPIPBANCTEOEISH) APOLECIOL. EVTOTIOUOS TGV ATTOTITWTIKWY KLUTTAPWY PECW® TNS Xpwwong TUNEL
o€ 10TO pApTLEA (A) KAl OE I0TO TTOL &XEl LTTOOTE XNUIKNA 1oxaIbia (B). TK: TayyAiakry oTipdada.
KAipaka: 40um.

4.3.3 MeAéreg BidoIUOTNTAG ICTOL

O 107G £TTEITA ATTO 2 WEEG ETTWACN O€ PLOPICTIKO SIGALUA TTAPOLTIACE
gévtovn ChAT avoco§pacTIKOTNTA TOCO O& XOAIVEQYIKA KOTTAPA TNG ECWTEPIKNG
KOKKGSEOLG Kal YAYYAIAKNG oTIRASAC, OCO KAl 0€ ATTOPLTEIC TV XONVEQYIKWV
KOTTAPWY OTNV  €0WTEQIKN  SIKTLWTA OTIRPASda ot ONO TO PAKOG TOL

AuPIPANCTEOEIS. META amo 6 wPeS Sev  TTAPATNPNONKE XPWoNn OTIG
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ATTOPVLOEIG, EVG O APIBUOG TV XOAVEQYIKWY KOUTTAPWY TTOL EVTOTTIIOTNKAYV Eival
ONUAVTIKA PIKPOTEPOG. ITIC 12 KAl 24 PEG ETTACNG O& PLOUICTIKO SIGALUA N
xpwon éxel eEalelpBOei TTANPWG, 08NYWVTAG YAG OTO CLUTTEQACHA OTI O 10TOG
Hag Sev eival TTAEOV AEITOLPYIKOG (IXAUa 16).

To Tapamavw ammoTéAeopa empPepalcddnke kal pe TN Xpwon TUNEL tTou
XPNOIUOTTOINBNKE OTOLG I61I0LG I0TOVG. ITIC 2 WEESC Sev TTAPATNENONKE XPWON
KAl ETTOMEVAG Sev LTTAPXAV VEKPA KOTTAPA OTOV I0TO. AVTIOETA, OTIC 6 WEEG
VEKPQA KOTTAPA AaPXIcaAv va gupavidovial, evew OTIC 12 Kal 24 peg LTTAPXAV

oxedov og OAo ToV I0TO (IxAUa 17).

IxXnMa 14: Emispaon Tou xodvou ex vivo emacng Tou IoTob oty ChAT avooo80aoTKOTNTA.
AVOOOICTOXNMIKOG eVTOTTIIOUOG TNG ChAT avooco§paoTIKOTNTAG O AUPIBANCTEOEISH apovpaioL
o€ I0TO TTOL EXEl ETWAOTEl PLOUICTIKO SIAALUA YIa 2 WEES (A), é wPES (B), 12 wpeg () kal yia 24
wPES (A). EoK: EowTePIKA KOKKWENG OTIRASA, ECA: EcwTepikn) SikTuwTA oTIRAda, IK: yayyAiakn
oTipada. KAipaka: 40um.
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IXAMa 17: EmiSpaon Tou XpdvouL ex Vivo €méyaong Tou I0Tod oTn PICIUOTNTA TGV KLTTAPGY
TOL AUPIPBANCTEOEIS) APOLPAIOL. AVOCOIOTOXNUIKOG EVIOTNOUOG TNG xpwong TUNEL o€
AUPIBANCTEOEISH) APOLPAIOL T I0TO TTOL EXEl ETTWACTE PLOUICTIKO SIAALUA YIa 2 WEES (A), 6
wPES (B), 12 wpeg (M) kal yia 24 opes (A). TK: yayyAiakn oTipada. KAiyaka: 40um.

4.4 ENIAPAIH IQMATOILTATINHI KAI IQMATOITATINEPTIKQN ANAAOIQN XITH
XHMIKH IZXAIMIA

Mia ammd TIC PACIKEC emMSINEEIC TNG EQYATIAC ALTAC NTAV N HEAETN TWV
TOAVOV VELPOTTIPOCTATELTIKAV ISIOTATWY TNG CWHPATOCTATIVNG O& CLVONKES
XNHIKNG 10XAIpiag, §edouEvNG TNG VELPOTTPOOTATELTIKNG Spdong TNG ouvaiag
ALTAG oTNV ermayopevn armo To NMDA veLpoToEIKOTNTA OTOV £YKEPAAIKO PAOIO
KAl OTO POVTEAO ATTOPPEAENG TNG MECNG £YKEPAAIKNG apTnpiag (Forloni kal cuv.,
1997, Rauca kai ouv., 1999).

H cwpaTtooTaTtivn Ouws Sev TTOOCTATELOE TOV AUPIPANCTEOEISH LTTO TIG
OLVONKEC TOL TEIPAPATOG PAG. @EAOVTAG va eEAKPIPACOLE TNV AITIA ALTOL
TOL APVNTIKOL ATTOTEAECUATOC PETPNOAME pe PadloavoooAoyikn TeXVIKA (RIA)
T €TiTESa TNG CWPATOOTATIVNG OTO PECO EMAACNG PAdi e TO Wiyha XNUIKAG

IOXAIWIag. AIQTIIOTOOAUE OTI N CWUATOOTATIVN YeTAPOAIETal LTTO TIC CLVONKES
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TNG XNUIKNG 10XaIiag, §edopévou OTI atmod 1M CwpaTooTaTivng TTapéueve 277+
33nM petd amd 30 AemTA. ITO YPAYOPO autd PLOUO HETAROANICUOL TNG

OWPATOOTATIVAG ATTOSOONKE KAl N EANEIYN TTOOCTATELTIKAG SpdoNng.

4.5NPOIAIOPIZIMOLX NEYPOIMPOZXTAXIAL KAl MEAETH THXI EK®PAIHI TQN
AIAOOPQN TYNQN  KYTTAPQN  EMEITA  AMO THN  EMIAPAXH
IQMATOLITATINHI KAl IQMATOITATINEPTIKQN ANAAOIQN KATA TH
XHMIKH IZXAIMIA

ITN OLVEXEIA XPENOIUOTTOINONKAV YIA TIC HEAETEG VELPOTTPOOTACIAC
OWUATOOTATIVEQYIKA AvAAoya TA OTToia eival oTtaBepoTtepa amod Tnyv idia ™
owWPATOOTATIiVR, OGS Ta sst2 avaloya BIM23014 kar MKé78, aAAd kail n
kopTioTaTivn. To BIM23014 atroTéAece TO avAAOYO €KEIVO E TO OTTOIO E£YIVAV Ol
WEAETEC O€ SIAPOPETIKEG OLVONKEC OTE va SIATOTWO0OLY o1 REATIOTEG
OLVONKEG OTTOL BA PTTOPOLCE VA TTIPOCTATELTE O I0TOG.

To sst2 avaloyo BIM23014 Atav TeEAKA IKAVO va TIOOCTATEWE! ATTO TN
XNMIKN 1I0XaIWia OTAV 0 I0TOG £€MWACTNKE YIa 1 pad (2X30 AeTTTA) HE TO Piypa TNG
XNHIKNG 1oXaIdiag kal 1o BIM23014 g cuykévipwon 1UM kal OTn CLVEXEID YIa
bIig  akoun @pa  (2X30 Aemtd) povo he TO  avAAoyo auto otnv  idia
ouykevTpwon. O CLVONKEC ALTEC XPNOIPOTIOINBNKAV YId TIC EMOPACEIC OTIG
OTTOAOITTEG CLYKEVTPWOEIC KAl AVAAOYQ.

O sst2 eKAekTIKOG aywVIOTNG BIM23014 mpooTdTELOE TOV I0TO KATA £va
OLYKEVIPWOO-EEAPTOUEVO  TPOTTIO, APOL Ot  oLykévipwon 0,1uM  Sev
emavagepe TNV ChAT avoocodpaoTIKOTNTA, €VW OTIC CLYKEVIPWOES TuM Kal
10uUM  gixape emavagopd TOL CNUATOG TOCO OE PEAxLIVA KOTTAPA TNG
E0WTEPIKNG KOKKWOOLG KAl YAYYAIQKNG OTIRASAG OCO KAl OTIC ATTOPLOEIG TWV
BPAXLIVRV KOTTAPWY TNG ECWTEPIKNG SIKTUWTAG OTIRASAG & OAO TO UNKOG TOL
auIPANCTPOEISN (IXNUa 18).

To i610 AkPIPWG ATTOTEAECUA TTAPATNPENONKE KAl PETA ATTO TN XPNON £vOg
AANOL s5t2 EKAEKTIKOU ay®VIOTH, TOL MK678 (IxAua 19).

H kopTioTtativn TPOOTATELOE KAl ALTH TA XOAIVEQYIKA KOTTAPA TNG
E0WTEPIKNG SIKTOUWTNAG KAl YAYYANIOKAG OTIRASAG KATA TOV i8I0 CLYKEVTPWOTO-

£€APTWMEVO WE TA sst2 EKAEKTIKA avaAoya (IxAua 20).
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YOUPWVA HE TIC MEAETEC QAULTEG TOOCO TA Sst2 CWUATOOTATIVEQYIKO
avaAloya 000 KAl N KOPTIOTATIVN, ETTLYXAVOLV REATIOTN VELEOTIPOOTACIA TOL
AUPIBANCTPOEISH ATTO TN XNMIKN I0XAIhia ¢ oLykeévipwon TuM. Ol 1oToi TNG
TAPATIAV®  OLYKEVIPWONG  XPNOIUOTTOINGNKAV  yid  TIG  TTEPAITEQW
AVOOOICTOXNUIKEG HMEAETEG TTOL APOPOLOAV TOLS SIAPOPOLE TOTTOLS KLTTAP WV
TOL AUQPIBANCTEOEIS KABWG KAl yId TNV KATAUETONON TWV XOAIVEQYIKWV

KOTTAPWV.
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}Zxr']pa 18: Apdion Tou sst2 avaidyou BIM23014 katd TNG XNUIKAG ICXAIMIAG AUpIBANCTEOEISN
apovpaiov. To BIM23014 Sev TpooTATELOE TOV I0TO OTAV XPNOIUOTIOINONKE O¢ CLYKEVTPWON
0.1uM (n=3, A) apov &ev TapaTtnpeital ChAT avocodpacTIKOTNTA. L& CLYKEVTPWOEIC TUM(n=5,
B) kai 10uM (n=3, T) TOo oNua emavépxetal. EoK: ECWTePIKT) KokkSNG oTIRASA, ECA: EcwTepKN
SikTowTr oTIRASa, IK: yayyAiakr omipdada. KAipaka: 40um.

IXAHa 19: Apdon Tou sst2 avaloyoL MK678 kaTtd TG XNUIKAG I0XAINIAg aupIBANCTOOEISH
apovpaiov. To MK678 &ev TTpooTATELOE TOV I0TO OTAV XPNOIUOTTOINONKE o€ oLYKEVTPWON 0,1uM
(n=3, A) apobL &ev Tmapartnpeital ChAT avocodpacTIKOTNTA. e CLYKEVIPWOEIS 1UM(n=4, B) kail
10uUM (n=4, T) TO CAUA ETTAVEDXETAI, KLPIWG OTA PPAXLIVA KOTTAPA TNG E0WTEPIKNG KOKKWOSOLG
oTIpadag. EoK: EcwTtepIkr) KokkaENG oTiRAda, ECA: EcwTtepikn SIKTLWTA oTIRAda, IK: yayyAiakn
oTipada. KAipaka: 40um.

IXAHAa 20: Apdon TNG KOPTIOTATIVAG KATA TNG XNUIKAS IOXAIUIAC AUPIBANCTOOEISH apoLEAiou.
H kopTioTaTivn §ev TPOOTATELOE TOV IO0TO OTAV XPNOIUOTTIOINBNKE O¢ CLYKEVTPWOoN O,1uM (n=3,
A) apobL sev Tmapatneeital ChAT avoocodpaoTIKOTNTA. L& CLYKEVTPWOES 1TUM(n=5, B) kal 10uM
(n=3, T) To onua emavépxetal. EoK: ECwTePIKA KOKKDONS OTIPASA, ECA: ECWTEQIKN) SIKTLWTA
oTIpada, TK: yayyANiakn oTtipdada. KAipaka: 40um.
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Onwg @aivetar  kal  amo TG TTAPATIAVR  PWTOYPAPIEC N
VELPOTIPOOTACIA O& OULYKEVTIPWON TUM TV  SIaPOP®WY OLOIWY  TTOL
HEAETABNKaV &ev ATAV 0LTE TTANENG AAAG Kal oLTE N iS1a kal oTIC SLO OTIRASEG
yia Ta S1a@opeTiKG avaloya. MNa va LTTOAOYIOTE KAl TTOCOTIKA N TTOIOTIKA ALTA
EKTIUNON, £YIVE N KATAPETPNON TWV  KOLTTAPWY TIOL ekppalovy ChAT
AVOOO050ACTIKOTNTA KAl TA ATTOTEAECUATA CLYKEVTPWVOVTAl OToV TTivaka-3. H
KopTioTaTivn kal TO BIM23014 @aiveral va mTEooTateboLy Ta KOTTAPA TNG
E0WTEPIKNG KOKKGWSEOLG KAl TNG YAYYAIGKNG oTIBASAG e€icov, Ye TTOCOOTO TTOL
PTAVEl TTEQITTOL TO 58% YyIa TNV KOETIOTATIVN KAl TO 75% yia 10 BIM23014 Toov
KOTTAPWY TTOL KATAUETOPOLVTAI OTOV I0TO pdapTued. To MK678 paiveral va
SEIXVEl PIA EKAEKTIKOTNTA, TTOOCTATELOVTAG OE PHEYAADTEQO TTOCOOTO TA KOTTAPA
TNG EC0WTEPIKNG KOKKWSEOLGS OTIRASAG, TTEQITTOL 72%, O¢ avTiBeon pe Ta KOTTAPA
NG YAYYAIGKAG oTIRASAG OTTOL PaiVETAl VA TA TIOOCTATELEI OE TTOCOOTO UOAIG
24%.

Mivakag-3: O apiBuds TV KLTTAP®Y TToL ekPPAlovy ChAT avoocodpacTiKOTNTa
EKPPACHEVOC WG TTPOG ToV % APIBUO KOTTAPWY TOL ICTOL TTOL EiXe EMWACTE UOVO UE
PLOUICTIKO SIGALUA KATA TN SIApKeEIa TOL TEIPApaATog (n=21). KopTtioTtativn (n=12),
BIM23014 (n=13) kai MK678 (n=9). EoK: EcwTepikry Kokkoboug oTipdada, TK: FayyAikn
oTpada.

% KOTTAPWY OTOV I0TO HAPTLEA

Emidpaon

VELPOTTPOCTACIAG EoK rK AUPIBANCTPOEISNG
KopTtioTarivn 58,6+11,5 58,158 58,3+ 3,9
BIM23014 77,849 73977 759 4,9
MK678 72,452 24,1 £ 4,2 49,4+ 4,6

Karrolol TOTTOI KOTTAPGY TOL AUPIRANCTEOEISH, OTTWG TA SITTOAA KOTTAPA
oL ovvéeovTal Pe Ta papdia kal Ta Ppaxviva TTov TTapdyovy L&EpoELAAoN TNG
TLOPOCIVNG KAl VELPWVIKA cuvBdaon Tov NO- aiveral o erTnpealovTal Ao TN
XNMIKN 10XaIia. LITIG TTEQITITAOEIG ALTEG, N AVOCOSPACTIKOTNTA TWV AVTIOTOIXWV

KOTTAPIKQV SEIKTWV eEAAEIPONKE KATGW ATTO TIC CLVONKEG TNG XNUIKNG 10XAIWIAG,
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EVQ TTAPEUEIVE ETTEITA ATTO TNV £TTISPACN TWV VELPOTTPOCTATELTIKGYV OLOIWY
(IxnuaTta 21, 22, 23).

IXAHA 21: AvOOOIoTOXNUIKOG EVIOTIOHAS TNG PKC HETG OTTO XNUIKRA I0XAIWIA AppIBANCTROEISH
apovpaiov. H PKC evtomideTal OoTa KOTTAPIKA CWUATA, TOLG AEOVEG KAl TIC ATTOAAELEIC TWV
SITTOAGY KLTTAPWY TTOL oXeTICovTal e Ta PARSIOPOPA KLTTAPA C¢ I0TO YApPTLEA (N=5, A). Kapia
XPWaon &ev TTAPATNEEITAI OTOV IO0TO TTOL EXEl LTTOOTEN XNUIKA IoXAIYia (N=5, B) 1| emwAOTNKE
TTapoLoia povo SebTEPOL avTiowuaTog (). H koptiotativn (1uM, n=4, A), 7o BIM23014 (1uM,
n=3, E) kal To MKé78 (1uM, n=3, Z) emavagpépouvy TNV PKC avocodpaaoTikOTNTA TTAPOLCIA TOL
MIYHMATOG TNG XNUIKAG 1oXaIbiag. EEA: EEwTepikr) SIKTLWTA OTIRASA, EoK: ECWTEQIKA KOKKWENG
oTIpAda, ECA: Ecwtepikr SiKTLWTH oTIRASA. KAipaka: 40um.
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}Zxr']ua 22: AvOCOICTOXNUIKOG EVTOTTIONAG TNG TH HETG ammd XNUIKA I0XAIWIa apPIBANCTOOEISH
apovpaiov. H TH evrotileTal OTA KLTTAPIKA CWUATA KAl TIC ATTOPLOEIC TV PPAXLIVGY KLTTAPWYV
TNG £E0WTEPIKNG KOKKWSOLES Kal SIKTLWTAG OTIRASAS o€ 1I0TO papTupa (N=5, A). Kapia xpwon dev
TTAPATNEEITAl OTOV I0TO TTOL E£XEl LTTOOTEI XNUIKA 10XaIWia (N=5, B) N eMACTNKE TTAPOLOIA POVO
SevTepoL avtiowuatog (). H koptiotativn (1uM, n=3, A), To BIM23014 (1uM, n=3, E) kal To MK678
(TUM, n=3, Z) emavagépovy TNV TH avocodpacTiKOTNTA TTAPOLCIA TOL WiYUATOC TNG XNUIKAS
Ioxaipiag. EoK: EowTepikr) KOKkwdNG oTiBAda, ECA: EcwTepikr) SIKTLWTA oTIPada. KAipaka: 40um.
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}Zxr'ma 23: AVOCOICTOXNUIKOG EVTOTTIONOG TNG bNOSs LeTd aTtd XNUIKT I0XAIMIA QUPIRBANCTOOEIST
apovpaiov. H bNOs evromileTal OTA KUTTAPIKA COUATA KAl TIC ATTOPLOEIS TV PPAXVLIVGV
KOTTAPWY TNC ECWTEPIKAG KOKKWSEOLES Kal SIKTLWTNG OTIRASAS o€ 10TO pdapTupa (N=5, A). Kapia
XPWon &ev TTAPATNEEITAI OTOV IO0TO TTOL EXEl LTTOOTEN XNUIKA IoXAIYia (N=5, B) 1| emwACTNKE
TTapoLoia povo SebTEPoL avTiowuaTog (). H koptiotativn (1uM, n=3, A), 70 BIM23014 (1uM,
n=3, E) kal To MKé78 (1uM, n=3, Z) emavagépouy TNV bNOs avocodpaacTiKOTNTA TTAPOLCIA TOL
HIYHATOG TNG XNUIKNG Ioxaipiac. EoK: EcwTepiKA KOKKOSNS oTIRASA, ECA: EcwTePIKA SIKTLWTH
oTIpada. KAiyaka: 40um.

AVTIOETQ, TA yaAyYAIOKA KOTTapa &ev pAvnkayv va emnpedalovTal amo Tn
XNMIKN 1oxaipia (IxHua 24). QG ek TOLTOL, AvAAOYaA TOL ssts LTTOSOXEC © OTTOIOG

eVTOTTICETAl OTA YAYYAIQKA KOTTAQA &€V ETTEPEQAV KAPIA TTPOCTACIA KATA TN

oLYXOPNYNON TOLG WE TO Wiypa TNG X. I.
AeS0UEVNG TNG VELPOTTPOOTATELTIKAG SpAoNG TWV sst2  AvaAoywv

WEAETHOAUE TNV TMOAVI TTI6pacn TNG XNUIKAG ICXAILIAG OTNV EKPEACN TOL Sstaa

vrrodoxéa. Kapia petapoAn v mapatnonOnke.
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}Zxr']pa 24: AVOCOICTOXNUIKOG EVIOTIONOS TG MAPTA  petd  amod  xnuikn  Ioxaibia
AUPIBANCTPOEIS apovpaiov. H MAPTA eviomidetal oTa KOTTAPA TNG YAYYAIGKAG OTIRASAG o€
I0TO UAPTLPEA (A). Agv TTAPATNEOLVTAI UETAROAEC OTN XPWON TOL IOTOV TTOL £XEI LTTOOTEN XNMIKN
loxaiyia (B) Tmapovcia kopTmioTtativng  (1uM, T), BIM23014 (1TuM, A) 1 MKé678 (1uM, E)
eTmava@épouy TNV TH avocodpaoTiKOTNTA TTAPOLOIA TOL HiYUATOC TNG XNUIKAS 1oxaibiag. TK:
yayyAlakn oTtipada. KAipaka: 50um.

ATTOTELOG OTOXOG TNG TTAPOLOAG MPEAETN ATAV N SIAAeLKAvVON TOL
UNXaVIOWOL  PECG  TOL  OTIOIOL  TA  CWHATOOTATIVEQYIKA  AvAAoya

SIEKTTEQLAIVOLV TIG VELPOTIPOCTATELTIKEG TOLS SPACEIG.

4.6 MHXANIZIMOI NEYPOIPOZXTAIIAL

MEANETEG O€ TOUEG EYKEPAAIKOV PAOIOL £5ei€av OTI N CWUATOOTATIVN KAl
TO avaloyod TNG OKTPEoTidbn TmpooTaTteLel Tov  PAoIO  amd  NMDA
SIEYEPTOTOLIKOTNTA PECW evOG cGMP-e€apTopevou povortatiob (Forloni et al.,
1997). EmMmpooBeTa, amod TIG PEAETEG TOL €OYAOTNPIOL PAG YvwpEIilaue OTI N
owpartooTativn puvBuilel Ta emireda Tng NO- (Vasilaki et al 2002) kai Tng cGMP
(MapoLOa PEAETN) MECK TWV sst2 LTTOSOxEWY. Ta Seboueva avTa pag odnynoav
oTnV LTTOBECN OTI TA CWUATOOTATIVEQYIKA AVAAOYA TTAPEXOLY TTPOCTACIA

HEow evog NO-/ cGMP e€EapT@UEVOL PNXAVICUOU.

MEOKEIPEVOL VA EPELVACOLUE ALTAV TNV LTTOOECN HEAETACAUE APXIKA
TOV TIPOOTATELTIKO POAO TNG NO- kal TNG cGMP oTov au@IiPANCTPOEISN
XPNOIUOTTOIOVTAG PoOpIa TTov avéavouv Ta emimeda TN NO- kabBwg kal To

avaioyo TN cGMP 8-Bpwuo cGMP.
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Nna tv avénon twv emmedwy NG NO- xpnoluoTToINBNKe APXIKA N
apyIvivn, n oTtoia atroTeAEl TO LTTOCTPWUA YIa TNV TTapaywyn TNG NO: kal o
501TNG TNG NO: SNP. Y1a TTeIpApaTa auTd, Ol I0TOI EMWACTNKAV UE TO Wiypd TNG
XNUIKAG 10XAIMIAG TTAPOLCIA  TTOIKIAAGWY  CLYKEVTPWOEWY TWV  TTAPATIAV®
OLOIWV. ITA IxNuaTa 25 kal 26 TTapovoIAlovTal TA ATTOTEAECUATA TWV PEAETV
avtov. Ol oLCIEC ALTEG eV PAIVETAl VA €ival IKAVEG VA TTPOCTATEYOLY TOV
aupIPANCTEOEISA aTTO TN XNUIKA 1oXalpia dedopévou OTI dev TTAPATNPNCAUE
AVAOTOA  TNG EmaAyodevng amo TNV Ioxaihia peioon g ChAT

avooodpacTIKOTNTAG.

}Zxr']pa 25: Apdon NG apyvivng Katd TNG XNUIKAG ICXAINIAC aupIBANCTOOEISH apovpdaiov.
AVOOOICTOXNMIKOG eVTOTTIOUOG ChAT avooo50aCTIKOTNTAG O€ IOTO TTOL £XEl ETTWACTE UOVO [E
PLOUICTIKO SiIGALUa (A). Kaia xpwon dev TapaTNEEiTal o€ I0TO TTOL £XEl LTTOOTE XNUIKM I0XAIWia
(B) 1 éxer emwaoTel pe TO Piypa TNG XNUIKNG Ioxaidiag mapovaoia apyivivng 0,05mM (), 0,25mM
(A) A 2mM (E), n=3. EcK: ECwTEPIK) KOKKWSENG OTIPASA, ECA: EowTepikn) SIKTLWTH OTIRASA, TK:
rayyAiakr omipada. Khipaka: 40pum.
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IXAMA 26: Apdon 1oL SNP kaT& TNG XNMIKAG IOXAINIAC QUMIPANCTOOEISH apOoLEAIOL.
AVOOOICTOXNUIKOG eVTOTTIOUOG ChAT avooo50aCTIKOTNTAG O€ IOTO TTOL £XEl ETTWACTE UOVO [E
PLOUICTIKO SiIGALUa (A). Kaia xpwon dev TApaTNEEiTal o€ I0TO TTOL €XEI LTTOCTE XNUIKH I0XAIWia
(B) 1y £xel ETTGAOTEI PE TO Piypd TNG XNWIKAG IoXaIpiag TTapovaia SNP 0,5mM (), TmM (A), 2mM
(E) i 4mM (Z), n=3. EoK: EcwTepikn KokkdNG oTiRAda, ECA: EcwTepikn SIKTLWTA OTIRASA, TK:
rayyAiakr omipada. Khipaka: 40um.

AvTiOeTa, TO SIN-1 TTOL aTTreAeLBePVEl NO- kal n 8-Br-cGMP tTou cival éva
avaloyo TNG cGMP TTepIccoTEPO SIATTEQATO OTIC PEUPPAVES, NTAV IKAVA va

ETTAVAPEPOLY TN XPWON TWV XOAVEQYIKWV KOTTAPWY TTOL €iXe e€aAeIpOEl KaTA
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TN XNUIKN 1oxaipia (Ixnua 27, 28). To NONOate mmou ameAevBepvel NO- apyd
ETTAVEPEPE HEPIKAGC TN XPWON TWV XOAIVEQYIKWV KLUTTAPWV (IxAua 29). H
TTPOCTACIA TTOL TTAPEXOLY ALTA TA AVAAOYQA €ival CLYKEVIPWOO-EEAPTWMEVN.
Mo ovykekpiyeva, 10 SIN-1 OTQV CLYXOPENYEITAI PE TO Miyuda TNG XNMWIKAG
IoXalIpiag og ovykevTpwon 0,1MmM, gaiveral OTI TTPOCTATELE TOV ICTO ATTO ALTH.
Y€ HEYOAUTEPEG OPWG oLYKeVTPwaoelS (0,3 kal TmM), n TTpooTacia ¢Bivel cav
ATOTEAECHA TV avénuevey emmedwyv TNG NO-. To 8-Br-cGMP mrapéxel N
HEYIOTN TTPOOTACIa OTAV XPNOIUOTIoIEITAI O oLYKEVTIpwWon 0,5MmM, eve ot
LUEYOAOTEQEG 1N HIKPOTEPEG oLYKevTpwoeg (0,1 kar TmM) Sev TTPOKAAE
IKAVOTTOINTIKA) TTpooTacia amd TN xnuikh 1oxaiyia. To NONOate 66pa
TTOOOTATELTIKA KLPIWG OTN CLYKEVTOWON SUM XWEIC OUWS va TTAPATNEOLE

TTANPN TTEOOTACIA ATTO TN XNMIKA 1I0XAIUiaL.

IXAMA 27: Apdon Tou SIN-1 katd TG XNUIKAS IOXAIMIAG QpPIBANCTEOEISH apoLPdiov.
AVOOOICTOXNMIKOG eVTOTTIOUOG ChAT avooo50aCTIKOTNTAG O€ IOTO TTOL £XEl ETTWACTE UOVO [E
PLOUIOTIKO SiIGALUa (A). Kapia xpwon dev TApaTNEEiTal o¢ I0TO TTOL €XEI LTTOOTE XNUIKK I0XAIWia
(B). H xpoon emmavagéperal o€ TTOAD JeyAAO RBABUO OTOV IOTO TTOL éXEl ETTCAOCTEN YE TO Hiyua TNG
XNUIKNG 1oxaipiag rapovaia SIN-T1 0,1TmM (I), eved apxilel va @Bivel evTLUTIOOIAKA O ApIBUOG TV
KOTTAPWY OTOV I0TO OTIC CLYKEVTPWOEIS 0,.3MmM (A) kal TmM (E), n=3. EoK: ECWTEPIKN KOKKWENG
oTiPAada, ECA: EowTepikr SikTuwTH oTIpada, MK: yayyAhiakn otipada. KAiuaka: 50pum.
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IXAHA 28: Apdon TNG 8-Br-cGMP -1 katd TN XNUIKAG I0XAIMIAG AUPIBANCTOOEISH ApoLEAIOU.
AVOOCOICTOXNMIKOG eVTOTTIOUOG ChAT avocodpaoTIKOTNTAG O€ I0TO TTOL £XEl ETTWACTE UOVO [E
PLOUICTIKO SiIAALUa (A). Kapia xpoon dev TapaTneeiTal o¢ 1I0TO TTOL £XEl LTTOOTE XNUIKH I0XAIYia
(B). H xpoon e£mavagEipeTal PEQIKWS OTOV I0TO TTOL EXEl ETTWAOTEN PE TO Wiyud TNG XNUIKAC
Ioxaipiag Trapovaoia 8-Br-cGMP 0,1mM () kai TmM (E), eved oe ouykévipwon 0.5mM (A) n
ermavaopd cival oxedov TARPNG, N=3. EoK: EcwTEPIK KOKKWSNG OTIRASA, ECA: EcwTepikn
SIKTLTH oTIRASA, TK: yayyAiakn oTipada. KAipaka: 50um.

Ta TaPATTAVE ATTOTEAECUATA EMRERAICOVOVTAl KAl KATA TN OHUAVON ME
TUNEL TV QmOTT@TIKG®V KOTTApwV (IxAua 30). Itov 10TO pdptupa bev
epavifovral ammoTTTIKA KOTTAPA, OTTWS KAl OTOV IOTO TTOL EXEl TIOOCTATEVTEI
amod TN XNUIKA 1oxaipia (SIN-1 0,TmM kai 8-Br-cGMP 0,5mM), eve pIKpOG
APIBUOC ATTOTITWTIKWY KLTTAPWY EUPAVICETAI OTOV I0TO TTOL EXEl TIOOOTATEVTEI
ueEPIKG (NONOate 5uM). H onuavon TTOAA@Y ATTOTITTIKWY KOTTAPWYV €ival
EUPAVAG OTOLG IOTOLG TTOL €iXAV LTTOCTE XNUIKN I0XAIUIA, KABWG eTTiIONG KAl
OTOLG 1I0TOLG OTToL ol ovaoieg SIN-1 (TmM), NONOate (TuM) kal 8-Br-cGMP

(0,TmM) ¢ oTABNKAV IKAVES VA TOV TTOOCTATEWOULV.
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IXAHa 29: Apdon tob NONOate katd TnG XNUIKAG I0XAINIAS aUPIBANCTOOEISH) apoLEAioL.
AVOOOICTOXNMIKOG eVTOTTIOUOG ChAT avocoSpaoTIKOTNTAG O€ I0TO TTOL £XEl ETTWACTE UOVO [E
PLOUICTIKO SiIAALUa (A). Kaia xpoon dev TapaTneeiTal oe 1I0TO TTOL £XEl LTTOOTE XNUIKH I0XAIYia
(B). H xpwon emavagéperal eAAXIOTA OTOV 1I0TO TTOL EXEl ETTWAOCTE PE TO MiyUa TNG XNUIKAC
loxaipiag mapovcia NONOate 1puM () kar 10uM  (E), evdd OE OCLYKEVIPWON  5uM (A)
TTAPATNENONKE N HEYIOTN €TTaAva@opd TOL OPWC dev ATAv TANPENG, n=3. EoK: EcwTepikn
KOKKQOENG oTIRASA, ECA: ECwTePIKN SIKTOWTA OTIRASA, IK: yayyAiakn oTiBada. KAiyaka: 50um.
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Ixnua 30: AvrarmormTaTky §pdon Tev 8-Br-cGMP, SIN-1 kai NONOate kaTtd tng XnuIKAG
IOXQIUIAG auPIPANCTEOEISH) apovpaiov. Inuavon pe TUNEL ammoTTTIKGY KOTTAPWY. IToV I0TO
TTOL EXEl ETTOACTEN HOVO PE PLBUICTIKO SIANLPA (A) Sev eu@avilovTal ATTOTITATIKA KOTTAPA, OF
avTifeon pe Tov 1I0TO TTOL €XEl LTTOOTEN XNUIKN 1oXaIia (B). ATTOLCIA ATTOTITWTIKWY KLTTAPWYV
TTAPATNEEITAl  OTOV I0TO TTOL £XEl ETTWACTEN PE TO UiyUda TNG XNUIKAC IoXaIpiag Tapovoia 8-Br-
cGMP 0,5mM (I) A SIN-1 0,TmM (E) kail Aiya amroTIT@TIKG KOTTAPA O& ALTOV TTOL £XEl ETTWAOCTEI e
NONOate 5uM (@), e€aitiag TNC TPOCTACIAG TTOL TOL TTAPEXOLY. L& CLYKEVTPWOEIC 8-Br-cGMP
0.1mM (A) ) SIN-T TmM (Z) 4 NONOate TuM (H) mrapoucia Tou piypatog XNUIKAS Ioxauiag
epavifovTal amoTTTIKA KOTTAPA KAl KApia TTpooTacia dev Tapéxetal otov 1070, KD yayyAiakn
oTipada. KAipaka: 50um.
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4.6.1 Emispaon tou SIN-1/L-kvoTeivn otn Xnuikn loxaipia

Onwg mpoavagépdnke 10 SIN-T petapoAiletal oe TTEPOELVITOPWEES TO
OTIOIO pTToPEl va §pa VELPOTIPOOTATELTIKA. A va eAeyxBei Aoimmov av n
TTPOOTATELTIKA S§pAcn Tou SIN-T opeileTal OTO TTEPOELVITPWEES, €EETACTNKE TO
KaTd TO00 N L-kuoTeEivn, N ouvoia TTOL ATTOUAKPELVEI TO  AVEMOLUNTO
TTEQOELVITOWSEEG, AVACTEAAEI TIG TTPOCTATELTIKEG SpATeg ToL SIN-1 oTn XNUIKN
Ioxaldia. H L-kuoTeivn peiwoe eEPIKWS TN TIOOCTATELTIKN §pdcn Tou SIN-1, OTTWG
(aivetal kal oto oxAua 31, apoL LTTHPXE CAUAVON KATTOIWY XOAIVEQYIKWY
KOTTAPWV. Ta amoTeAéopaTta avta empepaivovTal kal amo TN xpwon TUNEL
(Ixriua 32).

IXAHa 31: AvooOoICTOXNUIKOG evTOTONOG ChAT avoooSpacTkOTNTAg Of I0TO TTOL  ExEl
ETTWAOTE YOVO e pLOUICTIKO SiIdAvpa (A). Kapia xpoon dev TapaTtneeital oe 1I0TO TTOL EXEl
LTTOOTE XNUIKA 10XaIdia (B). H xowon emavagEpeTal OTOV IOTO TTOL £XEl ETTOACTE! UE TO Piyha TNG
XNUIKAG 1oxaihiag mapovaia SIN-1 0,TmM (), eved mapovaoia kal TnG L-kuoTeivng 5mM (A),
TTAPATNEEITAl XPWon Aywv XOANVEQYIKWY KLUTTAPWYV. EOK: ECwTEQIKA KOKKMSNG OTIpASA, ECA:
Ecwtepikn) SikTuTA oTIRASA, TK: yayyAiakr oTipada. KAiyaka: 50um.
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IXAHa 32: rApavon pe TUNEL QmmoTITeTIKGY KOTTAPGY. ITOV I0TO TTOL EXEl ETTAOTE UOVO e
PLOUICTIKO SiIAAvua (A) dev eugavilovTal ATTOTITWTIKA KOTTAPA, O& AVTIOEON HE TOV IOTO TTOL EXEl
LTTOOTE XNUIKA 10XaIdia (B). ATTOLCIA ATTOTITWTIKWY KLTTAPWY TTAPATNEEITAI OTOV I0TO TTOL EXEl
EMWAOTE PYE TO PiyHA TNG XNUIKAG 1oxaidiag mapovaoia SIN-1 0,1mM (I), eve mapouvaia SIN-1
0.1mM/L-kvoTeivng 5mM (A), TapaTNEOLVTAI APKETA ATTOTITWTIKA KOTTAPA TTOL PAPTLEOLY TN
HEPIKA TTPOCTACIA TOL I0TOL. TK: yayyNakn oTmipdada. KAipaka: 50um.

4.6.2 Emiépaon tou SIN-1

MeTd ammd TNV emmTLXA TTEOCTIABEIA VELPOTTIPOCTACIAG WE TNV TTAPOXN
KATAANAWY cLykevTpwoewy TNG NO- uécw xopnynong tou SIN-1, yeAeThoauE
TNV €miépacon ToL AvaAOYOL ALTOL TE LYIEIG IOTOVG, YIA VA EEAKPIBAOTOLE EAV
10 SIN-1 O€ KATTOIEC CLYKEVTPWOEIG UTTopEl va §pa kal Toikd. Or IoToi TToL
emwaotnkav pe SIN-1 oe ovykevipwoes 0,1 kar TmM @davnkav va unv
€mNEEAlOLY TOV I0TO OTNV  EKPPACN TWV  XOAIVEQYIKQV KOTTAPWV. XTn

HEYAADTEQN CLYKEVTOPWON TV 3MM, 0 I0TOG TTapoLCIacE PeyYAAN Peioon TNG
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EKPPACNG TWV XOAIVEQYIKGWV KLTTAPWYV, OTIWC KAl TTANBOG ATTOTITMTIKWY
KOTTAPWY, O8NYWVTAG PAG OTO CLPTIEPACHA  OTI TTAPNXONoav  LWNAEG

ouykevipwoelg TNG NO-, TOEIKES yia TOV I0TO (IXNua 33, 34).

IXAHA 33: ILYKEITKA 5pAcn SIAPOPETIKGOY OLYKEVIPGOEWY SIN-1 ot auPIBANCTEOEIST
apoLEAIOL. AVOCOICTOXNUIKA XPWaonN Yia TNV ChAT o€ 1I0TO TTOL £XEl ETTOACTE JOVO UE PLBUIOTIKO
SIaALUa (A). ITov I0TO TToL éxel emwacoTel pe SIN-1 0,1mM (B) f) SIN-T 1TmM (1) &ev eupaviletal
ATTAEIA TV XOANVEQYIKWY KOTTAPWY, OTIWS CLUPRAIVEI OTOV ICTO TTOL £XEl ETTAOTE! e SIN-1 3mM
(A), n=2. EoK: EowTePIKT KOKKWDENG OTIRASA, ECA: EowTepikn SIKTLWTH oTIpAda, TK: yayyAiakn
oTipada. KAipaka: 50um.
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IXNHA 34: AvVTIOTTOTITGTIKY §0ACTN SIAPOPETIKMY CLYKEVTEMOEWY SIN-1 KaTd TN XNUIKH I0XaIuia
oe auPIPANCTPOEISH apovpdiov. InUavon pe TUNEL ammomT®TIK@Y KOTTAPWY. ITOV I0TO TTOL £XEl
ETTOAOTEI POVO PE PLBUICTIKO SIGALUA (A) ) YE TN XAUNAR ouykévipwon SIN-1 0,TmM (B) &ev
ePQaviovTal amoTTTIKA KOTTAPA. YTOV IOTO TTOL EXEl ETTOACTE PE TN UEYAADTEQN CLYKEVTPWON
SIN-1 3mM (I') TapovoiddovTal aToTITTIKA KOTTAPA. [K: yayyAiakr oTipdda. KAipaka: 50um.

4.6.3 Emiépaon TtovL avacrtoAéa TG ovvldong ¢ NO- NMMA omn

VELPOTTPOOCTATELTIKN §pdon Tov BIM23014

Ta TTAPATIAV® ATTOTEAECUATA oLVNYOPOLV LTTED NG
VELPOTTPOOTATELTIKAG §pdong TNG NO- kal TN cGMP oTov ap@IRANCTEOEISN
apovpaiov. To €p@TNUA TIOL APOPA TOV APXKO PaAg OToOxo cival To
onuatobotikd povorar NO:/ cGMP euTTAékeTal OTIC VELPOTTPOOTATEVTIKEC
Spdoec  TNG OwEATOOTATiVNG  HECW TV  sstz LTToSOxéwVY  OTOV
au@iBAncTpoeidn; TPOoKeEPEVOL va ammavinBei TO £pWTNUA, €EETACTNKE AV N
avaoToAn TNG ocvvBaong TNG NO- KAl WG €K TOVTOL N HEIWON TWV ETITTESWV TNG
NO: cival IKavr) va avaoTpéWel TNV TTPOCTATELTIKA §pAcn Tou sst2 aywvioTn
BIM23014. To NMMA, 0 avaoToA£aG OA®WV TWV ICOMOPPWY TNG ocLvBACNG TNG
NO:, avéoTaAe TNV  TIEOOTATELTIKA Spdon Touv BIM23014, agol  &ev
TTAPOLOIACTNKE XPWON XOAIVEQYIKWV KLTTAPWY KATA TNV £TTGACN TOL ICTOL LE
TO Miyda TNG XNMIKNG Ioxalhiag mapovcia BIM23014 1TuM kai NMMA 0,5mM
(Ixrjua 35).
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IxnMa 35: Emispaon Tou avacToiéa TG ovvBdong NG NO- NMMA oTn VELPOTTOOCTATELTIKN
Spdaon ToL BIM23014 kaTA TN XNUIKA IOXAIhia  OTOV  APPIBANCTEOEISH  apovpaiou.
AvoooioToXNUIKA XPwaon yia TV ChAT o€ I0TO TTOL £XEl £TTWACTE JOVO e PLOUICTIKO SIAALUA
(A). Kauia xpoon &ev TTApATNEEITAl OTOV I0TO TTOL £XEl ETTOACTEl PE TO MiyUa TNG XNUIKAC
loxaipiag (B). To oAUa €TAVAPEQETAI OTOV I0TO TTOL €XEl ETTACTE PE TO PIYHA TNG XNMIKAG
loxaipiag kal BIM23014 TuM (1), eve e€agaviletal 6TAV €XEl £TWACTEN PE TO Hiyua TG XNMIKAS
IoXaIWiag/BIM23014 TUM/NMMA 5mM (A). EoK: EowTepIKr KOKKWENG oTIBASA, ECA: ECWTEPIKN
SIKTLETH oTIRASA, TK: yayyAiakn oTipdda. KAipaka: 50um.
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4.6.4 Emibpaon TV avaoTOAé®Y TNG YOLAVLAIKNG KULKAGoONg oOTn

VELPOTTPOOTATELTIKN §pAdcn Tov BIM23014

Na va amodeixdei 0TI N VELPOTIPOCTATIA TTOL TTAPEXOLY Ta sst2 avaloya,
HECW TNG avénong Twv emmedwyv TNG NO-, SiauecoAapeital amo v avénon
TV EMTESWV TNG CGMP AOY® eveEQPYOTTOINONG TNG YOLAVLAIKAG KLKAGONG ATTO
TNV NO:, XpNOIPOTTOINCAE TOV €8IKO AVACTOAEQ TNG YOLAVULAIKAG KLUKAAONG
TTOL XPNOIYOTTIOIEITAl ELPEWS Tov ODQ, aAAd kal Tov NS2028 yia Tnv KaALTEPN
SpacTikOTNTG ToL. ‘OTav oI avacToAeic ODQ kal NS2028 cuyxopnynbnkav e
TO Mdiyha TNG XNWIKAG I1oxaluyiag kal 10 sst2 avaloyo BIM23014, bev
TTAPOLOIACTNKE  VELPOTIPOOTACIA  APOL  &ev  TTAPATNENONKE  XPWOoN
XOAIVEQYIKQV KUTTAPWY OTOLG I0TOLG (IxAWa 36). Me Tn xpwon TUNEL
eMPEPAIOONKE TO ATTOTEAECUA ALTO, APOL OTOV IOTO TTOL ETMWACTNKE HE TO
hiyua TNG XNMIKNG 1oxaihiag, TO BIM23014 kai Tov avacTtoréa ODQ
TaPATNENBNKE N OLTTAPEN TTOANWYV ATTOTITWTIKWY KLTTAPWYV OTTIWS KAl OTOV I0TO
TTOL EMWACTNKE POVO PE TO Miypa TNG XNMIKNG 1oXaIdiag (IxAua 37). AvTtiBeta
OTOLG IOTOVG TTOL EMWACTNKAV e PBS 1 Ue TO piypa TNG XNUIKAG I0XAIMIAG Kal

BIM23014 kapia xpwon TUNEL Sev Atav opartr.
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Ixr'wa 36: AvacTOAA TNG VELPOTTPOCTATELTIKAG 6PACNC ToL sst2 aywvioTh BIM23014 ammd Toug
AVAOTOAEIC  TNG  YOLAVLAIKAG KLukKAGong ODQ kar NS2028 «katd TN  XNUIKA  10XaIyia
AuPIPANCTEOEIST apoLPAIoL. AVOCOICTOXNUIKN Xowaon Yia TNV ChAT oe I0TO TTOL éxel £ETWACTE
pOvVo e pLBUICTIKO SidAvpa (A). Kauia xpoon bev TTapaTtnEeital Katd Tny eMaAcn Pe To Wiyua
TNG XNMUIKAG 1oxaibiag (B), mapovoia BIM23014 1TuM/ODQ 100uM (A) ) BIM23014 1uM/NS2028
50uM (E). Ervagopd Tou oAUATOg TTapaTnEEITal KATa TNV €MaAcn Je To piyda X.. kar BIM23014
TuM (). EoK: EowTepIkr KOKkENG oTIPAdA, ECA: EocwTtepikr) SIKTLWTA OTIRASA, TK: yayyANiakn
oTipada. KAipaka: 50um.

IXAHA 37: AvaoTOAR TNG QVTIAMOTTGTIKAG §PACNG Tou sst aywviot BIM23014 amo Tov
avaoToAéa TNG YOLAVLAIKAG KLKAGong ODQ artd Tn XNUIKA IoXalyia  aupiBANCTOOEISNA
apovpaiov. TUNEL o€ I0TO TTOL €XEl ETTOACTEI YOVO pE PLOUIOTIKO SIGALUA (A), pe To piypa X.. (B)
TTapovoia BIM23014 TuM (T) ) BIM23014 1uM /ODQ 100uM (A). TK: yayyAiakr oTiBada. KAipaka:
50um.
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5. LYZHTHZIH

5.1 AEITOYPTIKOX POAOX TQN SSTi KAl SST2  YNOAOXEQN ITON
AMO®IBAHITPOEIAH APOYPAIOY

‘Onwg gival yvwoTo, n ocwuatooTaTtivn (SRIF) avakaAbpOnke 1o 1968 kai
XOPAKTNEIOTNKE WG N LITOBAAQUIKA €KEivn OLCIA N OTToiad ATAV IKAvh va
avaoTeiAel TNV atreAeLBEPWOoN TNG ALENTIKNG OPHOVNG ATTO TNV LTTOPLON
(Krulich kai ovv., 1968). H amoudvwaon kal TauToTToiNCT TG CWUATOCTATIVNG
WG TIETTTISIO £YIVE Aiya XpOVvIa apyoTepa aTro TOoV Brazeau Kal TOLG CLVEPYATEG
TOUL Ol OTTOIOI AVIXVELOAV TO KUKAIKO SekaTeTpaTtemTidio SRIF-14 o€ KaANEPYEIEC
KOTTAPWV adevolmopuong apovpdaiov (Brazeau et al., 1973). O1 §pdoeig
avTég SiapecoAaPouvral amo LTTodoxeic culeLyuevoLs pe G TTpwTEiVeES (Kossut
kal ouv., 1990, Vasilaki kar cov., 2003). Exouv KA@VOTTOINOE TTEVTE SIAPOPETIKOI
OTTOTLTTOI TV LTTOSOXEWV TNG CWPATOOTATIVNG, OI ssti, sst2 (sst2a kal sstas), ssts,
sst4 kal ssts (Bruno kai ocvuv., 1992, Meyerhof kai cuv., 1992, O'Carroll kar cuv.,
1992, Yamada kal ouv., 1992). H KAwvoTtoinon auTr) 08nynoe OTN LEAETN TOLG
o€ HOPIOKO eTmiTed0 KAl OTn  SNUIOLEYIA KLTTAPIKQWY OCEIPWV Ol OTIOIEG
ekppaAlovv oTaBePA TOLG SIAPOPOLS LTTOTLTTOLG. XTOV APPIBANCTEOEISH N
owpatooTartivn evromidetal oe PpaxLIva KOTTAPA TNG £€0W TTVENVIKAG OTIRASAG
KAl o€ EKTOTTA PpaxLiva KOTTAPA TNG OTIRASAC TV YAYYAIOKWDV KOTTAQWY TOL
Kal @aiveral va 6pa @G veLPOSIARIRACTAG, VELEPOTPOTIOINTAG N TPOPIKOG
TapayovTtag (Shapiro kar cuv., 1979, Sagar kai cuv., 1982, Zalutsky kai Miller,
1990, Akopian kar cvv., 2000). Itov au@IPAnNCTEOEISH TwV ONAACTIKWV
gvrorttiCetal N OTTAPEN ToL MRNA OAWV TWV CWPATOCTATIVEQYIKWY LTTOSOXEWV
(Mori kal cuv., 1997), eved avoooioTOXNUIKA ekppalovTal ol ssti, ssta, ssta kal ssts
(Cristiani kal cuv., 2000, Johnson kai cuv., 1998, Vasilaki kal cuv., 2001, Vasilaki
kal ouv., 2002, Brecha kai cuv., 2002, Ke kai Zhong, 2007, Kiagiadaki kal cuv.,
2010).

H obvBeon evOG peyaGAoL apIBUoL OTABEPWY CWUATOOTATIVEQYIKWV
AY®VIOTQOV KAl TPOC(ATA avTtaywvioTowVv (Bell & Reisine, 1993, Patel & Srikant,
1994, Rohrer kai cuv., 1998, Reubi kai ouv., 2000, Hoyer kai cuv., 2002, Tulipano

Kal ovv., 2002) CLVETEAETE OTNV TTPAYUATOTIOINCN PEAETQV TTOL 08HyNCAV OTN
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AEITOLEYIKA  xapToypdpnon TV  LTTOSOXEWV  CWPATOOTATIVAG  OTOV
AUPIBANCTPOEISH aPOoLEAIOL OTO TTAQICIO TNG TTAPOLOAG SIaTPIRNG. Eugpaon
500nke OTN  SlaCAPAVION TOL  AEITOLPYIKOL POAOL TwvV sstz kar  ssthy
OWUATOCTATIVEQYIKWY LTTOSOXEWV Ol OTTOI0I ATTOTEAOLV padi he Tov ssta TOLG

ONUAVTIKOTEPOL LTTOSOXEIG OTOV IOTO.

5.1.1 Agrovpyikn xaproypapnon tov sst2 bIrodoxéwv

ITOV apoLPAio, N sst2a-avocodpacTIKOTNTA eVTOTIZETAl OTA KWVIOPOPA
Kal opIlovTia KOTTapad, oTa O&iToAa KOTTapa TToL  OxeTiovral TOOO  ME
paPSlopopa OCO KAl HPE KWVIOPOPEA KOTTAPA, OE MPECTIOL KAl PeEYAAOL
HEYEBOLC PpaxLIVaA KOTTAPA TTOL TTEPIEXOLY TNV LEPOELAGCN TNG TLEPOGCIVNG
KaBwg kal og iveg KLTTAPwV MUller (Johnson kai cuv., 1999, Helboe kal Mgller,
1999, Vasilaki kal cvv., 2001). O avoCOiCTOXNUIKOG EVTOTIIOUO TOL Sstos
LTTOTLTTOL TTAPATNPEEITAI HOVO Tt pwTOoBTTOdS0XEIG (Vasilaki kal cuv., 2001).

H ocwpatootartivn emnpedalel TNV KOTTAPIKA SpaocTnEIOTNTA KAl TN
VELPWVIKN  QTTEAELOEPWON OTOLG  PWTOUTTOS0XEIC AANG KAl OTOV  £€0W
AuPIPANCTEOEIS PLOUICOVTAC 10VTIKOUG SIALAOLG KAAIOL KAl ACPRECTIOL
(Akopian kar cvuv., 2000, Ayoub kar Matthews, 1992, Johnson kai cuv., 2001).
le armmopovwpéva SiTToAa KOTTapa éxel diamoTwBel o1 n dpAacn aAvtn TNG
owpatooTativng diauecoAapeital ammo Toug sst2 brmodoxewv (Petrucci kal cuv.,
2001), ol omoiol qaiveral va eival emong vevOLVOI Kal yia TN ELOBYICN TNG
ATTEAELOEPWONG TOL YAOLTAUIVIKOL 0&EO0G Ao Ta KOTTAPA aAuvTtd. Emmiong
BpeOnke OTI N CWPATOOTATIVN KAl TO sst2 avaAoyd Tng, OKTPeoTidbn, E&xouv
SIEYEPTIKEC SpACEIC OTA  yaAyyYAIaka KOTTAPAd, &vw  emneealovy  Kal TN
5paocTNEIOTNTA TWV SITTOAWY KAl PEAXVIVGV KOTTAPWY KAl ALTH TOL SIKTOOUL
TV oPICOVTIV KLUTTAP®YV (Zalutsky kar Miller, 1990). To CWUATOOTATIVEQYIKO
o\LOTNUA PaiveTal €mioNG OTI TTAICEl KEVTPIKO POAO OTN PLOUICH TOL POVOTTATIOV
TV paPdlopopwyv KOTTAP WY, AANNAETTISPWVTAG UeE AANOLC
VELPOTPOTIOTTOINTEG KATA TN S1A8IKACIA TTOOCAPUOYAG OTO PWG. LLYKEKPQIUEVQ,
HEAETEG E6ai€av OTI Ta emmiTedba TNG £EKLTTAPIAG VTOoTTAPivNG avfAvovTal OTOV
auPIPANCTEOEIS KaBWg avfaveral n &viaon Tou P®TOS (Djamgoz Kai

Wagner, 1992, Boelen kai cuv., 1998), eved TTPOCPATEC LEAETEG OTO EQYACTAPIO
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puag £deifav OTI N CWUATOOTATIVN HECW EVEQYOTTOINONG TWV sst2 LTTOSOXEWY
av&avel Ta emimeda TNG VIOTTAPIVNG OTOV au@IBANCTEOEISH apovpaiou (Kouvidi
Kal ouv., 2006).

ANNEC UEAETEG TOL €pyaoTnpEioL pag, &dafav OTl ol sstoa kKal sstas
OWUATOCTATIVEQYIKOI  LTTOSOXEIC ocuvevToTtidovTal pe 1O evlopo NADPH-
Slapopdon (Vasilaki kar cuv., 2001) To otoio amoTeAei Seiktn TNG LTTAPENG TNG
ouvvBaong TNG NO-. ‘Omwg eival yvwoTo, n cuvBaon TnG NO: ofeibovel TNy L-
apylvivn kar amehevBepavel NO- kAl KITOOULAIVN. XITN OULVEXEID, OTTWG EXE
TeEQIypAQel o€ Ayyelaka ev60ONAIOKG KOTTAPA KAl OTO KEVIPIKO VELPIKO
oboTnua, N NO:- evepyottolel pIa SIAALTA YOLAVLAIKA KOUKAAON N OTToid
ueratpérel Tn GTP oe cGMP (Moncada kail cuv., 1988, Knowles kai cuv., 1989).
Me &ebopevo ot mapatnpeital avénon Twv emmedwv TNG NO- peta ammo
gvepyottoinon TV sst2 vmodoxéwyv (Vasilaki kar cuv., 2002), otnv TTapovoa
WEAETN eoTiGoape oTn Sdlacagrvion NS §pAdong TNG CWHATOOTATiVNG OTA
emmimeda TN cGMP KaBWCS KAl TOLG PNXAVICUOLS TToL SlETToLY TN SiIadikaacia
avTn.

H cGMP péocw Tng evepyormoinong Tng PKG puBuilel TN Asitovpyia
SIALARV 10VTWV. MNMOOKEIUEVOL VA PEAETHCOLUE TNV TOaAvA euTTAOKN TNG CGMP
oTg 6pdoeg  TNG owupatooTaTivng  efeToape TNV €midpacn NG
OWPATOOTATIVNG KAI TV SSt2 CWUATOCTATIVEQYIKGY AvVAAOYWY OTa eTTiTeda TNG
cGMP oTtov apgipAncTtpocdn. Mpayuatomoindnkayv ueAeTeg ELISA yia N
péTonon TV emmmedwy cGMP uetd amd papUaKOAOYIKN €mmidépacn oTov
Au@IPANCTEOEISH KAl SIaTMoTONKE  OT: N xopnynon avfavouevwyv
ouykevipwoewy (0,01uM, 0,1TuM, 1uM kar 10uM) ocwpaTtooTativng ot
ATTOPOVWUEVO  AUPIBANCTPOEIS apovpdaioL avénoe Ta ermimeda TNG cGMP e
OLYKEVIPWOO-EEAPTOUEVO  TPOTTO.  XTn  OLYKEVIPWON Twv  0,1uM  n
owpartooTativn avénoe T1a emimeda TNG cGMP kaTd TO UEYAADTEQO TTOCOOCTO
(290,1 £ 24,6%) oc oxéon pe Ta PACIKA eTmieda. H avb&non Twv emmmedwy NG
cGMP amd TN ocwuatooTativn  @aiveralr  OTl  TTOAYUATOTIOEITAl  UECW
EVEQYOTTOINONG TWV SSt2 CUATOOTATIVEQYIKGDV LTTOSOXEWY, MIA Kal O sstz
avtay®viotng CYN-154806 (1uM), cLYXOPNYOLPEVOC HE TN CWPATOOTATIVN
(0,TuM), ptTOpPECE va AvVACTEAEl TNV TTPOKAAOLUEVN aTTO avTr avbénon Twv
emmTESV TNG cGMP. EmMmPocBeTa, N XPNon TOL sst2 EKAEKTIKOL aAYwWVIOTN

BIM23014 oTig i6leg ovykevipwoelg (0,1-10uM) emPepaidoe TO ATTOTEAECUA
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ALTO MIO KAl O AYWVIOTAG ALTOC TPOKAAECE OTTIWG KAl N CWPATOOTATIVN
avénon Twv emmmedwy TNG cGMP. EviouToIg, N heyaAdTepn avénon (251,8 +
53,3%) twv emmédwv TNG cGMP amd 1o BIM23014 TpayuaTotToindnke e TN
XoPNynon TNG LWNAOTEPNG CLYKEVTPWONG TTOL XPNnaoluotroiNBnke (10uM). To
ATTOTEAEOUA  ALTO  EPXETAI O CLUPWVIA HE  TIPONYOLHEVN HEAETN  TOL
£0YAOTNEIOL PAG CLUPWVA PE TNV ormoia To BIM23014 nAtav kavo va
TTPOKAAETEl avEnon TV emTmeSwY TNG NO- oToV AuPIRANCTOOEISH aPOLEAIOL
oTnV idia kal Oxl o€ PIKPOTEPN ATTO ALTA cLykEvTpwaon (Vasilaki kar cuv., 2002).
ITIC MIKOOTEQPEC OULYKEVIPWOEIC €ival mOaAvo va pnv  LTTAPXE HEYAAN
S1EI08LTIKOTNTA TOL AVAAOYOL OTOV I0TO KI £TO1 VA PNV ATAV IKAvO va Spdotl.
TEAOG, OTIG WEAETEC QULTEG XpNnonuotToINBnke TO sst3 avaloyo L-796,778 ¢
apvNTIKOG HPAPTLPAG PIA KAl Ol sst3 CWPATOOTATIVEQYIKOI LTTOSOXEIG Sev
ekppalovTal oTov auPIPANCTEOEISA TV BNAacTiKwY (Thermos, 2003). ‘OTTwg
ATAV AVAPEVOPEVO, TO avAAoyo auTo &ev eixe kauia emidpaon oTa emimeda TNG
cGMP.

Na va empePaicdei N euttAokrn TNG cuvBdaong TNG NO: kKAl KATA CLVETTEID
NG NO:, oTnNV TTPOKAAOLUEVN ATTO TN CWPATOCTATIVN ALENON TWV ETTTESWV
™G CGMP, XpNOIPOTTOINONKE O PN EKAEKTIKOG AVTAYWVIOTAG TNG oLvBAonG TNG
NO:, NMMA. Xoprynon cwuaTooTaTivng TTAPOoLCIia TOL AVTAY®VIOTH (250uM)
TTAPEUTTOSICE TNV TTIOOKAAOVEVN ATTO TN CWHATOOTATIVA ALENCN TRV ETTITTES WV
cGMP yeyovog 1oL LTTOSNAWVEL OTI AVACTOA TNG oLbvBeong NG NO:
Tapeumobdilel TN §pAcn TNG CWPATOOTATIVNG OTA £TTiTTeSa TNG CGMP. ETTITTAéOV,
xopnynon apyivivng (250uM) oTtov 10TO, n OTIoia OTTWG TTOOAVAPEPONKE
amroTeAei TPOSpopo poplo NG NO:, PIUNBNKe TN §pAcN TNG CWPATOCTATIVNG,
avfavovtag Ta emimeda NG KOKAKAG GMP. O1 TTaparmmave  HEAETEG
oTmodelkvboLV OTI N §pAcn TNG CWHATOoTATiVNG OTa eTiTeda cGMP oxeTietal
UE TNV evepyoTtToinon TNg ocuvBdaong TNg NO- kal TV TTapaywyrh NO-.

EmmAéov, pe Sedopévo OTI, OTOV AUPIPANCTEOEISH apovpPAioL TOCO Ol
sst2 vTTodoxeic (Johnson kal cuv., 1999) 6co kal n SIAALTH poPPN TNG
YOLAVLAIKNG KLUKAAoNG (Ahmad karl Barnstable, 1993) evromidovTal og SiToAa
KOTTapa e€eTAocAuE TNV €MMI6paAcN TNG ocwuaTtooTativng oTta emimeda TnG cGMP
o€ KOTTAPIKO €MTiTeS0 avoooioToxNuIKa. N'vapilovtag 011 n cGMP  petaBoAileTal
oe GMP, xpnoomoiNbnke O PN €KAEKTIKOG — AVACTOAEAG  TWV

PWOPOdIEaTELAT®Y, IBMX yia TNV ammoTeEAeCUATIKOTEPN Avixvevon TNG cGMP.
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QoT1000, 6ev TAPATNPENONKE KAUIA AvOCOSPACTIKOTNTA OTOLG IOTOLG TTOL
gixav LTTOOTE TNV emMidpacn N Oxl Tov IBMX. ‘Ouwg, n eMACN TOL ICTOL [E TO
501N ™G NO- viTpompovoaidiov (SNP) avénoe T1a emimedba TNg cGMP.
YLYKEKPIUEVA, evToTrioTNnke CcGMP-avoocodpaoTikOTNTa oTa SimoAa KOTTapA
avaioyn pe avtn Tou diatioTwoe o Johansson kal ol cuvepyaTeg ToLv (2000). H
XOPNYNoN CWPATOOTATIVNG AAAG Kal ToL sst2 avaloyou L-779,976 Sev eixav
KAVEVA ATTOTEAECHA HIA KAl OTTG OTOLG I0TOLG PAPTLPES SEV TTAPATNPNONKE
KaBoAov cGMP-avocobpaoTIKOTNTA OToV AupIPANCTEOEISH. ALTO TMOAva
OQEIAETAl OTO Yeyovog OTl, O TiTAog ToL avT-cGMP  aQvTIOQUATOG  TTOL
XPNOIUOTTOINCAUE SEV ATAV APKETA LYNAOG PE ATTOTEAECUA VA NV gival duvaTn
n avixvebon TO000 TNG PACIKNG OCO KAl TNG €mayopevng amod  Ta
OWUATOCTATIVEQYIKA avAAoya avénong Twv emmedwy TNG cGMP oTov I0TO. Mg
TO OLYKEKPIUEVO AVTIOWHA ATAV £PIKTA N AVixveLbon TNG emAyopevng atmo TO
viTpoTpovoaibio abénong TNG cGMP-avocospaoTIKOTNTAG TOAvA yiaTi, TO
VITPOTIPOLOTISIO TTPOKAAE e€eonuacuevn avénon TNG NO- IKavr va odnyNnaocel
0€ AVOOOIOTOXNUIKA avixveLolua eTTireda cGMP.

H cwuaTtooTaTtivn exel Ppedei OTI AtToTEAEI TTOAD ONUAVTIKO PLOUICTA TWV
IOVTIKGV SIAVARY KAAIOL KAl AORECTIOL SPWVTAC PECK TWV sst2 LTTOSOXEWY TNG
o€ AUPIPANCTPOEIS calapdavépag kal KovveAloL (Akopian kal cuv., 2000,
Petrucci kal ouv., 2001), pLOUICOVTAG EVOEXOUEVWG KAl TNV ATTEAELOELWON TOL
YAOLTAUIKOU 0&E0G. ITIC §PACEIC ALTEC TNG CWPATOOTATIVNG €ival MBAvo va
EUTTAéKETAI Eva CGMP-eEQpTOPEVO POVOTIATI TIPWTEIVIKAS KIvaong (Meriney kai
ouv., 1994). Emiong, n owpartootarivn pECW evepyottoinong Twv  sst2
LTTOSOXEWY TTPOKAAE TN SpACTNPIOTTOINCN TNG TVPOCIVO-PWOPATACNG SHP-1,
HE ATTOTEAECUA TNV EVEQYOTTOINON TNG VELPWVIKNG HOPPNG TNG cLvBAoNC TNG
NO:- (nNOs) (Lopez kal cuv., 2001). H nNOs amoTeAei TO LTTOCTPWHA YIA TNV
TOPOCIVOPWOoPATAacn SHP-1, n omoia amopwo@opLAivel TN NNOS, avfavel
TNV mapaywyn tNG NO- kal eTTouévas Kal Ta emmieda TNG cGMP.

MPOoKeIUEVOL va SIATTIOTOOOLUE TNV TTAPOLCIA ) OXI EVOC AVAAOYOUL
sst2/SHP-1/NOS/cGMP  povottaTiod oTov  Au@IRANCTOOEISN, HEAETACAUE TNV
Tapouvaia TNG SHP-1 oTov 10TO KABWS ETTIONG KAl TO POAO TOL OTNV ETTAYOUEVN
amo TN owpartootativn avénon Tng cGMP. AilamoTtooape o1, n SHP-1
gvtottiCeTal  oTOV  AUPIBANCTEOEISH, KABWG e€mmiong kal OTI TALTOXPEOVN

xopnynon Tou aviaywviotn TG  SHP-1  opBoPfavadikd vaTtpio  kal

113



YYZHTHYH

OWUATOOTATIVNG 06NYEl OTN PEIWON TWV ETTAYOUEVRY ATTO TN CWUATOOTATIVN
emmTESV TNG cGMP yeyovog Trou (i) vTtodeikviel TNV LTTAPEN OToV 1I0TO EVOG
UNXAVIOPOL §pACNG TNG CWHATOCTATIVNG OTOV OTTOIO EUTTAEKETAI N TVPOTIVO-
pwo@artaocn SHP-1 kar (i) evioxbel Tnv amown o1 n SHP-1 eumAékeTal oTnv
gvepyotroinon TNG cuvBaong TNG NO- ammo TN CwUATOOTATIVN.

H owpatooTaTtivn, OTwg TEPIYPAPNKE OTNV  €loaywyn, E&val éva
AvVAOoTAATIKO  memmidlo.  QoT1O0O, HECW TWV  TAPATTAVE  PNXAVIOU®WY
avabeixBnkav kai ol SIEyEPTIKEG TNS SPACEIC WG TTPOG TNV ALENCN TWV ETITTESWV
NG NO- kal ThG cGMP.

YOYKEVTPWTIKA, TA ATTOTEAECUATA ALTAG TNG LEAETNG LTTOSNAGVOLYV OTI N
OWUATOCTATIVN SIEKTTEQAIVEI TIC PLCIOAOYIKEC SPATEIC OTOV AUPIRANCTOOEISN
HECW EVOC PNXAVIOUOUL TTOL TTEPIAAUPAvVEl TOLG sst2 LTTOSOXEIG, TNV SHP-1, TNV
NO: kal Tnv cGMP (SRIF / sst2 / SHP-1 / NO:- / cGMP). H pOBuion TV emmmedwv
NG CGMP ammd TN CWPATOOTATIVN €ival TTOAD CNUAVTIKN YIA TN A&TOLEYIA TOL
AUPIPANCTEOEISN I KAl OTTIWG Eival yvoTO N cGMP trailel afiloAoyo pOAo oTn
pLOUIoON 10VTIKY SlabAwvV (Wei kal ouv., 1998), oTn SlIAuoOPP®WoN TWV
XOAOUATOOLVEECUWY PETAEL TV OpIfOVTIV KLTTAPWY (DeVries kal Schwartz,
1989) kaBwg emiong kal otn SIauOPPWCN TV XAOUATOOLVSECUWY AVAPEST
oT1a Ppaxbiva kKOTTaPaA kal ota &imoAa KOTTapa TToL oxeTiovral PeE TaA

Kaviopopa (Mills kal Massey, 1995).

5.1.2 Aarovpyikn xaproypagnon tev ssti brmroSoxéwv

Emouevog oTOXOG TNG TTapoLoag SIaTpIPNG ATAV N SIAAELKAVON TOL
AEITOLPYIKOL  POAOL  TOL sst1 CWUATOOTATIVEQYIKOL  LTTOSOXED  OTOV
AuPIPANCTPOEIS) apovpdioL. H avoocodpacTKOTNTA TOL  ssti LTTOTLTTOL
gvtottieTal Oo¢ KOTTAPA TOL APPIBANCTEOEISH) APOLEAIOL, KOLVEAIOL Kal
avBpawTtou (Cristiani kal cvv., 2000, Klisovic kal ocuv., 2001, Vasilaki kal cuv.,
2002), petald TV OToivV KAl Ppaxviva  KOTTapa 1oL ekppalouv
owpartooTativn (Cristiani kar ovv., 2000, Helboe kai Moller, 1999). O
OLVEVTOTIIOPOG TOL ssti LTTOSOXEQ kAl TNG CWPATOOTATIVNG OTA RPaxLIVa
KOTTApQ TTPOoTEIVEl Eéva POAO avTolmrodoxeéa yia Tov ssti. O AUECOC TPOTTOG

£EAKPIPWONG TOL EKAEKTIKOL POAOL TOUL sst1 G ALTOVOTTOSOXEQ Eival N PEAETN TNG
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ETTISOAONC EKAEKTIKOU sst1 aywvIoT OTa miTTeda TNG CWUATOCTATIVNG, KIA KAl N
gvepyottoinon  evog  avtolmobdoxéa puLBuIlel apvnTIKA TNV TTEPAITEQRD
atreEAeLOEPWON TOL VELPOSIARIRACTH. MPIV OUWS PEAETNOEI O POAOG TNG TOL Sst
WG aLTOOTTOdOXEAG NTAV ATTAPAITNTO VA  eEAKPIPACOLUE TN VELPWVIKN
ATEAELOEPWON TNG CWPATOOTATIVNG, KATI TTOL &€V €iXE PEAETNOEI  TTPWTLTEPA
oTOV APPIBANCTEOEISH. Ta eTTiTTeda TNG CWUATOOTATIVNG PETPNBNKayY oTa 1,815
+ 0,206 pgr/ugr mpwTeivng. H emeacn Tou 1I0ToL e 10vTa KaAiov (100mM KCl)
OULVERBOAE OTNV ATTEAELOEPWON TNG CWUATOOTATIVAG KAl OtV avbénon Twv
eMMESWY TNG. H pikpOTepn oLykévipwon Tou KCI 1Tou  xpnoiuoTToiINOnke
(50mM), 6ev emnpéace TNV  ATIEAELOEPWON TNG OCWHATOCTATIVNG OTOV
AUPIPANCTEOEISH apoLEAiIoL. ALTO tival O CLOPPWVIA PE AANEG EPELVEC OTTOL
N OLYKEVIPWON auth &ev emmnNEeadlel TNV ATTEAELOEPWON VELEOSIARIPACTWV
OTTWG TO YAOLTAWPIVIKO, TO aACTIAPTIKO Kal To GABA (Neal kar cuv., 1994).
EmmAéov, n amouocia 10viwy acPecTiov  peiwoav  Ta  emimeda  TNG
owpatooTativng. Ta amoTeAéouata auvtd cLVNYOPOLY OTI N ATTEALLOEPWON
TNG OWPATOCTATIVNG OTOV  AUIPANCTPOEISH €ival KAAO- Kal aoRECTio-
€€APTMEVN, KAl AP VELPWVIKN.

ITn ouvéxela SIamoTwONKe OTI O EKAEKTIKOG AYWVIOTAG Yia Tov ssh
OWUATOOTATIVEQYIKO LTToSoxéa CH275 pOBuIce TNV  aTTeAeLOBEPWON  TNG
OWPATOOTATIVAG HEIVOVTAG TA ETTITTESA TNG OTIC CLYKEVTPWOEIG 105 kal 10¢M.
H avaykaiotnta xpnong 1000 LYWNAWY CLYKEVIPWOEWY, OPEIAETAl TTIOAvOTNTA
oTn MIKEN SIEICSLTIKOTNTA TOL AVAAOYOL OTOV I0TO, N AKOUA KAl OTO HIKPO
ApIBUO TV PPAXLIVEV KLTTAPWY Ta OTToia ekppalovy Tov ssti LTTOSOXEQ.
Xoprynon Tou ssti avraywvioty NVP-SRA 880 mpiv Tn xopnynon tov CH275,
aveéoTpewe TN 6pA0N  TOL  AYWVIOTA YEYOVOC TIOL  ATTOSEKVLEN TN
(PAPPAKOAOYIKN €KAEKTIKOTNTA TOL AywvIoTA. Katd tnv emidpaocn povo Tou
AVTAYWVIOTA OTOV  au@IPANCTEOES Ba  avagévaue Tnv  emaywyn NG
ammeAeLBEPWOoN TNG CWPATOOTATIiVAG e€aITiag TNG TTaPEUTTOdIoNg Twv  sst
LOTTOSOXEWY TIOL SPOLV  AVACTAOATIKA. YIOPUPWVA HE TIC MEAETEG PAG N
amreAeLOEPWON TNG CwpaTooTaTivng &¢ (aiveral va emnpeadletal amod TN
XoPNynon Tou sst1 aviaywvioTr), yeyovog TToL £xel TTApATNENOE KAl & AAAEG
EQYQOTIiEC, OTIC OTTOIEG N XOPNYNON EISIKOL AVTAYWVIOTH TOL ALTOVBTTOS0XED TNG
ogpoTovivng  bev obnynoe  oe  avbénon  TNG  aTTEAELBEPWONG  TOL

vevpodiapiBaoctn (de Groote kal cvv., 2002). Mapovcia opwg KCI, o
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AVTAY®VIOTAG TV st CWUATOOTATIVEQYIKWYV LTTOSOXEWY ALENCE Ta eTTiTTESA
TNG CWPATOOTATIVNG OE OXEON He ekeiva TTapovaia povo Tou KCI. ETTouévag
UTTOPOLPE VA CLUTTEPAVOLPE OTI O ssti LTTOSOXEAG Spa cav ALTOUTTOS0XEAG,
OTIWG TIPOTEIVETAI CE TTIPONYOUVUEVEC AVOOOICTOXNMIKEG HEAETEC TOOO OTOV
apipAnoTpocdn (Helboe kal Mgller, 1999, Cristiani kar cuv., 2000, Dal Monte
Kal ouv., 2003R) 6co kal oToV eykKEPAAOo (Helboe kar cuv., 1998, Schulz kai
ouv., 2000), kai eTIRERAICOVETAI AUECA OE PEAETEG PIKOOSIATTIOLONG CTOV ETTIKAIVN
Topnva 1oL diappayuaTog apovpdaiov (Vasilaki kar cuv., 2004) aANG kal o€
UETAYEVECTEPEG PENETEG OE KLTTAPIKN OEIPA TTAYKPEATOG (Roosterman kail cuv.,
2007).

H xopriynon Tou sst2 ekAekTikobL avaloyouv MKé78, &ev emnpedadel tnv
ameAeLBEPWON TNG evO0YEVOLG CWPATOOTATIVNG, YEYOVOCS TTOL £TTAANDELEl TO
UN OULVEVTOTTIOWO TOL sst2 LTTOSOXEQ TNG CWUATOOTATIVAG O¢ KOTTAPA TTOL
eplexovy ocwpatooTarivn (Thermos, 2003) kal Tov eKAEKTIKO POAO TOL sst1 WG
aLTOOTTOSOXEA TOL VELPOTIETTTISIO.

Tehog, afilel va onueliwBel OTI, N PeAETN auTh aTédelfe TN VELPWVIKN
ATTEAELOEPWON TNG CWUATOOTATIVNG OTOV AUPIPANCTEOEISH KAl ATAV N TTOWTN

ToL avedele TNV LTTAPEN evOg avTolTTOSOXED TTETTTISIOL OTOV I0TO.

5.2 NEYPOMNPOLTATEYTIKELX APALEIX THXI IQMATOITATINHI ITA MONTEAA
AMO®IBAHITPOEIAIKHI IZXAIMIAL XE APOYPAIO

H avebpeon VELPOTIPOOTATELTIKWY TTAPAYOVTWY Yid Tn Oeparreia
AUPIPANCTPOEISOTTABEICY, ATTOTEAE TA TEAELTAIA XPOVIA TO OTOXO €EVIOVNG
£PELVNTIKNG TTPOOTTIABEIAC. Exel eTmTELXOEI CNUAVTIKA TTPOO0S0G TNV KATAVONON
TV MNXAVIOUWY TTOL SIETTOLV TN VEOAYYEIWON KAl TN VELEOEKPLAION TOL
APPIPANCTPOEISOVLG O OTTOIEG ATTOTEAOLV KOIVO TOTTO aAoBeveiwy OTTWS N
S1aPNTIKA ApPIPANCTEOEISOTTABEIQ, N NAIKIOK EKPLAICN TNG WXEAC KNAIGAG, N
AueIBANCTPOEISOTTABEId  TNG  TTPOWEOTNTAG KAl OF  APQPIPANCTOOEISIKEG
APTNPIAKEC/PAEPIKEG  aTmOPPACEIC KAl ayyeimndes. H  gpeuvnTkn  avTh
ToooTaBela  £xel odnynoel TNV avamTtuén  emepPaTiK@V  PEBOSwY KAl
PAPUCKOAOYIKQV  OKELACHUATWY  XPNOIMWY  VYIA TNV AVTIMETOTIION  TNG

VEOQYYEIWONG TOL AUPIBANCTOOEISH EVTOLTOIG, &€V Exel AKOUA ETTITOXEl TNV
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avamnTuén KATAANA®Y CTPATNYIKWV YIA TNV AVTIMETWTTION TNG EKPLAICNG TOL
apPIPAnCTPOEISH. H KOpIa Bepartteia TNG SIAPNTIKNG AUPIBANCTOOEIS0TTABEIAG
KAl TNG YEPOVTIKNG EKPLAIONG TNG WXPAG KNAISAG TTAPAUEVEN AKOWUN KAl ONUERT
n ewtornia ue laser yovn f oce cuvdLaAoPO HPe CLOTNPATIKA XOPENYNON
PWTOELAICONTWY TTOPPLPIVYV (PWTOSLVAMIKA Bepartreia, MPS 1991, 1994q,
1994B). Ta TeAevTaia TTEVTE XOOVIA eyKPIONKE ATTO TOV AuePIKAVIKO Opyaviouo
Tooiuwy kar dappdkwyv (FDA) n  xpnon avt-VEGF mapayoviwoy
(Cunningham kai ovv., 2005, Ferrara kai cuv., 2006, 2007, Brown kal couv.,
2006, Rosenfeld kar cuv., 2005, 2006a, 2006p, Schmidt-Erfurth kai cuv., 2006,
The Macugen Diabetic Retinopathy Study Group 2005, 2006, Avery kal cuv.,
2006). Ta amoteAéouata TV avT-VEGF @apudkwy eival BeauaTika Kal €XOLV
5woel eATTibeg oe aoBeveic. QOTOCO, TA PAPUAKA ALTG &ev OTELOLVTAI
TTAPEVEQYEIQV KAl §EV AVTILETWTTICOLY TNV EKPLAICH TOL APPIRANCTPOEISN.

Na TNV TO  QATTOTEAECUATIKA  AVTIUETTION TV IOXAIPIKDY
aupIiPAnoTpoeboTrabeiwy, n Bepareia 6a TPETE va OToxeLE OXI UOVO OTN
veoayye&iwon aANd KAl oTov KLTTAPIKO Bdvarto. Ta ¢gAapuaka Ta oTroiad Bdad
UTTOPOLOAV VA XPNOIUOTTOINBOLY Ba TIPETEl VA MEIVOLV Ta ETTiTedSa TOL
YAOLTAUIVIKOL 0OEEOC, VA AVACTEAAOLV TOLG IOVTOTPOTTIKOVG LTTOSOXEIG, VA
HEIVOLY TA ETMTTESA TOL EVOOKLTTAPIOL ACPECTIOL, VA AVACTEANOLY TOV
TTOOKAAOLUEVO ATTO TNV ICXAIMIA ATTOTITWTIKO BavaTto (Eikova — 12).

H cwpatooTtatativn ATav yvwoTn YIa TIG AVTIVEOQYYEIAKESG TNG SPATEIC.
AOY@W TNG apVNTIKNG PLOUICNG TTOL TTPOKAAEI OTNV €KKPION TNG ALENTIKAC
OPHOVNG. Ta sst2 EKAEKTIKO OCWPATOOTATIVEQYIKA aAVAAOYA AVACTEAAOLV TN
VEOQYYEIWON TOL APPIPANCTEOEIS HECK PeiOoNG TV emTedwy TNG GH kal Tov
IGF (Grant kal ovv., 1986, Smith kar cuv., 1997, Higgins kai cuv., 2002).
NpooopaTeg MeAETEG LTTOOTNEICOLY €TMIONG OTI N CWPATOoTATiVN PLOUICE
apvnrika kal Tta emimeda Touv VEGF (Dal Monte kar ocvuv., 2007).
AVTIQYYEIOYEVETIK)  §0ACTIKOTNTA  SIABETOLY  ETTIONG KAl TA  dN  TIETTISIKA
owuatooTaTivepyika avaloya NISAs (non peptide imidazolidin-2,4-dione SRIF
receptor agonists) YETG TN CLOTNUIKA XOPENYNOT TOLG O€ CLYKEVTPWOEIG TNG
TAENG TV UM OTO  MPOVTEAO TNG  €mayodevng amo 10 ofuyovo
APPIPANCTOOEISOTTABEIAG VEOYVWY KAl OTO HPOVTEAO TNG ETTAYOPEVNG ATTO TO

laser xoploelSoLg veoayyeiowong, oe TrovTikia (Palii kar cuv., 2008).
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EKTOC atmmd TIC aVvTIVEOAYYEIOKEG TNG SPACEIS, N CWUATOOTATIVN EXEl
mMOaAvA KAl VELPOTIPOOTATELTIKY) Spdon. H LvTTOBeon ALTA evioxLETAI ATTO
LEAETEG OTOV €YKEPAAO Ol OTTOIEG LTTOOTNEICOLY OTI N CWHATOOCTATIVA KAl TA
EKAEKTIKA YIa TOV sst2 LTTOSOXEA AVAAOYA TNG TTPOCTATELOAV VELPWVESC TOUL
EYKEPAAIKOL  AOIOL aTTO  SIeyePTOTOEIKOTNTA  OPEINOPEVN OTA  SIEYEPTIKA
apivotéa NMDA kal kaiviko oo (Forloni kal cuv., 1997, Braun kar cov., 1998).
TNV gpyacia touv Forloni kal cuv. (1997) SlamoTtwBnke OTI N TTOOCTACIA TWV
VELPWVWY TOL @AOIOL aATO TO Sssf2 CWPATOOTATIVEQYIKO AVAAOYO NTaAvV
e€aptapevn amod TNV cGMP. ETTOpEV®G, N VELPOTTPOCTACIA ALTA UTTOPEI va
ogeiAeTal OTIC SpACEC TNG OCWMATOOTATIVAG OTA ETTeda  ev6OKLTTAPIOL
aoPeoTiov pIa KAl evepyottoinon Twv sst2 kal ssts vLTToSoxéwyv 0drnynoe oe
AVAOTOAN TV PELUATWY ACPRECTIOL PECW AVACTAATIKNG PLBWIONG SIALAWY
acPeoTiov (Tallent kar ocuv., 1996), SiapecoAapovuevng amd éva cGMP-
€vaioONTO pNXaviouo (Meriney kal cuv., 1994). EmmAéov, TO yeyovog OTI N
OWUATOCTATIVN KAl TO sst2/s AvAAOYO TNG OKTPEOTION £XOLV XPNOIUOTTOINDEI e
EMTLXIA YIO TNV TIPOOTACIA TWV APPIRANCTOOLISIKDY VELPWV®Y KAl TNV
ATTOPLYN TOL OIBAKATOG WETA ATTO TNV ALENON TNG evOOPOAAUIAG TTiEoNG KAl
TNV €MAVAIMATWON TOL Ap@IPANCTPOoedn xoipwyv (Celiker kar lihan, 2002)
gvioxLel TNV armoyn OTI N CWUATOOTATIVN SIABETEl VELPOTTPOCTATELTIKEG SPATEIG
OTOV I0TO ETTITTPOCOETEG TV AVTIAYYEIOYEVETIKWY TNG.

O KOPIOG OTOXOG TNG TAPOVLOAG HEAETNG NTAV N TALTOTIOINCN TNG
VELPOTIPOOTATELTIKNG §PACNG TNG CWHPATOOTATIVNG KAl TOV AVAAOYWVY TNG O€
SIAPOPETIKA  POVTEAQ  au@IBANCTEOoEISOTTaBEIY.  Xpnolyotroindnkav  S0O
HOVTEAD AP@IRANCTEOEISIKAG I0XAIWIAg, auTd TNG SieyepTOTOEIKOTNTAG KAl TNG
XNMIKNG 1CXAIUIiag.

H xpron Tou POVTEAOL UE ETTISPACN SIEYEQTIKGYV AUIVOEEWDY Sev KATEDTN
SuvaTh PIa Kal KATW atro TIG SIKEG PUAG CLVONKEG (CLYKEVTOWOEIG SIEYEPTIKGWYV
apivoéewy g 4mM) Sev ATav SuvaTod va TTPOKANBE KLTTAPIKOG BAvaTOG O¢
TETOIO LYNAO PABUO OTE va eival eDKOAA SIAKPIT) N VELPOTTPOCTATEVLTIKA
S5pdon TWV TIPOG  MEAETN  OLOI®V. oW  ATTAITOLVTAl  PEYAADTEQEG
OLYKEVTOPWOEIG TNG TAENG Twv 100mM kal mave. MNa 1o AOyo auTo, OTn
OULVEXEIQ TNG MEAETNG, EOTIACAUE TIG TTOOOTIAOEIEG UAG OTO POVTEAO TNG XNMWIKNAG
IOXQIMIAG MIAG KAl Ol TIPWTEG TTIAOTIKEG MEAETEC €6OAV TO  €mMBLUNTO

ATTOTEAECUA WG TTPOG TNV TTPOKANCN TOL KLTTAPIKOL BAVATOL.

118



YYZHTHYH

TO POVTEAO TNG XNUIKNG IOXAIMIAC XPNOIUOTTOINONKE APXIKA O€ TOPEG
IMTTTOKAUTTOL (Reiner kal ouv., 1990) kI apyOoTEPA O TTOWTOYEVEIGC KAANIEQYEIES
AUPIBANCTPOEISIKQY KOTTAPWY KOTOTTOLAOL (Ferreira kal ocuv., 1997), kai
a@opA TN XPNON KLAVIOLXOL VATEIoL Kal 1WS00EKOL 080G, TO KLAVIOLXO
VATOIO QaTTOTEAEl TOV  avaoToAéa TG  o&adAaong TOL  HITOXOVSPIAKOUL
KOTOXPWMATOG C, TTAPEUTTOSICEI TNV OEEISWTIKN PWTPOPLAIWCN KAl YIYETAl TNV
avolia. To 1wbooéikd ofL am'tnv TAeLPA TOL, €ival O AVACTOAEAG TNG 3-
POOPOYALKEQPAASEDSIKAG apudpoywvaong n omoia atmmoTeAel To EvILUO TNG
YALKOALONG KAl 0ényei o€ LITOYALKaIYia. Ta VO aLTa yeyovoTa, avodia kal
LTTOYALKQIUIA, TTAPATNEOLVTAI & KATACTACEIG IOXAIWIAC.

Katd tnv mpoocappoyrn TOL POVTEAOL aLTOL OTOV APPIBPANCTOOEISN
APOLEAIOL TTPAYUATOTTOINONKAY EKTETAUEVEG TTIAOTIKEG UEAETEG YIQ TNV €LPECN
TV TTIO ATTOTEAECUATIKV CLVONKQV YIA TNV ETTITELEN TNG XNMIKNG IC0XAIMIAC.
ATTQITAONKE £TTCOACN TOL 1I0TOL YIA TOLAAXIOTOV Pia WPEA OTO Wiypd TNG XNHIKAS
IoXaIpiag (kubaviobxo vaTplo 25mM / 10600EKO ofbL 5mM) kal e CLVONKES
5%C02/95%aépa  otouvg 37°C  @OTe va TapatnEnBe 1oxaiyia kal  va
ETTNOEACTOLY Ol KOUTTAPIKOI TTANBLOUOI TV AUPIPANCTEOEISIKWY KOTTAPWY
XPNOIUOTTIOIVTAG AVTICWHUATA EvavTl SEKTWV APPIPANCTOOEISIKWY KOTTAPWY.
Mg avOOOIOTOXNUIKEG HEAETEG PAVNKE OTI O KOTTAPIKOI TTANBLOPOI  TTOL
emneeadovtal, evrotidovial KLUPIWG OTNV €0WTEQIKN KOKKWSN oTIRAda kai
TEOKEITAl yia Ppaxbiva KOTTAPA TIOL TTEQIEXOLY  AKETLAOTPAV(PEPACN TNG
XOAIVNG  (XOAIvepYIKQ),  LSPOELAGCN TNG TLEOOCIVNG (VTOTTAUIVEQYIKA) Kal
ouvvBaon ™g NO:- kabwg kal yia SimoAa KOTTapa TToL oxeTiCovral Pe 1A
papsdlopopa. EmmpocBeta  emnpedlovial  €MoNG KAl EKTOTTa  Ppaxviva
XOAIVEQYIKA KOTTApA Ta oTtroia  evromidovial oTn yayyAiakrn oTmpada. Ta
amoTteAéopaTta auvta emPePaidnkav kal pe TN Xenon g TUNEL otmou
ONUEINONKE EKTETAPEVOSG KOTTAPIKOG OAVATOG HPETA TNV €QAPUOYN XNMIKNG
IoXAIuiag.

H xpovikn SIGpKeEa TNG £TACNG TOL I0TOL PAC (60 AeTTTA) AAAG Kal Ol
OLYKEVIPWOEIC TOL  KLAVIOLXOL VATPIOL KAl TOL 1WS00EKOL  0&EOG
(25mM/5mM) yia Tnv emitevén TNG ICXAIMIAG ATAV PEYAAOTEQEG OE OXEON ME
ALTEG TNG opAdag Tou Ferreira (1997) (20 Aertta kai 2,5mM/0,5mM, avTioToixa)
OTIC TTPWTOYEVEIG KAANEQYEIEG AUPIRANCTOOEISIKGOV KOTTAPWY KOTOTTOLAOVL. TO

YEYOVOG ALTO Oo@eiAeTal TMOAVOTNTA OTO OTI N TMPOCPRACN TWV OLOIWV Eival
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TTOAD TTIO €OKOAN O€ KOTTAPA ATT'OTI C'évav I0TO KAl ETTOUEVG XPelAleTal
AYOTEQOG XPOVOG Yia va §pacouv. O xpOvog TTOL ATTAITABNKE OTA TTEIPAPATA
HAG YIa TNV €MTELEN TNG ICXAIMIAG KAl YIA TOV EKPLAICHUO TV KOTTAPWY TNG
E0WTEPIKNG KOKKWOOLCS OTIRASAG, €ival COPPWVOGC PE PEAETN TGV Izumi Kal GLV.
(2003). Itnv TOPATAVE €OYACia, N IOXAIYia TTOOKANBNKE ME aPaipeon
YALKOING KAl avTIKaTtaotaon Tou ofLyovou pe AlwTo yia 60-20 Aemtd Kal
TTAPATNENBONKE EVTOVOG EKPLAICUOC TV KLTTAPWY TNG ECWTEPIKNG KOKKWEOLS
oTIBAdag. H evaiobnoia Twv KLTTAPWY ALTWV KATA TNV IoxAIyia armodiberal
oTNV ATTEAELOEPWON TOL YAOLTAUIVIKOUD OEEOG KAl OTNV €VEQYOTIOINON TWV
NMDA kal TV PN-NMDA ummodoxéwy Tov. ITnV iSla PeAETn S¢ yiveral Kapid
avapopd Ot POPPOAOYIKEC AAANAYEC OTA YAYYAIOKG KOTTAPA, YEYOVOG TTOL
OLUPWVEN Pe TA SIKA PAG ELPNUATA, COUPWVA PE TA OTToia Sev TTAPATNEEITAI
Kapia aAhayr oTny avoooSpaoTIKOTNTA TOL SEIKTN TV YAYYAIAKGWY KOTTAQWY
MAP A UETA TNV £PAPPOYN XNUIKAG IOXAIYIAC.

Tehog, afidel va onuelwBei OTI LTTAPXOLY UEAETEC Ol OTTOIEC SEIXVOLV OTI O
APIBUOC TWV YAYYAIOK@V KOTTAPWV eival Suvatd va €mnNEeacTel amo TNV
IOXaIJia TTOL TTPOKAAEITAl pe avénon TNG evSOPOAAUIAG TTieoNg, AAAG TO
ATTOTEAEC A ALTO PAIVETAI OTI OXETICETAI AUETA PE TN XPOVIKN SIdpkKeIa avENong
NG ev60POAAUIAC TTEONG KABWG €TTIONG KAl OTNV EMTAVAIPATOON TOL I0TOL
TTOL aKoAoLBk (Sellés-Navarro kal cuv., 1996).

ITO HOVTEAO XNUIKNG I0XAIMIAG TO OTI0IO avamTuXONnKe TTAPEXOVTAI
TTANPOPOPIES YIA TIC TTPWIYES AAAAYEG TTOL TTPOKAAOLVTAI OTN PLCIOAOYIA KAl
AEITOLPYIA TOL APPIRANCTEOEISH KATA TNV TTPOKANCN TNG IOXAIUIAg Kal OxlI o€
QLTEC TTOL TTAPATNEOLVTAI OE XPOVIEG KATAOTACEIG. To yeyovog OTI KATA TN
XNMIKA 10XAIhia N eKPLAICN €0TIALETAl O€ KOTTAPA TNG ECWTEPIKNG KOKKWEOLG
oTIRASAg, cLVASEl PUE TA ATTOTEAECHATA KAl AAARDV EQYACIWV OTIG OTTOIEG ETTIONG
ol PAGPeC TOL TTPOKAAOLVTAI ATTO TNV  IOXAIYIA OTNV £0WTEPIK KOKKWSEN
oTIPASA KAl OTNV ECWTEQIKN SIKTLWTH OTIPASA ATAV ONUAVTIKOTEPES. A
mapadeyua, ol Dik kar Kamphuis (2004) €Sei€av ot émmera amo avénon NG
eVSOPOANUIAG TTiEONG O APIBUOG TWV ATTOTITOTIKWV KLTTAPWY TNG E0WTEPIKNG
KOKK@S0LG OTIRASAC ATav TOIMTAACIOC amrd AvTov TToL evTomi{oviav OTN
yayyAiakn oTipada.

Katd 1n xaptoypdpnon TV CWUATOOTATIVEQYIKWY LTTOSOXEWY OTOV

AUPIBANCTPOEIS) apPOoLPAIOL, O Sstea LTTOTLTTOG EVTOTIIOTNKE O€ SIAPOPOLG
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TTANBLOPOVLS KLTTAPWYV, KLEIWG CE SITTOAa KOTTAPA TToL OXeTICOvVTal PE TA
PaPRSIoPOPa AAG Kal o€ SITTOAQ KOTTAPA TTOL OXETICOVTAI JE TA KQVIOPOPQA, OF
KQVIOPOPOLS PWTOVTTIOS0XEIG, O& 0PICOVTIA KOTTAPA Kal o€ PpaxLiva KOTTAPA
TTOL TEPIEXOLY TO EvLUO LSPOELAACN TNG TLPOOCIVNG, evw O ssts OTOLC
pwTodTmodoxeic (Thermos, 2003). EmmAéoy, emeldr) cOUPwVa pe RT-PCR peAETEG
0 sst2 LTTOTLTTOG TNG CWHATOCTATIVNG €ival KAl O ETTIKOATESTEQOG OTO UATI (Mori
Kalr couv., 1997) 606nke 161QiTepN EUPACN OTN XPNON TV SSt2  EKAEKTIKGV
AYWVIOTAV WG VELPOTTPOCTATELTIKA.

YOUQWVA e TA ATTOTEAECUATA PAG, N VELPOTIPOCTACIA TTOL TTAPEIXAV
OTA XOAIVEQYIKA KOTTAPA Ol EKAEKTIKOI aywVIoTEG BIM23014 kal MK678 ntav 76%
Kal 49%, avTioToixa. NapouoIa ATTOTEAECUATA TTAPATNENONKAY KAl JYE TN XPNOoN
TNG KOPTIOTATIVNG - £VA VELPOTIETTTIOIO TO OTTOIO EXEI LWNAN CLYYEVEID YIA OAOLG
TOLG LTTOTLTTOLG TWV LTTOSOXEWY TNG CWPATOCTATIVNG (Siehler kal cuv., 1998) -
n oroia TpocePepe KATA 58% TIOOOTACIA OTA XOAIVEQYIKA KOTTAPA. To
BIM23014 kal n KOPETIOTATIVN TTAPEIXAV TIPOOTACIA TOOO OTA XOAVEQYIKA
KOTTOPA TNG £0WTEPIKNG KOKKQSOLG OTIRASAG (78% kal 59%, avtioToixa) 6Co
KAl o AuTd TNG YAyyAIakNG oTiBadag (74% kai 58%, avtioToixa). AvtiGeta, o
5e0TEPOG sst2 AYWVIOTAG TTOL XPNOIWOTTOINBNKE MK678, TTOOCTATELTE EKAEKTIKA
TA XOAIVEQYIKA KOTTAPA TNG E0WTEPIKNG KOKKWSEOLG OTIRASAC KATA 72% eV N
TTPOCTACIA TWV XOAVEQYIKWV KOTTAPWY TNG YAYYAIOKAG OTIRASAG TTEPIOPIOTNKE
HMOAIG OTO 24% auTwv. H SlIapopd TNG ATTOTEAECUATIKOTNTAG TRV sst2 avaloywv
UTTOPEI va EyKeTal Ot SIAPOPETIKEG ATTOPPOPNTEIS TWV PAPUAK®DY ATTO TOV
apPIPANCTPOEISN e€ITiag TNG SIAPOPETIKAG TOLG SOUNG.

1T TTEIPAPATA PAG N VELPOTIPOCTACIA TTOL TTAPEIXAV KAl Ol TPEIG OLTIEG
(BIM23014, MKé678 «kal KopPTIOTATiVA) NATAV  CLYKEVTPWOO-££QPTOPEVN. To
ATTOTEAECUA ALTO €ival O CLUPWVIA PE TTOONYOLHEVN WEAETN OTNV OTTOIA O
Rauca kal ol cuvepyaTeg Tov, (1999) £dei€av OTI N CWUATOCTATIVN, N OKTPEOTION
KAl N KOPTIOTATIVN NTAV ATTOTEAECUATIKEC HE VA OLYKEVTPWOO-£EAPTWUEVO
TOPOTTO KATA TV PAAP@V TTOL TIPOKAAEI N €OTIAKA IO0XAIMIA HETA ATTO
QATTOKAEIOUO TNG PEONG EYKEPAAKNAG APTNPEIAG. H PEAETN AQLTA CLPPVED PE TA
ATTOTEAECUATA PAC OXI MOVO O€ OTI APpOoPd TN CLYKEVIPWOO-eEAPTWHEVN
5pAoN TWV CWUATOCTATIVEQYIKWYV AVAAOYWY OAAG KAl OTO YEYOVOG OTI Ol
OULYKEVIPWOEIC TWV OLOIWV PE TIC OTIOIEG ETTITUYXAVETAI N VELPOTTIPOCTACIA

ATAV OTO iS10 €DPOG. Ta ATTOTEAECUATA PAG €ival TTIONG O€ CLUPWVIA PE in ViVo
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HEAETEG TTOL &¢gixvoLy OTI TA CWPATOCTATIVEQYIKA avaloyad eumodilouvy Tnv
AUPIPANCTPOEISIKA ~ VEOQYYEIWON O POVIEAO  AUQIPANCTOOTTABEIAG
TTOOKAAOLUEVN ATTO LWNAEG CLYKEVTPWOEIG 0LYOVOL O€ TTOVTIKI (Smith kai
ouv., 1997, Higgins kai cuv., 2002).

QoT1O000, OTO YOVTEAO WAG, N i6la N cwpaTtooTaTtivn §ev ATAV KAV va
TTOOCTATEWEI TOV APPIBANCTEOEISH ATTO TN XNUIKNA I0XaIYia TOavoTaTa e€QITiag
TNG amolkobOunoNnG TnG. MpayuaT, amobeifaue OT, OTIC CLVONKEG TNG
TTAPOLOAG MEAETNG TA ETTITTESA TNC CWHATOOTATIVNG OTO Wiypda TNG XNMIKAS
IOXQIUIAC peIovovTal SPAUATIKG OTO XPOVO HIA KAl PETA attd TTPOCHONKN TUM
OWPATOOTATIVNG WETPNBNKAY WOAIG oTa 277+33nM T1emTISion, 30 AeTtTa PeTd TNV
Evapén NG 1IoxaIhiag. AuTO ogeiAeTal TMOAVA OTO YPNYOPO UETARONCUO TNG
OWUATOCTATIVNG MIa KAl O XpOVOG NUIZWNG TNG €ival UIKPOTEPOG TV 3 AETTTAV.
H aduvapia avtn §pdong TNG CWPATOCTATIVNG OTOV APPIBANCTEOEISH in Vitro
EXEl ava@epBel kAl O TIPONYOULUEVEC MEAETEC KAl WANOTA PE XPNON
HMEYAAOTEQWY CLYKEVTOWOEWY TOL TIETTISIOL (Vasilaki kar cuv., 2002).

Ye avTiBeon pe TOLG sst2 EKAEKTIKOUG AYWVIOTEG, N xoPNnynon ssts kan ssts
EKAEKTIKWV —avaloywv  (L803,087 «kar L-817,818, avriotoixa) &ev  Atav
ATTOTEAECUATIKA OTNV TTPOCTACIA TOL AUPIPANCTEOEISH ATTO TN XNUIKN I0XAIYia.
‘Ooov a@opd 1o ssta avAAoyo, KATI TETOIO ATAV AVAPEVOUEVO, UIA KAl Ol Ssts
LTTOSOXEIC TNG CWHATOOTATIVNG eVTOTTICOVTAl POVO O€ YAYYAIOKA KOTTAPA TA
OTTOIa, OTTWG TTPOAVAPELONKE, Sev eTTNEEGOVTAI OTO POVTEAO PAG. AVTIOETA, Ol
ssts  vTTOdSOXEIC  evioT{ovTaAl Of  OCWUATOOTATIVEQYIKA, XOAIVEQYIKA KAl
VTOTTAMIVEQYIKGA Bpaxbiva KOTTApA OToV au@IRANCTEOEISA apovpaiov (Ke kail
Zhong, 2007) kal ETTOPEVAG gival AOYIKO va LTTOBECOLUE OTI N CWPATOCTATIVN
Ba pmopoLoe va SPACEl VELPOTTPOOTATELTIKA PECW TWV ssts LTTOSOXEWY TNG O€
ALTOVLG TOLG KLTTAPIKOVLGS TOTTOLG. MEAYUATI, N VELPOTIPOCATELTIKA §pACN TNG
OWPATOOTATIVAG PETA ATTO EVEQYOTTOINON TWV ssts LTTOSOXEWV TNG ATTOSEIXONKE
amod TNV TEAELTAIA N VIVO HPEAETN TOL €PYACTNPIOL WPAG OTNV  OTIoId
TTAPATNENBNKE VELPOTTPOCTACIA EVAVTI TNG TTPOKAAOLUEVNG aTTO TO AMPA
VELPOTOEIKOTNTAG OTOV APPIBANCTEOEISH apovpaiov in vivo (Kiagiadaki kai
ouv., 2010). Qotdco, alilel va onueiwbe o1, TNV TTAPOLOA PEAETN TO ssts
EKAEKTIKO avaAoyo L-817,818, xpnoiuotroinBnke o€ GLYKEVTPWON 1UM, (BEATIOTN
OLYKEVIPWON §pdong TV sst2 avaloywv) eved otny gpyacia Tng Kiagiadaki

Kal TV ouvepyatv TG (2010), 1O avAAoyo auLTO, TIAPEXEl UEDIKN
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VELPOTTIPOOTACIA O€ CLYKEVTPWON 100uM. EmmiiTAéoyv, onuavTiko gival €mmiong To
YEYovog OT, ota VO ALTA HOVTEAA (in Vitro xnuikA 1oxalhia kail in vivo
SIEYEPTOTOEIKOTA) Ol PNXAVIOWOI TToL 0dnyoLV OTN VELPOTOEIKOTNTA  Eival
SlapopeTikoi. EmmpooBeta, ¢ yvwpilovue TTOCO A&ITOLEYIKOI €ival oI ssts
LTTOSOXEIC PETA ATTO TNV TTEOKANCN XNUIKNG 1I0XAIMIAG AaAAG Kal KATA TTOCO
vTrapxel MPoOodeon ToL ssts aywvioTn, L-817,818 kal oToug sst1 avToBTTOSOXEIG
(ki=3,3nM, mivakag 2) n omoia Ba obnyovoe ce avaipeon TNG TMOAVAG ssts
VELPOTTPOCTATELTIKAG TOL §PACNG.

YTOYKEVTPWTIKA, ATTO TIG MEAETEG TTOL TTPAYUATOTIOINONKAY OTO TTACiCIO
NG Tapovoag SIaTPIPAG, HPTTOPOUVHE VA  CLUTTEPAVOULME TNV EKAEKTIKN
VELPOTTPOOCTATELTIKA §pACN TNG CWHATOCTATIVNG WETA ATTO EVEQYOTTOINCN TWV
sst2 LTTOSOXEWY TNG KAl TNV aduvapia emiTeLéNg VELPOTTPOCTACIAG KATA TNG
XNMIKNG I0XAIMIAG HE TN XPNon ssts avaAoywy TOLAAXIOTOV OTIC CLYKEVTPWOTEIG
TTOL ALTA XPNOILOTTOINBNKAY OTA TTAQIcIa TNG S1ATPIRNG.

Ol UNXAVIOUOI HECW TWV OTIoIV TA CWPATOOTATIVEQYIKA avaAoyd
ATTOTEETTOLY TIC PAAPREG TTOL TTPOKAAOLVTAI ATTO TN XNMIKA IoXaIhia Sev eival
YVwoToi. ‘Omwg Tpoava@Eépdbnke, N KLEIA AITid TOL KLTTAPIKOL BavAaToL
Qaiveral va evar n avénon Twv ETTES®Y TOL YAOLTAMIVIKOL 0E&EOG, N
ETTAKOANOLON SIEYEQON TWV IOVOTPOTIKG®Y LTTOSOXEWY KAl N avbénon ToL
eVSOKLTTAPIOL ACPECTIOL N OTToIa OdNYei €iTe OE TTAPAYWYN EAeLOEP Y PICWV
€iTe/KAl O€ KATAOTPOPN TOL HITOXOVEPIOL, &iTe OTNV emaywyn ev{OUWY TTOL
obnyovv oTnv amomntwon (Osborne kar ocvuv., 2004, exkovao-12). H
OWPATOOTATIVA AVACTEAAEl TN AeiTovpyia TV diabAwv acPeoTiov (Tallent kai
oLVv., 1996) Kal WG &K TOLTOL UTTOPEI VA ATTOTEAETEI VELOPOTTPOCTATELTIKO LOPIO.
O pNXaviopog aLTOC UTTOEE va IoXVEl VI TN VELPOTTPOCTACIA TTOL TTAPEXOLY
Ta sst2 cwuATOoTATIVEQYIKA AvAAoyd oTa SiToAa KOTTAPA Kal Ta PpaxLiva
VTOTTAMIVEQYIKA KOTTAPA, S§€50UEVOL OTI O SSt2 CWPATOCTATIVEQYIKOG LTTOSOXEAG
ekppadletal oTa KOTTAPA AvTa (Helboe kar cuv., 1999, Johnson kai cuv., 1998,
Vasilaki kar couv., 2001). Aev €€nyei OPWC TIG VELPOTTPOCTATELTIKEG SPATEIC OTA
KOTTaPA Ta O110ia §eV eKPPAOLY TOLG sst2 LTTOSOXEIG, OTTWG YIA TTAPASEIYUA O€
AANEG KATNYOPIEC PPAXVLIVV KOTTAPWY. AANNEC WEAETEC OTN PIBAIOypa®ia
LTTOOTNPEICOLY OTI N CWPATOCTATIVN UEIVEl TA PELPUATA ACRECTIOL PECW EVOG
UNXAVIOWOL TTOL €UTTAéKEl TNV KUKAIKY GMP (Meriney kai ouv., 1994). Itov

EYKEPAAO, N KULKAIK GMP €xel eUTTAQKEI OTIC TTOOOTATELTIKEG SPACEIC TNG
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OWUATOCTATIVNG KATA TO VELPWVIKO BAVATO TTOL TTPOKAAEITAI ATTO TO SIEYEPTIKO
apivoEd NMDA og KAMIEPYEIEG KOUTTAPWY £YKEPAAIKOL pAoIoL (Forloni kar cuv.,
1997). Emopévag, N KUKAIKA GMP pttopei va atmoTeAel éva onuavTIKO TTAIKTN OTIG

VELPOTTPOOTATELTIKEC SPATEIC TNG CWPATOOTATIVNG.
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AUPIPBANCTPOEISIKAG ICXAIIAG.
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OTTwG TTPOAVAPEPONKE, UEAETEG TOL gpyaoTnpPiov pag &dafav OT N
ocwpartooTativn avfavel 1a emimeda tng NO- (Vasilaki kar cuv., 2002) kai NG
KOKAIKNG GMP o€ €KTOTTEG KOANIEQYEIEC AUPIPANCTOOEISH APOLPAIOL PECW EVOG
UNXAVIOUOUL TTOL eUTTAEKEN sst2/SHP-1/NO-/cGMP (TTapoLoa UeAETN). MTTOPOLUE
AOITOV  va odnynBoLue oTnv LTTOBeoN OTI TO CNUATOSOTIKO HOVOTIATI
NO:-/KUKAIKY GMP uttopei va otoxedel TN obvBeon TNG KLKAIKAG GMP oTo ibio
KOTTAPO TTOL ekpEAlovTal Ol sst2 CWUATOOTATIVEQYIKOI LTTOSOXEIG N O€ YEITOVIKA
KOTTaEA, Hia kal N NO- gival a€plo, Kal Je ToV TPOTTO ALTO VA EUTTAEKETAl OTN
VELPOTTPOOTATELTIKNA SPACN TV CWUATOOTATIVEQYIKWY AVAAOYWV.

@toape NoImTov 10 €ENG £pTNUA: euttAékovTal o NO- kal n cGMP oTIg
TTOOOTATELTIKEG 6PACEIC TV sst2 avaloywyv TNG OWPATOOTATiVNG OTOV
AuPIBANCTEOEISN;

Na va amavinooLpe OTO TTAPATTIAVE EQWTNUA  ETTPETTE TTOPWTA VA
HMEAETNOOLUE TIC TMOAVEC VELPOTIPOOTATELTIKEG SpAcelg TNG idlag TNG NO.
MNMOAYUATOTTOINCAE PEAETEG OI OTTOIEG PACICTNKAV OTN XOPNON APYIViVvNG KAl TV
50TV TOoL povogediov ToLv alwTtou SNP, SIN-1 kal NONOate edopévou OTI N
NO:- wg aéplo dev pmopel va xopnynBei katd tnv TeipauaTikry Siadikaaoia.
XPNOIUOTTOINCAPE £va €LPL PACHA CLYKEVTPWOEWY TNG apyivivng (0,05, 0,125,
0,25, 0,5, 1 ka1 2mM) kai Tov 661N TNG NO- SNP (0,25, 0,5, 1, 2 kal 4mM) @OTE va
ETTTOXOLHE TNV KATAANAN CLYKEVTPWON NO: n oTToia Ba £xel ELEPYETIKN KAl OX
TO0EIKA §pAcN OTOV IOTO KATA TNV TTOOKANCN XNUIKNG Ioxaluiag. Kapia amd T
OLYKEVTOWOEIG TTOL XPNOIUOTTOINBNKAV &6 OTABNKE IKAVH VA TTOOCTATEWE TOV
au@IiPAncTOoeSn. Mapd TaLTA, &ev €ipaoTe O¢ Beéon va yvwpilovue av
XPNOIUOTTOINCAUE LYNAOTEPES 1 XAUNAOTEPEG CLYKEVTPWOEIG TV OLOIWY ATTO
ALTEG TTOL ATTAITOLVTAI YIA TNV ETTITELEN VELPOTTPOCTATCIAC HIA KAl €V NUACTAV
oe Béon va &Epovpe Ta akpIPn emimeda TNG NO- oTo 1I0TO. EMTTAEOV, Evag AANOG
TAPAYOVTAG TIOL TIPETTEl va AGQPoLPE LTTOWN OTO HPOVTEAO TNG XNMIKAG
loxaipiag, eivar n xpnon tov NaCN. To NaCN cival avacToAéag TNG 0&EISWTIKNG
PWOPOPLAIONG KAl XPNOIUOTIOINBNKE YIA TNV IKAVOTNTA TOL VA TTPOLEVEI
omogia. H vmoéia éxel aueon emiépaon oTov peTa@opéa apyivivng (Block kai
ouv., 1995, Zharikov kai Block, 2000) kai éxel Seixtei 0TI N vTTOEIA AVACTEAAEl TNV
ETTAVATTIOOCANWN apyIvivng emmNEealovTag evOEXOUEVG TNV TTAPAYWYN TNG
NO-. H éNeiwn Tng Spdong tou SNP utmopei va o@eiAeTal otTnv ammoToun Kal

TaXLTATN aTEAeLBEPON TNG NO-, n otroia emavfavel TIC TOSIKEG SPATEIG TOL
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NaCN. EvaAAaKTIKA, 0 oxnuaTiopog TNG NO- ammo 1o SNP, To ottoio cuvobedeTal
ammod TO oXNUATIOPO ToL KLaVISiov (CN-), uTTopEi va avacoTaAei e TNV e€wyevn
ook kvavidiov (Yamamoto kai Bing, 2000, Bates kai cuv.,1991).

YOUPWVA JE TIGC PEAETEG UAG KAl O€ QVTIOeon Ye TNV apyivivn kal 7o SNP,
70 NONOate, 10 omoio cival &vag apyog §0tng tng NO:, ATav IKAvo va
TEOOTATEWEl TOV  AUPIBANCTEOEIS aATmd TN XNUIKA 1o0XaIhia, av  kal Ol
OANOKANPWTIKA. To popio autd eival oTaBepd e LYPNAO pH Kal 0 xPOvVog
NUING TOL PTTOPEI VA €ival ATTO PEPIKA AETTTA G KAI QPKETEG PEPEC AvVAAOya
pue TN Sdopn Toug (Hrabie kal cuv., 1993). To spermine NONOate 1O OTT0IO
XPNOIUoTTOINCAUE £xel XPOVOo NUINg 39 Aemtd otoug 37°C kail pH=7,4. Eivai
mOavo Kata TNV TreipapaTikn Sladikacia 1o pH va peidnke kal to NONOate va
ATTOOLVTEDNKE XWEIC va mapadye kava emimeda NO- kaB' OoAn 1 Sidpkeia
ETOACNG N YIA PELOG TOL XPOVOL ALTOL TIAPEXOVTAG ETCI POVO WEPIKN
TTOOOTACIA.

Ye OTl apopda oTto SIN-1, o 661TnG avtog NG NO- TMPoCoTATEWE TOV
AUPIBANCTEOEISH ATTO TN XNUIKN 10XAIMIA KATA £€vA CLYKEVTPWOO-£EAPTWUEVO
TOOTTIO KAl TTPOCEPEPE TN HEYIOTN TIOOOTACIA OTA XOAIVEQYIKA KOTTAEA OTN
OLYKEVTPWON TV O0,TMM. ITnV OLYKEVTPWON TV 1TMM &ev TTOPATNENONKE
Kauid mpootacia. To SIN-1 eival evepydg aAAd aoTaBng PETAROANITNG TNG
uoAoibopivng (Yamamoto kar Bing, 2000, Feelisch kai Noack, 1987).
MetaPoAileTal oe Vo oTadia, apxika o€ SIN-TA kal oTn cuvéxela o NO- kai SIN-
1C, oe Oz kal TTepofLVITPWEES, OTIWG paiveTal KAl TNV &Kova-13 (Feelisch kai
Noack, 1987, Schrammel kai cuv, 1998). MapoT TO TTEPOELVITPWEES ATTOTEAE
TOEIKO PETAROAIKO TTpoidv TNG NO:, vTTapxoLy evéeifelg OTI PTTopel va §pdatl
vevpotpooTaTteLuTika (Garcia-Nogales kal ocuv., 2003). MNa va eAéyEovpe av n
TTPOOCTATELTIKN §pAcn ToL SIN-1 o@eiAeTal OTO TTEPOELVITOWEEG, £EETACAUE AV N
L-kvoTeivn, (ovoia n omoia ammopakpLvel TO TTEPOELVITOPWEES), AVACTEAAE TNV
evepyeTikn 6paon Tou SIN-1. Ta amoTteAéopata pag edefav OTl N L-kvuoTeivn
HEIWOE UEPIKWG TN VELPOTIPOCTATELTIKN §pAcn Tou SIN-1, 06NYWVTAG PAG £TOI
OTO OLUTIEPACHA  OTI EvAG  pNXaviopog avénong tnNg NO- kal Tov
TePOLVITPMOOLS  cLUTTEPIAaPPBAVETAI OTOLG  VELPOTIPOCTATELTIKOVLG

UNXavIouoLS Spacelg Tou SIN-1.
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Eikova-13: To SIN-1 petapohiletal oe SIN-TA. Mapouvoia ofuydvou mapdyeral Oz Kal n
aocTabng pia SIN-1+ n omoia petapoAiletal ypnyopa oe NO- kal SIN-TC. H NO: kai n O2-
avTiSpoLV Kal TTAPAYOLY TO TTEPOLLVITPWSEG.

MpokeyevoL va eEetTdooupe TIC TMOaAvES TofkEG Spdoelig Tou SIN-T oTOV
AUPIPANCTEOEISH, £TTWACAPE TOV PLCIOAOYIKO 1I0TO TTAPOLOIA SIAPOPETIKWY
ouykevipwoewy SIN-1 kal ammovsia ToL WIYUATOG TNG XNMWIKAG 1I0XAIWIAG. ITIG
XaunAOTepeG  ouykevipwoec (0,1, 0,3 kar 1TmM) Ttou SIN-1 - TOUL
XPNOIUOTTOINONKAY KAl OTO POVTEAO TNG XNUIKAC IOXAIWIAC - §EV €TTNPEACTNKE N
avooodpacTIkOTNTA ToL ChAT ) ToL TUNEL. YN HeEyaADTEQN CLYKEVTOWON TWV
3MM TTapaTNENBNKE HEION TWV XOAVEQYIKV KLTTAPWV KAl avbénon Twv
ATTOTITATIKWYV KOTTAP®YV. TO yeyovog auvto amodeikvoel OTI TO SIN-1 og XaunAeg
OLYKEVTOWTEIG 500 WS VELPOTIPOCTATELTIKO KATA TNG XNMUIKNG 1I0XAILIAG, £V
o€ LYPNAEG SO0¢€IC Exel TOEIKA Spdon oTov I0TO N OTToia odnyel og KLTTAPIKO
Bavato. Me Pdaon Ta QATMOTEAECUATA  WAG, eival adbvato va KAVOULUE
OTTOIASNTTIOTE EKTIUNGCN YIA TIG TTOOKOTITOLOEC ATTO TO SIN-1T CLYKEVTPWOEIC TNG
NO- pia KAl auTEC MTTOPOLY va e€apTvTal OxI MOVO armod TNV aEXIKA
oLykevTPpwon ToL SIN-1, aAAG kAl aTmd TO POVTEAO, TOV 1I0TO N TOV TPOTTO
xopnynong Ttng ovoiag. Na tmapdbeyua, oe TPOCPATN  PEAETN  OTTOL
xpnoluotroinBnke NAekToo810 TNG NO- KAl N TeXVIKA TNG in vivo pikpodiatiduong,
n xopnynon TmM SIN-1 dev Atav kavrh va avfnoel Ta emimeda Tng NO- oTo
PaPRSwTO apovpaiov (Rocchitta kal cuv., 2004).

Ye OTI APOPA TO PNXAVIOHO Spdong Tou SIN-1, LTTAPXOLY AVAPOPES OTN
BiIBAIoypagia ol otroieg TpoTeivouy OTI TO SIN-1 éxel pia Aueon SleyepTikn Spdon

oTn SIAALTA YOLAVLAIKA KLKAAGoN (Schrammel kal cuv, 1998, Kukovetz kai
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Holzmann, 1985, Trakranrungsie kai Will, 2001). 'ETol, évag emMTTAEOV UNXAVIOUOG
O OTT0IOG PTTOPEI Va TTPOTABE yIa TN VELPOTTPOCTATELTIKA §pAcn ToL SIN-1 TToL
TAPATNENCAUE PETA ATTO XOPNYNON XAUNAWY OCLYKEVIPWOEWY TNG OLOIAG
uTTopEl va agopd Tnv avénon NG KLKAKNG GMP. Emmpoobeta, Ommwg
TTOOKOTITEl KAl ATTO TA TTEIPAUATA PAG e TNV L-kvoTeivn eival mavo Ot To
TEQOELVITOWEEG EUTTAEKETAI OE EVA PNXAVIOWO TTOL SIKAIOAOYE €V pEPN TN
VELPOTTPOOTATELTIKA §pdon Touv SIN-1. To av ol TofkéG Spdoec Tou SIN-1
opeilovTal e e€eonuUACPEVN TTAPAYWYN TTEPOELVITPWSEOLS, TO OTIOIO Eival
YVWOTO OTI TTpokaAel ToIkOTNTa (Estévez kal ovv., 1995, Villa kai cuv., 1994),
Sev UTTOPEI va €MaANBeLTEl ATTO TA TTEIPAUATA pag. EviouTolg, 1oco n NO- 600
Kal TO TTEPOLLVITOPWEES, eival SVO POPIa TA OTToIa £€XOLV TNV IKAVOTNTA va
EVEQYOTTOINCOLY TN SIAALTH YOLAVLAIKN KLUKAACN KAl va avénoouy Ta eTmiTreda
NG KOLKAKAG GMP, n omoia de TN ocepd NG PITopel va  §pdaotl
VELPOTTOPOCTATELTIKA (Schrammel kai cuv., 1998, McDonald kal Murad, 1996).

Na va empePaiwde N eumTAOK TNG KLKAIKNG GMP oTnv TTpocTacia Tou
AUPIBANCTPOEISH aTTO TN XNWIKA I0XAIia  TToAyuUaToTToiNOnke  aTtreLOeiag
xopnynon TG 8-Br-cGMP, evog avaldoyou TnNG KLKAKAG GMP pe ovynAn
SIATTEPATOTNTA OTNV KLTTAPIKN PEPPPAVN. TO avAAoyo auTd TTPOOTATEWYE TOV
AUPIRPANCTEOEISH ATTO TN XNUIKN 10XAIWIA KATA £€vA CLYKEVTPWOO-£EAPTWUEVO
TPOTIO, TTAPEXOVTAG TN HEYIOTN TTOOCTACIA OTn CLYKEVTPWON TV 0,5mM. H
LUEQIKN TTOPOOCTACIA TTOL TIPOCEPEPE OTA TTEIPAUATA pag n 8-Br-cGMP oTn
OLYKEVTOWON TOL IMM éxel €mioNg TMaPATNENBEl Oe PEAETN OTNV  OTToId
TTOOKANBNKE KLTTAPIKOG OAvVATOG O AVATITOOCOUEVO AUQIPANCTOOEISN e
XPNnon avicopukivng (Guimardes kai cuv., 2001).

ATIO TA ATTOTEAECUATA PAG TTOOKUTITEl TO CLUTTEQACUA OTI TIPOKEIPEVOL
va EMTELXOE VELPOTTPOOTATIA TOL AUPIPANCTEOEISH) KATA TN XNMIKN IOXAIUia
gival armapaitntn N evepyottoinon evog UNXAVIOUOL OTOV OTTOIO EUTTAEKETAI N
KOKAIKR) GMP. 'OTTG EXOLUE aAVA@EQEl KAl TTPWTLTEQA, N CWHPATOOTATIVN
av&avel ta emimeda NG NO- (Vasilaki kar cuv., 2001) kal TNG KLUKAIKAG GMP oTov
AUPIPANCTPOEIS HECW TWV SSt2 CWUATOOTATIVEQYIKWY LTTOSOXEWY KAl ETTITTAEOV
Ta sst2 avaioya, 10 SIN-1 kal n 8-Br-cGMP 1mrpooTatebovy atmmo TN XNUIKA
Ioxaldia Tov au@IPANCTEOoESN. EMMALOV, OTOV e€YKEPAAO, N CWUATOOTATIVN
AEITOLPYE VELPOTTPOCTATELTIKA PECW EVOG PNXAVICUOUL TTOL TTEPIEAAUPAVE TNV

KOKAIK") GMP (Forloni kal cuv., 1997). H NO: atto Tnv TTAELPA TNG, ATTOTEAEI £va
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TTOAD ONUAVTIKO POPIO OTN PpLBWICN TNG AEITOLEYIAG TOL APPIRANCTEOEISN
AOY® TOL SITTOL TNG POAovL (Lipton kal cuv., 1993). To ydplo avTod gival IKavo
TO00 va TPodyel OCO KAl VA AVACTEAAEl TNV OPOAAUIKA veoayyeiwon. H
(PAPPAKOAOYIK) AvacoToAr TnG ocuvvBaonc TG NO- peivel TN XOPIOEISIKN
veoayyeiwon kal Tnv emayouevn amo 1o VEGF veoayyeiwon, alAd ¢ peicvel
TNV €TAyOUevn Ao TNV IoXAIpia AuPIBANCTEOEISIKN veoayyeiwon. O PYeAETEG
ALTEG, OE OLVOLACHPO HE VYEVETIKEG TIPOOEYYIoES - XPNnon Yyovislakd
TOOTTOTIOINWEV@Y TTOVTIKIOV HE EAAEIPN HIAC 1 OADV TWV ICOUOPPOY TNG
ouvvBaong NG NO:- - vTmodnAvoLy OTI N ETAYWYIKA KA/ N VELPWVIKN
ouvBaon TNG NO: TToL PPICKETAI O€ VELPIKA KOTTAPA YEITOVIKA TV ev60ONAIV
KOTTAPWY, EXOLV AVTIVEOAYYEIOYEVETIK Spdon KATa TNV Ioxaihia (Ando kai
ouv., 2002R). Emiong, oTov avammuooOpevo auIBANCTOOEISH apovpaiov, EXEl
Seixtel OTI N apyivivn kal o §61NG TNg NO: S:-nitroso-acetylpenicillamine (SNAP)
euTToSilel TOV KOTTAPIKO BAVATO TTOL TTPOKAAEITAI ATTO TNV TTPWTEIVIKA oLVOEON
TOL AVAOTOAED AVICOPLKIVN. H avTiatromtadTikh auTth dpdaon SiapecoAapeital
Kata éva pépog amo i cGMP (Guimardes kair cvuv., 2001). ETtol, yia va
eAeyEoLpe av Evag pnxaviopog avbénong TNG NO: kal TNG KLKAIKA GMP peta armod
gvepyotrtoinon Twv sst2 LTTOSOXEWY gival LTTELOLVOC YIA TN VELPOTTPOOTACIA
TV sst2 CWUATOOTATIVEQYIKGOV AVAAOYWY OTOV AuPIBANCTOOEISH, e€eTAoaue
av n avaoToAr NG cubvBaong TNG NO- kal TNG SIAALTAG YOLAVULAIKNG KLKAGONG
gival ikavr va avaoTpEwel TNV TTPOCTATELTIK Spdon Tou sst2 aywvioTn
BIM23014. AlamoTtooape OT1, 0 avaoToAéas TNG NOS NMMA kal oI avaoTOAEIG
NG SIGALTAG YOLAVLAIKNG KLkKAAong ODQ kar NS2028 avéoTeAav TNV
TTPOCTATELTIKN §pAcn ToL BIM23014 yeyovog TTOL ATTOSEIKVOEI TNV EUTTAOKN TNG
NO:, TNG S1IOALTAG YOLAVLAIKNG KUKAAONG KAl TNG KLKAIKAG GMP oTn emayopevn
amd 10 BIM23014 vevpompootacia. MNa Tnv Tepaimépw  empPepaicoon NG
oTToLSAIOTNTAG TNG KLKAIKNG GMP, peTpnBnkav Ta emimeda TNG KLKAIKAG GMP
OTOV AUPIBANCTPOEISA KATA TN XNUIKA I0XAIWia, TTapouaiag f) un tov BIM23014
N ToL BIM23014 kai Tov NS2028. QoTOC0, KAUIa OTATIOTIKA oNUAvTIKA Slapopd
Sev TTAPATNPENONKE OTA €TiTTESA TNG KUKAIKAG GMP, eVEEXOUEVG VIO TEXVIKOVG
AOYOULG.

To €maKOAOLOO ONUA HPECK TOL OTTOIOL N KLUKAIKN GMP Tapéxel
TTEOOTACIA WTTOPE va TepIAapPaveEl TN PLOUION TWVY KAVAAN®V AcReCTioL

(Meriney kal ocuv., 1994) pe QTOTEAECHPA TN HEION TV TOLIKWYV LWYNALV

129



YYZHTHYH

EMITES WV TOL £VEOKLTTAPIOL ACPECTIOL TTOL TTPOKAAOLVTAI ATTO TNV ICXAIUIa
KABWG KAl TN PEidon veupodIapIBACTOV OTTWG TO YAOLTAUIVIKO oL (Osborne
Kal ovuv., 2004). MapoAo ToL &ev LTTAPXOLV OXETIKEG AVAPOPESG OTO
AUPIPANCTEOEISIKO KOKAWMUA YIA VA LTTOCTNEIXTE ALTA N EIKATIA, £xel SeIxTE OTI N
NO- kal 70 KLUKAIKO GMP SiapuecoAaPolyv OTNV AVAOCTOAN TWV KAVAAWV
aoPeoTiovL O AUPIPANCTEOEISIKA TTEQIAYYEIAKS KOTTAQA KAl UEIVEl TNV EI0PON
aoPeoTiov (Sakagami kal cuv., 2001).

EmmpooBeta, €xel Seixtel OTI TO TTEPOLLVITOWEES EVEQYOTTOIEl TATO-
e€apTpevoLs slavlovg acPeoTiov (VDCCs) kal emmnpeadel TNV ATTeAeLOEPWON
vevpodiapiBacty (Ohkuma kai cuv., 2001, 1995). MEPOCPATEG PEAETEG EXOLV
5¢ifel emiong o1 N NO:, n KLKAIK) GMP kai 1o SIN-T pmmopoULy va TTPOKAAECOLY
TNV ameAeLBEPWon Tov GABA oTOV AUPIPANCTEPOEISN xeAwvag (Yu kal Eldred,
2005). AvaoTaATtikoi vevpodiapiBacTtéc oG 10 GABA civar mBavo o
AvTeEVEQYOLV  OTNV  VELPOTOEKA 6pdacn  TOL  YAOLTAUIKOL 0&E0G O€
AUPIPANCTEOEISIKOLG  VELPWVEC KATA TN SIAPKEIA  TNG  IOXAIYIAg  Kal
TTPOCTATELOLY KATA ALTO TOV TEOTO TOoV 10TO (Osborne kal cuv., 2004).
MNpayuarT, To GABA &xel TTPOoTABE G VELPOTIPOOTATELTIKO O¢ O&ELia EYKEPAAIKN
IoXaluiK ocoupopnon (Green kal cuv., 2000). Emopévwg, Sev umopei va
amokAeioTel N mMOavotnTa N NO-, n KUKAIKY GMP kai 1o SIN-1 va avfavouy Tnv
ameAeLBipwon Tov GABA oTov AUPIPANCTOOEISH apoLEaioL Kal va RonBolLv
OTN VELEOTIPOOTACIA OTN XNWIKNA 1oXalyia. NMapoA" avtd, n ekacia avth 6a
TTOETTEl VA €TTAANBELTEI.

Feyovog OPwG eival, OTI KATA TN XNUIKN 1oxaiyia 1a sst2 avaloya kai n
KOPTIOTATIVN EVEQYOTTOIOLY TOLG $St2 CWUATOOTATIVEQYIKOVG LTTOSOXEIG HECW
TNG §€0PELONG TOLSG O& ALTOLG, avfavouv TNy TTapaywyn TNG NO:- n oTToia
Tpoodeveral oTn SIAALTA YOLAVLAIKN) KLUKAGON, avfavovtag Ta emimeda NG

cGMP n o11oia §pa VELPOTTIPOCTATELTIKA.
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6. LYMIEPAIMATIKA

Katd 1n Siapkeia TNG TEAELTAIAC SEKAETIAC TA ATTOTEAECUATA TTOAAGV
HEAETGV  odnynoav OTn  AETOLEYIKN  XAPTOyPApNon TWV  LITOSOXEWV
OWPATOOTATIVAG OTOV AUQIBANCTEOEISH TV BNAACTIKWV KAl TTOOCEPEQAV
ONUAVTIKG OTOIXEIQ OXETIKA HE TO POAO TNG CWHATOOTATIVNG OTA KUKAGWUATA KAl
TN uoloAoyia Tou auPIPANCTEOEISH. Ta amoTEAECUATa ALTAG TNS SIATPIPAC
OLVEROAQVY PE VEQ OTOIXEIA OTN AEITOLPYIKA XaPTOYPAPNON TOL ssti LTTOSOXED
KAl EUTTAOLTIOAV TA LTTAPXOVTA OTOIXEIA OXETIKA PE TO POAO TOL sstz LTTOSOXEQ
oTOV I0TO.

Kbpiog oT1OX0C TNG mapovoag SiatpiPNg ATav n afiohoynon Twv
OWUATOOTATIVEQYIKQV  AVAAOYWYV DG  VELPOTIPOOTATELTIKA POPIa  OTNV
QVTIUETOTIION TNG APPIRANCTPOEISIKAG I0XAIMIAG. TOo POVTEAO TNG XNMWIKAG
IoXalyiag  ToL  avamTofape  ATAV  ATTOTEAECHATIKO  OTN  HEAETN TV
VELPOTIPOOTATELTIKDV SPACEWV TV AVAAOY®Y TNG OCWPATOOTATIVNG KAl
HEANOVTIKA  XPNOIUO  OTN  HEAETN  GANWV  (PAPUAKELTIKOV  OTOXWV WG
VELPOTTPOCTATELTIKA.

Ta amoTeAéopaTa TG MEAETNG  ALTAG  CLVNYOPOLV  LTTEP  TNG
VELPOTTPOOTATELTIKAG 6pd0NG TWV OCWUATOCTATIVEQYIKWYV aAvAAOywv. H
SNUOCIELON ALTWV ATTOTEAECE TNV TTPWTN EQYATIA OXETIKA PE TIC AVTIOXAIUIKES
5PACEIC TWV POPIWY ALTWV Ol OTTOIEC O CLVOLACHO HE TIC AVTIVEOAYYEITKES
TOLG SPACEIC TTAPEXOLY TA BEPATTELTIKA XAPAKTNEIOTIKA Yyid TNV aiotroinon
TOLC OTNV QVTIUETWTTIION COoRCpP@V TABNCEWY TOL AUPIPANCTEOEISH TTOL
oényoLy o€ TOPAWON.

Ta eLPAUATA PAG OXETIKA PE TO PNXAVIOUO §pA0NG HEC TOL OTToIOL TA
OWUATOOTATIVEQYIKA avaioya TTPOCPEOOLY TTPOOTACIA oTOV
AuPIPANCTEOEIS )  €ival  KAIVOTOPA  YIATI  OLVNYOPOLV  LTIEP NG
VELPOTTIPOOTATELTIKAG §pdong Tou povortaTiob NO-/cGMP kal TNG €UTTAOKNAG
TOL OTIGC SPACEG TNG CWPATOOTATIVNG OTOV AUPIBANCTOOEISH eV €TTIONG
vTTooTnPEICoLY TO SITTO POAO TNG NO- WG TOLIKO KAl VELPOTTPOCTATELTIKO UOPIO

oToVv 10TO.
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7. MEAAONTIKEX NMPOONTIKELX

> H mepaimépw SigpedvNon TWV POVOTIATIOV TTOL  CUUUETEXOLY  OTIG
QATTOTITWTIKEG 1 VEKQWTIKES S1IASIKATIES (TT.X. KAOTIACEC ) AAAEC TTPWTEIVEG) Ba
OLUPRAANEl ONUAVTIKA OTNV  KATAVONON TV  EUTTAEKOUEVRV  UNXAVIOUGWY

VELPOTIPOOTACIAG.

> H emmAéov peAETn Tou povortatiod NO/cGMP kal TV LTTOCTPWUATWY
oL aAvto emnpeadel (m.x. AMPA kai NMDA uttoboxeic yAouTauivikob o&tog,
SiavAol 10VTY ACPRECTIOL) KAl TTOL EUTTAEKOVTAI OTIC TIPOOTATELTIKEG TOUL
Spacec Ba CLUPRAAE OTNV KAALTEPN KATAVONON TNG VELPOPRIOAOYIAG TOL

OLOTAPATOG.

> H TepQITEPC PEAETN VEWY AVAAOYWY TNG CWPATOOTATIVNG PE KAADTEQA
PAPHUAKOKIVATIKA  XOPAKTNEIOTIKA  (MEYGAO  XpOvo nuUICWNG, KAALTEPN
ammoppopnon) 6a  obénynoce oTnv  avamtuén  PAPUAK®Y  IKAVWV  Va

XPNOIUOTTOINBOLY oe in Vivo BAOCIKES Kal KAIVIKEG HEAETEGC.
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8. NMEPIAHWH

H avebpeon VeELPOTTPOOTATELTIKGOY TIAPAYOVTIWY Yia Tn Ogpatmeia
aupIPANCTROEISOTTABEIY, OTTWC N SIARNTIKA AUPIPANCTOOEISOTTABEId KAl N
NAIKIGKN €KPOAION TNG WXPAG KNAISAG, aTTOTeAE T TeAeLTAIA XPOVIA TO OTOXO
Eviovng EQELVNTIKNG  TTPOOTIABEING. loxQIUIKES KATAOTACES  TOL
aupIiPANCTEOoEIS)  0odnyoLY  Ce  veodyyeiwon KAl OE  eKPLAION  TWV
AUPIPANCTPOEISIKQY  VELPWVWY. [lapPOTI CNPEPA  LTTAPXOLV  ETTEURATIKEG
uEBoSOI KAl PAPHPAKOAOYIKA  OKELACHATA yIA TNV AQVTIUETTION NG
VEOQYYEIWONG TOL AUPIRANCTOOEISH) EVTOLTOIG, §EV LTTAPXEI AKOUN KATAAANAN
Bepatreia yia TNV QVTIMETWTTION TNG EKPOAICNHG TOL. [1a TNV TTIO ATTOTEAECUATIKN
QVTIUETTTION TWV ICXAIUIKWV AUPIBANCTEOEISOTTABEICOV KAl TN SLVTAPNON TNG
OTITIKAG 0o&LTNTAC, €ival ETTTAKTIK N AVAYKN €LVPECNG VEWV BOEgQATTELTIKWV
OTOXWV YIA TNV QVTIUETWTTION TOOO TNG VEOQAYYEIWONG OCO KAl TOL KUTTAPIKOL
Bavarov.

H ocwpaTtooTativn armoTeAel &va KOUKAIKO VELPOTIETTIOO E TTOIKIAEG
5PACEIC OTO KEVTPIKO KAl TTEPIPEPIKO VELPIKO CUCTNUA TTOL AVAKAALPONKE ATTO
TOV Brazeau 10 1973, G 0 KOPIOG AVACTAATIKOG TTAPAYOVTAG TNG £KKPIONG TNG
avénTiKAGC opHOVNG Aamd TNV LTTOPLON. XTOV  APPIPANCTEOEISH N
owuaTtooTativn evtottideTal KLPIWwG oe PpaxLiva KOTTAPA TNG ECWTEPIKNG
SIKTOWTNG OTOIRASAG, KABWG €TMONG KAl O OPICUEVOLS TOTTOLG YAYYAIOKWV
KOTTAPWV 1 o€ EKTOTTA PpaxLiva KOTTapa. MNapOTl Exel ETITELXOE N AEITOLPYIKN
XapToypagnon TV LTTOSOXEWV cwuaTtooTaTivng (SSTR1-5), o pOAOG NG
TTAaPAUEVEl ASIELKPIVIOTOG. AOYW TNG AVACTAATIKNG TNG SpA0NG OTNV €KKPION
TNG ALENTIKNG OPMPOVNG KAl AAADV ALENTIKQV TTAPAYOVTWY, QPKETEG UEAETEG
€0TIQOAV  OTIC  QVTIVEOAYYEIAKEG TNG SpACEIC KAl TIPOTEiVOLY  OTI N
owuatooTativn Utropei va diadpapatioel onUAvTiko pOAo oTn Siladikaacia TNG
AuPIPANCTPOEISIKNG  veoayyeiwong. Emong, peAETEC  OTOV  €YKEQAAO
vTmooTNEICoLY OTI N CWUATOOTATIVN KAl TA Ssts AvAAoyd TNG TTPOCTATELOLY
ammod VELPWVIKO BAvaTo TTOL TTPOKAAEITAl ATTO TO SIEyePTIKO ApIvofL NMDA
HMECG £VOG UNXAVIOHOUL TTOL EUTTAEKETAI N KLKAIKI GMP.

Me OKOTTO TN HEAETN  TOL  VELPOTTPOOTATELTIKOL  POAOL  TNG

OWPATOOTATIVAG KAl TWV AVAAOYWV TNG OTNV AU@PIRANCTEOEISIKA 10XAIuia
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EKTEAEOTNKE N TTAPOLOA SIATPIRA e TOLG EENG OTOXOLG: A) TN SIACAPHVIoCN TOL
AEITOLPYIKOL POAOL TwV sst Kal sst2 CWUATOOTATIVEQYIKWY LTTOSOXEWY, B) TN
SnuIovpyia POVTEAOL APPIBANCTEOEISIKAG I0XAILIAG, Y) TNV TaALTOTIOINCN TNG
VELPOTIPOOTATELTIKNG S§PACNG TNG CWHPATOOTATIVNG KAl TOV AVAAOYWVY TNG O€
auTo, Kal &) TN HEAETN TOL  PNXAVIOWOL MPECG TOL  OTIoIOL T
OWUATOOTATIVEQYIKA avAAOYa TTPOOTATELOLY TOV AUPIPANCTEOEISH ATTO TN

XNUIKA 1I0XaIWia.

Ta amoteAéopata NG mapovoag  SiatpiPng  amedeav o1 N
EVEQYOTTOINON TWV sst2 LTTOSOXEWY Odnyel OTNV ALENCN TWV ETMTTESWY TNG
cGMP oTov au@IPANCTROEISA apovpaioL pEcw TNG avénong Tng NO-. Emmiong
ammoéeifape OTI N ATTEALLOEPWON TNG CWPATOOTATIVAG OTOV AUPIRANCTOOEISN
apoLPAIOL Eival VELPWVIKNG PLONG, KAAIO Kal aoPeoTto-e€apTopevn. H
atmreAeLBEPWON AvTh PLBUIleTal aTrd TNV evepyoTroinon Tou ssti LTTodSoxEéa o
OTTOIOG aTToTEAE TOV ALTOUTTOS0XEA TNG CWPATOOTATIVNG. Ta ATTOTEAECUATA
auTa avedefav yia TPEWTN Popda TNV OTTAPEN &vog ALTOLTTOSOXED TTETTTISIOL
OTOV AUPIPANCTPOEISA.

Me OTOXO TN MEAETN  TOL  VELPOTIPOOTATELTIKOL  POAOL  TNG
OWUATOOTATIVAG KAl TV AVOAOYWV TNG OTNV AUPIBANCTOOEISIKN IoXAIUia
avanTulape TO POVTEAO TNG XNUWIKAG 1I0XAIMIAG OToV  AuIBANCTOOEISN
apovpaioL. To POVTEAO ALTO XPNOIUOTTIOINBNKE APXIKA OE TOUES ITTTTOKAUTIOL
KAl O€ TTOWTOYEVEIC KAAIEQYEIEG AUPIBANCTOOEISIKWY KOTTAPWY KOTOTTOLAOUL,
Kal TTEQIANAUPBAVEN TN XPNON KLAVIOLXOL VATPIOL KAl IWE0-0EIKOL 0EEOG, OLTIEG
Ol OTIoieC HIJOLVTAl oLVONKeG avoiag kal LTToyAuvkalpiag. Emwacn Tou
AUPIRPANCTEOEISN YIa Wi EA OTO Wiyda TNG XNUIKAG I0XAIWIAg (KLAVIOVLXO
vaTEIo 25mM / 1606008IKO 0EL 5MmM) kal e cuvBnNkes 5%C0O2/95%aEpa oTOLS
37°C obnynoe o¢ peiwon TV  PEAXVIVAV  KLOTTAPWY TIOL  TTEPIEXOLV
AKETLAOTPAVPEPAON TNG XOAIVNG (XOAIVEQYIKG), LEPOELAGCN TNG TLPOTIVNG
(vTomrapivepyika) kal cuovBaon tng NO:- kKaBws Kal gg SITTOAa KOTTAPA TTOL
oxetiCoviar  he  Ta  PpaAPRSIOPOPa, OTIWG  TIPOCSIONIOTNKE  PE  HEAETEG
avoooioToxnueiag. Ta amoTeAéopaTa avTa emPBeRaIcOONKAVY Kal e TN XPNon TNG
TUNEL OTTOL ONUEIONKE EKTETAPEVOC KLTTAPIKOG BAVATOG PETA TNV £PAPUOYN
XNUIKAG I0XAIWiag. H emoaon TNG CwUATOOTATIVNG TTAPOLCIA TOL HiYUATOG TNG
XNHIKNG 1o0xaIhiag &ev TTpooTATELOE TOV AUPIBANCTEOEISH. ATToSeixOnke e

UEAETEC padlo-avooo-avaivong (RIA) o1 n cwuatooTaTivn petapoAiletar uTTo
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TIC OLVONKEG TNG XNMIKNG IOXAIMIAC KAl OTO METAROANICUO aALTO OMEIAETAl N
EANEIYN TNG TTPOOTATELTIKNG TNG Spdaong. QOTOCO, N XPNON TWV EKAEKTIKGWV
AYyWVIOT®V ToL sst2  LTTOTLTTOL BIM23014 kAl MK678 KaBWG kKAl TNG
KOPTIOTATIVNG TTAPEIXE VELPOTTPOCTATIA OTOV I0TO.

MOOKEIUEVOL VA  HEAETNOBEI O pNXaviopog HECW TOL OTIoIoL  TA
OWUATOOTATIVEQYIKA avAAOYa TTPOCTATELOLY TOV AUPIPANCTEOEISH ATTO TN
XNUIKA 10XAIMIA JEAETAONKE N EUTTAOKA TOL €VOOKLTTAPIKOL ONUATOSOTIKOL
povortatiod NO-/cGMP. 'Omwg avageépdbnke TTAPATIAVW, HEAETEC OTOV
eykEPaAo vTrooTnEiCoLy OTI N CGMP EUTTAEKETAI OTIG TTDOOTATELTIKEG SPATEIG
TNG CWMPATOOTATIVNG KATA TO VELPWVIKO BAVATO TTOL TTPOKAAEITAl ATTO TO
S1eyePTIKO apivoEd NMDA. Ta ammoTeAeoUATa TNG TTAPOLOAG SIATPIPNG AAAG Kal
TTOONYOLHEVWV HEAETGV TOL £0YACTNPIOL OXETIKA PE TNV ALENCN TRV ETITTES WV
cGMP kal Tng NO-, avTtioTolxa, oTov apuPIBANCTOOEISH LETA ATTO EVEQYOTTOINON
TOL ssf2  LTTOSOXEQ, pAC 0OdNYNCAV aPEXIKA OTN  HEAETN TNG MOAvNAg
VELPOTTPOOTATELTIKNG §pdong TNG NO- OTO PJOVTEAO TNG XNUIKAG IoXalpiag. Ol
501eG TNG NO:, NONOate kai SIN-1 rpooTateway 1oV au@IRANCTEOEISH attd TN
XNHIKA 10XaIpia  KAtd  €va  OLYKEVTPWOO-eEApTUEVO  TPOTO. [apduoia
ATTOTEAECUATA TTAPATNENBNKaV pe TN xpnon NG 8-Br-cGMP, evog avaloyou
NG cGMP pe vbwnAR SIATTEPATOTNTA OTNV KLTTAPIKN PEUPEAvVN. H avaoToAn
NG cubvBaong TNG NO: kal TNG SIAALTAC YOLAVLAIKAG KLUKAAONG AVECTPEWAV
TNV TTOOCTATELTIKA §pAon ToL sst2 aywvioTn BIM23014.

Ta amoTeAéouaTa TNG TTAPOVLOAG PEAETNG LTTOSEIKYLOLY VEOLG POAOLG
yla Toug vTrodoxeig sst2 kal sst1 oTov aApPIPBANCTEOEISH. YTooTnpilovy OTI TO
HOVTEAO TNG XNUIKAG IOXAIMIAG TTOOCMEQETAI VIO TN JEAETN VEWYV TTOOCTATELTIKGV
OTOXWV yia Tnv QVTIJETATTION AUPIRANCTPOEISOTTABEIGDVY. Ta
OWUATOOTATIVEQPYIKA sst2 avAaAoya TTPOCTATELOLY TOV APPIRANCTEOEISA ATTO TN
XNHIKA 10XaIJia  pECW  TNG  €UTTAOKAG TOL  ONUATOSOTIKOL  LOVOTTIATION
NO-/cGMP. Ta amoteAéouaTa auvtd PTTOPOoLY va ATToTEAECOLY TN PAon via
TEQAITEQW HEAETN TOL HPNXAVIOWOL TNG VELPOTTPOOTATELTIKAG §pAcNSG TNG
OWPATOOTATIVAG OTOV APPIRANCTEOEISH, KOBWG ETTIONG KAl YIA TN HEAETN VEWV
AVOAOY®V TNG OCWUATOOTATIVNG HE KAADTEQT PAPPAKOKIVNTIKA XAPAKTNEICTIKA
KAl JEYAALTEQN ATTOTEAECHUATIKOTNTA YIA TNV AvATITLEN PAPHPAKWY IKAVWV va
XxpnaoluoTroinBovy oe in Vivo BaAoIkES Kal KAIVIKEG WENETEC

AUPIPANCTPOEISOTTABEIV.
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9. SUMMARY

The discovery of neuroprotective agents for the treatment of retinal
disorders, such as diabetic retinopathy and age-related macular
degeneration, remains an important target for investigation. Retinal ischemia
leads to neovascularization and neurodegeneration of retinal neurons. Over
the years, therapies for ischemic neovascular diseases have been focused on
the regulation of the aberrant proliferation of blood vessels and involve laser
tfreatment (photocoagulation) and most recently the use of drugs that target
the VEGF system. However, there are no therapeutics that target the
neurodegenerative component. For the more efficacious treatment of
ischemic retinopathies and the preservation of vision, both the vascular and
neural elements of the retina must be treated.

Somatostatin is a cyclic neuropeptide with diverse actions in the
central and peripheral nervous system. It was discovered by Brazeau in 1973,
as the main inhibitor of growth hormone release from the pituitary. In the
retina, somatostatin is localized primarily in amacrine cells with processes that
ramify in the inner plexiform layer and in displaced amacrine cells in the
ganglion cell layer. Although the functional mapping of somatostatin
receptors (ssti-s) in the retina has been established, its role must be further
studied. Due to its inhibitory actions on the secretion of growth hormone, as
well as other growth factors important players in the neovascularization
process, somatostatin’s actions as an antivascular agent were investigated.
The results from these studies support that somatostatin can be a potential
tfreatment for ocular neovascularization. In addition, studies in brain suggest
that somatostatin and ifs sstzs analogues afford neuroprotection against
NMDA excitoxicity via a mechanism involving cGMP.

The main aim of this thesis was to investigate the neuroprotective role
of somatostatin and its analogues against retinal ischemia. The following
specific objectives were posed: a) to study the functional role of sst1 and sst2
somatostatin receptors, b) to establish a retinal model of ischemia, c) to

ascertain the neuroprotective actions of somatostatin and its analogues in
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this model, and d) to elucidate the mechanism involved in the
neuroprotection.

The results of this thesis suggest that activation of sst2 receptors
regulates cGMP levels in the rat retina by increasing NO-, suggesting an
important role of the sst2 receptor in the regulation of NO/cGMP signaling. In
addition, we demonstrate that somatostatin release is potassium and
calcium-dependent, thus neuronally released in rat retina. This release is
regulated in a negative manner by the activation of the ssti receptor,
suggesting an autoreceptor role for somatostatin. These results revealed for
the first time the existence of a peptide autoreceptor in the retina.

In order to investigate the neuroprotective role of somatostatin and its
analogues in retinal ischemia, we developed the model of chemical
ischemia in the rat retina. This model was first used in hippocampal slices. It
includes the use of sodium cyanide and iodo-acetic acid, substances that
mimic conditions of anoxia and hypoglycemia. Incubation of the retina for
one hour in a mixture of chemical ischemia (sodium cyanide 25mM / iodo-
acetic acid 5mM) in conditions of 5% CO2/95% air at 37°C resulted in an
attenuation of  the number of amacrine cells  containing
cholineacetyltransfarase (cholinergic), tyrosine hydroxylase (dopaminergic)
and NO- synthase and rod-bipolar cells, as determined by
immunohistochemical studies. These results were confirmed by TUNEL assays
depicting extensive cell death in the chemical ischemia treated samples.
Co-incubation of somatostatin and the chemical ischemia mixture did not
protect the retina. However, it was demonstrated with radio-immuno-analysis
(RIA) studies that under the conditions of chemical ischemia somatostatin was
stfrongly metabolized. However, the use of selective agonists of the sst2
subtype BIM23014 and MKé678 as well as cortistatin provided neuroprotection
to the refina in a concentration dependent manner.

To study the mechanism via which somatostatin analogues protect the
retina from chemical ischemia, we investigated the involvement of
intfracellular signaling pathway NO- / cGMP. As mentioned above, studies in
brain suggest that cGMP is involved in the neuroprotective actions of
somatostatin against NMDA excitotoxicity. Results from the present thesis as

well as from previous studies of our laboratory suggested an increase in cGMP
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and NO: levels, respectively, after sst2 receptor activation in the refina. These
results prompted us to initially study the possible neuroprotective action of NO-
in the model of chemical ischemia and subsequently investigate whether this
mechanism is involved in the retinal neuroprotection afforded by the
somatostatinergic analogs.

NO- donors, NONOate and SIN-1 protected the retina from chemical
ischemia in a concenfrafion-dependent manner. Similar results were
observed using the 8-Br-cGMP, an analogue of cGMP with high membrane
permeability. The blockade of NO: synthase and soluble guanylate cyclase,
the enzymes that catalyze the synthesis of nitric oxide and cGMP,
respectively, reversed the neuroprotective effects of the sst2 agonist
BIM23014.

The results of this study suggest new roles for sst2 and ssti receptors in
the refina. They support that the model of chemical ischemia could be
adapted to the refina and will be useful in the study of new neuroprotective
targets of retinal disease. The sst2 somatostatin analogues provide retinal
neuroprotection via a mechanism involving the signaling pathway NO- /
cGMP.

The present data support future studies to probe further the
downstream mechanisms of somatostatin’s neuroprotection. In addition, the
data support the study of the neuroprotective properties of new somatostatin
analogues with a better pharmacokinetic profile (longer half life, better
bioavailability) and greater efficacy that may be effective in in vivo
preclinical and clinical studies and be beneficial as therapeutics in retinal

disease.
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Abstract

The aim of this study was to examine the ability of somatostatin receptor (sst;) to regulate the release of somatostatin in rat retina.
Immunohistochemistry studies were performed to locate the somatostatin neurons, and radioligand binding to ascertain the presence of sst;.
The neuronal release of somatostatin was examined ex vivo in rat retinal explants in the presence of KCI (50 and 100 mM), and absence of
Cat™ (EGTA; 10 mM). Somatostatin levels, quantified by radioimmunoassay, were increased in the presence of KCI (100 mM, 151%) and
attenuated in the absence of Ca® ™ (31%). CH275 (sst; agonist) reduced the somatostatin levels in a concentration-dependent manner (107°-
1077 M), and this effect was reversed by NVP-SRA 880 (sst; antagonist;lO_5 M). MK678 (sst, agonist; 1073 M) had no effect. These data

suggest an autoreceptor role for sst; in retina.
© 2003 Published by Elsevier Ireland Ltd.

Keywords: Neuropeptide release; Autoreceptor; Somatostatin ligands

Somatostatin (somatotropin release inhibitory factor, SRIF)
is present in amacrine, ganglion, and interplexiform cells in
retinas of many species and believed to function as a
neurotransmitter, neuromodulator or trophic factor [for a
review see ref. [15]. Its actions are mediated by specific
receptors as substantiated by pharmacological [10,17] and
reverse transcriptase-polymerase chain reaction studies [11].

Recent immunohistochemical studies have permitted the
mapping of the six SRIF receptor subtypes (sst;_s; for
classification and nomenclature see ref. [7]) in retinal
circuitry [15]. Their function in the retina is still under
investigation, yet the sst, receptor has been shown to
regulate nitric oxide [16,18] and glutamate release [2].

Helboe and Moller [6] first reported sst; immunoreactiv-
ity in displaced amacrine cells in the ganglion cell layer, in a
small number of ganglion cells and in SRIF expressing
amacrine cells located in the inner nuclear layer (INL). This
latter finding suggested that the sst; receptor might function
as an autoreceptor.

The aim of the present study was to address this issue
directly by performing functional studies to examine the

* Corresponding author. Tel.: +30-2810-394-533; fax: +30-2810-394-
530.
E-mail address: thermos@med.uoc.gr (K. Thermos).

0304-3940/03/$ - see front matter © 2003 Published by Elsevier Ireland Ltd.

doi:10.1016/j.neulet.2003.11.020

release of somatostatin and its modulation by the selective
sst; agonist CH275 in rat retinal explants.

Male and female Sprague—Dawley rats weighing 250—
300 g were housed two to three animals per cage with free
access to food and water. A 12-h light-dark cycle was
maintained. Euthanasia was performed with ether inhala-
tion. All procedures performed on the animals were in
accordance with Greek National Laws (Animal Act, PD
160/91). Female rats were employed for the immunohis-
tochemistry and release studies, while male and female rats
for the binding studies.

Immunohistochemistry studies were performed to exam-
ine the localization of SRIF in rat retinas. Sections (10 pm)
were incubated with a rabbit polyclonal antibody raised
against somatostatin (1/1000; kindly provided by Prof.
G. Sperk) followed by incubation with fluorescein iso-
thiocyanate-conjugated goat anti-rabbit IgG (H + L) (Vec-
tor Laboratories, USA, 1:150) [16,18]. Immunoreactivity
was examined with Leica DM RE, He/Ne laser scanning
confocal microscope and the images were processed using
Adobe Photoshop (version 6.0). Retinal membranes were
employed in radioligand binding assays [17] in order to
assess the ability of SRIF and CH275 to inhibit the specific
['*1]-Tyr''-somatostatin binding.

For the release studies retinas were mechanically
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detached from the rest of the eyecup and incubated with
continuous shaking in 500 w1 medium per retina in a culture
incubator at 37 °C (95% O,, 5% CO,) two times for 60 min
[18]. The first incubation was performed for the stabilization
of the SRIF release and the medium was discarded. In the
second incubation, KCI (50, 100 mM), EGTA (10 mM), sst
analogues CH-275 (sst;) (107°=10"7 M), MK-678 (sst,)
(10_5—10_7 M), and the sst; antagonist NVP-SRA 880
(107> M) [8] were added to the retinal explants and
incubated for 60 min further. To examine the selectivity of
the sst; effect, retinal explants were incubated for 60 min
with NVP-SRA 880 (1075 M) prior to the addition of
CH275 (107> M). Subsequent to the last incubation, the
whole mixture (medium and tissue) was centrifuged for 15
min at 12,000 rpm, at 4 °C and the sample prepared for
quantification of somatostatin levels using radioimmuno-
assay [14]. Results are given as mean = SEM and 7 is the
number of values. The statistical difference between groups
was assessed by Student’s unpaired ¢-test using the
GraphPad Prism software (version 2.01).

SRIF immunoreactivity was observed in amacrine,
displaced amacrine cells and processes of the IPL and the
retinal pigment epithelium (RPE) (Fig. 1). SRIF and CH275
inhibited the specific ['*°I]-Tyr''-somatostatin binding in a
concentration dependent manner with an ICs, value of 7 and
0.22 nM, respectively (Fig. 2). The sst; binding sites
represented approximately 40% of the total binding sites.

Basal somatostatin levels in retinal explants were found
to be 1.8 £ 0.2 pg/pg of protein (n = 23). An increase in
somatostatin release (151.2%) was observed in the presence
of KCI (100 mM) (Fig. 3A), while KC1 (50 mM) had no
statistically significant effect (data not shown). The absence
of Ca*t™ resulted in an attenuation of somatostatin levels
(31%) (Fig. 3B).

CH275 attenuated the somatostatin levels in a concen-
tration dependent manner (40% at 10~° M; Fig. 4A). The
sst, specific antagonist, NVP-SRA 880 (10> M) reversed
partially but in a statistically significant manner the agonist
effect when administered prior to CH275 (10> M), yet had
no effect when administered alone (Fig. 4B). The sst;

Fig. 1. SRIF immunoreactivity in the rat retina. SRIF immunoreactivity is
present in amacrine cells in the inner nuclear layer (INL), in displaced
amacrine cells in the ganglion cell layer (GCL), on processes lengthening
through out the inner plexiform layer (IPL) and in the retinal pigment
epithelium (RPE). ONL: outer nuclear layer, OPL: outer plexiform layer.
Scale bar: 50 wM.
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Fig. 2. Inhibition of specific ['**I] Tyr''-somatostatin binding to rat retinal
membranes. SRIF and CH275 inhibited the specific binding in a
concentration dependent manner (n = 2).

selective agonist MK678 had no statistically significant
influence on somatostatin levels (Fig. 4C).

The present study attempted to provide functional
evidence for the role of the sst; somatostatin receptor
subtype in the retina. sst; immunoreactivity was known to
be present in a number of retinal neurons in rat, rabbit and
human retina [1,9,18], including SRIF [1,6] and tyrosine
hydroxylase (TH)-expressing amacrine cells [1].

In the present study, the radioligand binding data support
the presence of the sst; subtype in rat retina, which represents
approximately 40% of the total somatostatin binding sites.
These results are in agreement with data previously shown in
rabbit retina [17] and are consistent with the presence of sst,
and sst,4 receptors in rat retina [11,18].

The colocalization of sst; and SRIF in amacrine cells
allude to an autoreceptor role for the sst; receptor [1,6]. In
the present study, the presence of somatostatin was found in
retinal neurons and RPE (Fig. 1), in agreement with
previous reports [6,15]. However, we were unable to locate
sst; immunoreactivity in amacrine cells (SRIF or TH-
immunoreactive) [18]. We cannot explain the discrepancy
pertaining to our data and those of previously mentioned
studies [1,6]. To this end, in the present work we performed
direct pharmacological studies examining the effect of
selective SRIF agonists on the release of somatostatin.

Somatostatin was neuronally released as ascertained by
the effects of KCI (100 mM) and EGTA on the basal levels
of somatostatin. The use of a smaller concentration of KCI
(50 mM) had no effect on SRIF levels. This result is in
agreement with data in rat retina showing that 50 mM KCl
does not affect the release of a number of neurotransmitters
such as glutamate, GABA and aspartate, in contrast to what
was observed in cerebrocortical slices where a 10-fold
increase was observed [12].

The selective sst; agonist CH275 modulated somato-
statin release by reducing its levels at the concentrations of
107> and 10~° M. The use of such high concentrations of
ligands to obtain a functional response may be due to poor
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test, ¥*P < 0.005 unpaired two tailed #-test.

access of the compounds [18], in conjunction to the small
number of amacrine cells containing the sst; subtype.
However, the reversal of the CH275 effect by the sst
antagonist provided the pharmacological relevance of the
agonist effect.

NVP-SRA 880 was found to have high affinity for
human, rat and mouse sst; and to be a selective sst;
antagonist in forskolin-stimulated cAMP and GTPyS
binding studies [8]. NVP-SRA 880 alone did not influence
the somatostatin levels, even though an increase was
expected. There are reports, however, showing no increase
in neurotransmitter release after administration of the
specific autoreceptor antagonist [4]. NVP-SRA 880 (10~
M) coadministered with KCI (50 mM) did increase SRIF
levels as compared to the KCl effect alone (data not shown).

The sst, receptor subtype has been localized in most
retinal cell types [15], yet never on the SRIF containing
neurons. Our results showing MK678 not able to regulate the
release of SRIF substantiates the immunohistochemical data.

ssty, sstp, ssty receptors are primarily present in the
mammalian retina. While limited data do exist to support a
function for the sst, receptor [2,16,18], the function of sst;
and sst, (present in ganglion cells [18] remains to be

elucidated. Immunohistochemical studies have supported an
autoreceptor role for the sst; receptor in retina [1,6] and
brain [5,13] and most recent studies showed that SRIF levels
were significantly increased in retinas of sst; KO mice [3].

The present data provide for the first time evidence for
the neuronal release of SRIF in the rat retina and a
functional role for the sst; receptor, as the autoreceptor
modulating SRIF levels. It remains to be elucidated whether
sst; is a synthesis or release modulating receptor.
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Abstract This study investigated the neuroprotective ef-
fect of somatostatin, cortistatin and agonists at soma-
tostatin, (sst) receptors in retinal explants subjected to
chemical ischaemia. Eyecups of female Sprague-Dawley
rats (250-300 g) were immersed in PBS buffer or PBS
containing iodoacetic acid (IAA; 0.5, 5, 50, 100 mM) and
sodium cyanide (NaCN; 2.5, 25, 250, 500 mM) (chemical
ischaemia solution) for 15, 30, 45, 60, 120 min (pilot study).
Subsequently, eyecups were incubated with (1) PBS, (2)
chemical ischaemia solution (5 mM IAA/25 mM NaCN)
or (3) somatostatin, cortistatin, BIM23014 or MK678
(0.1, 1, 10 uM) together with the chemical ischaemia
solution for 60 min, followed by a second 60-min in-
cubation in PBS (control and ischaemia groups) or ligands
in PBS (neuroprotection groups). The eyecups were sub-
sequently fixed and sectioned for immunohistochemistry.
Treatment of the eyecups with IAA/NaCN (5/25 mM)
for 60 min abolished choline acetyltransferase (ChAT),
tyrosine hydroxylase and brain nitric oxide synthase im-
munoreactivity in the inner nuclear, inner plexiform and
ganglion cell layers. It also abolished protein kinase C
immunoreactivity in rod bipolar cells and terminals, but
did not damage ganglion cells labelled for microtubule-
associated protein-1. TUNEL staining provided evidence
of cell death in the ischaemic retina. Cortistatin, BIM23014
and MK678 attenuated the retinal damage caused by the
chemical ischaemia in a concentration dependent manner.
The ligands afforded approximately 58, 76 and 49% neu-
roprotection, respectively, of the ChAT immunoreactive
cells. These results demonstrate that somatostatin analogues
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can protect the retina from ischaemic damage. The chemical
ischaemia model is presently employed for the elucidation
of the mechanisms involved in the neuroprotection.
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Introduction

The neuropeptide somatostatin (Brazeau et al. 1973) is
found in the retina (Shapiro et al. 1979). Recent immu-
nohistochemistry studies have shown the presence of spe-
cific receptor subtypes, ssts (Hoyer et al. 1995) in retinal
neurons and the retinal pigment epithelium (RPE) (for a
recent review, see Thermos 2003). Specifically, sstyo re-
ceptors are localized in rod bipolar, amacrine and photo-
receptor cells (Helboe and Moller 1999; Johnson et al.
1998, 1999; Vasilaki et al. 2001; Petrucci et al. 2001),
while sstyp receptors are localized in photoreceptors and
the RPE (Vasilaki et al. 2001, 2004). In addition, sst; and
sst4 receptors are present in amacrine (Cristiani et al. 2000)
and ganglion cells (Vasilaki et al. 2002; Cristiani et al.
2002), respectively.

Retinal ischaemia is the underlying cause of many ocular
diseases and leads to neuronal damage and blindness.
Somatostatin has been shown to have neuroprotective
effects in different paradigms of neurotoxicity in the central
nervous system, such as NMDA-induced neurotoxicity in
cortical cultures (Forloni et al. 1997) and middle cerebral
artery occlusion (Rauca et al. 1999). The recently discov-
ered novel neuropeptide cortistatin (de Lecea et al. 1996),
which resembles somatostatin structurally and binds to
somatostatin receptors (Siehler et al. 1998), also protects
against kainate-induced neurotoxicity (Braun et al. 1998)
and ischaemic neuronal damage following middle cerebral
artery occlusion (Rauca et al. 1999).

The importance of somatostatin ligands in the inhibition
of ischaemia-induced neovascularization, one of the major
causes of retinal diseases that result in visual loss, has been
investigated. Somatostatin and its sst, agonists inhibit the



ischaemia-induced neovascularization in a mouse model
of oxygen-induced retinopathy (Smith et al. 1997; Higgins
et al. 2002). However, the effect of somatostatin in other
models of ischaemia underlying the pathophysiology of
different retinal diseases, as well as the mechanisms in-
volved, have not been studied adequately.

The aim of the present study was to employ an in vitro
pharmacological model of ischaemia, namely chemical is-
chaemia, known to be useful in the understanding of the
early events underlying ischaemia, and to investigate the
putative neuroprotective effects of somatostatinergic agents.

Methods
Animals

Female Sprague-Dawley rats (250-300 g) were housed
two to three animals per cage with free access to food and
water. A 12-h light-dark cycle was maintained. Rats were
euthanized by ether inhalation. All the procedures involv-
ing animals were in accordance with Greek national law
(Animal Act, P.D. 160/91).

Viability of retinal explants

Eyecups were immersed in PBS buffer for 2, 6, 12 or 24 h
and incubated at 37°C and 5% CO,/95% air, as in the
chemical ischaemia studies. At the end of the incubation
period the eye cups were prepared for immunohistochem-
istry and terminal-deoxynucleotidyl-transferase-mediated
deoxyuridine triphosphate nick end labelling (TUNEL)
assays (see sections below).

Chemical ischaemia

In a pilot study, eyecups were immersed in PBS buffer
alone or in PBS containing iodoacetic acid (IAA; 0.5, 5,
50, 100 mM) and sodium cyanide (NaCN; 2.5, 25, 250,
500 mM) (chemical ischaemia solution) for 15, 30, 45,
60, 120 min. Subsequently, eyecups were incubated with
(1) PBS, (2) chemical ischaemia solution (5 mM IAA/25
mM NaCN) or (3) somatostatin (1, 10 uM) cortistatin,
BIM23014 or MK678 (0.1, 1, 10 uM) together with the
chemical ischaemia solution for 60 min (2x30 min),
followed by 2x30-min incubation in PBS (control and
ischaemia groups) or somatostatin ligands in PBS (neuro-
protection groups). The selective sst4 and ssts analogues L-
809,087 and L817,818 (Rohrer et al. 1998), respectively,
were also tested for their possible neuroprotective abilities
under the same conditions as for the other ligands. All
incubations were performed at 37°C and 5% C0,/95% air.

Retinas were cultured in PBS, since culture medium with
serum protects chick retinal neurons against cell toxicity
generated by excitatory amino acids and chemical ischae-
mia (Ferreira et al. 1998).
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Immunohistochemical studies
Tissue preparation

After completion of the chemical ischaemia protocol, the
eye cups were fixed by immersion in 4% paraformalde-
hyde in 0.1 M phosphate buffer (PB) for 1 h at 4°C. After
fixation, eyecups were rinsed in PB and incubated in 30%
sucrose overnight, at 4°C for cryoprotection. Tissues were
frozen in isopentane at —45°C for 1 min and kept at —80°C
until further use. Eyecups were sectioned vertically into
10-um slices using a cryostat, the sections thaw-mounted
on gelatine-coated slides and stored at —20°C. Slices were
cut near the optic nerve, every 100 um. Nine slices were
put on every slide.

Immunohistochemistry

A mouse monoclonal antibody raised against choline acetyl-
transferase (ChAT, 1:100, Biotrend, Cologne, Germany), and
a rabbit polyclonal antibody raised against tyrosine hydrox-
ylase (TH, 1:1,000, Chemicon, Temecula, Calif., USA) were
employed as markers for acetylcholine- and dopamine-con-
taining amacrine cells, respectively. Mouse monoclonal anti-
bodies were used for protein kinase C (PKC, 1:50, Leinco
Technologies, St. Louis, Mo., USA), and for microtubule-
associated protein-1 (MAP;, 1:100, Sigma, St. Louis, MO,
USA) as markers for rod bipolar cells and ganglion cells,
respectively. A rabbit polyclonal antibody raised against
brain nitric oxide synthase (bNOs, 1:3,000, Sigma) was also
employed.

Cryostat sections were incubated in 0.1 M TRIS-
buffered saline (TBS), pH 7.4 containing 3.3% normal
goat serum for 30 min, washed in 0.1 M TBS and in-
cubated with the primary antibodies in 0.1 M TBS con-
taining 0.3% Triton X-100 and 0.5% normal goat serum
overnight at room temperature. The sections were washed
again and incubated for 1 h with the appropriate secondary
antibody, rhodamine; tetramethylrhodamine isothiocya-
nate (TRITC)-conjugated goat affinity purified goat anti-
mouse IgG (H+L) (1:100, Jackson ImmunoResearch
Laboratories, West Grove, Pa., USA) or Alexa Fluor488
goat anti-mouse IgG (H+L) (1:200, Molecular Probes,
Eugene, Ore., USA) for the monoclonal antibodies and
fluorescein; fluoroscein isothiocyanate (FITC)-conjugated
goat anti-rabbit IgG (H+L) (1:150, Vector Laboratories,
Burlingame, Calif.,, USA) for the polyclonal antibodies.
Finally, the sections were washed and cover-slipped with
mounting medium (Vector). Negative controls were in-
cluded by omitting the primary antibody.

Microscopy

Images were taken with a Leica DM RE laser-scanning
microscope (He/Ne laser) with HP Plan APO x20/0.70.
Optic sections were taken with a z-axis resolution of 1.1
um through the immunolabelled cells. Light and contrast
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Table 1 Effect of chemical ischaemia (iodoacetic acetic acid /44,
sodium cyanide NaCN) on choline acetyltransferase immunoreac-
tivity (ChAT-IR) in rat retina (+ ChAT immunoreactivity observed,
— ChAT immunoreactivity not observed)

IAA (mM) NaCN (mM) Time (min) ChAT-IR
0.5 2.5 15, 30, 45, 60 +
5 25 60, 120 -
50 250 60, 120 -
100 500 60, 120 -

in the images were adjusted using appropriate software
(Photoshop v. 5.0, Adobe, San Jose, Calif., USA).

Quantification

For quantification studies, each section studied was cen-
tered in the optic field of the HP Plan APO %20/0.70 lens.
ChAT immunoreactive cells were counted in the area
around the optic nerve. For the control studies 21 sections
were examined from five different experiments (retinas).
The number of sections employed for the neuroprotection
groups was as follows: BIM23014 group, 13 sections from
four different retinas; MK678 group, 9 sections from three
different retinas, cortistatin group, 12 sections from four

different retinas. The n values presented in the Results
section represent the number of retinas studied.

TUNEL staining

To determine cell loss, enzymatic in situ labelling of apop-
tosis induced DNA strand breaks was performed using the
TUNEL assay (Roche, Germany).

Radioimmunoassay

Somatostatin levels were determined in medium obtained
from samples incubated for 30 min in the presence of the
chemical ischaemia solution containing somatostatin 1
uM. The samples were centrifuged for 15 min at 12,000
rpm, at 4°C. Acetic acid (2N) was added to the superna-
tant, the mixture boiled for 10 min, lyophilized and kept at
—80°C. The assay mixture contained the somatostatin an-
tiserum (kindly provided by Prof. G. Sperk) at a final di-
lution of 1:30,000, ['**I]-Tyr''-somatostatin (20,000 cpm)
and somatostatin standards (0-200 pg/100 pl) or samples
in a final assay volume of 0.5 ml, according to Sperk and
Widmann (1985). Samples were incubated at 4°C for 24 h.
Bound and free peptide were separated by addition of

Fig. 1a—e Choline acetyltransferase (ChAT) immunoreactivity and
TUNEL stain in rat retina. a Control retinas showing ChAT
immunoreactivity in amacrine cells in the inner nuclear (/NL) and
ganglion cell (GCL) layers and processes in the inner plexiform

layer (IPL) (n=12) . b, ¢ No immunoreactivity is seen in ischaemic
retinas (n=12, b) or in the presence of the secondary antibody alone
(¢). No TUNEL staining is seen in control retinas (d), but is
abundant in the ischaemic retina (e). Scale bars, 40 um



900-ul aliquots of a mixture containing 2.5% charcoal and
0.25% dextran T70 and subsequent centrifugation.

Results

To assess retinal ischaemia, a pilot study was performed
using different concentrations and times of incubation of
the eyecups with IAA/NaCN (Table 1). Incubation of the
eyecups with TAA/NaCN (0.5/2.5 mM) had no effect,
whereas treatment with [AA (5, 50, 100 mM)/NaCN (25,

Fig. 2 Viability of rat retinal
tissue. ChAT immunoreactivity
is seen in amacrine cells in the
INL and GCL and processes in
the IPL of retinas incubated for
2 h with PBS. The immunore-
activity is decreased at 6 h and
absent at 12 and 24 h. TUNEL
staining (for apoptosis) appeared
at 6 h and was maximal at 12
and 24 h. The experiments were
performed twice. Scale bars 40

pm

Zzh

6h

12h

ChAT
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250, 500 mM) for 60 or 120 min abolished ChAT immu-
noreactivity. Therefore, a solution with the lowest concen-
trations of the two chemicals that elicited retinal damage,
namely 5 mM [AA/25 mM NaCN, was used to induce
chemical ischaemia in subsequent experiments. The work-
ing protocol involved incubation of the eyecups with PBS
for a total of 120 min (4x30 min) (control group), the
chemical solution (5 mM IAA/25 mM NaCN) for 60 min
(2%30 min) followed by a 60-min (2x30 min) incubation
with PBS (ischaemia group) or incubation with somato-
statin (1, 10 uM), cortistatin, BIM23014 or MK678 (0.1,

TUNEL
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1, 10 uM) with the chemical ischaemia solution for 60 min A representative picture of ChAT immunoreactivity in
(2x30 min), followed by 2x30-min incubation of the sections of retinas from control and chemical ischaemia
ligands in PBS (neuroprotection groups). groups (n=12) is shown in Fig. 1. ChAT immunoreactivity

is seen in amacrine cells in two layers of the retina, the

BIM 23014
0.1uM 1M 10 M

Cortistatin
0.1 M 1M 10 pM

INL

IPL
GCL

INL

IPL
GCL

Fig. 3 Concentration-dependent attenuation of chemically induced  with cortistatin 1 uM (n=5) or 10 uM (»=3), BIM 23014 1 uM
ischaemic damage to ChAT immunoreactive neurons by somatosta-  (n=5) or 10 pM (n=3) or MK678 1 uM (n=4) or 10 uM (n=4) in the
tin receptor agonists. ChAT immunoreactivity is seen in amacrine presence of the ischaemia mixture. Scale bars 40 pm

cells in the INL and GCL and processes in IPL in retina incubated



Table 2 Number of ChAT immunoreactive cells observed in the
neuroprotection groups expressed as a percentage of the value in the
control group. (/NL inner nuclear layer, GCL ganglion cell layer)

Neuroprotection group % of control Total

INL GCL
Cortistatin 58.6+11.5  58.1+5.8  58.3+3.9
BIM 23014 77.8+4.9 73.9+7.7  75.9+4.9
MK 678 72.4+5.2 24.144.2  49.4+4.6

inner nuclear (INL) and the ganglion cell (GCL) layers,
and in processes in the inner plexiform layer (IPL). ChAT
immunoreactivity was not observed in retinas subjected to
chemical ischaemia (Fig. 1b), nor after incuabtions with
the second antibody alone (Fig. 1c). TUNEL staining sub-
stantiated the cell death produced by the ischaemic solution
(Fig. le).

ChAT immunoreactivity and TUNEL staining were
employed to examine cell viability of retinal explants over
a 24-h period. Both markers showed cell viability to be
maximal at 2 h, decreased at 6 h and absent at 12 and 24 h
(Fig. 2). All subsequent observations were therefore made
after 2 h.

To examine the possible neuroprotective effect of soma-
tostatin, cortistatin and analogues, different paradigms were
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employed. The somatostatin ligands afforded neuroprotec-
tion when they were incubated with the eye cup in the
presence of the ischaemia solution for 2x30 min, with two
subsequent 30-min additions in the absence of the ischae-
mia solution. The total 60-min incubation was divided into
2x30-min incubations, with addition of new peptide for the
second 30-min period, to limit the degradation of the
peptides. No neuroprotective effect was observed when the
analogues were incubated with the eye cups after the
chemical ischaemia reaction had been established.

When the retina was incubated with somatostatin (1 or
10 uM) in the presence of the ischaemia solution and
subsequently for 2x30 min (#=2) no protection was found.
Somatostatin levels were measured in samples to which
1 uM somatostatin had been added in the presence of
the ischaemia solution, and found to be reduced to 277
+33 nM (n=3). These results suggested that somatostatin
was degraded under the experimental conditions.

To examine the putative neuroprotective effect of
cortistatin and the sst, analogues BIM23014 and MK678,
a concentration/response relation was constructed (Fig. 3).
The effect of cortistatin [0.1 uM (n=4), 1 uM (n=5), 10 uM
(n=3)], BIM23014 [0.1 uM (n=3), 1 uM (n=5), 10 uM (n=3)],
and MK678 [0.1 uM (n=3), 1 uM (n=4), 10 uM (n=4)]
is shown in Fig. 3. The three ligands reversed the ischaemic
damage concentration dependently. The data obtained from

Fig. 4a—f Effect of somatostatin receptor agonists on chemically
induced ischaemic damage to tyrosine hydroxylase (TH) immuno-
reactive neurons. a Control retina showing TH immunoreactivity in
amacrine cells and processes in the IPL (#=5). b, ¢ No immuno-
reactivity is seen in ischaemic retina (#=5, b) or in the presence of

the secondary antibody alone (c¢). d—f Cortistatin (»=3, d), BIM
23014 (n=3, e) and MK678 (n=3, f) in the presence of the ischaemia
solution prevent the loss of TH immunoreactive neurons. Scale bars
40 um
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the smaller concentration of the ligands that afforded neuro-
protection (1 pM) were employed for quantification purposes.

ChAT immunoreactivity was present in amacrine cells in
the INL and GCL and in the processes in the IPL. The
numbers of cells immunostained in the control and neuro-
protection group (cortistatin, BIM23014 and MK 678) were
determined and are presented in Table 2.

CHAT-immunoreactive cells were counted in the GCL
and INL of control (PBS) and neuroprotection groups. In
the control group a mean of 10.6+0.8 and 11.7+0.8 cells/
field were counted in the GCL and INL, respectively.
BIM23014 protected 74 and 78%, MK678 protected 24
and 72% and cortistatin 58 and 59% of the cells in the
GCL and INL, respectively, compared with cells in the
same layers of the control sections (PBS group). The total
immunostained cells in the control group were 22.3+1.2.
BIM23014, MK678 and cortistatin protected 76, 49 and
58% of these cells, respectively.

When present in the incubation under the same con-
ditions as for cortistatin and the sst, ligands, sst4- and ssts-
selective ligands (1 uM) did not attenuate the effects of
chemical ischaemia (data not shown).

In addition to ChAT, other retinal markers were also
examined to establish the viability of the ischaemic retina
as well as the neuroprotective properties of the somatosta-

tin agents. Concentration/response curves were constructed
for the three ligands and TH-, bNOS-, and PKC-immuno-
reactivities. The curves for all markers examined were
similar to that shown in Fig. 3 for ChAT immunoreactivity
(data not shown). The data presented below depict the
effect of the somatostatin receptor ligands at 1 pM.

TH immunoreactivity data are presented in Fig. 4. TH
immunoreactive amacrine cells and processes were distrib-
uted throughout the IPL (n=5) (Fig. 4a). No cells or pro-
cesses were visible in the ischaemic retina (n=5) (Fig. 4b),
nor was immunoreactivity observed in the presence of
the second antibody alone (Fig. 4c). Cortistatin (n=3) and
the sst, agonists BIM23014 (n=3) and MK678 (n=3)
prevented the ischaemic effects in cells and processes
(Fig. 4d-1).

bNOs immunoreactivity is shown in Fig. 5. It is present
in amacrine cells in the INL and processes (#=5) (Fig. 5a),
while no cells or processes are visible in the tissue treated
with the chemical ischaemia solution (n=5) (Fig. 5b), nor
was immunoreactivity observed in the presence of the
second antibody alone (Fig. 5¢). Treatment with cortistatin
(n=3) or sst, receptor agonist (BIM23014, n=3; MK678,
n=3) prevented the disappearance of bNOs immunoreac-
tivity, which remained at control levels (Fig. 5d-f).

Fig. Sa—f Effect of somatostatin receptor agonists on chemically
induced ischaemic damage to brain NO synthase (bNOS) immuno-
reactive neurons. a Control retina showing bNOS immunoreactivity
in amacrine cells and processes in the IPL (n=5). b, ¢ No im-
munoreactivity is seen in ischaemic retina (n=5, b) or in the

presence of the secondary antibody alone (c¢). Cortistatin (n=3, d),
BIM 23014 (n=3, e) and MK678 (n=3, f) prevented the loss of
bNOS immunoreactive neurons in the presence of the ischaemia
solution. Scale bars 40 pum
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Fig. 6 Effect of somatostatin receptor agonists on chemically in-
duced ischaemic damage to PKC immunoreactive neurons. a Con-
trol retina showing PKC immunoreactivity in rod bipolar cells in the
outer plexiform layer (OPL) with axons extending towards the IPL
(n=5). b, ¢ No immunoreactivity is seen in ischaemic retina (n=5, b)

Figure 6 depicts the PKC immunoreactivity data in con-
trol, ischaemic, and cortistatin- and sst, ligand-treated ret-
inas. PKC immunoreactivity is present in rod bipolar cells
in the INL with axons extending towards the IPL (n=5)
(Fig. 6a). The ischaemic retina is depicted in Fig. 6b and
shows virtually no PKC immunoreactivity. In the corti-
statin (n=4) and sst, receptor ligand- (BIM23014, n=3;
MKG678, n=3) treated retinas, PKC immunoreactivity is
visible in the cell bodies, some axons and terminals of rod
bipolar cells (Fig. 6d—f). MAP; immunoreactivity labelling
of ganglion cells and processes in the GCL was not affected
by the ischaemic damage (data not shown).

Discussion

To study the possible neuroprotective effects of somato-
statin on ischaemia-induced retinal neurotoxicity, an in
vitro pharmacological model of chemical ischaemia was
used, first employed in hippocampal slices (Reiner et al.
1990). Chemical ischaemia involves the blockade of oxi-
dative phosphorylation and glycolysis and is believed to
be useful in the understanding of the early events un-
derlying the pathophysiology of ischaemia. Incubation of
the rat eye cup with the chemical ischaemia solution for 60
min affected several retinal cell populations, including

or in the presence of the secondary alone (c). Cortistatin (n=4, d),
BIM 23014 (n=3, e) and MK678 (n=3, f) prevented the loss of PKC
immunoreactivity in cell bodies of rod bipolar cells, terminals and
some axons in the presence of the ischaemia solution. Scale bars,
40 pm

cholinergic, rod bipolar, and TH- and NOS-positive cells.
In addition, TUNEL staining revealed increased apoptosis
in the ischaemic retina.

The present results are in agreement with other data
showing that simulated retinal ischaemia (removal of glu-
cose and N, replacement of 95% O,) for 60 or 90 min, but
not less, results in the degeneration of INL neurons (Izumi
et al. 2003). The vulnerability of these neurons to the
ischaemic insult was attributed to the release of glutamate
and the activation of both NMDA- and non-NMDA re-
ceptors. In the chemical ischaemia paradigm the ganglion
cells were not affected, as shown by MAP; immunoreac-
tivity. In the paradigm of simulated ischaemia (Izumi et al.
2003), which most resembles the present chemical isch-
aemia model, major morphological changes are observed
in the INL and IPL of the retina. In that study no mention
was made of changes in the morphology of the GCL. This
finding may be attributed to the fact that our model pro-
vides information reflecting the immediate changes caused
by ischaemia. It has been shown that the number of retinal
ganglion cells lost after high-pressure-induced ischaemia
is related directly to the duration of the insult (Selles-
Navarro et al. 1996). The present data are in agreement
with studies that have employed other paradigms of is-
chaemia and have shown that IPL and INL damage is most
prominent (Izumi et al. 1995; Cheon et al. 2002). These
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results suggest that the model of chemical ischaemia may
be useful in the elucidation of the actions of pharmaco-
logical agents on the prevention of early ischaemic retinal
damage.

The viability of the retinal explants was assessed over
24 h. ChAT immunoreactivity and TUNEL staining showed
that cells were maximally viable at 2 h, less so at 6 h and
not viable at 12 and 24 h. All subsequent neuroprotection
experiments were thus performed only at 2 h. The data at
6 h suggested that at this time the detection of the less
abundant cells (TH- and bNOS-positive) in the control
group was questionable.

Somatostatin receptor subtypes have been mapped in the
rat retina and sst,5 receptors have been localized in dif-
ferent cell types, primarily in rod but also cone bipolar
cells, cone photoreceptors, horizontal cells and TH-positive
amacrine cells. The sst,g isoform has been localized in
photoreceptors (for a review, see Thermos 2003), while
RT-PCR studies in rat ocular tissue found the sst, subtype
to predominate (Mori et al. 1997). In view of this evi-
dence, emphasis was given to the study of the sst,-selective
agonists BIM23014 and MK678 as neuroprotectants. The
present data support a neuroprotection role for these agents
against chemical ischaemia in rat retina, for they protected
76 and 49% of ChAT immunoreactive cells, respectively.
Similar results were obtained with cortistatin (58% pro-
tection), a neuropeptide that binds with high affinity to all
ssts (Siehler et al. 1998). In mouse hypothalamic neurons it
has been shown to affect glutamate sensitivity through its
interaction with the sst, receptor subtype (Vasilaki et al.
1999). A similar percentage of ChAT immunoreactive cells
in the two retinal layers (INL and GCL) were protected by
BIM23014 (78, 74%) and cortistatin (59, 58%). However,
MK678 appeared to discriminate (INL, 72%; GCL 24%),
thus giving a smaller overall neuroprotection. This dif-
ference between the sst,-selective analogs cannot be easily
explained, but may be due to the absorption properties of
the drug or to a technical artefact.

The three agents afforded neuroprotection in a concen-
tration dependent manner. These data are in agreement with
a previous study showing that somatostatin, octreotide and
cortistatin result in dose-dependent neuroprotection against
lesions induced by focal ischaemia (Rauca et al. 1999). The
protection observed by these investigators was in the same
range as in the present study. The present results are also in
agreement with studies showing that somatostatin ana-
logues inhibit retinal neovascularization in a mouse model
of oxygen-induced retinopathy (Smith et al. 1997; Higgins
et al. 2002).

Somatostatin did not afford any neuroprotection due to
its degradation, and subsequent poor access to the retina.
The latter has also been reported in previous studies with
higher concentrations of the ligand (Vasilaki et al. 2002).
The sst4- and ssts-selective agents, as expected, afforded no
neuroprotection of ChAT immunoreactivity. These agents
were used as controls, since the sst, receptors are localized
only on ganglion cells, and ssts receptors have not been
localized in the retina (Thermos 2003). These results sup-

port further the selective neuroprotective effects of the sst,
ligands.

The mechanisms by which somatostatin analogues pre-
vent the damage produced by chemical ischaemia or other
neurotoxic insults are not known. However, somatostatin’s
ability to inhibit voltage-gated Ca®" channels may be
responsible for the lowering of the intracellular [Ca®"]
(Tallent et al. 1996), responsible for the toxic effects. The
rise in intracellular calcium levels resulting from ischae-
mia-induced activation of voltage-gated calcium channels
and ionotropic glutamate receptors is believed to be the
underlying cause of cell death (Osborne et al. 2004). The
involvement of calcium in our paradigm needs to be
substantiated by measurements of calcium levels, yet this
mechanism would appear to offer a reasonable explana-
tion for the neuroprotection observed by the sst, ligands
in PKC and TH-containing neurons. Other reports have
shown that sst, receptors are localized in PKC and TH-
containing neurons (Helboe et al. 1999; Johnson et al.
1998; Vasilaki et al. 2001). The neuroprotection afforded
to the ChAT and bNOS neurons may be due to other
indirect mechanisms that have to be elucidated further. A
possible player in this process may be cGMP. Meriney
et al. (1994) have reported that somatostatin inhibits neu-
ronal Ca®" current via a cGMP-dependent protein kinase,
while Forloni et al. (1997) have reported that somato-
statin reduces NMDA-induced neuronal death by a cGMP-
dependent mechanism. Studies in our laboratory have
shown that somatostatin increases nitric oxide levels in rat
retina by an sst,-mediated mechanism (Vasilaki et al. 2002)
and we have preliminary data to support the suggestion
that somatostatin and sst, receptor agonists increase cGMP
levels in rat retinal explants (Mastrodimou et al., unpub-
lished data). Therefore, one can conjecture that NO may
trigger the synthesis of cGMP in neighboring cells, not
containing somatostatin receptors, and provide neuropro-
tection via the mechanisms just described.

Very interesting findings that are not easy to reconcile
with the neuroprotective role of somatostatin relate to its
pro-apoptotic effects. Activation of sst, receptors in HL-60
cells reportedly promote cell death (Teijeiro et al. 2002).
In addition, expression of sst, receptors in BxPC-3 cells
stimulates apoptosis through the activation of tyrosine-
phosphatase SHP-1, and sensitizes the cells to apoptosis
induced by TNF (Guillermet et al. 2003). This may be a
characteristic of non-neuronal cells and remains to be
observed in neuronal systems.

In summary, the present study established that the chem-
ical ischaemia model could be adapted to the retina. Chem-
ical ischaemia resulted in the cell loss of different retinal
neurons, a process that was prevented by ssty-selective
somatostatin analogues and cortistatin. Further studies are
in progress to elucidate the mechanisms involved in the
neuroprotection.
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Abstract

The present study investigated the effect of somatostatin in the regulation of cGMP levels in rat retina and the mechanisms involved in this
process. Isolated rat retinas were treated alone or in the presence of somatostatin (0.01—-10 puM), BIM23014 (sst, agonist, 0.01-10 uM), L-
796,778 (ssts agonist, 10 uM), somatostatin (0.1 pM) in combination with CYN154806 (sst, antagonist, 1 pM), N°-methyl-L-arginine acetate salt
(NMMA, inhibitor of the nitric oxide synthase (NOS), 250 uM), orthovanadate (inhibitor of tyrosine phosphatase, SHP-1, 1 uM), and arginine
alone (250 uM). cGMP levels were quantified by ELISA. Immunohistochemistry studies were performed for the detection of cGMP and nNOS,
while Western blot analysis was employed for the detection of SHP-1. Somatostatin increased cGMP levels in a concentration-dependent manner.
This increase was inhibited by CYN154806. BIM23014 increased cGMP levels only at the concentration of 10 uM, while L-796,778 had no
effect. NMMA blocked completely the somatostatin stimulated increase of cGMP levels and nNOS was detected in rat retina. cGMP
immunoreactivity was observed primarily in bipolar cells only of nitroprusside-treated retinas. SHP-1 inhibition by orthovanadate reduced the
somatostatin effect in a statistically significant manner. These results suggest that a SRIF/SHP-1/NO/cGMP mechanism underlies the actions of

somatostatin in the retina and in its influence of retinal circuitry.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Neuropeptide; Nitric oxide; nNOS; Tyrosine-phosphatase (SHP) immunohistochemistry

1. Introduction

The neuropeptide somatostatin (somatotropin release inhib-
itory factor, SRIF) mediates a diverse number of physiological
actions in the peripheral and central nervous system [1,2]. Five
SRIF receptor subtypes have been cloned, namely sst;_5 [3]
and are responsible for SRIF’s actions. The sst, receptor has
been demonstrated in mouse and rat to exist as two splice
variants, ssty, and sstyg [4,5].

In the eye, SRIF was initially detected in amacrine,
ganglion, and interplexiform cells of the retina, and is believed
to function as a neurotransmitter, neuromodulator or trophic
factor [6—9]. These actions of SRIF are mediated by specific
G-protein coupled receptors, as substantiated by pharmacolog-
ical [10,11] and reverse transcriptase-polymerase chain reaction
(RT-PCR) studies [12]. More recent studies employing
immunohistochemistry techniques resulted in the identification

* Corresponding author. Tel.: +30 2810 394533; fax: +30 2810 394530.
E-mail address: thermos@med.uoc.gr (K. Thermos).

0167-0115/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
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and localization of the receptor subtypes in retinal cells of
different species (for a review see Ref. [13]). The colocaliza-
tion of sst;o and sstyg receptors with NADPH-diaphorase in
rod bipolar and photoreceptors cells, respectively, was reported
[14], while pharmacological studies showed that somatostatin
mediates nitric oxide production by activating sst, receptors in
rat retina [15].

In the present study, further emphasis was given to the
investigation of somatostatin—nitric oxide interactions by
examining the effect of somatostatin and analogues on cGMP
levels in rat retina. In addition, the involvement of nNOS and
SHP-1 in somatostatin’s actions was studied.

2. Methods
2.1. Animals
Female Sprague—Dawley rats weighing 250 to 350 g were

housed two to three animals per cage with free access to food
and water. A 12-h light—dark cycle was maintained. Euthanasia
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was performed with ether inhalations. Housing conditions and
all procedures performed on the animals were in accordance
with Greek National Laws (Animal Act, P.D. 160/91) and with
the ARVO Statement for the Use of Animals in Opthalmic and
Vision Research.

2.2. Tissue preparation

After dissecting out the eyes, the anterior poles were cut
away and the eyecups were immersed in 0.1 M phosphate-
buffered saline (PBS) containing protease inhibitors leupeptin
(1 pg/ml) and phenylmethylsulfonyl fluoride (PMSF, 0.1 mM).

Retinas were mechanically detached from the rest of the
eyecup and incubated in PBS buffer containing protease
inhibitors and 3-isobutyl-1-methylxanthine (IBMX, 1 mM)
for 15 min in room temperature. The retinas are incubated in
fresh buffer (500 pul) for 30 min in the absence or presence of
somatostatin (0.01—-10 pM), BIM23014 (0.01-10 uM), so-
matostatin (0.1 uM) in combination with CYN154806 (1 uM,
kindly provided by Dr. D. Hoyer) or N°-methyl-L-arginine
acetate salt (NMMA, 250 pM) or orthovanadate (1 pM).
Arginine (250 pM) and the sst; analog L-796,778 (10 uM;
[16]) were also tested. Control samples contained PBS buffer
with IBMX and protease inhibitors. One retina was used for
each treatment.

2.3. ELISA assay

The samples were prepared for the ELISA assay according
to Blute et al. [17]. Control or treated retinas were homoge-
nized in Phosphate Buffer (PB, 50 mM), pH 6.5. Trichlor-
oacetic acid (TCA, 10%) was added to the homogenates, the
mixture was centrifuged at 15000 rpm for 10 min and the
supernatants were removed. Water saturated ether was used to
extract the TCA from the supernatant. Five volumes of ether to
one volume of supernatant was used and the procedure was
repeated five times. Trace amounts of ether were removed by
heating the samples in a water bath (70 °C) for 5 min. The
samples were frozen on dry ice and stored at —80 °C until
further use. The samples were analyzed by using a commercial
cGMP ELISA assay (Cayman Chemical Company, Ann
Harbor, MI). Protein concentration was determined according
to Bradford [18].

2.4. Immunohistochemistry studies

Tissue preparation and immunohistochemistry was per-
formed according to Mastrodimou et al. [19]. Cryostat sections
of rat retina were incubated in 0.1 M Tris buffer saline; TBS,
pH 7.4 containing 3.3% normal goat serum for 30 min, washed
in 0.1 M TBS and incubated with the a rabbit polyclonal
antibody raised against bNOs (1:3000, Sigma, St. Louis,
Missouri, USA) in 0.1 M TBS containing 0.3% Triton X-100
and 0.5% normal goat serum overnight at room temperature.
The sections were washed again and incubated for 1 h with a
FITC-conjugated Goat anti-Rabbit IgG (H+L) (1:150, Vector
Laboratories, Burlingame, CA).

For the ¢cGMP immunoreactivity studies, eyecups were
initially treated with Eagle’s medium (Gibco BRL, UK)
containing protease inhibitors leupeptin (1 pg/ml) and PMSF
(0.1 mM), and IBMX (1 mM) for 30 min at 37 °C in a water
bath. Subsequently, the eyecups were treated in the above
medium to which nitroprusside (I mM) or somatostatin (10
uM) or the sst, selective agonist L-779,976 (100 uM) was
added for 10 min at 37 °C. Control samples were treated only
with protease inhibitors and IBMX (1 mM). Tissue prepara-
tion and immunohistochemistry was performed according to
Mastrodimou et al. [19]. ¢cGMP immunoreactivity was
assayed using a sheep anti-formaldehyde-fixed cGMP anti-
body (1:500, kindly provided by Prof. Jan de Vente). Cryostat
sections of rat retina were incubated in 0.1 M TBS, pH 7.4
containing 3.3% normal donkey serum for 30 min, washed in
0.1 M TBS and incubated with the primary antibody in 0.1 M
TBS containing 0.3% Triton X-100 and 0.5% normal donkey
serum overnight at room temperature. The sections were
washed again and incubated for 1 h with an Alexa Fluor 488
Donkey anti-Sheep 1gG (H+L) (1:200, Molecular Probes,
Inc., USA).

To examine whether cGMP immunoreactivity is localized in
rod bipolar cells, colocalization studies were performed by
treating the sections from tissues treated with SNP with the
c¢GMP antibody and a mouse monoclonal antibody against
Protein Kinase C (PKC; 1:50, Leinco Technologies, St. Louis,
Missouri, USA) as a marker for rod bipolar cells, overnight.
Subsequently, the sections were incubated with the secondary
antibody for the cGMP antiserum, washed in TBS and
incubated for 1 h with a TRITC-conjugated Goat anti-Mouse
IgG (H+L) (1:100, Jackson Lab. Inc., West Grove, USA).

Finally, the sections were washed and coverslipped with
mounting medium (Vector Laboratories, Burlingame, CA).
Negative controls were included by omitting the primary
antibody.

Light microscopy images were taken with a Zeiss Axioskop
with Plan-Neofluar x40/0.75. Confocal images were taken
with a Leica DM RE laser-scanning microscope (He/Ne Laser)
with HP Plan APO x20/0.70. Optic sections were taken with a
z-axis resolution of 1.1 pm through the immunolabeled cells.
Light and contrast adjustment of images were processed with
the use of Adobe Photoshop software (version 5.0).

2.5. Western blot

Retinal or cortical membranes (60 pg) were analyzed by
SDS/PAGE (10%). Proteins were transferred from the gel to
nitrocellulose overnight at 4 °C, and the residual binding sites
were blocked by incubating the membrane for 2 h in 5% (w/v)
Milk and 0.1% (v/v) Tween-20. The blots were subsequently
incubated with primary antibody SHP-1 (1:500, Chemicon
International, Inc.) in 2.5% Milk in PBS+0.1% Tween-20 in
the cold-room overnight. After being washed, the blots were
incubated for 1 h at RT with peroxidase-conjugated anti-Mouse
IgG made in 2.5% Milk in PBS+0.1% Tween-20. Immunore-
active proteins were visualized by chemiluminescence (Che-
micon International, Temecula, CA).
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2.6. Statistics

Mean and standard errors of the mean (S.E.M.) were
calculated for each group. An analysis of variance was
preformed using the GraphPad Prism software (version 2.01)
to detect statistically significant differences among the groups.
3. Results
3.1. Effect of SRIF and selective analogues on cGMP levels

SRIF increased cGMP levels in rat retina in a concentration-
dependent manner (n=7-16, Fig. 1A). Basal cGMP levels
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Fig. 1. Effect of somatostatin and analogues on cGMP levels. (A) SRIF
increased cGMP levels in rat retina in a concentration-dependent manner
(n=7-16). (B) The effect of SRIF (0.1 uM, n=10) was blocked by the sst,
receptor antagonist CYN-154806 (1 uM). (n=8, B). **p<0.01 Dunnett’s
Multiple Comparison Test. (C) The sst, agonist BIM23014 increased cGMP
levels in a concentration-dependent manner (n=6-16). **p<0.01 Dunnett’s
Multiple Comparison Test.

were found to be 39.6+3.1 pmol/mg protein (n = 18). To assess
further the sst, involvement in SRIF’s actions, the ability of the
selective sst, antagonist CYN-154806 (1 pM) to block the
SRIF (0.1 uM)-induced increase of cGMP levels was
examined. As shown in Fig. 1B, CYN-154806 blocked the
SRIF-induced increase of cGMP levels (n=8). In addition, the
sst, agonist BIM23014 mimicked the action of SRIF and
increased in a statistically significant manner the cGMP levels
only at the concentration of 10 pM (n=6-16, Fig. 1C). The
sst3 selective agonist L-796,778 (10 uM, n=>5), however, was
not able to increase cGMP levels in a statistically significant
manner (data not shown).

3.2. Involvement of nitric oxide on somatostatin actions

Arginine (250 pM) increased cGMP levels (control 36.3
pmol cGMP/mg protein, n=8, Arginine 53.4 pmol cGMP/mg
protein, n=5, p <0.05). Incubation of the retinal explants in the
presence of SRIF (0.1 uM) and the nonselective NOS inhibitor
NMMA (250 uM, n=8) (Fig. 2A) resulted in the blockade of
the SRIF effect. Immunohistochemistry data support the
presence of neuronal NOS (bNOS) in rat retina (Fig. 2B),
while the second antibody employed alone and used as control
showed no immunostain (Fig. 2C).

3.3. Involvement of SHP-1 on somatostatin actions

The mechanisms via which SRIF increases NO and
subsequent ¢cGMP levels have not been reported to date.
SHP-1 may be involved in somatostatin’s actions and thus its
presence in rat retina was studied. As shown in Fig. 2D,
SHP-1 is expressed in the retina (cortical tissue was
employed as control [20]), while the SHP-1 antagonist
orthovanadate (1 pM) attenuated somatostatin’s (0.1 uM)
mediated increase in cGMP levels in a statistically significant
manner (n=3, Fig. 2A).

3.4. Immunohistochemical localization of cGMP

c¢cGMP immunoreactivity was examined in control, IBMX
and nitroprusside-treated eyecups (n=2). Immunoreactivity
was observed only in the nitroprusside-treated retinas primarily
in bipolar cells (rod and cone) (Fig. 3). Activation of the SRIF
receptors either with SRIF or the sst, selective agonist L-
779,976 had no effect on the cGMP immunostain and was
comparable to the control or IMBX samples (data not shown).

4. Discussion

The present study focused on the elucidation of SRIF’s
actions on cGMP levels and the mechanisms involved. SRIF
increased cGMP levels in a concentration-dependent manner
via a sst, receptor mechanism. This was substantiated by the
blocking effect of the sst, antagonist on SRIF’s actions. The
selective sst, agonist, BIM23014 also increased cGMP levels,
but only at the higher concentration used (10 uM). The present
data complement previous evidence from our laboratory
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Fig. 2. Effect of NMMA and orthovanadate on SRIF-induced increase of cGMP levels. bNOS immunoreactivity and immunobloting of SHP-1. (A) Effect of NMMA
and orthovanadate on SRIF-induced increase of cGMP levels. Incubation of retinal explants in the presence of SRIF (0.1 pM) and the nonselective NOS inhibitor
NMMA (250 pM, n=38) resulted in the blockade of the SRIF effect. The SHP-1 antagonist, orthovanadate (1 uM), attenuated somatostatin’s (0.1 pM) mediated
increase in cGMP levels in a statistically significant manner (n=3). **, #p <0.01 Dunnett’s Multiple Comparison Test ( * versus control, # versus SRIF). (B) bNOS
immunoreactivity was localized in cell bodies in the inner nuclear layer (INL) and ganglion cell layer (GCL), as well as in processes in the inner plexiform layer
(IPL). No staining was observed in absence of primary antibody (right panel). Scale bars: 20 pm. (C) Immunobloting of SHP1. Retinal or cortical membranes (60 pg)
were analyzed by SDS/PAGE (10%) and immunoblotted with SHP-1 (50 kDa) antiserum as described in Methods.

showing that somatostatin and sst, specific ligands increase
NO levels in retinal explants [15]. Specifically, the BIM23014
data are completely overlapping in the two studies, since only
at the concentration of 10 uM is the increase in both NO and
cGMP levels observed. This was attributed to poor access of
the agonist. The lack of effect of the sst; analog, which was
employed as a control, was expected, since sst; receptors have
not been reported in vertebrate retina [13].

Nitric oxide synthase (NOS) oxidizes the guanidine moiety
of L-arginine to liberate NO and citrulline. Consequently, NO
activates a soluble guanylate cyclase converting GTP to cGMP
as reported in vascular endothelial cells and in the central
nervous system [21,22].

In the retina, nNOS has been reported to be localized
primarily in amacrine cells, but also in photoreceptors,
horizontal, bipolar and ganglion cells [23], in agreement with
previous data in our group pertaining to NADPH-diaphorase
histostain in retina [14,15]. To substantiate the involvement of
nitric oxide synthase in the somatostatin-mediated increase of
cGMP levels, experiments focused on the ability of NMMA, a
NOS antagonist, to block somatostatin’s actions. NMMA fully
blocked the somatostatin-mediated increase in cGMP levels,
while arginine mimicked somatostatin’s actions. This effect

was mediated by the neuronal NOS as supported not only by
the previous cited studies [23], but also by the present bNOS
immunohistochemistry findings.

SRIF is synthesized in amacrine cells, but it has never
been found to be colocalized with NADPH-diaphorase or
nNOS [23,24]. In the rat, it activates sst,5 and sst,g SRIF
receptors found to be localized on rod and cone bipolar cells
[25] and photoreceptors [14], respectively. SRIF activation of
sst, receptors in the rat resulted in an increase in NO,
production [15].

To examine the effect of SRIF on cGMP levels at the
cellular level cGMP immunoreactivity was performed. Bipolar
cells of the rat retina express soluble guanylate cyclase [26].
While no immunoreactivity was observed in control or IBMX-
treated tissue, incubation with the NO donor nitroprusside (1
mM) afforded cGMP immunoreactivity primarily in rod and
cone bipolar cells. These results are in agreement with
Johansson et al. [27]. Treatment with somatostatin or the more
lipid soluble sst, analog L.779,976 [16] did not result in any
visible cGMP immunoreactivity. This finding may be due to
the solubility or stability properties of somatostatin and its
agonist. The addition of these agents to the eyecup and not
directly to the retina ex vivo may affect their efficacy.
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Fig. 3. ¢<GMP immunoreactivity in rat retina. ¢cGMP immunoreactivity in
nitroprusside-treated eye cups was observed primarily in bipolar cells (A), PKC
immunoreactivity was observed in rod bipolar cells (B). Double labeling of
c¢GMP and PKC immunoreactivity was observed in a subpopulation of bipolar
cells (yellow ) (C). Scale bars: 20 um.

However, the biochemical data leave no doubt that SRIF via
sst, activation increases cGMP levels. In retina, cGMP influences
a series of biochemical substrates and it is an important regulator
of cellular and retinal physiology. cGMP can modulate gap
junctions between horizontal cells [28] and gap junctions
between amacrine and rod bipolar cells [29]. There is a report
however, stating that SRIF did not affect cGMP levels in a ciliary
ganglion neuron preparation from chick embryos [30].

Meriney et al. [31] reported that besides the membrane-
associated pathway involving GTP-binding proteins, a soluble
pathway involving cGMP-dependent protein kinase modulates
the somatostatin-induced inhibition of neuronal Ca** current in
chick ciliary ganglion neurons.

In the salamander retina, SRIF differentially modulated
voltage-gated K* and Ca®>' currents in rod and cone
photoreceptors, respectively, by its activation of sst, receptors
and via a pertussis toxin-sensitive mechanism [9]. Also, in
isolated rabbit rod bipolar cells that also contain the sst,
receptor subtype, SRIF modulated K" and Ca" currents by
inhibiting Igx and L-type Ic, channels [32]. In both
paradigms, SRIF could be regulating glutamate release. It is
therefore possible that a cGMP-dependent protein kinase
pathway may also be involved in the effects of SRIF on ion
channels and glutamate release in the retina as suggested by
Meriney et al. [31] in chick ciliary ganglion neurons.

The question regarding the mechanism via which somato-
statin activates the production of NO, which leads to increases

in ¢cGMP levels in the retina was addressed. It is well
established that nitric oxide synthase in the brain is dependent
on the free calcium ion concentrations [22], while somatostatin
as mentioned above is known to inhibit intracellular calcium
levels [31,33]. However, Lopez et al. [34] reported that
somatostatin sst, receptor activation induces the activation of
nNOS in vitro by a mechanism that involves tyrosine
phosphatase SHP-1. nNOS was shown to be a substrate for
SHP-1, which dephosphorylates nNOS, increases NO produc-
tion and subsequent cGMP levels that lead to cell growth
arrest. The present findings depicted the presence of SHP-1 in
the retina, while the orthovanadate effects on the SRIF-
mediated increase in cGMP levels suggested the involvement
of SHP-1 in somatostatin’s activation of NOS.

The NO/cGMP signal transduction system is of major
importance in retinal physiology. Many studies have focused
on this system [17,25,35-38], and on its regulation by other
neurotransmitters present in the retina (glutamate, GABA)
[17,38].

This is the first study, in the rat retina, showing that
somatostatin can also modulate the NO/cGMP system.
Furthermore, the present data suggest a SRIF/SHP-1/NO/
c¢GMP mechanism that may underlie somatostatin’s actions,
something that merits further investigation.
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The Role of Nitric Oxide and cGMP in Somatostatin’s
Protection against Retinal Ischemia

Niki Mastrodimou, Foteini Kiagiadaki, and Kyriaki Thermos

Purpose. To investigate whether nitric oxide (NO) and/or
cGMP protects the retina from chemical ischemia and underlie
somatostatin’s neuroprotective effects.

MEetHODS. Eyecups of female Sprague-Dawley rats were incu-
bated with PBS or the chemical ischemia mixture [iodoacetic
acid (5 mM)/sodium cyanate (25 mM)] in the absence or
presence of (1) arginine (0.05-2.0 mM), the substrate of nitric
oxide synthase (NOS); (2) the NO donors sodium nitroprusside
(SNP; 0.25-4.0 mM), 3-morpholinosydnonimine (SIN-1; 0.1,
0.3, 1.0 mM), SIN-1 (0.1 mM)/1-cysteine (5 mM, peroxynitrite
scavenger), and NONOate (1, 5, 10 uM, slow NO releaser); (3)
8-Br-cGMP (0.1, 0.5, 1.0 mM); (4) BIM23014 (sst, receptor
agonist; 1 uM), alone or in the presence of (5) the NOS
inhibitor N”-monomethyl-i-arginine (NMMA; 0.5 mM); or (6)
the guanylyl cyclase inhibitors 1H-[1,2,4]oxadiazolol [4,3-a]qui-
noxalin-1-one (ODQ;100 puM) and NS2028 (50 uM) for 60
minutes, at 5%CO,/air in 37°C. The effect of SIN-1 (0.1, 0.3,
1.0, or 3.0 mM) on the retina was also examined. Subsequently,
the eyecups were fixed and sectioned for choline acetyltrans-
ferase (ChAT) immunoreactivity and TUNEL staining.

ResuLts. Arginine and SNP had no effect on the chemical ischemi-
a-induced toxicity. SIN-1, NONOate, and 8-Br-cGMP produced a
concentration-dependent protective effect, as shown by ChAT
immunoreactivity. TUNEL staining also confirmed the neuropro-
tective effect of these agents. 1-Cysteine partially reduced the
SIN-1-induced protective effect. SIN-1 alone was toxic only at the
highest concentration used (3 mM). NMMA, ODQ, and NS2028
reversed the protective effect of BIM23014.

Concrusions. The results suggest that a NO/peroxynitrite/
cGMP mechanism may be important in the protection of the
retina from ischemic insult. Furthermore, the NO/sGC/cGMP
pathway is involved in the neuroprotective effects of sst,
ligands against retinal ischemia. (Invest Opbthalmol Vis Sci.
2008;49:342-349) DOI:10.1167/i0vs.07-0341

he neuropeptide somatostatin' is found in the retina,?

where it activates the somatostatin receptors® (ssts) found
in retinal neurons and the retinal pigment epithelium (RPE)
(see review by Thermos®). Specifically, sst,, receptors are
localized in rod bipolar, amacrine, and photoreceptor neurons
in the retina,”™® whereas sst,; receptors are localized in pho-
toreceptors and the RPE.*'° In addition, sst, and sst, receptors
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were found to be present in amacrine'" and ganglion cells,'*"?

respectively.

Retinal ischemia is the underlying cause of many ocular
diseases and leads to neuronal damage and blindness. The
importance of somatostatin ligands in the inhibition of isch-
emia-induced neovascularization, one of the major causes of
retinal diseases that results in visual loss has been investigated.
Somatostatin and its sst, agonists inhibited the ischemia-in-
duced neovascularization in a mouse model of oxygen-induced
retinopathy.'*'>

In a recent study, an in vitro model”® of chemical ischemia
was used in the retina.'” Chemical ischemia involves the block-
ade of oxidative phosphorylation and glycolysis and is believed
to be useful in the understanding of the early events underlying
the pathophysiology of ischemia. In this model, somatostatin
analogues selective for the sst, subtype protect the retina from
ischemic insult."” The mechanisms by which the somatostatin
analogues prevent the damage produced by chemical ischemia
or other neurotoxic insults are not known. However, soma-
tostatin’s ability to inhibit voltage-gated Ca™* channels may be
responsible for the lowering of the intracellular calcium ion
concentrations, '® responsible for the toxic effects. The rise in
intracellular calcium levels resulting from ischemia-induced
activation of voltage-gated calcium channels and ionotropic
glutamate receptors is believed to be the underlying cause of
retinal cell death.'®

A study by Mastrodimou et al.'” suggested that protein
kinase C (PKC) and tyrosine hydroxylase (TH)-sst,- containing
58152021 were protected from ischemic insult, pos-

116

neurons
sibly by sst, involvement in the attenuation of calcium levels.
However, the neuroprotection afforded to the ChAT- and
bNOS-containing neurons, which lack sst, receptors, could not
be explained.

Somatostatin and the novel neuropeptide cortistatin,**
which resembles somatostatin structurally and binds to soma-
tostatin receptors,”® have been shown to have neuroprotective
effects against different paradigms of neurotoxicity in the cen-
tral nervous system, such as NMDA, and kainate-induced neu-
rotoxicity®*2> and middle cerebral artery.>® The somatostatin
reduction of NMDA-induced neuronal death in cortical neurons
was mediated by a cGMP-dependent mechanism.>*

Somatostatininduced inhibition of neuronal Ca®>" currents has
been suggested to be mediated via a cGMP-dependent protein
kinase.>” Recent studies in our laboratory have shown that soma-
tostatin increases NO'? and cGMP levels in rat retinal explants®®
via an sst, mechanism. Therefore, one can conjecture that NO
triggers the synthesis of cGMP in neighboring cells that do not
contain somatostatin receptors and provides neuroprotection.

The purpose of the present study was to investigate
whether NO and/or ¢cGMP protects the retina from chemical
ischemia insult and whether this effect represents a putative
mechanism for somatostatin’s neuroprotection of the retina.

MATERIALS AND METHODS

Animals
Female Sprague-Dawley rats (250-300 g) were housed two to three

animals per cage with free access to food and water. A 12-hour
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light-dark cycle was maintained. Euthanasia was performed with ether
inhalations. All procedures that were performed on the animals were
in accordance with the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research and in compliance with Greek Na-
tional Laws (Animal Act, P.D. 160/91).

Effect of Arginine, Nitroprusside, NONQOate, SIN-1,
or 8-Br-cGMP on Chemical Ischemia

After dissecting the eyes, the anterior poles were cut away, and the
eyecups were immersed in 0.1 M phosphate-buffered saline (PBS). To
produce chemical ischemia and study the possible protection by the
different agents, we used the protocol previously used by Mastrodimou
etal.'” Eyecups were incubated with (1) PBS, (2) a chemical ischemia
mixture (5 mM [IAA/25 mM NaCN), and (3) arginine, the NOS substrate
(0.05, 0.125, 0.25, 0.5, 1.0, or 2.0 mM), or the NO donors sodium
nitroprusside (SNP; 0.25, 0.50, 1.0, 2.0, or 4.0 mM), spermine NONO-
ate (slow-release NO donor; 1, 5, or 10 uM), SIN-1 (0.1, 0.3, or 1 mM)
or 8Br-cGMP (0.1, 0.5, or 1 mM), together with the chemical ischemia
mixture, for 60 minutes (two times for 30 minutes), followed by
incubation two times for 30 minutes in PBS (control and ischemia
groups) or arginine/nitroprusside/NONOate/SIN-1/8-Br-cGMP, respec-
tively, in PBS (neuroprotection groups) at the concentrations used
earlier. All incubations were performed at 37°C and 5% CO,/95% air.
These experiments were performed three times.

Effect of SIN-1/1-Cysteine on Chemical Ischemia

Eyecups were incubated in (1) PBS or in the presence of (2) chemical
ischemia mixture, and (3) SIN-1 (0.1 mM)/1-Cysteine, a peroxynitrite
scavenger (5 mM),?” together with the chemical ischemia mixture for
60 minutes (two times for 30 minutes each), followed by incubation
two times for 30 minutes each in PBS (control and ischemia groups) or
SIN-1/1-cysteine in PBS (neuroprotection groups) at the concentrations
used earlier. All incubations were performed at 37°C and 5% CO,/95%
air. These experiments were performed three times.

Effect of SIN-1 Alone

The effect of SIN-1 alone on the retina was also examined. The eyecups
were incubated either in PBS or in PBS containing SIN-1 (0.1, 0.3, 1, or
3 mM) for 120 minutes (four times for 30 minutes each). The experi-
ments were performed twice.

Effect of the NO Synthase Inhibitor NMMA on the
BIM23014-Induced Neuroprotective Effect

Eyecups were incubated in the presence of the chemical ischemia
mixture alone or in the presence of the somatostatin sst, analogue
BIM23014 (1 uM) and BIM23014 (1 uM) plus N'-monomethyl-L-argi-
nine (NMMA; 0.5 mM) for 60 minutes (two times for 30 minutes each),
followed by incubation two times for 30 minutes each in BIM23014 (1
uM) in the absence or presence of NMMA (0.5 mM), respectively.
Control samples received PBS. These experiments were performed
three times.

Effect of the Guanylate Cyclase Inhibitors ODQ
and NS2028 on the BIM23014-Induced
Neuroprotective Effect

Eyecups were incubated in the presence of the chemical ischemia
mixture, alone or in the presence of (1) the somatostatin sst, analogue
BIM23014 (1 uM) and (2) BIM23014 (1 uM) and ODQ (100 uM) or
NS2028 (50 uM) for 60 minutes (two times for 30 minutes each),
followed by incubation two times for 30 minutes each in BIM23014 (1
M), in the absence or presence of ODQ (100 uM) or NS§2028 (50 uM)
respectively. ODQ is the most widely used soluble guanylyl cyclase
(sGC) inhibitor, yet we also examined the effect of N§2028, chosen for
its better potency and specificity.>® Control samples received PBS.
These experiments were performed three times.
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Immunohistochemical Studies

Tissue Preparation. After completion of the chemical ischemia
protocol, the eyecups were fixed by immersion in 4% paraformalde-
hyde in 0.1 M phosphate buffer (PB) for 1 hour at 4°C. After fixation,
eyecups were rinsed in PB and incubated in 30% sucrose overnight, at
4°C for cryoprotection. Tissues were frozen in isopentane at —45°C for
1 minute and kept at —80°C until further use. Eyecups were sectioned
vertically at 10 wm thickness using a cryostat, thaw mounted on slides
(Superfrost; Fisher Scientific, Pittsburgh, PA) and stored at —20°C.
Slices were cut near the optic nerve, every 100 um. Nine slices were
put on every slide.

ChAT Immunoreactivity. A mouse monoclonal antibody
raised against ChAT (1:100; Biotrend, Cologne, Germany), was used as
a marker for acetylcholine amacrine cells. Cryostat sections were
incubated in 0.1 M Tris-HCI buffer; TBS (pH 7.4), containing 3.3%
normal goat serum for 30 minutes, washed in 0.1 M TBS and incubated
with the primary antibodies in 0.1 M TBS containing 0.3% Triton X-100
and 0.5% normal goat serum overnight at room temperature. The
sections were washed again and incubated for 2 hours with the
secondary antibody, Alexa Fluor488 goat anti-mouse IgG(H+L) (1:300;
Invitrogen-Molecular Probes, Eugene, OR) Finally, the sections were
washed and coverslipped with mounting medium (Vector Laborato-
ries, Burlingame, CA).

TUNEL Staining. To determine cell loss, enzymatic in situ label-
ing of apoptosis-induced DNA strand breaks was performed using the
terminal deoxynucleotidyl transferase (TDT)-mediated TMR-dUTP
nick-end labeling (TUNEL) assay (Roche, Mannheim, Germany).

Microscopy

Light microscopy images were taken with a microscope equipped with
a X20/0.50 or X40/0.75 lens (Axioskop with a Plan-Neofluar lens; Carl
Zeiss Meditec, Oberkochen, Germany). Confocal images were taken
with a laser-scanning microscope (model DM RE with a He/Ne Laser;
Leica, Wetzlar, Germany; with HP Plan APO; Hewlett-Packard, Palo
Alto, CA). Optic sections were taken with a z-axis resolution of 1.1 um
through the immunolabeled cells. Light and contrast adjustment of
images were processed with image analysis software (Photoshop, ver.
7.0; Adobe Systems, San Jose, CA).

RESULTS

The chemical ischemia model was successful in producing
cholinergic cell loss (Figs. 1A, 1B), as previously shown.!” To
examine whether NO could provide neuroprotection against
chemical ischemia in the retina, arginine, and NO donors were
used in different concentrations. Neither arginine nor SNP
protected the retina from the ischemic insult when these
agents were co-incubated with the chemical ischemia mixture.
In Figure 1, the effect of a low and a high concentration of
arginine (0.05, 2.0 mM; Figs. 1C, 1D, respectively) and SNP
(0.5, 4 mM; Fig. 1E, 1F, respectively) is shown, while similar
results were obtained with the other concentrations used (data
not shown).

The slow NO releaser NONOate afforded protection from
chemical ischemia in a concentration-dependent manner (Figs.
2C-E). The concentration of 5 uM (Fig. 2D) gave the best
protection, yet it did not reach control levels. TUNEL staining
(Figs. 2F-D) was in agreement with the ChAT immunoreactivity
data depicting an attenuation of apoptotic cells in the presence
of NONOate (5 uM).

Similar results were also obtained in the presence of SIN-1
(Fig. 3). ChAT immunoreactivity was brought to control levels
when SIN-1 (0.1 mM) was co-incubated with the chemical
ischemia mixture. The protection was attenuated at higher
concentrations of SIN-1 (0.3 and 1.0 mM) (Figs. 3C-E). To
assess whether this effect is due to peroxynitrite, we incubated



344 Mastrodimou et al.

FiGure 1. Effect of Arg and SNP on the chemical ischemia (CI) in-
duced damage of ChAT containing neurons in the retina. (A) ChAT
immunoreactivity was localized in amacrine cells in the inner nuclear
layer (INL), in displaced amacrine cells in the ganglion cell layer (GCL),
and in processes in the inner plexiform layer (IPL) in retinas treated
with PBS (control). No immunoreactivity was observed in retinas
treated with the CI mixture (B) or with the CI mixture and Arg (0.05
mM, C; 2 mM, D), and SNP (0.5 mM, E; 4 mM, F). Bars, 40 um.

SIN-1 in the presence of the chemical ischemia mixture and the
peroxynitrite scavenger L-cysteine. As shown in Figure 3F,
L-cysteine partially reduced the protective effect of SIN-1. The
immunohistochemistry data were substantiated by TUNEL
staining (Figs. 3G-)).

To examine whether SIN-1 alone is toxic to the retina,
eyecups were incubated with SIN-1 at the concentrations of
0.1, 0.3, 1.0, and 3 mM, and for the total time used in the
neuroprotection protocol (120 min). As shown in Figure 4,
ChAT immunoreactivity was not affected at the concentrations
used in the protection experiment (0.1, 0.3, and 1.0 mM).
However, a decrease in cholinergic neurons, but not in the
processes, became evident at the higher concentration of 3
mM. TUNEL immunostain also showed an increase in apoptotic
cells in retinas treated with SIN-1 (3 mM; Fig. 4).

While arginine/nitroprusside at the concentrations used do
not support a role for NO in the neuroprotection from chem-
ical ischemia insults, the NONOate and SIN-1 data support
NO/cGMP-mediated neuroprotection. To study the direct in-
volvement of cGMP in the neuroprotection, the cell-permeable
analogue of cGMP, 8Br-cGMP was co-incubated with the
chemical ischemia mixture. 8-Br-cGMP produced a concentra-
tion dependent protective effect. The concentration of 0.5 mM
gave maximum protection, as shown by ChAT immunoreactiv-
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ity (Fig. 5). The neuroprotective effect of 8-Br-cGMP was also
observed with TUNEL staining (Fig. 5), substantiating the con-
centration-dependent protection.

To examine whether NOS and sGC are involved in soma-
tostatin’s sst,-mediated neuroprotection of the retina, eyecups
were incubated with the chemical ischemia mixture and the
sst,-selective analogue BIM23014, in the absence and presence
of the NOS inhibitor NMMA and the soluble guanylate cyclase
inhibitors ODQ and NS2028. If NO and cGMP are critical in
neuroprotection, inhibition of the NOS and guanylate cyclase
activity would reverse the protective effect of BIM23014. As
shown in Figure 6, NMMA and the sGC inhibitors reversed the
BIM23014-induced neuroprotection against chemical isch-
emia. The involvement of cGMP in the mediation of
BIM23014’s protective effects in the chemical ischemia model
was also suggested by TUNEL staining. Retinas that were incu-
bated with BIM23014 in the presence of ODQ were character-
ized by an increase in apoptotic cells, mimicking the retinas
that received the chemical ischemia insult.

DIscuUSSION

The major findings of this study are the following: (1) the slow
NO donor NONOate, the NO/peroxynitrite donor SIN-1, and
8-Br-cGMP protected the retina from chemical ischemia and (2)
a NO/sGC/cGMP pathway was involved in the neuroprotective
effects of the sst, analogue BIM23014 in the same model.

Ischemia is the underlying cause of retinal neovasculariza-
tion, the major cause of many ocular diseases that lead to
blindness. Ischemia induces the activation of voltage-gated
calcium channels and ionotropic glutamate receptors, which
results in an increase in intracellular calcium levels and the
subsequent formation of NO. These events are believed to be
the underlying cause of cell death.' The neuropeptide soma-
tostatin and its sst,-specific analogues inhibited ischemia-in-
duced neovascularization in a mouse model of oxygen-induced
retinopathy.'*'> Also, somatostatin depicted neuroprotective
actions in different paradigms of neurotoxicity in the
brain.?*~2° In a recent study, a chemical model of ischemia,
initially used in hippocampal slices,'® was used in the retina'”
and found to be a good model for examining putative neuro-
protective agents.

Incubation of the rat eyecup with the chemical ischemia
mixture (JAA/NaCN) for 60 minutes affected several retinal cell
populations, including cholinergic, rod bipolar and TH- and
NOS-positive amacrine cells. However, the viability of photo-
receptors and ganglion cells remained intact.'” These data are
in agreement with other studies showing that incubation of
specific retinal cell types to chemical (KCN) and environmen-
tal hypoxia has no effect on photoreceptors.®! Also, in a model
of simulated ischemia, the removal of oxygen and N, replace-
ment of 95% O, resulted in the degeneration of retinal neurons
in the INL.>?

Somatostatin analogues specific for the sst, subtype were
successful in reversing retinal cell death in this ischemia
model.'” The mechanisms by which somatostatinergic ligands
act as neuroprotectants is still under investigation. The ability
of somatostatin and analogues to inhibit the release of growth
factors such as GH and IGF have implicated somatostatin as an
antiangiogenic agent.'*!> Somatostatin inhibits IGF-1-mediated
induction of VEGF in hRPE cells,*® and octreotide has been
shown to prevent growth factor-induced proliferation of bo-
vine retinal endothelial cells under hypoxia.>*

Somatostatin is also known to inhibit voltage-gated calcium
channels,'® and neuronal calcium currents, the latter via a
mechanism involving a cGMP-dependent protein kinase.?”
cGMP was also important in somatostatin’s protective actions
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FIGURE 2. Effect of NONOate on
the chemical ischemia (CD-induced
damage of ChAT-containing neurons
and TUNEL staining in the retina.
ChAT immunoreactivity was present
or absent in (A) control and (B) CI-
treated retinas, respectively. In reti-
nas treated with the CI mixture and
NONOate (1 uM, C; 5 uM, D; 10 uM,
E), a concentration-dependent recov-
ery of ChAT immunoreactivity was
observed. TUNEL staining depicted
major cell loss in retinas treated with
CI (G) compared with control retinas
(F. NONOate (1 uM, H; 5 uM, D re-
duced the apoptotic damage in a con-
centration-dependent manner com-
pared with (G). INL, inner nuclear
layer; IPL, inner plexiform layer; GCL,
ganglion cell layer. Bars, 50 um.

4

against NMDA-induced neuronal death in cortical cultures.?
The second-messenger cGMP is the product of the catalysis of
GTP by the cytosolic enzyme sGC.>>*® sGC is the physiological
target of NO and NO donors such as SIN-1.>*37 NO binds with
high affinity to the heme iron of sGC which leads to its stim-
ulation.>®

NO has been found to promote but also antagonize ocular
neovascularization. Pharmacologic inhibition of NOS reduced
choroidal neovascularization and VEGF-induced neovascular-
ization but did not reduce ischemia-induced retinal neovascu-
larization. These studies, complemented with a genetic ap-
proach—namely, the employment of mice lacking individual
or all three NOS isoforms—suggest that iNOS and/or nNOS in
cells adjacent to endothelial cells in the presence of retinal
ischemia has an antiangiogenic effect.>® Also, in the developing
rat retina, it has been shown that arginine and the NO donor
SNAP block cell death induced by the protein synthesis inhib-
itor anisomycin. The antiapoptotic effect is partially mediated
by cGMP.*®

In the present study, a wide range of concentrations of
arginine and the NO donor SNP were used to induce NO
release that would be beneficial against chemical ischemia, but
not toxic to the tissue. However, no protection was observed
at any of the concentrations used. It may be that higher con-
centrations than the 2 mM arginine and 4 mM SNP, used in this
study, are needed. Arginine at concentrations of 1, 3, and 10
mM and the NO donor SNAP (10 mM) protect the developing
retina from anisomycin-induced cell death, suggesting a para-
crine neuroprotective effect of nitric oxide.>®
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NaCN, an inhibitor of oxidative phosphorylation, is used
for its ability to produce hypoxia. One must take into con-
sideration the known effects of hypoxia on the arginine trans-
porter.**#! It has been shown that hypoxia inhibits r-arginine
uptake, an effect that would influence NO production. The
lack of effect of SNP may be due to abrupt and rapid release of
NO, which would enhance NaCN's toxic effects. Alternatively,
the formation of NO by SNP, which is accompanied by cyanide
(CN7) formation, may be inhibited by the exogenous cya-
nide.57’42

The slow NO donor NONOate protected the retina from
chemical ischemia, but it did not offer full protection under the
experimental paradigm. SIN-1 protected the retina from chem-
ical ischemia in a concentration-dependent manner and offered
maximum retinal protection at a concentration of 0.1 mM. No
protection was observed at the higher concentration of 1.0
mM. SIN-1, the vasoactive metabolite of molsidomine,>”*> is
metabolized in two steps to SIN-1A and subsequently to NO
and nitrite, nitrate, superoxide anions, and peroxynitrite.“’44

To examine whether the SIN-1 neuroprotective effect is due
to peroxynitrite,”® we examined whether the peroxynitrite
scavenger L-cysteine would reverse its actions. The data show
that 1-cysteine only partially decreased the neuroprotective
effects, suggesting that an NO and a peroxynitrite mechanism
may be involved in SIN’s actions. The putative toxic effect of
SIN-1 on the retina was also examined. Eyes cups were treated
with PBS in the absence and presence of different concentra-
tions of SIN-1. SIN-1 did not influence ChAT immunoreactivity
or TUNEL staining in the retina when used at the concentra-
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tions of 0.1, 0.3, and 1 mM, concentrations that were used for
the protection study. However, at the higher concentration of
3 mM a reduction of cholinergic and an increase in apoptotic
cells were evident.

It is obvious from these studies that SIN-1 at low concen-
trations (0.1 mM) provides protection against chemical isch-
emia, whereas at high concentrations (3 mM), it leads to cell
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FIGURE 3. Effect of SIN-1 and
SIN+1-cysteine on the chemical isch-
emia(CD-induced damage of ChAT
containing neurons and TUNEL stain-
ing in the retina. ChAT immunoreac-
tivity was present and absent in con-
trol (A) and Cl-treated (B) retinas,
respectively. In retinas treated with
the CI mixture and SIN-1 (0.1 mM, C;
0.3 mM, D; 1 mM, E) a concentra-
tion-dependent recovery of ChAT im-
munoreactivity was observed. L-Cys-
teine (5 mM) partially reversed the
protective effect of 0.1 mM SIN-1 (F).
TUNEL staining in PBS (G), CI (H),
CI/SIN (D, and CI/SIN/1-Cys (). INL,
inner nuclear layer; IPL, inner plexi-
form layer; GCL, ganglion cell layer.
Bars, 50 um.

death (Fig. 3). It is impossible to make any suggestions as to the
resultant concentrations of NO that may play a role in the
actions of SIN-1. In a recent study in which an NO electrode
and in vivo microdialysis were used, SIN-1 (1 mM) did not
increase NO levels in the striatum.*> There are reports suggest-
ing that SIN-1 has a direct stimulant effect on the soluble
guanylate cyclase.***%%7 The present data suggest that at low

FIGURE 4. Effect of SIN-1 on ChAT
immunoreactivity and TUNEL stain-
ing in the retina. Retinas were
treated with (A) PBS, (B) 0.1 mM
SIN-1, (C) 0.3 mM SIN-1, (D) 1 mM
SIN-1, and (E) 3 mM SIN-1. Only at
the highest concentration, SIN-1 (3
mM) alone produced loss of ChAT-
stained cell bodies (E), and an in-
crease in TUNEL staining (H). No
TUNEL staining was observed in con-
trol retinas (F) and in retinas treated
with the lower concentration of 0.1
mM SIN-1 (G). INL, inner nuclear lay-
er; IPL, inner plexiform layer; GCL,
ganglion cell layer. Bars, 20 um.
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FIGURE 5. Effect of 8-Br-cGMP on
the chemical ischemia (CD-induced
damage of ChAT-containing neurons
and TUNEL staining in the retina.
ChAT immunoreactivity in control
(A) and Cl-treated (B) retinas. A con-
centration-dependent recovery of
ChAT immunoreactivity was ob-
served in the presence of the CI mix-
ture and 8-Br-cGMP (0.1 mM, C; 0.5
mM, D; 1 mM, E). No TUNEL staining
was observed in control retinas (F),
whereas a major cell loss was found
in retinas treated with CI (G). Retinas
treated with CI and 8-Br-cGMP (0.5
mM, H; or 0.1 mM, D displayed no
cell death or minimal cell death, re-
spectively. INL, inner nuclear layer;
IPL, inner plexiform layer; GCL, gan-
glion cell layer. Bars, 50 um.

concentrations, SIN-1 may promote neuroprotection via a
cGMP mechanism, whereas at higher concentrations, it can be
toxic. Whether the toxic effects are mediated by its metabolite
peroxynitrite, known to induce toxicity in different para-
digms,*®* could not be ascertained by the present experi-
ments. Instead, a peroxynitrite mechanism may be partially
involved in the protective actions of SIN-1, as suggested by the
experiments with the peroxynitrite scavenger 1-cysteine. Both
NO and peroxynitrite have the ability to activate a soluble
guanylyl cyclase and increase cGMP levels that may be neuro-
protective.*+>°

The involvement of cGMP in the protection of the retina
from chemical ischemia was substantiated by the direct use of
8-Br-cGMP. This cell-permeable analogue of cGMP protected
the retina from chemical ischemia in a concentration-depen-
dent manner with maximum protection at 0.5 mM and partial
protection at 1 mM. 8-Br-cGMP (1 mM) was also shown to have
a partial protective effect against anisomycin-induced cell
death in the developing retina.>®

It is evident from the present study that a cGMP mechanism
is involved in the protection of the retina from chemical isch-
emia. As stated earlier, somatostatin has been shown to in-
crease NO and cGMP levels in the retina by activating the sst,
receptor subtype,'*?® whereas sst, selective ligands were
found to protect the retina from chemical ischemia,'” as SIN-1
and 8-Br-cGMP did in the present study. In paradigms of neu-
rotoxicity in the brain, somatostatin was shown to have neu-
roprotective effects by a cGMP dependent mechanism.?* To
examine whether a NO/cGMP mechanism mediates the neu-
roprotection offered by the sst, receptor activation to the
retina,'” we examined whether the inhibition of NOS and the
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soluble guanylyl cyclase was able to reverse the protective
effect of the sst, agonist. NMMA and the two sGC inhibitors
ODQ and NS 2028 reversed the protective effect of BIM23014,
thus implicating NO/sGC and cGMP in the neuroprotection. To
further ascertain the importance of cGMP, assays were per-
formed to assess cGMP levels in retinas treated with PBS or
chemical ischemia alone or in the presence of BIM23014 and
BIM23014 plus NS 2028. However, no statistically significant
differences in cGMP levels were observed, perhaps for techni-
cal reasons or because of the abundance of sGC in the vascu-
lature. Under the experimental conditions used, the isolation
of the latter may have yielded differences in cGMP levels.

The subsequent signaling by which cGMP offers protection
may involve the regulation of calcium channels*” and the
reduction of the toxic high levels of intracellular calcium in-
duced by ischemia.'® Although there are no relevant reports in
retinal circuitry to support this conjecture, it has been shown
that NO/cGMP mediates the inhibition of calcium channels in
retinal pericytes and reduces calcium influx.”’

In addition, it has been shown that peroxynitrite activates
voltage-dependent calcium channels (VDCCs)>? and influences
neurotransmitter release.>® Recent studies have indicated that
NO, cGMP and SIN-1 can stimulate the release of GABA.>*
Inhibitory neurotransmitters such as GABA could counteract
the toxic influence of glutamate on retinal neurons during
retinal ischemia and would be expected to provide protec-
tion."? Actually, GABA has been suggested as a neuroprotective
agent in brain acute ischemic stroke.>> Therefore, one cannot
exclude the possibility that NO, cGMP, and SIN-1 increase
GABA levels in rat retina and assist in the neuroprotection in
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the present paradigm. However, this conjecture must be sub-
stantiated.

In conclusion, the present study reports for the first time

that NO/peroxynitrite and cGMP are important mediators in
the protection of rat retina from chemical ischemia. Further-
more, the data support the involvement of the NO/sGC/cGMP
signaling pathway in the neuroprotective effects bestowed on
the retina by the sst, somatostatin ligands in the same model.
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