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©a nBeAa va euxapiIoTACW 1BIAITEPO TOV KABNYNTA KUPIO ZIa@AKa Kal TOV
AvatmmAnpwTty  kKaBnyntr] kKuplo MTtroupo yia Tnv auépiotn Ponbeia  Kai
OupPTTaPAoTacn yia TNV ekTTévnon TNG dIatpIPrg. Na euxapioTAow £TTiong Tov
Bioxnuiké Mewpyio Matrabeodwpou yia Tnv Pondeia Tou oTnv €TeEepyacia Twv
OEIYMATWY Kal OTIC JETPACEIC AQUTWY, KABWGS KAl TO TTPOCWTTIKO TNG KAIVIKAG
pou ot1o 401MZNA kai 10iaitepa  TOug 1aTpoug KwvoTavrivo KwoTika,
KwvoTtavrtivo 'kavd kai Asutépn ZépBa yia Tnv BoABeId Toug 0Tn CUAAOYH Twv

OEIYUATWV.



FENIKO MEPOZ

A) OZEIAQTIKO STRESS ZE NMAOHZEIZ TQN AEPAIQIrQN.

evika.

OAa 1a dropa e TNV @QuOloAoyikr diadikaoia Tng avatvong TTapdyouv
eAelBepeg pilec. Otav n mapaywyn €Aeubépwv pifwv eival augnuévn Kai
OUYXPOVWG UTTApXEl dlatapaxf TNG 100PPOTTIAG METALU OLEIBWTIKWY KOl
QAVTIOEEIDWTIKWY UNXAVIOUWYV TOTE 0dnyouueda o€ diadikaoieg TTou £Xouv oav
QTTOTEAEOHA TNV KATAOTPOPA TWV KUTTOPIKWY douwv Pe TTapdAAnAn évapén
NG PAeypovns. H ovouaaoia eAeUBepeg pifeC OUCIOOTIKA XapaKTNPEIZEI ATOPA N
MOPIa TTOU TTEPIEXOUV PEIWPEVO APIOPO NAEKTPOVIWYV CUPUETEXOVTOG KAl OTIG
QUOIONOYIKEG  METORBOAIKEG A€ITOUpyieg Twv KUTTApwy, aAN& Kkal oTnv
dladikaoia TNG QAEyUOVAG 0dNYWVTaS TTOAAEG QOPEG O€ PN AVAOTPEWIPES
BAGBeC. AuTdC 0 MEIWPEVOS apIBUOG NAEKTPOVIwY €XEl WG QTTOTEAEOUA TO
NAEKTPOVIO TTOU [BPIOKOVTAlI OTNV EOWTEPIKA TPOXIA TOUG va PNV €ival Kard
ceuyn. MNpootraBwvtag O va Ceuyapwoouv Ta NAEKTPOVIO TOUG TTAipvVOuv
NAEKTPOVIO atmd AAAa popla 1 atreAeuBepwvouv Ta BIKA TOUG NAEKTPOVIA.
Autrl] n ouvexng avrtaAdayr) nAekTpoviwv TTupodoTei  pia  dladikaoia
METAAAGENG Kal TTOAAQTTAQCIAOMOU TwV €AEUBepwyV pICwV TTOU €XEl Oav
OUVETTEID TOV TTEPAITEPW OXNMATIONO KAl GAAWV EAeUBEPWYV pICWV, ME TEAIKO
aTTOTEAEOUA TNV SOMIKA aAAayr) KUTTApwV He @ualohoyikr Asimoupyia’. H
TTPOEAEUOT] TOUG gival atTO SIAQOPETIKEG EVOOKUTTAPIEG TTNYEG OTTWGS N BACIKA
MEMBpPAvN, TO evdoTTAACMATIKO OIKTUO Kal Ta MITOXOvopia. Augnuévn OPwWS
Tapaywyr €xel TopatnEnBei kol O€  €EWKUTTAPIO MPEPN  KUPIWG OTnv
d1adIKaCia 0EEWV QAEYUOVWOWY KATOOTACEWV.

2TOV AvBpwto TO 0&uydvo PeE TNV €vvoid TwV OUCTOTIKWY TOU TTOU
ovopadovTal evepyd OEEIBWTIKA popIa dpa ws Bacikd o&eIdwTIKO oToixeio. H
TTOPAYWYr TWV OCEIDWTIKWY HOPiwV MTTOPEi va aAAAgel Tnv douny Kal Tov
METABOAIONS TWV KUTTAPWY, va AAANAETTIOPA PE Ta akOpeoTa NITTapd ogéa TNG
MEMBPAVNG, UE T VOUKAEIKA o&éa, odnywvTag TTOAEG QopEC o€ alAayEg Tou
DNA kai KaT' eTTEKTA0N O€ KUTTAPIKEG METAAAGEEIC. Ta TTI0 yVWOTA OEEIBWTIKA
MOpla gival To avidv utrepogeidiou (Oy), To utTEPOLEIdIO Tou udpoyovou (H207)

Kal n €AeuBepn pida udpotuliou (OH). Ta evepyd oOLeIdWTIKA HOpPIa
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TTOPAYOVTal WG ATTOTEAECHA OIAdIKACIWY TTOU £XOUV WG KOIVO TTAPAVOUAOTH
KATOAUTIKEG  €MOPACEIS KUTTOPIKWY eVCUMWY WE TAUTOXPOVN HETAPOPA
nAekTpoviwv. H Tapaywyry Toug €€apTtdTal Kal omrd TNV €EvEPYOTTOiNON
PAEYHOVWOWYV Kal QOMIKWY KUTTAPWY OTTWG TA OUBETEPOPIAA, T HAKPOPAya,
Ta NWOIVOQIAQ, Ta JOOTOKUTTAPA Kal Ta €mONANIaKd KUTTapa®. H Tapaywyn
Tou O7 yivetal péow NG o&e1iddong Tng NADPH, evw T10 id10 peTaTpéTmeTal o€
H202 péow NG utrepoeldikng diopoutaons. To HoO, atroikodopeital og vepd
MéOw Twv KaTaAaowv. H aAAnAemmidpaon H>O, kar O, pe TautdXpovn
TTapoucsia €AeUBepoU aviOVTOG O10MPOU 0dNnyei 0Tn TTapaywyn Tou UWnAAg
evepyoTnTag popiou OH'. To OH™ Trapdyetal mTiong atmd Tnv avtidpacn Oz Kai
Hovoteidiou Tou alwtou®. Mia GAAn 086 Tou OfeIdWTIKOU stress aTToTeAsi N
UTTEPOLEIdWON TWV NITTWV PE KUPIO EKTTPOCWTTIO TNG Ta BIOBapBITOUPIKA O
KAl KUPIWG TA I00TTPOCTAVIO PE YVWOTOTEPO EKTTPOCWTIO TO 8-I00TTPOCTAVIO.
Autd eival otaBepd dounpéveg TTpooTayAavdiveg TTou TrapdyovTal in vivo,
MEOW TNG o&eidwong Tou apaxid®ovikoU o&éog pe peooAaBnTr PN €vCUPIKOUG
MNXavIoPoUG, aveeapTnTa atrd TOV KUKAO TNG KUKAooﬁuysvdong“. Map” 6Ao om
€€aKoAoUBEi va uTTdpXEl TO EpWTNUA av n AITTOEIONG UTTEPOLEIdWON OXETICETAI
ME OuoAeitoupyia opydvwy A atrAd KoTadelkvUEl OCEIdWTIKA QAEyuovr], N
TTapoucsia AITTOEIBOUG UTTEPOEEIdDWONG O CUYKEKPIPMEVOUG I0TOUG ETTIBERAIWVEI
TNV TTPWTN Bewpia. Mia GAAN onuavTik 006G 0eIdWTIKOU stress yiveTal péow
TNG e€vepyoTroinong Tou dlaAutou evfUPou TnNG oguyevaong Tng aiung (HO-1)
KAl TNV METATPOTIA TNG QiNNG KAl AldivNGg o€ XOAOTTpaCivn, O PHOVOEEIDIO TOU
avBpaka (CO) kair oe cidnpo. To CO Bewpeital OTI EKTTPOOWTIEI WG TEAIKO
TpoIdv TNV ofeIdwTikr dpdon Tng HO-1°. H evepyotroinon g HO-1 vivetal
atro dIAPOPOUG TTAPAYOVTEG PE EVOEIKTIKOTEPOUG TIG POKTNPIOIOKEG TOEIVEG, TA
0&EIDWTIKA POpIa, TO OOV Kal TIG TIPOPAEYHOVWOEIG KUTTOPOKIVEG.

2aV aVTIOTABUIoNA TWV OLEIBWTIKWY PNXAVIOUWY UTTAPYXOUV Kal AEITOUPYOUV
ol avTIoEEIdWTIKOI pNXaviopoi. Ta KupidTepa avTioEEIBWTIKA OTOIXEIQ €ival n
KaTaAdon, n UTTEPOLEIDIKN DICPOUTACN Kal n yAouTtaBidvn TTou TTPOEPXETAl
Ao TNV €LAPTWMEVN ATTO TO OEARVIO TTEPOEEIDACN TNG y)\OUTaelévng6. Ol
€EWKUTTAPIOI aVTIOEEIOWTIKOI pnxaviopoi TrepIAauBdvouv diaitnTIKEG OUTiES
oTTwg n Pitapivn C (aockopPikd o¢u), n Pirapivn D (a-toxopepdAn), n
AOKTOQEPIVN KAl TO OUPIKO 0&U.

Apdon ogeIdBWTIKWYV HOopiwVv OTOUG aEpaywyouUd.
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Eidpaon o¢eIdwTIKWV HOopiwv OTOUG agpaywyoug.

Ta oeIdWTIKA popia €xouv TTOANATTAEG €TMIOPAOCEIS OTOUG AEPAYWYOUS Ol
OTTOIEG €XOUV WG TEAIKO QTTOTEAECHO TnVv TIpoaywyn TG @Aeypovng. Ol
EMOPACEIG AUTEG PTTOPEI VA €ival AUETEG KAl va A@OopouV Ta KUTTAPA OTOXOUG
n €JPECEG KOl va  oxeTiCovialr HE TNV ATTEAEUBEPWON  OLEIDWTIKWYV
pMeoOAABNTWY OTTWG gival TO 8-1I00TTPOCTAVIO 1) TNV EVEPYOTTOINON TTAPAYOVTWYV
MeTapopds Ommwe O NF-kB pe TeAIKO ammoTéAeOpa TNV EVEPYOTTOINON
TTOAATTAWY QAEYPOVWOWY YovIdiwv. EKTOG atrd Tnv eocwTepikn diadikaaia n
TTOPOUCIia EEWYEVWV TTNYWYV 0EEIDWTIKOU stress eival onuavTikr otn diadikaaoia
NG @AeypovAg. H €kBeon oe O6fov kal o€ AIYyOTEPO TTOOOOTO OF€ VITPIKO
S10E€idIo evepyOTTOI00V BIASIKATTEC OLEIBWTIKOU Stress oToug agpaywyouc’.
Apdon oTIg Agieg MUIKEG IVEG TWV AEPAYWYWV.

To HyO2 mrpokaAcgi in vitro dueca OTTAOPO TwV A€WV MUKWV IVWV, PE TNV
dladikaoia va emnpedleTal v PEPEl aTTO TNV aTTEAEUBEPWON PecoAaBNTWY
OTIWC €ival Ta TTpoaTavoidi®. Ta oeIBWTIKG POPIa HTTOPET VA KATAOTPEWOUV TO
EMONAIO TWV OEPAYWYWYV HE QATTOTEAEOPA QUENPEVEG PBPOYXXOOUOTTAOTIKEG
QTTAVTOEIS 0€ avaloya epebiopata®. H UTTEPOLEIOIKA OICUOUTACN TTPOKAAEI
MEIWMPEVN  UTTEPAVTIOPAOTIKOTNTA OTNV  Tpaxeia Treipapardlwwy in  vitro,
odnywvTag oTnv utréBeon 611 n avdAloyn Trapoucia Oy yéow TNG au&nuévng
TTapaywyng tou Ba trapouaciale avtiBeta atroteAéouara, dnAadr augnon Tng
BPOYXIKAC  UTTEPAVTISPACTIKOTNTAG . ETREPAIWTIKE  ToUu pOAOU  TwV
0CEIDWTIKWY HOpPiwV OTnVv TTapouacia BPoyxXIKAG UTTEPAVTIOPACTIKOTNTAG Eival
o011 n TTapoucia HyO, TrpokaAei au¢non NG BPOYXIKAG UTTEPAVTIOPACTIKOTATAG
in vitro og avBpwivouc agpaywyouc''. Avéloyn dpdon ot povTéAa JWwv
OAAG KOl avBpWTTWV €XEl KAl TO 8-I00TTPOCTAVIO TTOU WG YVWOTO TTAPAYETAI
aTro TNV PN €vCUUATIKA 0ggidwaon Tou apaxidovIiKou o§é0g12.

Apdon oTa ayyzeia.

Aev uttadpxel oca@ng BIBAIOYpa@Ikry ava@opd yia Tov pOAO TwV OEEIOWTIKWV
Mopiwv oTn Bpoyxikr KukAogopia. To OH rpokaAei €idpwon TTAGouaTog oTa
0aBpd ayyeia' eviy avahoyn Spdon €xel KAl TO 8-I00TTPOCTAVIO.

Apdon otnv ékkpion BAévvag.

2€ TTOVTIKIO N TTapoucdia ogeIdwTIKOU stress augavel TNV €kkpion BAévvag pia
Siadikaoia TTou KataoTEAAETAI aTTO TOUC KATAoTOAEIC TNG KukAooEuyevaong ™.

Apdon o€ veupa.
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Ta  didpopa  aMAepyloyova  KataoTéEANouv  Tnv  Aeitoupyia  Twv
BpoyxodIaoTAATIKWY VEUPWY O€ HOVTEAO Treipauatdl{wou in vivo. AuTA n
dladikaoia MTTAOKApETaI aTTO TNV UTTEPOLEIBIKA BIoPOoUTACN TIPAyUa TTOU
odnyei 010 oupTTEPaCcHa OTI To Oy PTTOPEl va KATAOTEAAEI TNV aTTEAEUBEPWON
Tou NO amé Ta KivnTipla velpa'®. e agpaywyoug TTOVTIKIWVY N TTapouadia
0&eIdWTIKOU  stress au&dvel Tnv  BpoyxooUoTTaon TIOU  TTPOKAAOUV Ol
XOAIVEPYIKOI veUpwveG. To TeAeuTaio UTTOPEI va €ival TO ATTOTEAEOUA TNG
OEEIBWTIKAS KATAOTOPRS TNG AKETUAXOAIVEGTEPAONG .

Apdon otnv diadikaoia TNG PAEYHOVAG.

Ta 0&eIdWTIKA poépIa HECW TNG EVEPYOTTOINONG TWV TTAPAYOVTWY HETAPOPAS
divouv evépyela o€ OIaQopa  @Aeypgovwdn yovidla PE ATTOTEAEOUQ TNV
TTPOKANON d1adIKaoiag TTou €xel oav TEAIKO QTTOTEAECUA TNV TTpoaywyr Tng
QAeypovAG MEOW TNG aTTeEAEUBEPWONG TTPOPAEYUOVWOWY  KUTTOPOKIVWV.
IMoAAoi eTTiONG TTAPAYOVTEG TTOU EVEPYOTTOIOUV TOUG TTAPAYOVTEG WETAPOPAG
OTTwG 0 NF-kB @aivetal va dpouv PEow TNG TTAPAYWYAS OEEIBWTIKWY HOopPiwv
Kall Kupiwg Tou Hy0,'.

POAOG TwV 0&EIBWTIKWY HOpPiwV o€ dIAPOPES TTABNOEIG AEPAYWYWV.

A) AobBua.

IMOAAEG peAéTEG €xouv KaTadeitel Tov pOAO TwV OLEIdWTIKWY HOpPiwv OTO
Bpoyxiké d&obpa. Kottapa amd T10 PpoyXokuweAidikd éktmTAupa  (BAL)
aoBuaTtikwyv acBevwyv TTapouciddouv augnuévn trapaywyr Oz  cuykpivopeva
HE QUTE TWV QUOIOAOYIKWY atdpwy 8. Avahoyn augnon TTapaTnEEiTal Kal JETA
atré TTPOKANoN pe alepyioyovo'®. Augnuévn atreAeubépwaon O, Trapatnpeital
0€ KUKAOQOPOUVTO HOVOKUTTOPO KOI OUSETEPOPIAG QOBUATIKWY aoBeviv 2.
MeTd ammd evepyoTroinon, NWOoIVO@IAa KUTTAPA TTAPAYOUV EKOECTUACHEVEG
TTOOOTNTEG OLEIDWTIKWV popiwv?' Tou augavovTal TTEPICCOTEPO META OTTd
TPOKANON He OAAEpYIOyOVOo®. e poviéAa TrElpapaTédlwwy N Trapousia
IOYEVWV AOCINWEEWY TTPOKAAEI TTapaywyr] OZeIdWTIKWY Mopiwv avaioyn deE
QUTA TTOU OXETICETal pE TI TTAPoEUvoEIS doBuatog ®. Ta TeAsuTaia Xpdvia péow
TNG O10dIKACIAG TOU EKTTVEOUEVOU AEPA N TNG OUAAOYAG TOU CUNTTUKVWHOTOG
TOU EKTTVEOUEVOU aépa €yive duVaTA N N €TTEPRATIKN agloAdynon BEIKTWY TTouU
ek@palouv oCeIdWTIKO stress o€ @Aeyuovwdelig TTABACEIC agpaywywy. Ta
emmimeda Tou HyO2 augdvouv o aoBuarikoug aoBeveig (evAMNKEG Kal TTaidId)

2324 e Tnv  peyaAUTepn QUENON va TIAPOTNPEITAl OTNV  JIAPKEID  TWV
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TTapOgUVOEWV SR Y> aoBeveic pe dobpa tTapartnpeital avgnon Tou CO TTOU
@aivetal va o@eiletal otnv evepyotroinon g HO-1 ammd 10 0&EIdWTIKO
stress®®. Avdloyn aufnon TropatnEeital Kol PETE OO TIPOKANON  ME
aMepyioyovo?’. Avaloya aTroTEAéOPOTA  TTAPOTNPABNKAV Kol Ot  GAAES
TTOPAPETPOUG OTTWG Ta  TTAPAYywyd Twv BeIoBapPITOUPIKWY OLEWV  TTOU
BewpouvTal amotéheopa TNG AITToeIdouc uTrepoteidwonc?®. MapdueTpol TTou
ekppalouv Tnv TeAeuTaia gival kKal Ta TmTTEdQ TNG TTEVTAVNG KAl €B6Avng TTOU

éxouv PBpeBei auénuéva ot aoBeveic pe aoBua.

AvdAoyn au¢non
TTOPATNPEITAI KOl OTA ICOTTPOCTAVIA WE ETTITTAEOV OTOIXEIO TNV CUOXETION TWV
EMTESWVY TOUG Pe TNV BapUtnta TG véoou .

2€ QVTIOTABNIONA TWV PETAPBOAWYV TTOU TTAPATNEOUVTAl OTA OLEIOWTIKA UOpIa
UTTAPXOUV  PETAPBOAEG  Kal  OTOUG  QVTIOGEIOWTIKOUG  pnxaviopoug. H
dpaoTtnpIdTNTa NG TEPOLEIdAoNG TNG YAouTaBbidovng eival pelwuévn O€
QIMOTTETAANI  aoBuaTikKwy  aocBevwyv  evw  @aivetar 611 0 BaBuog
UTTOAEITOUPYIKOTNTAC TNG OXETICETAl JE Ta €TTTTESA TOU OeAnviou oTov 0pd°2.
AvTiBeTa pe TV TTOPATTAVW Bewpia UTTAPXOUV ATTOWEIG TTOU UTTOOTNPICoUV
augnon Twv emMTTEdWV TNG yAoutaBidvng OTO BpoyxXoKUuweAIBIKO EKTTAUMA
(BALF)®. H alfnon auth mOavw¢ va ekpdldel TNV OTravInon Tou
avTIOEEIBWTIKOU UNXAVIOUOU OTnV TTapouaia ogeldwTIKou stress. H peiwon 1ng
uTTEPOLEIBIKAG BIoUOUTAONG O€ KUTTAPO TOU BPOYXOKUWEAIBIKOU EKTTAUMATOC
Kal o€ €mMONAIOKA KUTTOPA TWV OEPAYWYWV AOYyw MEIWPEVNG TTAPOUTIag
Cu/Zn ogeileTal KABapa o€ PNXAVIOUOUG OLEIDWTIKAG £EOUBETEPWONG TNG e
AUTO OPwWG TToU gival onNUAvTIKG va TovioBei gival 011 o1 TTapaTTévw PETABOAES
dev TapartnpouvTal o€ ao0Beveic TToOU  e€Aéyxovial WE TV Bepartreia
eloTIVeEOuévwy  OTepoeldv?.  Emmpdéobeta  peiwupévn  AAWn NG
avTIoGEIdWTIKAG BiTapivng C oxeTiCeTal NE PEIWPEVN AVATIVEUOTIKN AEIToupyia,
augnuévn TTapouUCia  CuppPiTOUCAG avVOTIVONG Kol  PeEYaAuTEpou BaBuou
BPOYXIKA UTTepavTISpacTIKOTNTA >, Mia GAAN HeAETN €5€1EE OUOXETION XAUNAAC
SiaITNTIKAC TTPdoAnwnS o€ Bitapivn E kai epgdviong dobpatoc®. AvriBeta
OMWG ME TIG TTOPATTAVW BECEIC N XOpAYyNnon QvTIOLEIDWTIKWY TTApAyOVTWY
OUCIaOTIKG Ogv TTPOKOAEI METARBOAEG OTNV QAVATIVEUCTIKN AEITOUPYIQ KAl TNV

BPOYXIKN UTTEPAVTISPACTIKATNTA 3" a0BUATIKWVY AoOEVWV.
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B) XAN

Ta TeAeuTaia Xpovia apkKeTO ePEUVNTIKO evOIOPEPOV EXEI TIPOCEAKUCEI N Béon
OTI 01 OEEIOWTIKOI Kal AvTIOEEIDWTIKOI pnxaviouoi Traifouv yeydAo poAo oTtnv
maBoyéveon TnG XAll. H mmapamdvw Bswpia Baocifetal o onuavTikG Babud
otn 6éon OTI 0 KATTVOG TOU TOIYAPOU, TTOU ONPEIWTEOV BewpEeiTal 0 KUPIOG
TPodIabeaikd¢ TapdyovTag yia Tnv XAT, mepiéxel 10'°-10" ofeidwtikd pépia
avd e1omvor®. O KaTveC Tou TOIYEPOU BswpeiTal OTI gival pIa GUVBETN piEn
ammo TepioooTepa ammd 4700 xnuIKA TTAPAywya TIOU TTEPIEXOUV  UWNAEG
OUYKEVTPWOEIG €AeUBEépwV pICwv Kal GAAwWV  o&eIdWTIKWY  popiwv. Eival
YVWOTO €TTioNG OTI TA OUBETEPOPIA ATTOTEAOUV ONUAVTIKO TTAPAdyovTa OThv
TTaBoyéveia kal TTabo@ualoloyia TnNG vooou. EAeUBepeg pilec Kal 0EEIdWTIKA
MOpIa TTapdyovTal 0€ PEYAAO TTOOOOTO ATTO T OUBETEPOPIAQ KAl JAKPOPAYQ
OTOUG TIVEUPOVEG KATTVIOTWYV. AUTO emMIREPAIWVEI KAl UEAETN OTNV OTTOIA
TTapaTnPENOnKe OTI Ta OUDETEPOPIAG KOTTVIOTWYV QTTEAEUBEPWVOUV HUEYOAUTEPO
TTOC00TO OLEIBWTIKWY HOPIWV OF OXE0N HE QUTE Twv Wn KamvioTwv>. Eival
€TTiIONG YVWOTO OTI TO EAEUBEPO AVIOV OI0NPOU CUPUETEXEI OTIG DIEPYOQTIES YIA
mapaywyrl OH™ 1TTou wg €AelBepn pida CUPMPETEXOVTAG OTNV UTTEPOEEIdWON
TwWV ANITTWV  TTPOKAAEI  KOTAOTPOPr) KUTTAPIKWY MEPBpavwy. Makpopdya
KATTVIOTWV  QaiveTal va atreAeuBepwvouv in vitro peyaAlTepn TTO0OTNTA
EAEUBEPOU  QVIOVTOC OIBAPOU Of OXEON HE QUTE Twv pn KomvioTwv?. e
aoBeveic pye XAl n Tapadooiokr Bewpia Agel OTI TA OZEIDWTIKA POPIA TTOU
ateAeuBepwvovTal €iTe MEOW TNG KATIVIOTIKAG OUVABEIAG €iTe PEOW TWV
EVEPYOTTOINUEVWY  OUDETEPOPIAWY  0dnyouv O  QTTEVEPYOTTOINGN  TOU
KOTAOTOAéD TS 04 TTpwTEIVaoNSt . Evac akOpa TTapayoVTag TToU OXETICETAI JE
TTapaywyr] ogeIdWTIKWV hopiwv otnv XAI gival o1 AoIHWEEIG, €iTE WG TTApAYywYV
TTPOKANONG TTAPOLUVONG EITE WG XPOVIOS ATTOIKIONOG. O1 AOINWEEIG OXETICOVTAI
ME TNV TTapaywyrn OZeIdWTIKWY HOpiwv MEOW TNG OUYKEVTPWONG Kal TNG
EVEPYOTTOINONG TWV QAYOKUTTAPWY, TTOU WG YVWOTO ATTOTEAOUV HEPOG TWV
KUTTAPWYV TTOU CUMMETEXOUV OTNV TTAPAYWYN OZEIDWTIKWV Hopiwv*?. AuTtd ev
MEPEI  TEKUNPIWVETAI OTTG  TTOPATNPEAOCEIS  TTOU  €0€IEav  PEYOAUTEPN
ameAeuBépwon Oy ammd oudeTepdPIAa o Pdon Tapdiuvong XAM*, kabug
Kal atrd TNV QAEyUovr) TTOU TTPOKAAOUV BakTnpidia péow PNXAVIOUWY TTOU
TepINAPBAvouV OgEIdWTIKA uépia*. Mia éuueon ouppeToxr TWV 0&EIDWTIKWV

Mopiwv oTnv TraBoyévela TG XAl TTpoépxetal amd Tnv EVEPYOTTOINON
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TTaPAYOVTWY UETAPOPAg O0TTwWs o NF-kB. H evepyoTtroinon Tou NF-kB odnyei o€
evepyoTtroinon dIa@OpwV YoVIdiwV TIOU €EVEPYOTTOIOUV WE TNV OEIPd TOUG
PAEYHOVWDEIC HECOAABNTES OTTWC OI KUTTAPOKiVES IL-8 kai TNF-a*°.

H agioAdynon Tou o&eldwTikou stress yivetal ye dEIKTEG TTOU PETPOUVTAI OTOV
op9d, oTa oupa, oto BALF, oTOV €KTTVEOUEVO QEPA N OTO CUUTTUKVWHA QUTOU.
H o&e1daon 1ng xavlivng 1Tou atreAcuBepwvel O, auédvetal oto BAL aoBevov
ue XAMN*. Avéloyn auénon O, TrapaTtnpeital kal o€ oudeTepdPIAa opol *°. To
I00TTPOCTAVIO Foa-lll TToUu gival éva 1IcoPePEG TNG TTPOCTAYAAdiVNG TTAPAYOUEVO
aTTO TNV UTTEPOLEIdWON TOU apaxIdOVIKOU 0LE0G AUEAVETAl OTA OUPa AoBEVWY
ue XAN*Y. Ta emimeda Tou HyO2 auEAvouv 0TO CUPTTUKVWHUG TOU EKTTVEOUEVOU
aépa aoBevwv pe XAM ave€dpTnTa oTrd TNV EVEPYO KATIVIOTIKA OUVABeIa*®®.
H aténon auth @aivetal va sival peyaAltepn otnv Tapoguvon tng vooou™.
AUTEG o1 TTapATNPAOEIG 0dnNyouv OTO CUMPTTEPACHA OTI TO OLEIdWTIKG stress
oToug acoBeveic pe XAl eival TTPWTIOTWS ATTOTEAEOHUA TNG PAEYHOVAG TWV
QEPAYWYWYV Kal TNG EVEPYOTTOINONG TwV OUBETEPOPIAWY Kal AlyOTEPO £ENYEITAI
aTrdé TNV TTOPOUCia OLEIDWTIKWY HOPiWV OTO KATIVO TOU Tolydpou. Avaioya
atmroTeAéopaTa TTapaTnEnénkav Kal otnv PETPNON Tou 8-100TTPOCTAVIOU WE
augnon Twv TINWV o€ aoBeveic pe XAl-avegdptnTta evepyou KATTVIOTIKAG
OUVABEING- OE OXEON HE TOUS OTTAOUG KOTTVIOTEC .

O1wg Kal o1 0LeIdWTIKOI PNXAVIOMOi €101 KAl O avTIOEEIOWTIKOI PNXaVIoUOi
ernpeddovTal onuavtikd otmdé 10 KATVIOMA. O1  TTEPIOCOOTEPEG  MEAETEG
OUP@WVOUV  OTI  TTOPAAANAQ  PE TNV €vepyoTToinOn  TWV  O&EIDWTIKWY
MNXaviopwy  uttdpxel  auénuévn  dpaoTnEioTNTd  TWV  AVTIOEEIOWTIKWYV
HNXAVIOHWV®!. YTTApXOoUV OUWC HEAETEC TTOU Beixvouv 8Tl Ta EPUBPOKUTTAPA
TWV KATIVIOTWV TTAPOUCIAlouV MEIWPEVN dpaoTnPIOTNTA TTEPOLEIdAONS TNG
yAOUTABIOVNG KAl EiVal TTIO ETTIPPETTH OE UTTEPOEEIdWON Twv AITTWV2. ANeC B¢
MEAETEC UTTOOTNPICOUV OTI N KATTVIOTIKI] OUVABEIO OUVOBEUETAI ATTO PEIWMEVN
SpacTNPIOTATA AVTIOEEIBWTIKWY 0Tov 0pd *>*2. daivetal GUWGS 6Tl dTaV EKTOC
ATTO TNV KATIVIOTIKI] OUVABEIO CUVUTTIAPXE! KAl O TTAPAYOVTAG ATTOPPaAsn Twv
QEPAYWYWYV TOTE Ol AVTIOEEIDWTIKEG OUCIEG PEIWVOVTAl OE ETTITTEdA avaAloya
Tou BaBpoU ammdePaing>*®°. Avaloyn Heiwon avTIoEEISWTIKAC SpacTnpIOTNTAC
TrapaTnesital Kai ot TTapouvoeic NS XA, O TeAsuTaiec TTAPATNPRAOEIC

odnyouv oTtnv diIaTUTTWoN Bewpiag TTou UTTOOTNPICEI OTI YE TNV TTPOOdO TNG
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QAEYHMOVAG OI OLEIDWTIKOI PNXAVIOUOI €COUDETEPWVOUV TIG QVTIOEEIOWTIKEG
OUOIEG.

IN) Bpoyxekraocieg —KuoTikn ivworn).

Niyeg OXETIKA PEAETEG €XOUV KATADEIEEI TOV POAO TWV OLEIDWTIKWY HOPIWV O€
aoBeveic pe PBpoyxektaoieg. O1 TTEPICOOTEPEG APOPOUV PEAETN TTAPAUETPWYV
TTou ek@PAalouv TO OCEIBWTIKO stress oTov ekTTveduevo agpa. 'Exouv BpeOei

57,58

aug¢nuéva etireda HyO, 0TO CUPTTUKVWUO TOU EKTTVEOUEVOU Qépa KaBwg

kal  aufnuéva  emimeda CO>°  oOTov  eKTIVEOUEVO aépa  ACBEVWV  UE
BPOYXEKTAOIEG.

O pbAog Tou 0&eIdWTIKOU stress oTnv TTaBoyévela TNG IVOKUOTIKAG VOOOU Eival
onNMavTIKOG. O1 KUPIOTEPEG MEAETEC a@OPOUV O€ MEIWMPEVA  ETTITTEDA TNG
yAoutaBiovng oto BALF kai Tnv ouox£ETIor Toug PE TRV KAIVIKE) BapuTtnta TNG
vooou®’. Mia TeheuTaia TTApaTAPNON TTOU ETTIRBERAIIVE TO GNUAVTIKO pOAO TOU
OUOTAPOTOG OEIDWTIKWV/AVTIOEEIDWTIKWY a@opd UEAETN TTOoU £0¢1Ee OTI N
avattApwon TNG QVETTAPKEIAG TOU MPNXAVIOUOU METAQOPASG XAWPIOUXWV
odnyei oe atmoBrikeuon yAoutabidvng OTIG EKKPIOEIG TOU ETTIBNAioOU Twv
agpaywywv®'. Ol TTEPIOCOTEPEG PEAETEG TTOU QQOPOUV TNV KUOTIKA ivwon
OUP@WVOUV 0TI UTTAPXEl MIa auénuévn dpacTnEIdTnTa O&EIBWTIKWY HOopPiwyV
TToU eK@PAlouv Kupiwg TNV AITToeIdr) utrepoeidwon pe TTAapAAANAn ueiwon
TWV aVTIOEEISWTIKWY PNXaviopwve?3®* H Bepatreia 8¢ Twv avaTIVEUCTIKWV
TTOPOgUVOEWV TnNG VvOoou O0dnyei O0€ aUgnon Twv EMTTEOWV  TwV
QAVTIOEEIDWTIKWY BITANIVWV OTOV 0pO PE TTAPAAANAN PEIWON TTOPAPETPWY TTOU
ekppadouv AiTToeidr] utrepoteidwon®.

B) ZYMINNYKNQMA EKIINEOMENOY AEPA.

Eicaywyn.

H @Aeypovr) Twv agpaywywyv Traicel KevipikO poAo o€ vooAuata OTTwg TO
aoBua Kal n xpoévia amo@pakTik TTveupovottaBeia (XAI). H exTipnon autig
NG QAeyuovng cival 181aiTepa onuavTtik yia 1 digpelivnon Twv PaCIKWV
TTOBOYEVETIKWY PNXAVIOPWY KATTOIWV VOONUATWY, €VW KAl O PONOG TG OTNV
EMQAvVION TTAPOLUVOEWY Kal OTNV TTPOKANCN XPOVIWV OOMIKWV HETABOAWY
OTOUG agpaywyoug eival 181aitepa onuavTikdég. EmimmAéov, civalr mBavd 611 n
agloAdynon G @Aeyuovng Ba dwaoel Tn duvatdétnTa dldyvwong XpPOviwv
TTAOACEWY TWV AEPAYWYWYV TTOU OEV ATTOKAAUTITOVTAI PE TNV KAIVIKR €E€TAON,

TIG AEITOUPYIKEG DOKIUATIEG TWV TIVEUPOVWY | hME TOV EAEYXO TNG BPOYXIKASG
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UTTEPAVTIOPAOTIKOTNTAG. H eKTiUNON TNG QAEYUOVAG TWV AEPAYWYWV YIVOTAV
MEXPI TTPOC@ATA QTTOKAEIOTIKA WE PBPOYXOOKOTTIKEG ETTEUPRATIKEG TEXVIKEG,
oTTwg eivar 1o BALF, n evdoBpoyxikh kair n diapoyxikn Biowia. QoTtdoo,
TETOIEG TEXVIKEG £XOUV AUENPEVOUG KIVOUVOUG ETTITTAOKWY Kal OV UTTOPOUV va
XpnoigotoinBouv  yia Ol1adoxIKEG PeTPAOEIG oTov idlo aocBevr). Katd Ta
TeAeuTaia xpovia, n €peuva EXEl ETTIKEVTPWOEI o€ AyOTEPO ETTEPPRATIKEG
TEXVIKEG, OTTWG €ival N TTPOKANTA aTTOXpEPWN Kal N PETPNON OEIKTWY OTOV
EKTTVEOUEVO AEPA (ME KUPIOTEPO TO EKTTVEOPEVO povogeidio Tou alwTou [NO]) A
OTO GUUTTUKVWHA TOU EKTTVEOHEVOU aépa’®®’.

To evdla@épov yia TNV agloTroinon TOU CUPTTUKVWHATOG TOU EKTTVEOUEVOU
aépa (exhaled 3 expired breath condensate) dpxioe ota pyéoa NG dEKAETIOG
Tou 1980, pe TN PEAETN TOU O a0BevEIG TTOU vOONAEUOVTAV DIACWANVWPEVOI
UTTO PNXAVIKA UTTOOTAPIEN TNG avaTtrvong otn Movada EvraTikig @apansiagss.
ATTO T16TE, 1I010iTEPA PETA TA Péoa TNG OekaeTiag Tou 1990, augdvetal dIapKWG
TO evOIOQEPOV yIa TN VEQ QUTA PN ETTEURATIKN TEXVIKI Kal TIG TTOAVEC
TIPOOTITIKEG AEIOTTOINCAG TNG OTN MEAETN TNG PAEYUOVIG TWV AEPAYWYWV.

TI EINAI TO ZYMIMTYKNQMA TOY EKIINEOMENOY AEPA

O aépag oToug BpOyXous Kal TIG KUWEAIDEG €ival KOPETHEVOG PE UBPATUOUG
katd 100% kau €xel Bepuokpaoia 37° C, ave¢dpTnta ammd TNV Uypacia Kal Tn
BepuoKpaoia Tou el0TTveduevou piydatog agpa®. Me Bdon tnv Traparipnon
QUTH, N WUEN TOU EKTTVEOPEVOU aEpa Ba ETTIPEPEI UYPOTTOINCN TWV USPATHUWV.
O1 udpaTtuoi autoi cupTTapacUpPoUV dIAPOPA TITNTIKA KAl un HOpPIa, PE PEyEBOG
<65 kDa, TToU TTPOEPXOVTAI ATT® TO KOTWTEPO AVOTIVEUOTIKG' . H GUAAOYH Tou
OUMNTTUKVWHPOTOG TOU EKTTVEOUEVOU AEPA OTOXEUEI OTN MEAETN QUTWV TWV
Mopiwyv, atré Ta oTroia eival duvaTtd va aviAnBouv TTOAUTIUES TTANPOPOPIES YIa
B£0€IG TOU avATIVEUOTIKOU TTOU Eival TIPOOTTEAACINEG HOVO ETTEURATIKA.
TEXNIKEZ XYAAOIHZ

To OUPTTUKVWUO TOU EKTTVEOUEVOU aépa CUAAEYETAl Ofuepa pE BUO Kupiwg
TEXVIKEG, TTOU eQapudlovTal o€ dIAPOoPa KEVTPA PE KATTOIEG TTapaAAayEg. Kal
OTIG QU0 TEXVIKEG N APXIKN TTposToIyacia gival n idla. O eCeTalOPEVOG EETTAEVEI
KaAd TO OTOUO KAl TO OTOMATOQAPUYYA TOU HE VEPO KAl KATOTTIV QAVATTVEEI
neepa kair otabepd (tidal breathing) péoa oe éva emoTtouio yia 10-15 Aetrd,

ME TN PUTN TOU KAEIOTA HE €va PIVIKO clip. ZTO €TMIOTOMIO UTTAPXEl MIa BaABida
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OITTAAG karteuBuvong (Tuttou Heins-Rudolph), pe TV oTroia €mmITUYXAVETQI
dlaXWPIOPOG TNG €I0TTVOAG atmd TNV eKTTvor. Kal pe Toug dUo TPATTOUG
EMOIWKETAI N OUANOY} TOUAGXIOTOV 1 ml CUUTTUKVWUATOG TOU EKTTVEOUEVOU
aépa, To OTToio ouvnBwg Katawuxetal dueca (katd kavova oTtoug —70° C)
TIPOKEIJEVOU va e€eTaoTel ae OeUTEPO XPOvo. O1 dUo TeEXVIKES dlaPEPouV
QATTOKAEIOTIKA OTOV TPOTTO OUAAOYAG TOU GUPTTUKVWUATOG.

STV TIPWTN TEXVIKAZ, TO GUPTTUKVWHO TOU EKTIVEOPEVOU aépa GUAAEVETO
péoa o€ éva yudAhivo Ooxeio peE OUO XWPOUG. 2TOV ECWTEPIKO XWPO
ToTroBeTEITAl TTAYOC €V O QEPAG TTOU EKTTVEETAI OTTO TOV €EETACOMEVO
OIEPXETAl OTTO TOV €CWTEPIKO. TO OUMPTTUKVWHPA TOU EKTTVEOUEVOU aépa
TTOPAYETAlI OTNV WUXPN EEWTEPIKY ETTIPAVEIO TOU ECWTEPIKOU OOXEIOU Kal
OUAAEYETAI OTO KATWTEPO TUAMO TOU €EWTEPIKOU XwpPou TG dIdTagng kKab' 6An
N SIdpKela TNC dladikaoiag. =Tn SeUTEPN TEXVIKA'', O EKTTVEOHUEVOC AEPOC
WUXETAI YE TNV €QApUOY Wuxpou aépa. To unxdvnua TTou XPENOIKOTTOoIEITal
yla TNV TTPOKANON JE WYuxpod aépa XPENOIKOTTOIEITAl YIa TV TTapaywyr Yuxpou
aépa o€ Bepuokpacieg atrd —15° C €wg —18° C pe pory 80 L/Aetrtd. H ouAAoyi
TOU CUPTTUKVWUATOG YiVeTal JE €va YUAAIvo cwArva dITTAou aulou pAkoug 30
cm. To €é&va oTOMIoO TOU €EWTEPIKOU AUAOU CUVOEETAI PE TO ONEIO €€6GBOU TOU
WYUXPOU aEPA Kal 0 a€PAG AUTOG ATTOMAKPUVETAI ATTO TO AAAO AKPO auTOU TOU
QUAOU. ZT0 €va OTOMIO TOU €0WTEPIKOU QUAOU EKTTVEEI O €CETACONEVOG HECW
NG BaABidag Tuttou Heins-Rudolph. ZTnv TTEPQITITWON QUTA TO CUUTTUKVWHA
TTOPAYETAl OTOV €OWTEPIKO QUAG Kal OUAAEyeTal oe €101k} dIdTagn TTou
Bpioketal oto avTiBeTo atrd TOoV a0Bevr) dkpo. H deuTtepn PEBODOG TTAEOVEKTEI
EvavTl TNG TTPWTNG PEBOdOU oTa akdAouBa: (1) pe TN HEBODO TOU Yuxpou aépa
ATTOQEUYETAl EVTEAWG N avdApeign Pe oieAo, KABwG n ouAAoyn yivetal OTO
TEPIPEPIKO AKPO Tou owArva TTou Bpioketal 30 cm pakpid atrd 10 OTOPA TOU
aoBevoug kal (2) n Bepuokpaoia WUlewg Tou OEiyuaTOC PECW TOU
MNXAVAMOTOG TOU WuXpoU agpa cival oTabepry, KATI TTOU OEV Eival EQIKTO YE TV
TpwTtn HEBODO, OTTOU OTN dIadIKaoia O TTAYOG TAKETAI PE QTTOTEAECHA TN
METABOAR TNG BepUOKpaTiag.

2€ OAEG TIC WPETPNOEIGC YIVETAI TTPOODBIOPICPOS TNG auuAdong oOTo Oeiyua,
TIPOKEIMEVOU VA OTTOKAEIOTEN N TTPOOMIEN ME Oieho. 2TO oigAo TTEPIEXOVTAI

TTOOOTNTEG OLEIDWTIKWY OUCIWY, YEYOVOS TTou Ba Pttopouce va odnyAoel o€
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AavBaopéva arroteAéopata. H TeEXVIKA auTh dev €QAPPOOTNKE OTIC APXIKES
MEAETEG, aANG aTToTeEAEl onuepa atrapaitnTn TPEOUTT60E0N YIa TNV QgIOTIOTIO
NG HEBOBOU.

TI METPATAI ZTO ZYMNYKNQMA TOY EKIINEOMENOY AEPA;

‘Eva pyeydho epwtnua TTou dev €XEl atTavtnBei akoun o€ O6An Tou Tnv £KTaon
ONMEPQ Eival TO TTOIA POPIO PTTOPOUV VA QVIXVEUBOUV OTO CUNTTUKVWHG TOU
EKTTVEOUEVOU aépa. Ta TITNTIKA MOPIa  €ival  €KEIVA TTOU  AVIXVEUOVTAI
EUKOAOTEPA, OAAG UTTAPXOUV QVOPOPEG TTPOCOIOPICHUOU WN TITNTIKWY HOPIWV.
2T OUVEXEIQ Ba €EETAOTOUV PEPIKA ATTO TA PJOPIA TTOU €XOUV AVIXVEUBET PEXPI
ONMEPA OTO CUPTTUKVWHO TOU EKTTVEOUEVOU Qépa, OTTWG TO UTTEPOEEIDIO TOU
udpoyovou (H20-), To 8-1c0TTpooTdvio Kal Ta TTPOIOGVTA TOU PETAROAICHOU TOU
NO (viTpik@-viTpwdn, viTpoTupoaivn). [diaiTepo evdlopépov  TTAPOUCIAdEl
€TTioNg 0 TTPOCOIOPICHOG TOU PH TOU CUUTTUKVWHPOTOG TOU EKTTVEOUEVOU QPA.

1. Yrepoéeidio Tou udpoyoévou (H20,)

O1 KAaooIKEG BIBAIOYPOPIKEG aVOPOPES €ival EKEIVEC TTOU OXETICOVTAI PE TNV
EKTIUNON TNG OGEIDWTIKAG PAEYUOVNG MEOW TOU TIPOOdIOPIOPOU Tou Ho0,,
apXIKG Ot aoBeveig Pe ZUVOPOPO QVOTIVEUOTIKNAG OUOXEPEIOG eVNAIKWY

(ARDS)®® kai ofeia avaTrveuoTIKr avetrapkeia’?’

24,25,26,74 48,75
, XAl

Kal KaTOTTIV 0€ aoBeveic pe
Bpoyxikd Godua , BpoyxekTaoiec®” kal KUoTIKA ivwon’®. To
H2O, peTpnOnKe €TTiONG OTO OCUPTTUKVWUO TOU EKTTVEOUEVOU QEPA UYIWV
KaTTVIOTWV kal KaTrvioTwy pe XAM*, evid Kataypaenkav Kal ol QUCIOAOYIKEG
TIUEG TOU O€ uyIj TTadia’®. O1 pédodol METPNONG TOU UTTEPOEEIDIOU TOU
udpoydévou Pacifovral OTNV IKAVOTNTA Tou va avTidpd pe  KATAAAnAa
UTTOOTPWHATA, OTTEAEUBEPWIVOVTAG XPWHA, QWS | @Bopioud. YTrdpxouv,
woTéo0, TTPoPAAPaTa otn HETPNOT) Tou. To TTo00 TTou ATTORAAAETAI ATTO TOUG
QUOIOAOYIKOUG avBpwTToug gival oXedOV PN aviXVEUOIPO, EVW Kal O€ TTOAAEG
TaBnosig Ta emimedd TOU €ival OTO KATWTEPA OPIa  aAviXveuong Twv
XPNOIMOTTOIoUPEVWY PEBOdwWY. 'Eva dAN\o olvnBeg AGBog oxeTiCeTal pe TN
OUAAoyn Kal TV atmoBnkeuon Twv Oclydatwy. To HO, eivalr éva ttnTiké
MOPIO, TO OTTOI0 ATTODdOEITAI OTN BEpPOKPATia TOU dwUATIoOU 1 OTav EPXETAI OE
eTapn pe YETAANO. Ta deiyuaTta Ba TTPETTEl va KaTaywuxovTal TaxUTaTa Kal va
aTroBnKeUovTal O€ BEPUOKPATIEC KATW atéd Toug —70° C™°. TTn peAétn Twv

Jobsis kai ouv’®. TTou TIPoOBIOPIcE TIC PUOIONOYIKEC TIHEC OF uyI TTaUdIA
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dlammoTwOnke 6T Ta OLiyUOTA TOU CUUTTUKVWHATOG TOU EKTTVEOUEVOU aépa
MTTOpOUV va diatnenBouv yia éva TOUAAXIOTOV HAvVa XwpPIic PETAROAR TNG
ouykévipwong Tou HyO,, yeyovdg TToU 0O8rynoe OTO CUPTTEPOCHO OTI N
METPNON Eival ETTAVOAAWIKN KOl QVATTAPAYWYIUN.

O mpoodiopiopdg Tou HO, yiveTal Katd KUplo Adyo ue Tpelg peBddoug. 2Tnv
TPWTN, TOU Treplypdpnke amd Tou¢ Gallati kai  Pracht®®, 100 pl
OUUTTUKVWPATOG  avaulyvuovtalr  pe 100yl dioAoparog  3,3,5,5'-
tetramethylbenzidine (TMB) 420 pM (diaAeAupéva oe puBpIoTIKO didAupa
KiITpikwv 0,42 M, pH 3,8) kai 10 pl diaAupartog utrepoelddong horseradish
52,5 U/ml. H avrtidpaon AauBdvel xwpa yia 20 Aemtd oe Bepuokpacia
dwparTiou Kal, KAtoTv, To piyua ofeotrolgital o€ pH 1 pe tnv TpocOnkn 10 pi
dlaAupartog Benkou ogéog 18 N. To 1rpoidv Tng avrtidpaong TTPoadlopifeTal
@aouaToPWTOUETPIKA oTa 450 nm. H ammoppdepnon cival euBEws avaloyn Me
TN ouykévtpwaon Tou HyO,. To 6plo avixveuong tng peBddou cival mrepitrou 0,1
MM. Mia mrapaAAayr] auTAg TNG HeEBOBOU cival ekeivn TTOU TTEPIYPAPNKE ATTO
Toug Ruch «kai ouv.t, otV omoia TTPOCdIOPICETAI PATHATOPOOPICUOPETPIKA
éva TTpoIdv TnG o&eidwaong Tou opoBaviAAikou o&éog (homovanillic acid-HVA)
TTOU OXETI(eTal APECA PE TN OUyKéEvIpwon Tou H,0,. O1 Hyslop kai Sklar®
XPNOIMOTTOIOUV TO P-UdPOEUPAIVUAOELIKO 0EU WG UTTOOTPpWHA 0geidwong atrd
TO TTPOIGV TNG avTidpaong Tou H,O, Kai TNG uttepoeiddong horseradish kai 10
Tpoidv NG avrtidpaong TTPocdlopifeTal GWTOUETPIKA. TEAOG, o1 Russell kai
ouv.® éyxouv TrpoTeivel pia véa péBOdo yia Tov TTPoadiopioud Tou H.0, oTo
OUMTTUKVWHPO TOU €KTTVEOUEVOU aépa. H péBOdOG e@apuolel pia TEXVIKA
XNUeIoQwTauyelag e mn Xpnon luminol mou emTpétrel Tnv avixveuon H.O, o€
OUYKEVTPWOEIG  HEXPI 2,5 nM. O1 TePIOOOTEPO  ATTODEKTEG  €ival N
QAOOUOMETPIKA HEBODOG Kal N OTTEKTOPWTOUETPIKI HEBODOG TToU €xOuV
XpnoluotroinBei aTnv TTAciown@ia TwV KAIVIKWV JEAETWV.

2. 8-1c0mTpooTavio (8-isoprostane)

Ta 1compooTavia 1} €IKOOOvOoeIdy  €ival  EVWOEIG  AVAOAOYEG HE  TIG
TTpooTayAavdiveg TTou Trapdyovtal in vivo atmé Tnv UTTEPOLEIdWON Tou
apaxIdovIKoU 0&E0G TTou KATaAUETal atrod eAeUBEPEC pifeg 0Euydvou, KUPIWG UNn
ev(UUIKA (Xwpic Tn oupueToXn TNG KukAoofuyevdong). H trapaywyr TOug
yiveTal in situ ota @WOQOAITTIdIA TNG KUTTAPIKAG MEPPPAVNG, ATTO Ta OTroid
dlaxwpifovtal Ye N dpdcn NG Wo@oAITTaong Ax. Adyw TnG oTaBePOTNTAG
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TOUG, TNG €I0IKOTNTAG TOUG YIO TNV UTTEPOLEIdWON TWV AITTWYV, TG TTAPAYWYAS
TOUG in Vivo Kal TNG OXETIKAG ag@Boviag Toug oTa PBioAoyikd uypd, ol ouaieg
QUTEC OTTOTEAOUV APIOTOUC SeikTeEC Tou ofeidwTikoU stress®. H o yvwotn
évwaon TG kartnyopiag Twv Fo-iocotrpooTtaviwv eivalr 1o 8-100TTpooTavio (8-
isoprostane 1| 8-epi-prostaglandin Fy;), TTou armroteAei 10 KUpIO PENOG TNG
OIKOYEVEIOG TWV  EIKOOAVOEIDWY TIOU  METPATAI OTO  OCUMPTTUKVWHPO  TOU
EKTTVEOUEVOU aépa Kal €xel 1oxupr PioAoyik dpdon in vivo. H uéBodog
ava@opdg yia Tov TTPoodIopIoUO Tou 8-isoprostane oe BIOAOYIKA uypd gival n
aEPIOG  Xpwuatoypagia-gacpaTopeTpia palag (gas chromatography-mass
spectrometry ; GC-MS), Adyw NG HeyaAng Tng €ISIKATTAC Kol uaiodnaiag®.
QoT1600, n péBodog auTn cival 1diaiTepa XpovoRopa Kal gival diabEaiun o€ Aiya
Movo kévipa. ‘Etol, 10 8-1001TpooTdvio TTPOoodIopifeTal OAUEPA KUPIWG ME
QVOOOXNMIKEG pseééougss.

To 8-100TpooTAVIO gival auénuévo oe aoBeveic pe Bpoyxikd dobua’’, XAM™,
ARDS®® kai kuoTikry ivwon®. O1 Tigéc TTou €xouv avagepBei OTOUC UYIEIC
KATIVIOTEC €ival TrepiTou SITTAGOIEG °°, TWV UYIEIV PN KOTIVIOTWV €0pnua
OupBaTd pe TRV auénon Tou ogeIdWTIKOU stress AOyw TNG UTTEPOEEIdWONG TWV
NTIOV  TTOU  TTOPATNPEITAl OTOUG  KOTIVIOTEC .  XAPOKTNPIOTIKA, Ol  UVIEIC
KATTVIOTEG  €U@AVICOV  ONPAVTIK  au¢non Twv OUYKEVIPWOEWYV Tou 8-
IOOTTPOCTAVIOU 15 AETTTA PETA TO KATTVIOUA, KATI TTOU ONUAIVEl OTI TO KATTVIOUO
TTPOKaAEi ogia aUENTN Tou OEEIBWTIKOU Stress Twv agpaywywv>’.

3. Npoidvta perafoAicpou Tou Movogeidiou Tou alwTtou (NO) (viTpikd
[NOs]-vitTpwdn [NO.], vitpoTupOCivn) .

Ta emimmeda Tou povogeldiou Tou alwTtou (NO) cival auénuéva oe OAEG TIC
PAEyHOVWSEIC TTABATEIC TwV agpaywywv®’ pe e€aipeon Tnv KuoTikr ivwon®’
Kal TNV TTPWTOTIAtr duckivnoia Twv kpooowv®. Eival yvwoTté 61 10 NO sival
éva aoTaBEG TTITNTIKO YOPIO, TTOU PETATPETTETAI TAXUTATA OTA WN TITATIKA VITOIKA
(NO3’) kai vitowdn (NO7') kai n avtidpaon auTh ernpedleTtal atrd Tn QAEyuovA
TWV agpaywywv. AlatuttwOnke, €101, N UTTOBeon OTI N PETPNON TWV OTABEPWYV
TEAIKWV TTPOIOVTWY Tou MPETABOAIoNOU Tou NO, OTTWG gival Ta VITPIKA Kal Ta
VITPWAN aTToTEAEI TTEPICTOTEPO ALIOTTIOTO TPOTTO £KPPACNSG TNG PAEYUOVAG
TWV QEPAYWYWYV OE KATAOTACEIG OTTWG N KUOTIKA ivwaon, KaBwg gival moavo
OTl To aépio NO petaTp€mmeTal 0 VITPIKA Kal viTpwdn Kovtd oTn B6€on

TTaPAYWYNG TOU Kal yia TO Adyo auTd dev avixveuetar®®.
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O T1TPoCdIOPICPOS TWV VITPWOWY OTO CUUTTUKVWHA TOU EKTTVEOUEVOU aépa
yiveTal pe pia xpwpatoypa@ikr) uéBodo TTou Bacifetal otnv avtidpacn Tou
Griess®. Zuykekpipéva, 100 pl CUPTIUKVWMPATOS avapiyvoovtal pe 100
avTidpaoTtnpiou Tou Griess (udpoxAwpliky va@BOuA-eBuAevdiapivn 0,1%,
oouAgaviAauion 1%, H3PO4 3%) kal HETPATAI HE QWTOPETPO N atroppdPnon
TOU £YXPWHOU TTPOIOVTOG TNG avTidpaons ota 570 nm. EvvaAAakTikh) pé6odog
gival N QOOPICUONETPIKN TToU TrEpIypdpnke atré Touc Misko kai ouv.®’ Tou
gival TIEPICOOTEPO €UaioONTN aTTd TN PEBOdO Griess. e TPOOPATN PEAETR',
METPAOBNKE OTO OUUTTUKVWHO TOU €KTTVEOPEVOU aépa To ABpoiocua Twv
VITPWOWY Kal VITPIKWY, TO OUVOAO OnAadr Twv TEAIKWV TIPOIOVIWY TOou
peTaBoAiopou Tou NO. INa 1o okoTTd auTd, Ta VITPIKA PETATPATTNKAV EVEUMIKA
o€ VITPWAN HE TNV €TOPACT avaywydons Twv VITPIKWV? kal oTn ouvéxeia
METPAONKaV Ta OAIKA VITPWON (avaxBEvTa VITPIKA + vITpwAN) YE TV avTidpaon
Griess.

To NO avnidpd pe aviovra utrepogeidiou (Oy) OTOUC agpaywyous e
atmrotéAeopa tn dnuioupyia utrepogeldiou Tou alwtou (ONOQO), evog 101aiTepa
0&EIOWTIKOU HOpiou TTOU avTIdOPd HPE KATAAOITTA TUPOCIVNG ATTO TTPWTEIVIKA
MOpIa  dnuioupywvTag To oTaBepd TTPoidv  viTpotupoaivn. NITpoTUPOGCivn
QVIXVEUBNKE PE aVOOOAOYIKEG HEBOOOUG T€ I0TOAOYIKA TTAPACKEUACTHATA OTTO
BpoyXIkéC Blowiec TTou Aj@ednkav ammd aoBuaTikous aoBeveic®, kaBWC Kal ot
VEKPOTOMIKA TTAPOOCKEUAOHATA TTVEUMOVA a0Bevwv PE BPoyxIko doBua TTou
katéAngav amd status asthmaticus ) dAAa aina®. To pépio autd PETPRONKE
TPOoPATA PE AVOOOEVCUMIKA HEBODO OTO CUUTTUKVWHO TOU EKTTVEOUEVOU
aépa  QUOIOAOYIKWY OTOPWY Kal aoBuatikwy acBevwyv. [lMaparnpribnke
ONMAVTIKI) augnon oToug aoBuaTIKOUG O OX£ON UE TOUG (pUGIO)\OVIKOL'JQ%. 2¢€
TPOOQPATN MEAETN augnuéva etTireda  vITpoTUpOooivng PBpébnkav kal o€
aoBeveic pe KUoTIKR ivwon®.

4. pH

Mpdéogara TTpoodlopioTnKe TO pH Twv agpaywywyv o€ QUOIOAOYIKG AToua Kal
o€ aoBuaTtikoug aoBeveic 0TV TTAPOLUVON KAl OTnV OTTodpoun AuTnG, ME
Baon Tnv uttéBeon 6T n evOOYEVAG OivIoN TWV AEPAYWYWV UTTOPET va TTailel
KAtolo poAo oTtnv Tabo@uaioloyia Tou acBuartog. O1 TiyéG Tou pH oOTO
OUMTTUKVWHPO TOU EKTTVEOUEVOU QEPa TWV a0BuaTIKWV Ot TTapduvon Arav

OTATIOTIKA ONUAVTIKA XOUNAOTEPEG aTTO QUTEG TWV QUOIOAOYIKWY, EVW N
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ETTAVAQPOPA TOUG O  QUOIOAOYIKAETTITTEDN  ETTITUYXAVETO META ATTO TNV
KaTGAANAN BgpaTreia kal amodpopr TS TTapdguvong”’.

5. ANAa pépia

O1 oudieg mou avridpouv ue 10 BerofBapPiToupikd oéu (thiobarbituric acid-
reactive substances 1 TBARSs) cival ITnTIKA pépia Tou Tapdyovtal amod tnv
UTTEPOLEISWON TWV AITTWV KOl PTTOPET VO TIEPIEXOVTAI OTOV EKTIVEONEVO aPa’e.
O1 TBARs avixveldtnkav OTO OUUTTUKVWHA TOU EKTTVEOUEVOU  aépa
PUCIONOYIKWV aTOHWY, OOOUOTIKWY aoBeviv?® kai acBeviov pe XAM™ pe
eupnuarta mou dnAwvouv auénuéva emiTeda oTIG TTABACEIG 0€ OXEON UE TOUG
uyigic. O TTPOOBIOPICUAS TOUC £yIvE OUPPWVA PE T péBodo Tou Yagi®, tou
BaoileTal otnv avApign TOu CUPTTUKVWUATOG PE didAupa BeioBapBIToupikou
o¢éog (thiobarbituric acid-TBA) kai 010 ouvakoAouBo TTpoadIoPICUO TWV
TBAR @aouaTOQWTOUETPIKA.

Y€ HIa T TIC TIPWTEC PEAETEC TOU GUUTTUKVWHATOC TOU EKTIVEOHEVOU aépa’’,
QVOQEPETAI N AVIXVEUON TTPWTEIVWY OTO CUUTTUKVWHA TOU EKTTVEOUEVOU QEpa
atOpwyv  pE OIAPOPEG TTABNOEIC TOU QVATIVEUCTIKOU, TIOU TTPOEPYOVTAV
OUPQWVA PE TOUG CUYYPOAPEIG €V PEPEI ATTO TO KATWTEPO AVATIVEUOTIKO. ZTNV
id10 WEAETN avagépeTal €TTIONG N AviXveuon HOpiwv OTTWG N IvIEPAgUkivn-113
(IL-1B), Kal 0 VEKPWTIKOS TTapdyovriac Twv Oykwv-a (tumor necrosis factor-a n
TNF-a), ye avoooevlUUIKEG Kal padloavoOoOAOYIKEG NEBODOUG avTioToIXa. TN
MEAETN auTh) Oev ATav duvaTOg O TTPOCdIOPICHOG IVTEPAEUKivNG-6 (IL-6). Ol

Cunningham kai ouv.'®

avixveuoav IvrepAgukivn-8 (IL-8) O0TO GUMTTUKVWHO
TOU EKTTVEOHUEVOU aépa TTAIOIWV ME KUOTIKA ivwon HPE TNV €QOPUOYR MIAG
QVOOO-TTPOCPOPNTIKAG HEBADOU.

2.€ JN ONUOOCIEUMEVEG HEANETEG ExEl avaPePBEei N nETPNON Kal AAAWV Popiwv OTO
OUPTTUKVWHPO  TOU  EKTTVEOPEVOU  aépd. 2& UEPIKEG atrd  TIG TTAEoV
evdlapépouoeg, TTpoadiopioTnkav AsukoTpiévia (LTB4, LTCs, LTD4, LTE4), n
mpooTayAavdivn E, (PGE2) o€ uyin dtoua kar aoBeveic pe aobua kai XAll, n
oupia og uym} aropa kKalr o€ aoBeveic pye aoBua, XAl kal KUOTIKA ivwon,
Tpwreiveg, IL-1B kal TNF-a o€ KaTTvIOTEG KAl PN KATTVIOTEG VEAPOUG €VRAAIKEG,
avixveutnke DNA kar  duvatétnta TTPpocdIopIoPoU  PETAAAGEEWY  TOU
oykoyovidiou K-ras o€ acBeveic Pe PN PIKPOKUTTAPIKO KAPKiVO TTVEUOVA.

MoAAG ammé autd Ta eupruata Ba atroTEAECOUV PEANOVTIKEG EPEUVNTIKEG
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TIPOOTITIKEG KOI TTAPAMEVEI QVOIKTO TO €PWTNUA TI AKPIBWG MTTOPEI va
QVIXVEUBEI aKOPN OTO CUPTTUKVWHO TOU EKTTVEOUEVOU QéPal.

KAINIKEZ EPAPMOIEZ TON METPHZEQN ZTO ZYMITYKNQMA TOY
EKNMNEOMENOY AEPA XZE NAOGHZEIZ TOY ANATNEYZTIKOY

O1 gpeuvnTIKEG KATEUBUVOEIG OTIC OTTOIEG €XEI OTPAPEI TO EVOIAPEPOV TWV
EPEUVNTIKWY OPAdWY TTOU a0XOAOUVTAIl PE TO CUPTTUKVWHO TOU EKTTVEOUEVOU
aépa TrEPIAAUPBAVOUV TTABNOEIS OTIC OTTOIEC N QAEYMOV] TWV AEPAYWYWV
TTAiCel KEVTPIKO POAO OTOV TTABOPUOIOAOYIKO PINXAVIOPO TOUG.

A. Bpoyxiké dofua

O1 miyég Tou HyO2 oTOUG aoBPaTIKOUG aoBeveiS gival HEYOAUTEPES OTTO EKEIVEG
TWV QUOIOAOYIKWY HOPTUPWY OF OAEC TIC MEAETEC, TOOO OTOUC evnAikoug 2,
600 kal oTa TaIdIé?. Te peAétn Twv Horvath kai ouv.? SiaTumwenke n dmroyn
om 1a emimeda Tou HyO, pTtTOpoUV va CUOXETIOTOUV ME T PBPOyXIKA
UTTEQPAVTIOPACTIKOTATO  TWV  a0BuaTIKWV  acbevwyv  Kal  PTmopoulv  va
XPNOoIJoTToINBoUV  CUUTTANPWHATIKA HE TO ekmrveoyevo NO  yia  Tnv
TTOPAKOAOUBNON TNG PAEYUOVIG TWV AEPAYWYWV. ZNUAVTIKO €Upnua QuTAG
NG MEAETNG NTav €TTioNG OTI TO HyO2 atroTeAei TTEPICOOTEPO €UioBNTO OEIKTN
atmd 10 ekmvedpevo NO yia Tov kaBopiopd Tou o&eldwTIKOU stress, KabBwg
a0Beveic pe ooBapd aoTabég daoBua eugdvicav augnuéva etritreda HyO,,
TTapd TN AWn OTEPOEIBWV (EICTTVEOUEVWYV I ATTO TO OTOMA) o€ UYnAES dOOEIC,
evw 10 NO Atav @uaoioAoyikd. Ta etritreda Tou HoO, dev eppavifav cuoxXETIoN
ME TO OTTIPOMETPIKA OEOOPEVA TWV ACOUATIKWY acBevwv av Kal o€ TTpOoQaATH
MEAETN ToviCeTal OTI n cuoxéTion Tou HyO, pe deikTeG Asitoupyikng BaputnTtag
eCaptdrtal amd TNV Paputnta TNG vOOOU Kal TNV AQWn EICTIVEOUEVWV
oTepoedwv’®. TtV idla peAéTn Bpédnke 6T N Trapaywyr Tou HxO, ogeileTal
KUPIWG OTa NWOIVOPIAA, €V OTIG POPUTEPEG MOPYEG QaiveTal va Traiel
onPavTikd poAo n Trapoucia Twv TTOAupop@oTuprvwy. O pdAog Twv
KOPTIKOOTEPOEIOWYV OTNV agloAdynon Twv emTédwv Tou H,O, og aoBuaTikoug
aoBeveig £xel epeuvnBei povo o€ pia HEAETN pE OXeOIAOUO OITTANG-TUPANG KOl
XOopynon €IKovikoU @apudkou. 2e auTtriiv Ppédnke OTI Ta €I0TTVEONEVA
oTepoeldn Meiwvouv Ta emireda Tou HoO, o€ OUYKPION HE TO EIKOVIKO
pdppako™?.

Ta 1c0TTpooTavia AatroTEAOUV £vav aKOWN OEiKTN TNG OGEIDWTIKAG YAEYUOVAG O€

aoBeveic pe PBpoyxikd dGobua, TTOU  TTAPOUCIAEl BIAPKWSG QUEAVOUEVO
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evolopépov. Ta emieda TOU 8-100TTPOCTAVIOU BpEBnkav aufnuéva OTOUG
aoBeveic pe BPoyXIKO aoBua®. Tuykekpiuéva, ol aoBeVeiC Je ATTIO Kal PETPIO
aoBua gp@avifav JITTAACIEG TIUEC OE OXEON ME TOUG QUOIOAOYIKOUG, EVW Ol
TIUEG eKeEiVwWV ME ooOBapd acBua nTav TpITAGoieg. O1 TIuéEG Tou 8-
ICOTTPOCTAVIOU EUPAVICAV CUOXETION WE TIG TIMEG Tou ekTTveOuEvou NO oToug
aoBeveic pe Ao dobpa, KATI TTou dev CuVEBAIVE OE €KEIVOUG PE PETPIO KAl
ooBapd dcBua. EmmpdoBeta, o1 acbeveic upe ATMO Kol PETPIO GOBua
EM@AviCav TTApaTTAROIEG TIUEGB-IOOTTPOOTAVIOU, YEYOVOG TTOU QVTAVOKAG O€
éva Babpd Tov €Aeyxo TNG OCEIOWTIKAG QAEYUOVAG ME TA EIOTTVEOPEVA
oTePOEIO OTIC OuGdeg auTég. AvtiBeTa, o1 aoBeveic pe ocofapd GoBua
EM@avifouv OonUAvTIKA PEYOAUTEPEG TIUEG, KATI TTOU avTavakAd Tnv auénuévn
OCEIDWTIKI PAEYHUOVI] QUTWYV TWV A0BEVWV Kal TOV TTANUUEAN EAeyXO TNG VOOOU
ME TA EICTTVEOUEVA OTEPOEIDN.

O1 Hunt ka1 ouv.'®? avépepav aunuéva eTTITEdA VITPWSWY OTO GUUTIUKVWHA
TOU €KTIVEOUEVOU QPO OOBUOTIKWY a0Beviv. e Tpoo@atn Hehétn’',
WOTO0O0, YETPNONKE TO OUVOAIKO TTOOO VITPIKWV/VITOWOWY TO OTToi0 Bpédnke
aQugnUEVO OTOUG AOOUATIKOUG a0BevEIC 0€ OXEON PE TOUG QUOIOAOYIKOUG. ATT
TOUG a0BuaTIKOUG, eKEivol TTOU AduPavav €I0TTVEOUEVA OTEPOEION eP@AvI(av
XOUNAOTEPA  ETTITTEdA  VITPIKWV/VITPWOWY  (TTAPATTARCIa  PE  EKEiVA  Twv
QUOIOAOYIKWYV OTONWY) aTTd eKeivoug TTou Oev Adupavav atepoeidn. EmiTAéov
Ol A0BUATIKOI KATTVIOTEG €iXaV ONUAVTIKA XOUNAOTEPEG TINEG OE OXEON PE TOUG
MN KATVIOTEG. AIQTTIOTWONKE O Kal MIa 10XUPA OETIKA OUOXETION METALU
VITPIKWV/VITPWOWYV Kol HO, O0TO CUPTTUKVWHO TOU  €KTTVEOUEVOU  aépal.
Mpoéogara, TTPOOBIOPICTNKE  VITPOTUPOCIiV  OTO  CUMTTUKVWHO  TOU
EKTTVEOUEVOU a€pa aoBpaTikwy aoBevwy. Ta emiTeda TNG VITPOTUPOCIVNG
ATav augnuéva otoug aoBeveic e Ao doBua TTou dev AduBavav oTepoEIdn,
EVW NATAV XOounAOTEPA O€ ekeivoug TToU AduBavav ouoTnuaTikG oTePOEIdN,
YEYOVOC TTOU QVTAVAKAG TTIBaVWG TOV TTEPIOPICUO TOU OEEIBWTIKOU stress
oToug TeAeutaiouc®™. O1 ouyypageic Bewpolv Tl N VITPOTUPOTIVN TOU
EKTTVEOUEVOU aépa OTTOTEAEI évav TTEPIOCOTEPO €uaioBnTO OEiKTN yIa TNV
ekTiunon Tou O&eIdwTIKOU stress o010  AGoBua. ZTnv  idla PEAETN
TpoadiopioTnkav Asukotpiévia (LTB4, LTC4, LTD4, LTE4) oTO OUTTUKVWUQ

TOU EKTTVEOUEVOU Q€pa Kal BPEONKavV augnuéva OTOUG a0BEVEIG YE PETPIO Kal
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ooBapd dobua oe oxéon YE Ta QUOIOAOYIKA ATOPA KAl TOUG QOBEVEIG e ATTIO
aocOua.

Qaivetal 611 TO pH TwWV agpaAyWYWY ATTOTEAEI ONUAVTIKY TTOPAPETPO YIA TOV
KaBopIiopd NG QAEYPOVNAG TWV AEPAYWYWYV Kal Traicel TOavwg Onuavtiko
pOAo oTnv TTaBouaoloAoyia Tou AoBuaTog. ANWOTE gival n TTPwWTN METPNON
OTO CUUTTUKVWHA TOU EKTTVEOUEVOU Aépa OTNV OTTOIO O XPOVOG TTOU ATTAITEITAI
yla TNV OAOKARpwON TNG METPNONG €ival ONUAVTIKA WIKPOTEPOG ATTO EKEIVOV
TTOU ATTAITEITAI VIO OAEG TIG UTTOAOITTEG. O1 TTPWTEG TTAPATNPROEIS OTO AoOua
ToviCouv OTI n Tapouvvon NG vOoou €TTNPEACEl ONUAVTIKG Tnv €vOOYEVH
oivion Twv agpaywywv?’.

B. Xpovia AtroppakTikf NveupovotrdBeia (XAIT)

2T10UG aoBeveig pe XArl, o1 TipéEG Tou HyO2 OTO CUPTTUKVWHO TOU EKTTVEOUEVOU
aépa Troikidouv anpavTikd. O1 Dekhuizen kai ouv.*® TTpoadidpicav 1o H,0, pe
TN péBodo TnG TMB kal avépepav OTI ol aoBeveic ye aotadry XAl eixav
onpavTika augnuéva emimeda H,O2 o€ oxéon e ekeivwv pe otaBepny XAl Ta
eupnuarta autd amoddOnkav aTtrd Toug CUYYPAPEIG OTNV AUgNUEVN TTAPAYwWYN
OEEIBWTIKWY OUGIWY OTOUC aaBeveic pe aotadr XAM. O Nowak kai ouv.*® Trou
xpnoigotroinoav 1 puéBodo Tou HVA dev diatmioTwoav dIaQopES JETALU Twv
eMTTEdWV ToU HpO, o€ KATTVIOTEG KAl N KOTTVIOTEG aoBeveic ue otaBepr) XAr.
Te GAAN PEAETN Twv iSlwv ouyypa@éwv’®, Kai ol dU0 QUTEC KATNYOPIiES
aoBevwyv gu@aviCav augnuéva etritreda H,O, o€ oxéon PE TOUG UYIEIG un
KATTVIOTEG HAPTUPEG. ZTNV id1a PEAETN, Ta eTTiTTeda Twv TBARS oToug aoBeveig
pe XAIT Atav Katd TTOAU peyaAUTepa aTTd €KEIVA TWV QUOIOAOYIKWY ATOPWYV
eupnua  evOEIKTIKO TnNG auénuévng uTrEPOEEidwong Twv AITTWV  OTOUG
agpaywyoug acBbevwyv pe otabepry XATll.

To 8-100TTPoCTAVIO METPHONKE OTO CUPTTUKVWHPO TOU EKTTVEOUEVOU aépa
aoBeviyv pe XAM™. Agv SIOTTOTWONKE ONPAVTIKA SIaQoPd OTIC TIEC Tou 8-
ICOTTPOCTAVIOU WETAEU TTPWNV KATTVIOTWV KOl KATTVIOTWY, aAA& Kai ol duo
QUTEG KATNYOPIEG €iXaV ONUAVTIKA QUENPEVES TIUEG OE OXEON ME TOUG UYIEIG
KATTVIOTEG KOl TOUG UYIEIG PN KATIVIOTEG. To eUpnua auTto gival eVOEIKTIKO TNG
TTapouciag augnuévou ofeldwTiKoU stress oToug aoBeveic pe otaBepry XAl
ave¢dpTNTa TNG KATTVIOTIKNG OUVABEIOG.

. KuoTtiki ‘lvwon
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Ta emieda Tou H2O2 OTO CUPTTUKVWHPAO TOU EKTTVEOUEVOU QEPQ QOBEVWV UE
KUOTIKA ivwon ATav XapnAdTEPa aTréd ekeiva TWV UYILV aTOHWV®’, yeyovog Trou
T0 KaBIoTd akatdAANAO O€iKTn yia TNV €KTINNON TNG QAEYUOVAG Twv
agpaywywyv. To eupnua autd UTTOPEi va o@eiAeTal TNV aduvapia avixveuong
TOU ASyw TWV TTUWOWV EKKPICEWYV, 0TNV avTidpaon Pe GAAa dpacTIKA uopIa N
otnv auénuévn avTioeldwTIK OpacTNPIOTATA TTOU TTPOKOAEITAI OTTO TNV
TTayideuon avTIOEEIBWTIKWY OUCIWV OTIC EKKPIOEIC TWV AEPAYWYWYV. 2ZE€
avTiBeon ME TA TTPONyoupeva €pxeTal TTPOC®ATN MEAETN, OTNV OTToia TA
augnuéva etimeda HyO, 0TO CUPTTUKVWUA TOU EKTTVEOUEVOU QEPa TTAIDILV ME
TTapoOguvon KUOTIKAG ivwong Adyw Aoipwéng peiwbnkav HETA atrd evOOPAEBIa
xoprynon avtipiotikwv ',

Katd avahoyo Tpémo kai To NO Sev omotehei afidmoto deiktn® 1ng
QAEYHUOVAG TWV agPAYWYWY OTNV KUOTIKN ivwon. O1 Ho kai ouv.®” avagépouv
XOPAKTNPIOTIKA OTI TO ekTTvEOUEVO NO d¢ev eival auénuévo oTnv KUOTIKN ivwon
Kal TIC PpoyxekTtaoieg, Tap& TO @QAEypdovwdn XOPAKTAPO aQUTWV TwV
TTadnocwv. MiBavég epunveieg autou Tou QaIVOUEVOU gival N KAk didxuon Tou
NO dl10p€ooU TwV TTAXUPPEUCTWY TTUWDWYV EKKPICEWV OTOUG AEPAYWYOUG, N
atropdkpuvon Tou NO Adyw Tng avTidpaohg Tou PE EAeUBEPES piec oEuydvou
Kal n ueiwpévn dpaotnpidotnta m¢G iINOS (inducible NO synthase). Mia
QTTAVINON OTO TTPOoNyoUueEVO TTPORANUA TNG EKTIMNONG TNG QAEYUOVAG TWV
AEPAYWYWYV OTNV KUCTIKN ivwon PTTopei va TpoéABel atrd Tov Tpocdiopioud
Tou 8-isoprostane kal Twv TIPOIGVTIWYV Tou peTaBoAiopou Tou NO
(VITPIKG/VITPWAN) OTO CUPTTUKVWHA TOU EKTTVEONEVOU a€pa. AlIaTTIoTWONKE OTI
Ta emmiTeda ToUu 8-100TTPOCTAVIO OTO CUMTTUKVWHA TOU EKTTVEOUEVOU Qépa
a0BevwyV PE KUOTIKA ivwon ATav TTepiTou 2,8 QopEég uwnAoTEPA aTrd eKEiva
TWV QUOIOAOYIKWY aTOHWVE. Ta emiTeda Tou 8-I00TTPOCTAVIOU EUPAVICOUV
ONMAVTIKI) OUCXETION ME €Kkeiva Tou ektTvedpevou CO Kal gival eVOEIKTIKA TNG
TTapoucdiag augnuévou oceldwTIkoU stress AOyw utTepogeidwang AITTWV 0TOUG
aEPAYWYOUG aoBEVWV UE KUOTIKA iVWon. X€ CUPQWVIQ PE TA TTPONYOUPEVA
épxovTal Kal avaAoya euprpaTa, TTou £J€1Eav OTI Ta ETTITTEdA TWV VITPWOWY
OTO CUMTTUKVWHGO TOU EKTTVEOUEVOU QEPQ QOBEVWV ME KUOTIKR ivwon €ivai
auénuéva og oxéon ME TA QUOIOAOYIKG GTopa®®, kdm TTou Bev 1oxUEl OTTWC
TTpoava@éPOnke yia 1o ektveOuevo NO. QoTo00, Ta ETTTTEdA TWV VITPWOWY

oev JIEPEPAV ONUAVTIKA OTN MEAETN AUTH PETAEU TWV ATOPWYV TTou Adupavav A
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OXI €I0TTVEOPEVA OTEPOEIDN. & avAAoya ouptEpdopaTa KaTEANEAV Kal Ol

Cunningham kai ouv.'®

TTOU METPNOAvV VITPWON Kal IVIEPAEUKIVN-8 aTO
OUUTTUKVWPA TOU EKTTVEOUEVOU QPA TTAIOIWV HPE KUOTIKN ivwor. Ta eTmiteda
VITPWOWY OTa TTAIdIA PE KUOTIKN ivwon ATav onuavTikd upnAoTepa atrd ekeiva
TWV QUOIOAOYIKWYV TTAIdIWV. ZUHNPWVA PE TA TTPONYOUNEVA, TO 8-1I00TTPOCTAVIO
Kal Ta viTpwdn TOU OUUTTUKVWHATOG TOU EKTTVEOUEVOU aépa  ATTOTEAOUV
TTEPICCOTEPO ACIOTTIOTOUG OEIKTEG yIa TNV €EKTIUNON TNG QAEYUOVAG Twv
agpaywywyv atod 1o ekmrvedpevo NO oTnv KUCTIKN ivwon.

A. BpoyxekTaoieg

H peAétn tou HyO2 OTO OUMUTTUKVWHO TOU €EKTTVEOUEVOU Qépa QOBEVWV ME
BpoyXeKTaTieC £DEIEE OTI gival auENpEVO O OXEON HE TG PUTIONOYIKG dTopa’,
XWPIG ONUAVTIKES DIAPOPEG PETAEU eKEIVWV TTOU AduBavav i OxI EI0TTVEOUEVA
oTePOoEId. AvAAoya eupriuaTa UTTAPXOUV Kal O€ VEOTEPN MEAETN OTTOU OPWG
ToviCeTal n 1oXupry ouoxétion Twv  emmeEdwv  Tou HO, pe TNV
TTOAUMOPQOTTIUPNVIKI PAEYUOVI] TNG VOOOU Kal TNV €KTAON QUTAG KABwg Kal
augnuévn TTapouacia ogeIdWTIKOU stress o€ aoBeveic pe xpovio BakTnpidiokd
aTTroIKIoNSS.

E. Z0vdpopo AvarrveuoTikng Suoxépelag evnAikwyv (ARDS)

H o&eidwTikn @Aeypovy Traidel onuavtikG poAo oTnv  TTaboyévela Tou
ouvopouou ogeiag avartrveuoTiKAG duoxépeiag (ARDS). TMoAAéc ammd Tig
QPXIKEG MEAETEG TTAVW OTO CUPTTUKVWHA TOU EKTTVEOPEVOU aépa £ylvav O€
Movadeg EvrtatikAg Ocgpatreiog kal o€ aoBeveig TTou uttoBdAAovTav o€
MNXaVIKA UTTOOTAPIEN TNG avaTtrvong Toug. Bpébnke o1 ta emmimeda tou HyO»
ATav auénuéva otouc aoBeveic pe ARDS o€ oxéon pe eKEVA TWV HOPTUPWV®S.
2& avahoyn MeAETN dlammoTwOnkav augnuéva emireda Tou HyO» oTOUG
aoBeveic pe ARDS oe oxéon pe ekeiva Twv acBevwov UTTO  PNXOVIKA
UTTOOTAPIEN TNS AVATIVOAS XWPIC TIVEUHOVIKEC DINBATEIC>. ZTIC UENETEC QUTEC
@aiveral 611 UTTAPXEl EvEPYOS pOAog Tou HoO, oTnv TTPOKANGCH TTVEUNOVIKAG
BAGBNG, av kai dev £XeEl DIEUKPIVIOTEI KATA TTOCO N TTapaywyr Tou HoO; gival 1o
TTPWTOTTABEG CUPPBAV OTAV OEEIBWTIKN dIadikaoia i atToTEAEI ouVOdO eUpnuA.
Ek16¢ atrd Ttov 1Tpoadiopiopd Tou HO, O0TO CUPTTUKVWHA TOU EKTTVEOUEVOU
aépa aoBevwyv pe ARDS, tTpoodiopioTnkav Ta eTmiTreda Tou 8-isoprostane pe
N péBoSo GC-MS®6. O1 ouyypageic avakoivwoav oKTamAdola TEPITTou

ETTITTEdA OTOUG A0BEVEIC aUTOUG O€ OXEON PE TA QUOIOAOYIKA ATOUA YEYOVOG
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EVOEIKTIKO TNG TTAPOUCIAG ONUAVTIKAGS 0&EIdWTIKAG @Aeypovhc oto ARDS. Eivai
mOave OUWG OTI TO CUPTTUKVWUA EKTTVEOUEVOU AP TTOU CUAAEYETAI OTIG
MEAETEC QUTEG, AOYW TNG PUOEWGS TwV QOBEVWY, va TTEPIEXEI TIPOOUIEN Ol1€AOU,
YEYOVOG TIOU OTTOTEAEI ONPAVTIKO MEIOVEKTNUA YIA TNV agloAdynon Twv
QATTOTEAEOUATWV.

MEAETWVTAG KAVEIC T ATTOTEAECUATA TWV PETPAOEWY TWV OIAPOPWY BEIKTWV
QAEYUOVAG OTO OUMTTUKVWHA TOU EKTTVEOUEVOU QEPQ UTTOPEI EUKOAQ va
KataAngel o1 arroTeAei pia agiomoTn pEBodo yia TNV agloAdynon Tng
0&EIOWTIKOU stress Twv QAeyuovwdwyv TTaBRoEwy Twv agpaywywv. H yétpnon
Tou HO2 @aivetal va atroteAei Tov 1m0 agIdétoTo O€iKTn yIa TV TTAPATTAVW
agloAdynon. MapdAAnAa Spwg, N HEAETN vedTEPWY BEIKTWYV, OTTWG €ival To 8-
ICOTTPOCTAVIO Kal Ta TTpoidvTa peTaBoAiopou Tou NO, dvoige véoug opifovTeg
oTn MEAETN TNG OEEIBWTIKNAG QAEYUOVIAG TWV agpaywywy. Ekeivo, woTtdoo, TTou
Oev £xel DIEUKPIVIOTEN TTAPWGS O€ Kaia atrd TIG TTPONYOUUEVEG PMEAETEG Eival n
oX€0n TOU OCEIdWTIKOU stress PeE TTapAPETPOUG TTOU EKPPACOUV QAEYHOVH TWV
agpaywywy, KAIVIKA 1 A€IToupyikf Baputnta, PE OKOTTO va OIEUKPIVNOBEI
ammoAuTa TTAéov O€ TTOIEG TTABAOEIS KAl UTTO TToloug Opoug Ba TTpétrel va
XPNOIJOTTIOIEITAl YIa agloAdynon. AuTr Tnv TTPOKANCN TTpooTraBei va AUoel n
TTapoUCa dIATPIRr METPWVTAS TO OZEIDWTIKO stress, OTTWG auTd eKQPAZETAl PE
Ta emimeda Tou HyO, OTO CUPTTUKVWHA TOU EKTTVEOUEVOU QEPA ACBEVWV ME
Bpoyxikd dobua, XAIlT kal Bpoyxektaoies. Ta emireda autd Ba TTpooTTaBROEl
VO TO OUOXETIOEI PE TTAPAPETPOUG TTOU EKPPACOUV QAEyPOVH, KAIVIKR Kal
AeIToupyikn) Baputnta o€ KABe voooAoyikrp ovioTnTa LEXWPIOTA. TNV
TEPITITWON TEKUNPIiwoNG TNG apxIikNg utréBeong eivar mOavé o611 T0
OUPTTUKVWHPO  TOU  eKTTVEOPEVOU aépa  Ba  TraiGel Kevipikd poAo  oTnv

TTaPAKoAOUBNOoN Kal agloAdynon Twv 00BEVEIWY AUTWV.
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EIAIKO MEPOZ

1. TENIKA

A) BPOIMXEKTAZIEZX.

YAIKO.

Tpidvta aoBeveic (24 avdpeg, didpeon (SD) nAikia 39 (16) €tn, eupog 19-58,
puéon (SD) FEV:1 % avauevoupevng 69.5 (20), eupog 27-101, Mivakag 1) pe
OlayVWOUEVEG BPOyXEKTaaieG €mMAEXONKav aTTO Ta €CWTEPIKA IATPEIQ TOU
401MZNA. H didyvwon Twv aoBevwyv BacioBnke oe KAIVIKA Kal aKTIVOAOYIKA
KPITAPIO eV TeKPNPIWONKE pe TRV YWNAAG AIGKPITIKOTNTAG YTTOAOYIOTIKA
Touoypagia Owpakog (HRCT). Aéka acbeveic Trapoucialav  Xpovio
atrolkioud e Weudopovada Aeruginosa. Xpoviog QTTOIKIOCNOG opioBnke n
ATTOMOVWON TNG Weudopovadag oe Tpiad TOUAAXIOTO avegaptnta Otiypata
TITUéAWV o€ SIGoTNPA TPIWV PNviv ', Ol a00¢eveic OCUPMETEIXAV OTNV PEAETN
MOVo av ATav o€ oTabepr) KAIVIKA KatdoTaon Kal dgv Trapouaialav Aoidwén
TOU QVWTEPOU N KATWTEPOU AVATTVEUCTIKOU YIa TOUAGXIOTO 4 €BOONAdES TTPIV
TNV MEAETN. O1 BpoyxekTaoieg Bewprndnkav YETAQUPATIWOEIG OE éva aoBevi,
AOYW TTPpWTOTTAB0UG dUOKIVNOIOG TWV KPOOOWV O€ TPEIG aoBeveig, TUVOPOUO
Young o€ éva, avemmdpkela uttokAGopatog |Gg oe duo aoBeveig, avemmdpkeia
IGA o0¢ éva aoBevr}, e&vw OTOUG EVOTTOMEIVAVTEG €iKOOI-OUO Adyw [N
QVEUPECEWG TTPOPAVOUC aITiag Xapaktnpiobnkav wg 10otrabeic. OAol ol
aoBeveig gixav apvnTikd I0TOPIKO ATOTTIAG KAl ApVNTIKEG OEPUATIKEG OOKINOTIES
oe €€ kolva aAAepyloydva. OAol o acBeveic oe avaAoyn XPOVIKH TTEPIodO
gixav eheyxBei yia 0mmapén IVOKUOTIKAG vVOOOU HE apvnTIKA atroTeAéouaTa
(apvnTikr) dokipyacia 1©pwTa, ATTOUCIa TOU UTTEUBUVOU XPWUATOCWHOTOG).
AcBeveic pe BPOYXOTTVEUMOVIKA aoTreEpYiAAwon, Bpoyxiko aoBua, XA,
ENeIwn a1 avniBpuwivng kal atotria atmmokAciodnkav atrd Tnv heAETN. Kaveig
a0BevAg Oev €ixe avaoTpeWiuoTNTa OTnVv OTTipouéTpnon (augnon tng FEV,
TPIAVTA AETITA PETA aTTo €loTTvor] 200ug coABouTapoAng <12%).

Kavévag atrd Toug acBeveig dev fTav KATIVIOTHG evw dUO atrd auToug eixav
OTOMATACEI TO KATTVIOPA atro 3eTiag (1I0Topikd Katviopatog < 4 pack-years).
21 aoBeveic eAaupavav By dieyépTeS Bpaxeiag n Jakpdag dpdaong, 2 eAdupavav
Bpwpiouxo Impatpotmio evw 14 eAdupavav  €IOTTVEOUEVA  OTEPOEION
(rpommiovik)  @AouTikalovn 500-1000pg n  PBoudeoovidn 400-800 g

nuePnoiwg). Kaveic aoBevig dev eAdpBave BAeVVOAUTIKG Kal Kavévag Oev
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eupioketo 0€  xpoévia ofuyovoBepatreia. ‘Evreka aoBeveic  eAdupavav
avTIBIOTIK& aTTd TO OTOMA 0€ Xpovia Bdon (8 atrd Tnv opdada TTou gixe XpoOvio
QTTOIKIONO HE weudouovada). H Bepatreia Twv acBevwv ATav auetaBAnTn yia
TOUAGXIOTO 3 MNAVEG TIPIV TNV €I00QYWYH TOUG OTn HEAETN KAl KAPWia
TTpooTTddela dev €yIVE yia TRV aAAayr TNG.

Q¢ opada eAéyxou xpnoipotroimOnkav 15 @uololoyikd datopa (12 avdpeg,
Oidueon (SD) nAikia 34 (8) étn, eupog 20-46, lMivakag 1). OAol ATav un
KATvIOTEG  Kal  Oev  Trapoucialdav  Aoipwén avwTeEPOU N KATWTEPOU
QVOTTVEUOTIKOU YIa TOUAAXIOTO £€1 BOONABES TTPIV ATTO TNV CUPUETOXN TOUG
otnVv MEAETN. Aegv gixav 10TOPIKO Xpoviag voéoou kal dev eAduBavav xpovia
@appakeuTik) aywyrn. OAol gixav apvnTIKO 10TOPIKO OTOTTIAG KAl APVNTIKES
OepuaTIkEG dokipaoieg oe €E1 Kolva aAAepyloyova. OAol gixav @uOoIoAoyIKA
ompouétpnon (péon (SD) FEV4 % avauevépevng 95 (8), eupog 86-110) kai
dev Trapoucialav PPoyxIKR UTTEPAVTIOPACTIKOTNTA OTTWG QUTH PETPRONKE ME
dokiyacia TpokAnong ue 1otapivn (PD2y >0.800mg, péon Ty 1.30 ue eUpog
0.98-1.7).

MEOGOAOI.

2€ OAouG Toug a0BeveiC £yive CUANOYI CUNTTUKVWMPOTOG EKTTVEOUEVOU QPO E
METPNON Twv MITTEOWV TOU UTTEPOEEIDioU Tou UdpPoyOvou, CUAAOYA TITUEAWV
ME TNV PEBODO TNG TIPOKANTAG QTTOXPEPWNGS, YTTOAOYIOTIKI) TOUOYPA®ia
Bwpakog Pe TOPES UWNAARG DIOKPITIKOTNTAG KABWG Kal EAEYXOG AVATIVEUOTIKNAG
AeIToupyiag pe TNV atrAn ommpouéTpnon. H cuAAoyr Twv duo deiyudTtwy Kabwg
Kal N aTTAf oTTipouéTPNoN £yIve TNV idIa PEPQ.

MeTtpriBnkav Ta etitreda Tou HoO2 Kal €yivav ol avlAoyeG OUYKPIOEIG PE TNV
avaAoyn opada eAféyxou. Karaypd@nke n e€mmidopacn Twv EICTIVEOUEVWV
otepocidwyv (EZ), n xpdévia Aqung avTiBIoTIKWwyY, KABWS Kal O ATTOIKIOPOG ME
Yeudopovdada aeruginosa (WA) ota etitreda tou H,O0,. Ta emmitreda Tou H,0,
OuoxXeTioONkav e  TTapapéTpoug Tou  e€€ppaldav  KAIVIKA, AEITOUPYIKA
BapuTtnTta, £KTAON TNG VOOOU, KOBWG KAl JE TTAPAUETPOUG TTOU £EE@palav TNV
QAgypovh OTTWG auTH EKPPACTNKE ME TOV KUTTOPIKO TTANBuoud atmd tnv
TTPOKANTA ammoxpeuwn. To &Touo TTOU €KAVE TIG PETPAOEIS TOU UTTEPOEEIDIOU
TOU UdpPOYOVoU dev yVwpICE TO KAIVIKO Kal AsiToupyikd status Twv atOpwy NG

MEAETNG.
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ZUAAOYI CUMTTUKVWHOTOG EKTTVEOUEVOU aépa Kal HETPNON UTTEPOSEISiou
TOU USpoyovou.

H ouAAoyri TOU CUMTTUKVWHOTOG TOU EKTTVEOUEVOU QEPA EYIVE O TTPWIVEG
WPEG XPNOIMOTTOIWVTAG Mia €VOAANOKTIK) MEBODO WULEWS TWV OCWANVWV
ouA\oynG. To punxdvnua TTou XPNOIPOTTOIEITal yia TNV TTPOKANON HE Wuxpo
aépa AEITOUPYNOE OTNV OUYKEKPIYEVN HEBODO WG PECO TTapaywynS Wuxpou
aépa o€ Bepuokpacieg —15°C €wg —18°C ue por) aépa 80 Aitpa/AeTtTd. To éva
Aakpo €vog dITTAOU yudAivou cwAnva pfikoug 30 cm ouvdEBNKE PE TO onuEio
€€OO0U TOU WuxpoU aépa, v aTo GAAO GKPO YIVOTAV N EKTTVON TWV ATOUWYV
NG MEAETNG. O CWARVAG OTO ETTAVW PEPOG €ixe Mia BaABida 2 kaTteubuvoewv
(Heins Rudolf) pe okotrd va diakpiveral n €l0Tvor] atmo tTnv ektrvor|. OAol ol
OUMUETEXOVTEG OTNV MEAETN TTPIV EekIvAoouv Tnv diadikaoia oUAAOYRG Tou
OUUTTUKVWHUATOG EKTTVEOUEVOU QEPA €KAVAV OTOUATOQPOAPUYYIKEG TTAUCEIG HE
vEPO, evw n Oladikacia OUANOYNAG €yive Ot KABIOTIK) B€on pe oTaBepr Kal
NPEUN avaTTVONR Kal yia XPoVIKO didotnua 10 AeTrtwv. TO CUPTTUKVWPO TOU
EKTTVEOUEVOU aépa OUAAEXONKE OTO AKPO TTOU ATAV OUVOEDEUEVO HE TO
UNXGVNUA TOU Puxpou agpa Kai Gueca diatnpridnke otouc —70 °C yia v
MeTETTEITA eTTECEpyaoia. Me Tnv TTapatmmdvw HEBODO CUAAEyETAl TOUAAXIOTO
1ml OUPTTUKVWHATOG TOU EKTTVEOUEVOU aépa o€ TTAAOTIKO OWAnNvAapIo
xwpnmikoTNTag 3ml. H pérpnon 6Awv Twv deiypdtwy tou HoO, €yive Tnv idia
NUEPQ Kal o€ dAoTNPA Oxl MeEYaAUTEPO Twv 20 nUEPWY atrd TNV OTIYUA TNG
ouA\oyng. O1 HETPAOEIS EyIvav O€ 4 XPOVIKEG TTEPIOOOUG (MIKPOTEPOG XPOVOG
METPNONG 2 NUEPEG — MEYOAUTEPOG XPOvog pETpnong 20 nuépeg ammd Tnv
ouloyn). OAa Tta Ociyuata eAéxBnoav yia Tnv TTapoucdia oléAou PE TNV
MEBOBO avixveuong TnG apuAdong. H avixveuon auuAdong €yive  UeE
@aopatopwToueTpIK uEBodo (model 981362 KONE Instr. Espoo, Finland.
Me autj TN u€BOSO, N a-apuAdon Tou deiyuaTog Kal To €VCUPO a-yAukooiddon
USPOAUOUV TO UTTOOTPWHA TT-VITPOPEVUAO-O-O POATOXETTTAOCION O€ YAUKOLN
Kal TT-vITPo@eVOAN. AkoAouBei n atreAeubépwan NG TT-vITPoPevOAng ota 405
nm (37°C) yia 2 AeTTd. Ze OUo deiypata €yive €yxuon OIEAOU PE OKOTTO va
eAeyxBei n euaioBnoia TG peBOdOU. XpnolyoTrolwvTag TNV PEBOdO TTOU
TTEPIYPAPNKE Oev avePpEBNKe apuAdon ot kavéva ammd Ta deiypdata Tng

MEAETNG. ZTa deiypaTa TTou €yive €yxuon aiéAou avixveubnke apuldon >5000



33

IU. H emavaAnyipétnta twv JeTpAcewv Tou HoO, eAéyxBnke oe 2
OIAQOPETIKEG NUEPEG O 5 @QUOIOAOYIKOUG Kal O0€ OéKa aoBeveic TTOU
eMAEXONKav  Tuxaia. Ta Tov €Aeyxo OTABEPOTNTAGC TOU  OEiyuaATOG
xpnoigotroindnkav 10 dropa (5 aoBeveig). 21a TTapatrdvw Atopa eAneinoav
4 ml deiypartog. Autr n TToodTNTa XWEIiocOnke o€ 4 ica pépn Kal N PETpnon Tou
H205 €yive o€ xpovikd didoTnua 2 nuepwyv, 1 eBdopadag, 2 efdouddwy kai 3
eBoouddwy, TOU aTTOTEAEl Kol TO MEYIOTO XPOVO MPETPNONG  TTOU
XpnolgotroiNénke yia oAa ta ociypata. H eravaAnpiudtnta Twv PETPACEWV
Tou HyO2 koBwg kai n o1aBepdTnTa TWV OEIYUATWY EKTIMABNKE OTTWG
TTEPIYPAPNKE TTPoNyoupEVa otnv BIBAIoypagia’.

Na tnv pétpnon tou HO2 xpnoIhOTTOINBNKE N TTOPAKATW TTEPIYPAPEICT
evupIK  PEB0B0c™® . MepIAnmrmika 250 pl diaAUpartog 420 puM 33,55
TeETPANEBUABEVISivNG (dlaAupévng o€ 0,42 M KITpIKOU puBuIoTIKOU SIGAUUATOG,
pH 3.8) ka1 10 ul diaAtuartog 52,5 U/ml utrepoeidaong horseradish (HRP,
Sigma Chemicals, St Louis, USA) avapixBnkav pe 250ul deiyparog
ekTTVEOUEVOU aépa yia 20 AeTrTd o€ Beppokpacia dwuatiou. To peiypa autd
o&eidwonke o€ pH 1 pe 10 pl dilaAvpaTtog Benkou o&éog 18 N. To Tpoidv TNG
avtidpaong TTPoodIopicdNKE TTOCOTIKA pE  atmoppoenon o€ 450 nm,
XPNOIMOTTOIWVTAG PACHUATOPWTOUETPO OITTANG akTivag (Uvicon 940, Kontron
Instr.). MeTpABNke TeEAIKA pe autdpaTto avaAutr) (model EL 312 Biotec). To
KatwTePo Oplo pérpnong Atav 0.1 uM H,O0,.

MpokANTA ardxpepYn.

H mTpokANTH amoxpeuwn £yive CUPQWVA PE TNV YEBODO TTOU €XEI TTEPIYPAPEI
otnv  BiBAioypagia’®, AauBdavoviag OAa Ta TIPOANTITIKG WETPA yia TNV
ao@AAsia TG peBddouU'®. Te BAoug Toug aoBeveic €yive BPoyXodIaoToAr e
elotrvony B2 Oleyéptn péow agpoBaiduou (200-400 pg ocaABouTtauoAng).
Aekatrévte AeTIT@ apyoTepa €yive pétpnon tng FEV4.. H miyi auti ¢ FEV;4
XPNOIMOTTOINONKE WG BEIKTNG AZIOAOYNONG YIA TIG JETETTEITA JETPROEIG KATA TNV
d1dpkela TNG TTPOKANTAG aTTdéxpepwns. Av n Traparmdavw Tiug Atav < 60%
avapevopevng n <1L 16T1e 01 €I0TIVOEG EeKivouoav e OIGAUPA QUOIOAOYIKOU
OpPOU EVW CUYXPOVWG MEIWVOTAV O XPOVOG EI0TTIVONG TOU WEIYUATOS. Av KaTd
TNV d1apkela TG diadikaoiag n FEVy peiwvoTtav petagu 10-19% avaloyn doon

BpoyxodlaoTaATIKOU Xxopnyouvtav kal n Oladikacia ouvexiotav Otav auTh
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eTTavepxoTav ota apxika etitTeda. Av Trapouciade Trrwon > 20% n diadikaoia
oTapatouoe Kal xopnyouvtav BpoyxodlacToArl o€ avaloyn dbéon. Ztnv
TAEIOVOTNTG  TwV  a0Bevwyv  XPNOIYOTTOIRNONKE  €I0TTVOr}  UTTEPTOVOU
@uaiohoyikou opou 3.5% pe vegehotrointy DeVilbiss ultrasonic (2696
Somerset PA, USA). g aoBeveic kal pualoAoyikoug ¢ntrenke va kabapiocouv
TIG PIVIKEG TOUG EKKPIOEIG KAI VA KAVOUV KAAEG OTOPATOPAPUYYIKEG TTAUCEIG HE
OKOTTO va MeiwBei n mlavétnta avAaueitng Tou OciyuaTog TITUEAOU  ME
OTTIO00PIVIKEG EKKPIOEIG Kal aieho. Kata tnv didpkeia TnG diadikaciag OAa T1a
Atopa TNG MEAETNG £Qepav PIVOTTIEOTPO. € OAoUG ¢NTRBNKe va Prixouv Babid
ME XpoVIKG diaAcippaTa 2-3 AeTTTwyv, avaloya QUOIKA Kal PJE TNV AEITOUPYIKI)
BapuTtnTa TNG voéoou. To TTpwTo deiyua TITUEAWY OEV XPNOILOTIOINBNKE KIa KOl
mOoTeVETal OTI TTEPIEXEl UYPNAG TTO00O0TS TIAGKWAWY KUTTdpwv Y. EAf@Bnoav
TOUAGYI0TO 2 ml TTPOKANTAG atTdxpepwng o€ TTAAOTIKO ocwAnvaplo. To dsiyua
Bewpndnke agiémoTo €@ 6oov Ta TTAAKWON KUTTapa ATav < 30% atd T0
OUVOAO TwV QAeypovwdwv KUTTApwv. H digpyacia Tou dciypatog €yive o€
XPOVIKO d1doThua 2 wpwv atrdé Tnv ocuAAoyn Tou. Ev cuvtopia Treplypdgoupe
TNV d10dIKaoia TTPOETOINOCIAG Kal avayvwong Tou Ociyuatog. AAatouxo
O01dAupya Hanks’ (HBSS 2ml) tou Tepicixe 1% 1010TpioAn (DTT: Sigma
Chemicals, St Louis, USA) avapeixBnke pe 10 dciypua mTUéAwv. Katotiv
QVOKIVABNKE OPKETEGC QOPEC  MEXPI TNV  TIAPN OMOyeEvOTTOINOH  TOU.
AkoAouBnoe karaypa@r Tou dykou Tou TITUEAOU Kal vEa avaueign ye to HBSS
ME OoKOTTO TO OUVOAIKO deiyua va yivel 10 ml. AkoAouBnoe véa avakivnon Kai
@uyokévtpnon yia 10 Aetrtd o€ 400 x g. XpnOIPOTTOIWVTAG AVAAOYO PETPNTA
Kal JETA ammé Xpwon Me Kimura €yive n TIPOETOINACIO TOU OEIYUATOS VIO
METPNON TOU OUVOAIKOU aplBuoU Twv QAEyHoOVwOwWY KUTTApwY. Ta TeAIKA
ociypara  ueTpAOnkav  petd amd  xpwon e May-Grunwald-Giemsa.
Xpnoigotroionkav 2 mAakidia evw petpribnkav Touldxioto 400 @Aeypovwdn
KUTTapa. Ta @Agyuovwdn KUTTAPA TwV TITUEAWV EKOPAOCTNKAV WG ATTOAUTN
TIUA (KOTTapa/gr TITUEAWV) KAl WG TTOCOOTO ETTE Y% TWV OAIKWYV PN ETTIONAIOKWYV
KUTTApWV. O OAIKOS apIBUOS KUTTApWY ekppdoTnke o€ TR x 10°ml™. Otav
éyive n pétpnon NG % avAAuong Tou KUTTAPIKOU TTANBuopou dev ATav
YVWOTEG oI TIHEG Tou H20,.

AgiToupyikég SOKINAOIEG.
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H pétpnon tng FEV4, VC, éyive pe ompdperpo Vica-test, Mignhard, NL. H
KaAUTEPN TIpOOTIGBEIa aTrd TpeElg ekppalouevn oe FEVy, VC % T1ng
QVOUEVOPEVNG XPNOIMOTIOINBNKE OTNV MEAETN. Z€ OAa Ta ATOoua TNG Oouddag
eAéyxou Eyive dokipyaoia PPoyxIKAG TTPOKANONG MPE 10TAUIVN YE OKOTTO TOV
QTTOKAEIONO  ATOMWV  ME  PBPoyXIK UTTEPAVTIOPAOTIKOTNTA. H Bpoyxikn
UTTEPAVTIOPAOCTIKOTNTA METPNONKE MPE OOKIPaoia TTPOKANCNG ME 10TAPIVN
Xpnoigotoliwvtag 10 ouotnua APS Jaeger, Wirzburg, Germany ue
vepehotToinT Sandoz (Jaeger). H PDyy peTpriBnke wg n d6on 10Tauivng Tou
mpokaAei TTwon g FEVy katd 20%. Q¢ amoucia  BpoyxIKAg
uTTEPAVTIOPAOTIKOTNTAG BewprBnke PDyy >0.800mg. H PDyy uttoAoyioTnke ue
TOV UTTOAOYIONO TNG NMIAOYAPIBUIKAG KAUTTUANG TTOU TTEPIYPA®El TN OXEon
Séonc—amavinong'.

Mapduerpol A§ioAdynong.

dappuakeuTIKi BepaTreia.

2€ ONOUG TOUG aCBeveEiC PE PPOYXEKTATIEG £yIVE IO TTEPAITEPW QvAAUCN MHE
OKOTTO VA KATAYPOQPEi N ETTIOPACT TWV EICTIVEOUEVWY OTEPOEIdWV OTA ETTITTED
Tou H202 KaBwg Kal oTIG DIAPOPES TTAPAUETPOUS AEIOAOYNONG. ZTOUG QOBEVEIQ
ME PBpoyxekTacie¢ avaAubnke emmiong n emidpacn TG Xpoéviag ARWng
avTIBloTikwy oTa emmireda Tou H,Os.

YYnAng S10kpITIKOTNTAG UTTOAOYIOTIKI TOJOYpA@ia.

AuTr] agloAoyBnke w¢G TTAPAPETPOG TTOU EKPPACEl TNV €KTAON TNG VOOOU O€
aoBeveic e Bpoyxektaoieg. O1 30 aoBeveic utreBARBnoav oe HRCT (GE 9800
Highlight advanced) pe xpoviké 6pio 1i¢ 10 nuépeg atTd TNV CUPMETOXA OTNV
MEAETN. H HRCT aglohoyrBnke kal BaBuoAoyriOnke atmd Tov idlo akTivOAOyo o
OTT0I0G dev YVWPICE OTOIXEIO OTTO TIG TTAPAPETPOUG TTOU EEETACONKAV OTNV
TTapouca HeAETN. KABe AoBOG kal oToug dUO TTveUUOVEG agIoAoyAONKe yia
BpoyxekTaoIkéG aAAoIwoElg ue ouoTnua BaBuoAdynong atd 0-3 (n yAwoaoida
BaBuoAoyndnke wg LexwpioTdg AoBog). Méyiotn BaBuoAoyia Atav 18 Babuoi
(0= kappia aAAoiwon 1=cuppeToxy €vOG UTTOTUNMUOTIKOU 2=CUPUETOXNA
TTEPIOCOOTEPO ATTO £VA UTTOTPNUATIKG 3=TTAPOUCia KUCTIKWYV PPOYXEKTATIWY,
Mivakag 2). H tTapamdvw agloAdynon eivar amoAuta TEKPNPIWHEVN OTNV
BIBAIoypagia kal ouvodeueTal atrd XaunAn Trapékhion'®. 1o Sidotnua Twv 10
NUEPWYV KAVEIG aoBevhG dev TTAPOUCiaoE PETABOAEG TNG KAIVIKAG KATAOTAONG

TOU KaBWG Kal TNG OTTIPOUETPNONG.
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KAiviki BapUTnTa

AlohoynBnke oToug acBeveic PE PBPOYXEKTATCIEG XPNOIMOTTOIWVTAG  HIO
BaBuoAoyia cupTTwudTwy  PIBAIOYPAPIKE  KOATOXUPWHEVN HE  EAQQPPEG
Tpotrotroifoeig (Mivakag 3)'°. Znténke ammd Toug aobeveic va kataypdpouy
KaBnuepivad Kai yia Xpovikd dlidoTnua duo  gROONGdwY Ta akOAouBa
OUUTITWHATA:  OUpIyuo, PBAXa, Tapaywyrl TTUéAwv. Ta o&vo TpwTa
BaBuoAoyndnkav pe kKAipaka 0-3 (O=atroucia, 1=Ama, 2=pétpia, 3=Rapid). H
TTapAywyr TITUEAWV €EKTIUABNKE META atrd 24wpn OUAAoyr TITUEAWV Kal
dlaTAPNON AQUTWY O€ TTAAOTIKO KUTTEAAO XwpnTIKOTATAS 50ml. H BaBuoAdynon
€YIve WG akoAoUuBbwg: O=atrouadia amméxpeuyng, 1=amoxpeuwn Aiydtepn atmo 10
MIOO KUTTEAAO, 1=aTmTOXpePWn TIEPICOOTEPN ATTO TO MIOO KUTTEAAO QAAG
AiyoTepn a1rd OAOKANPO KUTTEAAO, 3=ammOXpeEPWn MeEYOAUTEPN ammd £va
KUTTEANO. H BaBpoloyia Twv cupmmtwudtwy abpoifdtav KABe nuépa Kal
uttoAoyifétav PECOG OPOG Kal yia Ta Tpia CUPTITWMOTA. To €Upog TNng
BaBuoAoyiag Arav 0-9. EmmpdoBeTa karaypdenke n didpKeIa TNG vOOOU O€
€N KaBWG Kal 0 apIBUOG TTapogUVOoEwWY /€TOG

ITATIZTIKH ANAAYZH.

O1 TIyéEG TTOU aopOoUCaV TA XOPAKTNPIOTIKA TwWV ATOMWYV EKQPACONKAV WG
péon Tiun (SD) ue 1o Upog Twv TIHWYV O€ TTapévOeon. EEaipeon atroteAouoe n
nAIKia TTou ek@paoTnke wg didueon Ty (SD). Otav o1 TINEG agopoucav
OUYKPIOEIG METAEU TTAPANETPWYVY TNG MEAETNG eKPPACONKAV wg pEon TIPA ME
95% confidence intervals (Cl) yia TIG dIa@opEG HETALU TWV TIMWV. OAEG OI TIYEG
e€eTAOBNKAV yIa QUOIOAOYIKA KATAVOMR. H QUOIOAOYIKH KOTAVOUA TWV TIHWV
eCetaoBnke pe 1o Shapiro Wilk's test. Av dev kKaTtavéuovtav QUGCIOAOYIKA TO
non parametric Mann Whitney test xpnoigotroienke yia TIG OTATIOTIKEG
OUYKPIOEIG. AVTIOETO O€ QUOIOAOYIKEG KOTAVOUEG XPNOIMOTTOINBNKE TO paired—
t-test. Pearson’s correlation coefficient xpnoipgotroiénke yia tnv agloAdéynon
OTATIOTIKAG ONUAVTIKAG OUOXETIONG METAEU TTAPOUETPWY HE (QUOIOAOYIKA
KATOVOMI  €VW  yIa  TIAPOUETPOUG  HE U QUOIOAOYIKH  KATAVOUN
xpnolyotroinénke 1o Spearman's correlation coefficient. Tiyp p <0.05
XOPAKTNPIOBNKE WG OTATIOTIKA ONUAVTIKH.

AMNMOTEAEZMATA.

Xpnoiyotrolwvtag v YEBODO  TTOU  TTEPIYPAPNKE  yIa  TOV  €EAEYXO

ETTAVAANYIPOTNTAG TWV PETPOEWYV, BpEBnke OTI oI TIWES Tou H20O, o€ didoTnua
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2 nuepwyv TTapoucialav PN OTATIOTIKG OnuUAvTikg dla@opd Kal yid TOUg
aoBeveic aAAG kail yia Toug @uaololoyikoug [0.07 (SD 0.04) yia Toug acBeveig
kar 0.03 (SD 0.02) yia toug @uaioloyikoUg]. O éAeyxog oTaBepdTnTag TWV
OelypaTwy Ogv £0€IEE OTATIOTIKA ONUAVTIKY dIAQOPA YETAEU TWV 4 PETPHOEWV
[0.62 (0.41) SD oT1ig 2 nuépeg, 0.64 (0.4) petd ammo 1 gBdoudda, 0.635 (0.4)
METG atrd 2 eBOouadeg, 0.64 (0.42) petd ammod 3 efdouadeg, p=0.55].

Ta emireda Tou H202 BpéBnkav va gival onuavTiKa uPnAdTEPQ OTOUG QOBEVEIC
ME BPOYXEKTAOIEG OUYKPITIKA pE TOug @Qualoloyikoug (1.1, 95% CI 0.87-1.29
MM évavm 0.3 95% CI 0.19-0.36 pM avrioToixa, p<0.0001, Eikéva 1). Ta
etrireda Tou H,O, 0TOUG 00B¢eveiC TTOU eAduPBavav eI0TTVEOUEVA OTEPOEIDN eV
TTapoucialav onuavTik diagopd PeE auToug TTou dev eAdupavav avdaloyn
aywyn (1.15, 95% CI 0.81-1.5 pM évavt 1.02 95% CI 0.73-1.3 uM avrioToixa,
p=0.55, Eikova 1). ZTi¢ dUO auTéC OpAdeg agloAoyndnkav Kal o1 AAAEG
TTOPAPETPOI TNG MEAETNG XWPIC va  TTPOKUWOUV COTATIOTIKA OnUAvTIKA
atmroteAéopata peTagu Toug (Mivakag 1). AoBeveic ye XpOvIo QTTOIKIONO OTTd
WA gixav onuavtik@ upnAotepa emmitreda H,O, o€ oxéon Pe autoug TToU dev
TTapouciadav atmoikiopyo amoé WA (1.6, 95% CI 1.25-1.92 uM évavti 0.8 95%
Cl 0.64-1.1 uM avrioToixa, p<0.05, Eikéva 1). O1 acBeveic TTou eAdupavav
avTIBloTIKG o€ xpovia Bdaon cixav OTaTIOTIKA onUAvTIKA uwnAoTEPa ETTITTEDQ
H.,O, o€ oxéon pe autoug TTou dev eAduPBavav avaloyn Bepatreia (1.3, 95% ClI
0.95-1.7 uM €vavti 0.9, 95% CI 0.67-1.16 pM avrioToixa, p<0.05).

O OAIKOG apiBudg KUTTApwY OTnNV TTPOKANTA ammoxpeuyn ATAV ONUAVTIKA
UYnNAOGTEPOG OTOUG aoBeveic e  PPOyxeEKTaoieG o€ OXEOn MHE TOUG
@ualohoyikoUc (3.7 95% Cl 1.6-3.9 x10°ml™ évavm 2.1 95% Cl 1.4 —2.3
x10°ml”, p<0.001). O % OpPIBUOC TWV TTOAUPOPPOTTUPHAVWY OTTWG aAUTH
avoAUBnkav oTnv TTPOKANTA ATTOXPEUWN ATAV ONUAVTIKA uwnAdTEPOG OTOUG
BPOYXEKTAOIKOUG aOBevEIG OUYKPIVOUEVOG WE TOUG @ualoloyikoug (59%,
595x10%/g, 95% Cl 54-63 %, 465-616x10%g, évavt 27% 278x10°%g, 95% ClI
24-36 %, 209-296x10%/g, avrioToixa p<0.0001, eikéva 2). AvriBeta ol
Quaololoyikoi gixav uwnAoTepo apiBud % poKpoAywv o€ OxEOn ME TOUG
BpoyxekTaoikoUg (72%, 95% Cl 65-84 %, 721x10%g, 619-804x10%g, évavti
40%, 95% CI 32-53 %, 328x10%g, 267-396x10%g, avriotoixa p<0.0001,

€IKOva 2).
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O1 ouoxetioelig PETAEU TwV TTOPAPETPWY ouvowilovtal OTov Trivaka 4.
MapatnenBnkKe MIa onUAVTIKY BETIK OUOXETION METAEU Twv E€MITTEOWY TOU
H2O, oTov ekTTveOPEVO aépa, Tou % aplBPoU Twv TTOAUPOP@POTTUPNVWY OTNV
TIPOKANTA ATTOXPEPYN, TNG EKTAONG TNG VOOOU OTTWG QUTH EKQPACONKE PE TNV
HRCT, 1ng FEV1 % avap. Kal TG KAIVIKNAG BapuTnTAG OTTWG QUTH KPPACTONKE
ME TO KAIVIKO score BapuTtntag vooou. (rs =0.9, p<0.0001, rs = 0.66, p<0.0001,
rs = 0.43, p<0.05 avmioToixwg) (Eikéva 3A-3B-4A). Mapatnpndnke akéua pia
ONPAVTIKR apvnTik cuoxETion peTagu Tng FEVy % avap., Twv emmmédwy Tou
H,O, OTO OUMUTTUKVWHO TOU EKTTVEOMEVOU aépd, Tou % apiBuou Twv
TTOAUPOPQOTTUPNVWY OTNV TTPOKANTA aTTOXPENWN KAl TNG €KTAONG TNG vOOOU
(rs=-0.42, p<0.05-cikéva 4B, rs=-0.39, p<0.05 kai rs=-0.48, p<0.05,
avTIoTOIXWG). MNapatnpABnke pia onuavTik BeTIK OUOXETION PETALU Tou %
apIBUOU TWV TTOAUPOPQOTTUPNVWY OTNV TTIPOKANTA ATTOXPEUWN KAl TNG
éktaong TG vooou (rs= 0.6, p<0.0001). To score KAIVIKNG PBapuTnTOg
TTapouciale  OeTikd@  onuavTikl  ouoxétion  pe  Tov % aplBud
TTOAUPOP@POTTUPNVWY OTNV TIPOKANTH aTTOXPEPYN KAl TNV €KTAON TNG VOOOU
(rs= 0.67, p<0.001, rg= 0.4, p<0.05). Aev TTOPATNPNONKE CNUAVTIKA CUCXETION
METAEU TOU % apIBuoU Twv PaKPo@Aywv Kal Twv emmmédwy Tou HO, oTo
OUNTTUKVWHO TOU EKTTVEOUEVOU aépa (rs=-0.14, p= 0.54). H didpkeia TG vdoou
Kal 0 apiBuég mTapofuvoewy / £T0¢ dev OUOXETICOVTOUCQAV CNUAVTIKA WE TIG

TTOPAPETPOUG TNG MEAETNG.
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B) AZOMA

YAIKO

MeAetriBnkav TTevivia acBeveic pe dobua (39 avdpeg, diaueon (SD) nAikia 29
(6) €1n, eupog 19-43, yéon (SD) FEV4 % avapevouevng 82 (16), eupog 49-110,
Mivakag 5). H &idyvwon Tou AOBuATOG POCIOTNKE OTA KPITAPIA TOU

Apepikavikou Ivotiroutou Kapdidg Mveupdvwv'

. Tpidvta duo atmd auTtoug
NTav oTOTTIKOI PE BAon TIC BETIKEG dEPUATIKEG DOKINOCIEG O TOUAAXIOTO €va
atro Ta £€1 KOIVA aAAepyloyova KaBwg Kal atrod Tnv augnon Twv ETITTEDWV TNG
oAIKAG IgE. O1 aoBeveic ouppeteixav otn PEAETR pévo av ATav KAIVIKA
otaBepoi kal dev Trapoucialav TTapdéuvon TG vooou atrd oTToladnTToTE
EKAUTIKO @iTIO yIa TOUAGXIOTO 4 €BSOPAdES TTPIV TNV E1I0AYWYI TOUG OTN MEAETN.
Eikool eAdupBavav eiotrvedpeva oTepoeldr] (TrpoTriovikry @AouTikalovn 500 £wg
1000 pg nuepnoiwg n Boudeoovidn 400 éwg 800 ug nuepnoiwg). Kaveig dev
eAduBave  AAAN  avTigAeypovwdn  aywyrl  CUUTTEPIAQUPBAVOUEVOU  TWV
QVTAYWVIOTWV AEUKOTPIEVIWV Kal TNG Beo@uAAivng. Kaveig aoBeviig dev
eANduBave  BAevvoAuTikd kol kavévag  Oev  eupiokeTo  0E  Xpovia
oéuyovoBeparreia. Eikoor dUo acbeveic eAdupfavav pakpdg dpdoews 32
OIEYEPTEG dUO QOPEG TNV nUEPA (MEPIKOI ATTO QUTOUG XPNOIhoTToloUocav
TTEPIOTACIOKA Bpaxeiag dpdoews B2 dIEYEPTEG WG BepaTreia avakouPIons) EVw
ol UTTOAOITTOI €IKOOI OKTW XpPENnOoidotTololocav w¢g HMOVo BepatreuTikO PECO
MOKPAG n Bpaxeiag dpacewg P2 dieyépteg oav Bepatreia avakou@iong. Ol
a00eveic Pe PPOYXIKO GoBua yxwpiodnkav oe TpeIG opdadeg pe Pdaoel Tnv
BapuTtnTa TNG VOOOU OTTWG AUTH EKQPACETAI PE TA KPITAPIA TOU APEPIKAVIKOU
lvoTitoutou Kapdidg Mveupdvwv''. 10 aoBeveic xapaktnpiobnkav w¢ Ao
dlaAeitrov dobua, 20 aoBeveic xapaktneiobnkav wg ATmo emipévov kKal 20
a0BeveiG WG PETPIO.

Q¢ opdada eAéyxou xpnoipotromOnkav 15 @uolohoyikd atopa (11 avdpeg,
didueon (SD) nAikia 33 (7) €tn, eupog 19-37, MMivakag 5). OAol ATav un
KamvioTéG  kal  Oev  Trapoucialav  Aoipwén avwTEPOU N KOATWTEPOU
QVOTTVEUOTIKOU YIa TOUAAXIOTO £€1 EBOOMADES TIPIV ATTO TNV CUPUETOXN TOUG
otnv MEAETN. Aegv gixav 10TOPIKG Xpoviag vooou Kal dev eAduBavav xpovia
@appakeuTik) aywyr. OAol gixav apvnTIKO 10TOPIKO QTOTTIAG KAl APVNTIKES

OepuaTikéG dokipaoieg oe €€ koiva aAAepyloyova. OAol gixav @uoioAoyiKA
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ompouétpnon (Péon (SD) FEV4 % avapevépevng 95 (3), eupog 87-121) kai
dev Trapoucialav PPoyxIKA UTTEPAVTIOPACTIKOTNTA OTTWG QUTH PETPRONKE ME
dokiyacia TpokAnong ue 1otapivn (PD2o >0.800mg, péon Ty 1.45 ue €0pog
0.95-1.9).

MEOGOAOI.

2€ OAoug Toug aoBeveic £yive CUANOYI CUNTTUKVWMPOTOG EKTTVEOUEVOU QPO E
METPNON Twv emTTEOWV TOu UTTEPOLEISioU Tou udpoydvou, oUAAoy TITUEAWV
ME TNV HEBODO TNG TTPOKANTHG ATTOXPEUYNG KABWG Kal EAEYXOG AVOTTVEUOTIKNG
A€IToupyiag Ye TRV AtTAR OTTIPOPETPNON

MeTtpriBnkav Ta etiTreda Tou HyO2 Kal €yivav ol avlAoyeG OUYKPIOEIG PE THV
ouGda eAéyxou. ZTOUG 0OBeveic pE PpoyxXikd AGoBua Eyivav TTEPAITEPW
OUYKPIOEIG OTIG UTTOOMAdEG TTOU TTPOEKUWAV META aTTO  agloAdynon T1ng
KAIVIKAG Baputntag ue Bdon Tig dieBveic odnyieg. Kataypdenke n €Tidpaocn
TwV €loTTveouévwy oTepoeldwy (EZ) oTta etitreda Tou HO; yia kéBe pia atrd
TIG opadeg. Ta emimeda Tou H,O, cuoyxetiobnkav yia kKGBe pia opdda pe
TTOPAPETPOUG TTOU £6EPPALAV KAIVIKI) KAl AEITOUPYIKY BapuTnTa, KABWG KAl hE
TTOPAPETPOUG TTOU eE€@palav TNV QAEypovh OTTWG QUTA EKPPAOCTNKE WE TOV
KUTTOPIKO TTANBUCOPO atmd Tnv TTPOKANTA amoxpepyn Kai Ta €mimeda TnNg
NWOIVOQPIAIKNG KATIOVIKAG TTpwTEIVNG (ECP) OTO UTTEPKEINEVO TWV TITUEAWV.

H ouAAoyn Twv dUo delyudtwy KaBWwS Kal N atrAf oTmpopéTpnon £yive Tnv idla
MEPA. TO ATOPO TTOU €KAVE TIG NETPNOEIG TOU UTTEPOEEIDIOU TOU UDPOYOVOU dEV
yvwpIZe TO KAIVIKO Kal AeITOUpYIKO status Twv TOPwWV TNG HEAETNG.

ZUAAOYI CUMPTTUKVWHOTOG EKTTVEOUEVOU aépa Kal HETPNON utrEPOSEISiou
TOU Udpoyodvou.

H ouAAoyr) TOU CUPTTUKVWUATOG TOU EKTTVEOUEVOU Q€pa £YIVE PE TNV PEBODO
TTOU TTEPIYPAPNKE YIA TIG BPOYXEKTACIEG. H €TTAVAANWINOTNTA TWV PETPOEWV
Tou HyO, eAéyxBnKke o€ 2 BIAPOPETIKEC NUEPES O€ 5 QUOIOAOYIKOUG Kal O€
O0éka aoBeveic pe GoBua dIaPOPETIKAG BapuTnTag TTou eTTIAEXBNKav Tuxdaia.
MNa tov éAeyxo otaBepdTNTOG TOU OtiypaTog Xpnolyotroienkav 10 aropa (5
aoBeveig). Xpnoigotroidnkav ol puéBodol  TTou  TTEPIYPAPNKAV  yIa  TIG
Bpoyxektaoiec’®. Ta v pérpnon Tou H,0, xpnoigotoiénke n rdn
TepIypageioa evUpIKA péBodoc*e0.
MpokANTA atrdéxpepyn.
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H mpokANTA atmméxpepyn £yive oUPQwva PE TNV PEBODOO TTOU TTEPIYPAPNKE
TTPONYOUNEVWG. 2ZTOUG aoBeveic pe Bpoyxikd doBua uetpriOnke n ECP oTo
UTTEPKEINEVO TwV TITUEAWV ME Tnv PEBOBO TTou  €xel avagepBei oTn
BiBAoypagia’®. XpnoipomoiriBnke evIUUIK avooo QAOUOMETPIKA HEBOSOC
(Pharmacia, Uppsala, Sweden). O1 petpioeig Twv TITUéAwV €yivav Tnv idla
MEpa yia OAOUG TOUG QOBEVEIG.

Ag1ToupyikéG SOKINAOIEG.

H pétpnon g FEV4, VC, éyive pe ompdperpo Vica-test, Mignhard, NL. H
KaAUTEPN TIpoOTTABEIa a1rd TPEIG ekppalouevn oe FEVy, VC % g
QVOUEVONEVNG XPNOIMOTTOINONKE OTNV PEAETN. ZTNV OPAdA EAEYXOU KOBWG Kal
oTouG aoBeveic pe AMO doBua €yive dokiyaoia BpoyxXIKAG TTPOKANONG uE
IOTAMIVN ME OKOTIO YIA TIG MEV TTPWTN TOV ATTOKAEIONO ATOPWYV PE BPOYXIKN
UTTEPAVTIOPACTIKOTNTA YIA TNV YEV OEUTEPN YIA TOV KABOPIOPO TOou BaBuou Tng
BPOYXIKAG UTTEPAVTIOPAOTIKOTNTAG ME OKOTIO Tnv agloAdynon Tou wg
TTapapéTpou PapuTtnrtag Tou Gobuatog. H Bpoyxikr uttepavTidpacTIKOTNTA
METPAONKE pE OdoKIyacia TIPOKANONG HE 1I0TAYIVR XPENOIMOTIOIWVTAG TO
ovotnua APS Jaeger, Wurzburg, Germany pe vegehotrointy Sandoz
(Jaeger). H PDyg peTpriBnke wg n d60N 10TAUIVNG TTOU TTPOKOAEI TITWOoN TNG
FEV4 katd 20%. Q¢ atmmoucia BpoyxIKAG UTTEPAVTIOPACTIKOTATAS BewprOnKe
PD2o >0.800mg. H PDyy kaBopioBnke pe TOV UTTOAOYIGHO TNG NUIAOYAPIOUIKAG
KAUTIUANG TTOU TIEPIYPAQEl TN OXEON dOONG—ATTEVINONG °8. T SGAOUC TOUC
a0Beveic e Bpoyxikd aoBua YeTPAONKE N YEyioTn ekTTveuoTiKA pory (PEFR) 2
QOPEC NUEPNCiIWG (TTpwi-Bpadu) Kal UTTOAOYIoTNKE N nuUEPAOIa dlakupavon
n¢ PEFR upe T0Oov akOAoubBo TtUTO: Ppaduvh-nuepnoia/péon  TIUA
nuepnoiag+pBpaduvnig x 100.

Mapdpuerpol A§ioAdynong.

DapuaKeUTIKE OgpaTreia.

2€ OAoug TouG aoBeveic €yive MO TTEPAITEPW AVAAUCN HE OKOTTO VA
Kataypa@ei n €midpacn Twv EI0TIVEOPEVWYV OTEPOEIBWYV oTa TTiTreda Tou HL0;
Kabwg kal oTIg OIAPopeG TTAPAPETPOUG agloAoynong. H emidpaon Twv
EIOTIVEOUEVWY  OTEPOEIdWVY OTO AoBua £ylve KAl OTIG UTTOOUAOEG TTOU
TTPOEKUWAV HETA TNV TTEPAITEPW avVAAUCN TOUuG WE Baon Tnv BapltnTa Tng

vOOOoU.
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KAiviki BapUTnTa
H kAivikip BapuTtnta NG vooou acloAoynénke pe PabBuoAoyia CUPTITWPATWY

M2 ¥e 6houg Touc aoBuaTIKOUC

TeEKUNPIwPEVN BiBAIoypagika (MMivakag 6)
aoBevei¢ ¢NTHBNKE va KATaypda@ouv Ta KOBNUEPIVA TOUG CUUTITWHATA yid
XPOVIKO didoTnua duo eBdopddwy. Ta cuutTwuata TTepieAduBavav 1o BAXa,
TNV TTOpouCia ouppiToucag avatvong oTtnv OIdpKeEla TG nuépPAg, Tnv
duomrvoia  Kal TEAOG Tnv  UTTapén VUXTEPIVAG OUPTITwHaTOAoyiag. Ta
oupTITwparta BaBuoAloyndnkav pe kAipaka 0-3 (O=artroucia 1=nT0, 2=pPE£TPIO,
3=pBapu). H BaBuoAdynon Tou KABE CUPTITWHATOG TTPOCTIOETO CUVOAIKA Kal
UTTAPXE €vag PECOG NUEPAOIOG OPO¢ yia TNV TEPI0dO TNG agloAdynong. Aev
TTapatnenénkav PeTaBOAEC oTnv avatrveuoTikh Asitoupyia (FEV4, PEFR)
puetald g 1" kai TG 14" nuépag (xpovikd dIdoTnUa  KATaypagng
OUMTITWHATWV).

ZTATIZTIKH ANAAYZH.

O1 TiyéG TTOU aopoUCcaV Ta XOPAKTNPIOTIKA TwV ATOMWYV EKPPACONKAV WG
péon Tiun (SD) ue 1o eUpOG Twv TIHWV O€ TTapEvBeon. ECaipeon atroteAouoe n
NAIKia TTou ek@pAoTnke wg didueon TR (SD). Otav o1 TINEG agopoucav
OUYKPIOEIG METOEU TTOPANETPWY TNG MEAETNG eKPPAcONKav wg péon TIUA ME
95% confidence intervals (Cl) yia Tmig dia@opég peTagU TwWV TIMWV. H
QUOIOAOYIKN KaTavour TwV TIHWV £€eTAoONKe pe To Shapiro Wilk's test. Av dev
KatavéuovTav — QuOoIoAoyIK@ TO non parametric Mann Whitney test
XPNOIMOTTOINONKE yIa TIG OTATIOTIKEG OUYKPIOEIG. AVTIBETO O€ QUOIOAOYIKEG
KATaVOPEG  XpnoiyoTtroindnke TO paired—t-test. O1 TTapdueTpol amd  TIg
UTTOOMABEG TOU A0BUATOC OUYKPiOnkKav PETAgU TOug pe one-way analysis of
variance (ANOVA) pe avaloyo diopbwTiké post hoc test (Bonferoni) yia Tig
TTOMOTTAEG ouyKpioelG. Pearson’s correlation coefficient xpnoipyotroifénke yia
TNV a&loAdynon OTATIOTIKAG ONMPAVTIKAG CUOXETIONG METAEU TTOPANETPWYV ME
QUOIOAOYIKI] KOTAVOMI €VW VIO TTOPAPETPOUG PE PN QUOIOAOYIKA KATAVOUN
xpnoigotroindnke 1o Spearman's correlation coefficient. tnv mmpooTrdBeia
dlepeuvnong TTAPAAANAWY CUCXETIOEWV METAEU KUTTAPIKOU TTANBUCHOU Kal
H>O2 xpnoipotroindnke oTaTIOTIKO POVTEAO TTOAAATTAWY cuoxeTiocewv (SPSS
98 for windows). Tiun p <0.05 BewpABNKE WG CTATIOTIKA CNUAVTIKA.
AMNOTEAEXZMATA.
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H emavoAnpiudtnta m¢ peBOdOU Kal Twv HETPACEWV METALU 2 NUEPWV
katédeige péon dlagopd Tipwy 0.09 (0.03) uM yia Toug acBeveig kair 0.07
(0.04) uM vyia Tnv oudda eAéyxou. H otaBepdtnTa Tou H,O, ota deiyuata 1Tou
Karayuxonkav KaTéDEIGE PN OTATIOTIKA ONUAVTIKA O1a@opd avAaueoa OTIG
Téooepig peTpnoelg [0.54 (0.21) uM petd amd 2 nuépeg, 0.58 (0.3) uM petd
até pia eBOopada, 0.6 (0.3) perd atrd 2 ¢fdouddeg, 0.57 (0.4) uM perd amd 3
eBoouddeg, p=0.43].

H péon miun (95%Cl) 1ng ouykévipwong tou Hy;O2 0TO OUPTTUKVWHA TOU
EKTTVEOUEVOU QEPA aoBUATIKWY acBevwv ATV ONUAVTIKA uwnAoTepn atrd
auTh TNG opadag eAéyxou (0.67,0.56-0.77 uM vs 0.2,0.16-0.24 uM, p<0.0001,
Eikéva 5). H otamioTik& autrp onuavtikg diapopd o@eIAOTaV KUpiwg oTnv
augnuévn ouykEvipwon tou HO, oTtoug acbBeveig pe pETpIo Aobua, pia Kal
gixav TINEG onPaVTIKA UWNASTEPEG O€ OUYKPION ME TOUG QOBEeveiG PE ATTIO
dlaAeitrov kal ATTo emuévov avriotoixa (0.94, 0.76-1.12uM, 0.27, 0.23-
0.32uM ka1 0.59, 0.47-0.7uM avrioToixa, p<0.0001, Eikéva 5). O1 aoBeveic pe
ATTI0 JIAAEITTOV, ATTIO ETTINEVOV Kal PJETPIO AOBPa gixav onuavTiKA uynAOTEPEG
TIUEG OouyKpIvopevol pe TNV opdda eAéyxou (p=0.04, p<0.001 kai p<0.0001
avTtioToixa). Aev TTapatnERdnkav onuavTikéG dIAQOPESG PETALU ATOTTIKWY KOl
MNn atotmkwy acBevwy , (0.7 95%CI 0.6-0.8 vs 0.6 95%CI 0.4-0.8, p=0.08).
Kal oTIg T€E00€pIC OPAdEG aOBUATIKWY TTapaTnENONKE uWnASTEPO TTOCOCTO
NWOIVOPiIAwV TO OTToI0 XapakTnpIi(otav atrd avodikr) Taon o€ ocuvAapTnon ME
TNV Baputnta NG véoou (0.3%, 95%CI 0.1-0.6, 7x103/g, 95%CI 2-8 yia Tnv
opdada eAéyxou, 7%, 95%CI 2-9, 98x10%g, 95%CI 71-114 yia SAOUC TOug
aoBuatikoug, 2%, 95%CI 0.8-3, 21x103/g, 95%CI 14-27 yia 10 ATTIO dIaAEITTOV,
5%, 95%CI 2-7, 74x103/g, 95%CI 63-81 yia 10 Ao emipévov, 11.5%, 95%CI
4-13, 164x103/g, 95%CI 137-198 yia 10 uyéTplo aoBua eikéva 6, TTivakag 7,
p<0.001 oTamioTiIk& onuavTIK& UPNAGTEPO TTOOOOTO OTOUG ACBEVEIC e PETPIO
aoBpa). O % apIBPOSG HAKPOPAYWY ATAV CNPAVTIKA XAPNNAGTEPOG o€ aoBeveig
ME METPIO AOBUA CUYKPIVOPEVOG PE QUTOV TWV a0BEVWYV PE ATTIO BIAAELITTOV Kal
Ao empévov (57%, 95%Cl 51-60, 518x10%/g, 95%Cl| 435-562, 72%, 95%ClI
67-74, 737x10%/g, 95%Cl 637-816 kai 70%, 95%Cl 69-75, 621x10°/g, 95%Cl
577-703 avrioToixa, ekéva 6, p<0.0001). TéAog oplakr) onuavtikOTNTA
TTapaTNENOnNKe oTov APIBUO TWV TTOAUPOPQPOTTUPNVWY OE QO0BEVEIG YE PETPIO

A0Bua CUYKPIVOUEVOI ME TOUG QVTIOTOIXOUG ME ATTIO SIAAEiTTOV KAl ATTIO
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empévov (31%, 95%CI 28-35, 255x10%g, 95%CI 211-273, 25%, 95%CI 20-
26, 224x10%g, 95%CI| 195-237 kai 24%, 95%CI 21-25, 201x10%g, 95%CI
189-220 avrioTtoixa, €ikéva 6, p<0.05). ZnuavTikéG dla@opES TTapaTnpidnkav
oTnv ouykévipwon NG ECP oTo UTTEPKEINEVO TWV TITUEAWV PE TNV PJEYAAUTEPN
augnon va Trapartnpeital oe aoBeveic e pETpio dobua (trivakag 5, p<0.001).
Mapatnpendnke pia onuavtikg dlagopd otnv  péon 1w (95%CI1) g
ouykévTpwong Tou HoO, petall tTwv acBevwy tmou eAdupBavav EX kal autwyv
mTou dev eAaupavav (0.66,0.52-0.8 uyM vs 0.87,0.68-1.05 uM,p<0.05, eikova
7). Avaloya atmoteAéopaTta  TTapatnpAbnkav  PETA TO  dIAXWPEIOHO TwV
aoBevwv o€ NTTIO ETTIMEVOV Kal PETPIO doBua Kal e Bdon TTavrote TNV AN i
ox1 EZ (0.65,0.4-0.87 uM vs 0.52,0.41-0.64 uM, p<0.001 kai 1.09,0.83-1.34
MM vs 0.74,0.46-1.02 uM, p<0.0001 avTioToixa, eikova 7). O1 acBeveig uttd EZ
gixav onNPAvTIKA XOUNAOGTEPES TIMEG NWOIVOPIAWY OTNV TTPOKANTH aTTOXPEUYN
kabwg kai ECP oTto utrepkeiyevo Twv TTUéAWV (TTivakag 5, p<0.001 kai
p<0.0001 avTtioToIixa).

2€ ONOUG TOUG aOBPaTIKOUG aoBeveig TTapaTnPABNKE pIa BETIK) ONUAVTIKNA
ouoxétion petagu HoO,, TnG ouykévipwong Tng ECP kair tou apiBuol Twv
NWOIVOQIAwV 0Tn TTPOKANTA amOXpepwn (TTivakag 7). AvaAoya attoTeEAECUATA
Taparnenénkav petagu H,O,, KAIVIKOU score BapuTnTtag Kai dlakuuavong Tng
PEFR (trivakag 7). Mia apvnTiKd GnUAavTIK CUOXETION TTapatnenonke peTagu
H.O2 kai tng FEV1% avau (mivakag 7). H ouykévipwon tou HO, dev
OUOXETICOVTAV ~ ONPOVTIKA  JE  Tov  aApIBUd  Twv  POKPOPAYWV KOl
TTOAUMOPQOTTUPNVWY OTN TTPOKANTA aTTOXPEPWN KOBWGS Kal PE To BaBud Tng
BPOYXIKAG UTTEPAVTIOPACTIKOTNTAG OTTWG aUTH eKQPAcOnke ue TNV PDyy otnv
IOTapivn (TTivakag 7 yia To KUTTOPIKO TTANBUopo kal rs=0.02, p=0.77 yia tnv
PD2). O1 Tmapamdvw  avoQepBeioeg  ONUAVTIKEG  OUOXETIOEIG  Ogv
TTapatnenénkav otav ol aoBeveic xwpioBnkav oe uttoouddeg pe Bdon Tnv
BapuTtnta TNG vooou kai TNV Anwn EZ. Mapatnprndnkav uévo o€ acBeveic ue
METPIO GOBUa KAl KUPiWG O€ auTOUG TTou Oev eAdufavav  €I0TTIVEOUEVQ
oTepoeIdn. (Trivakag 8). Mepaitépw avAAuon CUOXETIOEWV HPETAEU KUTTAPIKOU
TTANBUCUOU Kal cuykEVTPpwong HoO2 KaTEDEICE pIa onUAVTIKA BETIKA OUOXETION
METAEU TwV emTTEdWYV Tou HyO, Kal Tou apiBuou Twv TTOAUPOPPOTTUPNVWY OE
aoBeveic pe péTplo doBpa (r=0.6, p=0.005, Trivakag 7). 10 METPIO GOBUa
TTapatnERonke pia TapAdAANAn BETIKA cuox£Tion TG ouykévTpwong Tou HoO;
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ME TOV QpIBUO TWV nNWOIVOPIAWY KAl OUBETEPOPIAWV OTNV TTPOKANTNA

ammoxpepwn (r=0.61, p=0.003).
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') XPONIA ANMMO®PAKTIKH NMNEYMONOITAGEIA (XAIN).

YAIKO

E¢etaoBnkav 30 aoBeveic (0Aol avdpeg, diaueon (SD) nAikia 59 (9) £€1n, e0pog
42-76, yéon (SD) FEV1 % avapevouevng 59.5 (14), eupog 36-80, lMNivakag 9).
OAMorl fATav katvioTéG e péon Tiwn (SD) katrvioTikAg ouvhBeiag 41 (9) pack
years. O1 TTapamdvw acBeveic xwpiodBnkav oe Tpeig ouddeg pe PBaon NG
BaputnTa TNG vooou ATIWC auTh ekPpdodnke pe Ta kpimApia Tn¢ ERS'3. 10
xapakrtnpiodnkav wg Amma XAl (diapueon (SD) nAikia 59 (10) €1n, eupog 42-
76, péon (SD) FEV1 % avapevéuevng 75 (3), eupog 71-80), 10 wg pétpia XATl
(&1dpeon (SD) nAikia 59.5 (9) érn, eupog 44-71, péon (SD) FEV: %
avapevopevng 60 (7), eupog 50-69) kai 10 wg ooPapnry XAl (didueon (SD)
nAIkia 58 (9) €1n, eupog 47-70, péon (SD) FEV1 % avapevopevng 43 (4), eUpog
36-50). O1 aoBeveig cuppeTeixav otn HEAETN pdvo av ATav KAIVIKA 0TABEPOI Kal
dev Trapoucialav TTapdEuvon TG vOoou atrd OTToladNTTOTE EKAUTIKO QiTIO yIa
TOUAGXIOTO 4 €BOOPAdES TTIPIV TNV €1I0aywyr TOUG OTn MEAETN. AeKaTTévTe
eAapBavav eiotrvedpeva oTePOEIdN (TTpoTTioviky @AouTikalovn 500 £wg 1000
ug nuepnoiwg n Boudeoovidn 400 £éwg 800 pug nuepnoiwg). Avaloyog apiBuog
eAappBave Beo@uAlivn (600mg nuepnoiwg oe 2 ddoclg). Kaveig aoBevrg dev
eAappBave BAevVOAUTIKG evw 3 dtopa atmd TV opada pe tnv cofapry XArll
eAduBavav otuyovoBepatreia kat oikov (uéon Tipn (SD) PaO, 53 (4) mmHg
otov aépa). Aéka aoBeveic eAdupavav pakpdg dpdoews B2 dieyEpTteg dUO
QOPEG TNV nuUEPA,  OEKATTEVTE  XPNOIPOTToloUoaV  TOV  OUvOUAOHO
OOABOUTANOANG —BpwuIoUXOU ITTPATPOTTIOU  TPEIG €WG TEOOEPIG  QPOPEG
NUEPNOCIWG, evw Oéka eAduBavav €I0TTVOEG BPWHIOUXOU ITTPATPOTTIOU TPEIG
WG TEOOEPEIC POPEC NUEPNOiIWG. AcBeveic pe EANeiwn al avTiBpuwivng Kai
arotria  atrokAgiobnkav ammd Tnv  PeAETN.  Kaveig aobBevrig dev  gixe
QVOOTPEWINOTNTA OTNV OTTipouéTpnon (augnon tng FEV4 Tpiavta ATTTG PETA
até elotvony 200ug caABoutaudAng <12%). OAol o1 acBeveig gixav apvntikd
IOTOPIKO ATOTTIOG KOl  aPVNTIKEG OePUATIKEG OOKIJaoieg O €C1  KOIVA
aAAepyloydva.

Q¢ opada eAéyxou otnv XAIT Bewpribnkav 10 dropa pe CUPTITWPATOAOYIA
XPOVvIag BpoyXiTidag xwpic Ouws amogpatn Twv agpaywywv (FEV/VC > 88%

) OTIWG auUTA ekPpaleTal amd Tnv Béon Tnc ERS'3. OAol ATav KaTvIoTéC pE
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péon Tiun (SD) katrvioTikAG ouvhBelag 35 (6) pack years kal dgv TTapouacialav
AOiHWEN AVWTEPOU N KATWTEPOU AVATIVEUOTIKOU YIa TOUAAXIOTO £€1 €BOOUGdES
TIPIV ATTO TNV CUPUETOXH TOUG OTNV PEAETN. Agv gixav 10TOPIKO Xpoviag vooou
Kal Oogv eAduBavav xpdévia @apuakeuTIKr aywyr. OAol gixav apvnTIKO I0TOPIKO
ATOTTIOG KAl apvNTIKEG DEPUATIKEG doKIYaaieg o€ £€1 KoIva aAAepyloyova. OAol
gixav @uololoyikfy otmpouétpnon (péon (SD) FEV4, % avapevouevng 93 (8),
eupog 82-108) kai dev Trapoucialav BPOyXIKA UTTEPAVTIOPACTIKOTNTA OTTWG
auTh PETPABNKE pe dokipaoia TTpokAnong e 1otapivn (PD2o >0.800mg, péon
TiuA 1.17 pe e0pog 0.89-1.5).

MEOGOAOI

2 OAoug TOuG aoOBeveic kKal OTnv OupGda eAéyxou €yive  auAlloyn
OUMTTUKVWHPOTOG  EKTTVEOUEVOU  Q€pa  PE  METPNON TwV  EMMITEOWV  TOU
uTTEPOLEIBioU TOU UdPOoYOVOoU, CUAAOYNA TITUEAWV PE TNV PEBODO TNG TTPOKANTAG
ATTOXPEPNWNG KABWG Kal €AEYXOG QVOTIVEUCTIKNG AEITOUPYIOG WE TNV ATTAR
ompouéTpnon. H ouMoyy Twv dUo Odeiypdtwy KaBWS Kal N atmAf
OTTIPOMETPNON EYIVE TNV idIa pEPA.

MeTtpriBnkav Ta etitreda Tou HyO2 Kal €yivav ol avAAOyeG OUYKPIOEIG PE THV
OMGda eAEyXOU. 2TOUG OOBEVEIC £yIvav TTEPAITEPW CUYKPIOEIG OTIG UTTOOPADES
TTOU TTPOEKUYAV WETA aTrd agloAdynon Tng KAIVIKAG Baputntag ue Bdon TIg
O1eBveic odnyiec. Kataypd@nke n €mmidpacn Twv EICTIVEOUEVWY OTEPOEIDWV
(EX) ota emmitreda Tou H20,. Ta emmitreda Tou H,O2 ouoxeTiobnkav yia KABe pia
OMGda pe TTAPAUETPOUG TTOU eCE€@padav KAIVIKA Kal AsiIToupyikr Baputnta,
KaBwg Kal PeE TTapauéTpoug TTou eEé@palav TNV @Aeypovh OTTwG QuTA
EKQPAOCTNKE WE TOV KUTTAPIKO TTANBUCUOG atrd TNV TTPOKANTH ammodxpeuyn. To
ATOPO TTOU €KAVE TIG METPNOEIG TOU UTTEPOEEIDIOU TOU UDPOYOVOU OEV YVWPICE
TO KAIVIKO Kal AeiToupyiké status Twv atdpwy TnG HEAETNG.

ZUAAOYI CUMPTTUKVWHOTOG EKTTVEOUEVOU aépa Kal HETPNON utrEPOSEISiou
TOU UdpoyodVoUu.

H ouA\oyr) TOU CUPTTUKVWUATOG TOU EKTTVEOUEVOU QP £YIVE OUPOWVA UE
TNV NOn Teplypageioa pEBodo. H eravaAnyipdtnTa Twv PeTpriocwyv tou H,O,
eEAEYXONKE O€ 2 BIAPOPETIKEG NUEPES OE S5 YUOIOAOYIKOUG Kal 0€ OEKA A0 BEVEIG
(TroikiAng BapuTtnTag) mou emAEXONKav Tuxaia. Na Tov éAeyxo oTaBePOTNTAG

ToU deiypaTog xpnoigotroindnkav 10 aropa (5 aoBeveig). H emavaAnyipydtnta
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Twv MeTpRoewv Tou H0, kaBwg kal n otabepdmnTa Twv OEIYPNATWY
EKTINABNKE OTTWC TTEPIYPAPNKE TTponyoUueva otnv BiBAoypagia’®.

MNa tTnv pérpnon tou HO2 xpnoigotmoindnke n non mepiypageioa evCUUIKA
HEBOS0C*E0,

MpokAnTA aTOXPEUYN.

H mpokANTA atroxpepyn €yive oUPQWVA HE TNV MEBODO TTou €xel NoNn
TTEPIYPOAPEI.

Ag1Toupyikég SOKIHAOIEG.

H pétpnon tng FEV4, VC, éyive pe ompdperpo Vica-test, Mignhard, NL. H
KaAUTEPN TIpoOTTGBEIa aTrd TpeElg ekppalouevn oe FEVy, VC % 1ng
QVOUEVOPEVNG XPNOIMOTTOINONKE OTNV WEAETN. ZTNV Ooudda eAéyxou Tng XArl
xpnoigotroindnke o Adyog FEV1/VC pe okotrd va kabBopioel Tnv Tapouadia n
Oxl amméPpPagns Twv agpaywywv' 2. v opada eAéyxou £yive Sokipaoia
BpoyxIKAG TTPOKANONG ME 10TAMIV PE OKOTTO TOV QATTOKAEIONO OTOPWY WE
Bpoyxik  umrepavTidpaoTikOTNTA. H  Bpoyxiki  utreEPavTIOPACTIKOTATA
METPAONKE pE OdoKIyacia TIPOKANONG ME 1I0TAYIVR XPENOIMOTIOIWVTAG TO
ovotnua APS Jaeger, Wurzburg, Germany pe vegelotroint Sandoz
(Jaeger). H PDyy peTpriBnke wg n d60N 10TAUIVNG TTOU TTPOKOAEI TITWOoN TNG
FEV4 katd 20%. Q¢ atmmoucia BpoyxIKAG UTTEPAVTIOPACTIKOTATAS BewprOnKe
PDy >0.800mg. H PDy uttoAloyioTnke WPE TOV  UTTOAOYIONO  TNG
NUIAOYAPIBUIKAS KAUTIUANG TTOU TTEPIYPAPEl TN oxéon Sdonc—amavinong .
Mapduerpol A§ioAdynong.

dappuakeuTIKi Beparreia.

2& OAouGg TOuG aoBeveic €yive MO TTEPAITEPW QVAAUCN HE OKOTIO VA
KATaypaQei n €midpacn Twv EICTIVEOUEVWY OTEPOEIdWY OTa eTTiTTeda Tou H,O,
Kabwg kal oTIG OIAQopeG TTAPAPETPOUG agloAdynong. H emidpaon Twv
eloTrveopévwy  oTeposidwy oty XAIT €yive Kal OTIC UTTOOUAOEG TTOU
TIPOEKUWAV META TNV TTEPAITEPW avAAUCN TOuG WeE Baon Tnv Bapltnta TnG
vooou.

KAiviki BapUTnTa

H xkAivikip Baputnta otoug aoBeveic pe XAl alohoynbnke pe ouoTnPa
BaBuoAdynong tng duaTrvoiag (Tpotrotroinuévn KAipaka duoTrvolag Tou MRC
[MEDICAL research Council],Mivakag 10) "™ w¢ akohoUBwg: 0= atroucia

OUOTIVOIOG €KTOG ATTO TNV TIEPITITWON TNG €VIOVNG CWMATIKAG doknong, 1=
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eMeavion duotvolag 6tav Biddetal oto icwua  otav avefaivel o€ HIKPA
avneopa, 2= PBadifel Bpadutepa ammd avOpwTroug idlag nAikiag oTo icwua
eCaitiag Tng duoTrvoiag f otapatd Adyw ducoTtrvoiag otav Badilel pe 1o dIKO
Tou BAMO OTO iCWA, 3= ZTAPATA VIO VO avacAvel OTav TTEPTTATIOEI TTEPITTOU
100 pétpa n petd ammd Aiya AeTrTd oTo icwua, 4= MNoAU peydAn duoTvola yia
va ptropécel va Byel ammd 1o OTIiT n Otav vioveTal n gevruveral. Eupog
BaBuoAoyiag 0-4.

ITATIZTIKH ANAAYZH.

O1 TIHEG TTOU aYOopPOUCAV TA XOPAKTNPIOTIKA TWV ATOMWYV EKQPACONKAV WG
péon Tiun (SD) ue 1o €UpOG Twv TIHWYV O€ TTapévOeon. EEaipeon atroteAouoe n
nNAIKia TTou ek@paoTnke wg didueon TR (SD). Otav o1 TINEG agopouaav
OUYKPIOEIG METAEU TTOPANETPWYVY TNG MEAETNG eKPPACONKAV wg pEoN TIUA ME
95% confidence intervals (Cl) yia TI¢ Ol0@opég METAEU Twv TIWV. H
QUOIOAOYIKN KOTAVOMH TwV TIHWV ££eTAoONKe pe To Shapiro Wilk's test. Av dev
Katavéuovrav  @uaololoylikd TO non parametric Mann Whitney test
XPNOIMOTIOINONKE yIa TIG OTATIOTIKEG OUYKPIOEIG. AVTIBETO O€ QUOIOAOYIKEG
KATOVOPEG  xpnoiyotroidnke 10 paired—t-test. O1 TTapdueTpol amd  TIg
utToouGdeG TG XAIT ouykpiOnkav pETOEU TOug PE one-way analysis of
variance (ANOVA) pe avdAoyo diopbwTiké post hoc test (Bonferoni) yia Tig
TTOAOTTAEG ouyKpioelG. Pearson’s correlation coefficient xpnoipyotroifénke yia
TNV agloAdynaon OTATIOTIKAG ONUAVTIKIG OUOXETIONG METOEU TTOPAPETPWYV ME
(QUOIOAOYIKI] KATOVOMN €VW YIO TTAPAUETPOUG HE PN QUOIOAOYIKA KOTAVOURA
xpnoigotoindnke 10 Spearman's correlation coefficient. Ty p <0.05
XOPAKTNPIOBNKE WG OTATIOTIKA ONUAVTIKH.

AMNMOTEAEZMATA.

H emavoAnpiudtnta m¢ peBOdOU Kal Twv HETPAOEWV METAEU 2 NUEPWV
Katédelge pia péon diagopd Tipwy 0.04 (0.01) uM yia Toug aoBeveic kar 0.08
(0.04) uM yia Tnv oudda eAéyxou. H otaBepdtnTa Tou H,O, oTta deiyuata 1Tou
Karayuxonkav KaTéDEIGE PN OTATIOTIKA ONUAVTIKA O1a@opd avAaueoa OTIG
Téooepig petpnoelg [0.56 (0.11) uM petd amd 2 nuépeg, 0.61 (0.2) uM petd
até pia eBOopada, 0.6 (0.4) perd atd 2 ¢Bdouddeg, 0.59 (0.3) uM perd amd 3
eBoouddeg, p=0.38].

O1 aoBeveig pe XAl gixav onuavtika uwnAotepeg TinEG HoO2 o€ ox€on pe tnv
opada eAéyxou (0.66, 95%CI 0.54-0.78 uM vs 0.3, 95%CIl 0.25-0.32 uM,
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p<0.0001, eikéva 8). Mepairépw avaluon £0€1EE OTI OTOUG Ao BeveiG pe coBapn
XA n péon 1w 95%CI tou H,O, ATav onuavTIKA uwnAdTEPN CUYKPIVOUEVN
ME auTh Twv acBevwv pe ATa kal pétpia XAl avrioTtoixa (0.96, 0.79-1.13 M
vs 0.33, 0.24-0.43 pM ka1 0.68, 0.55-0.81 avrioToixa, p<0.0001, eikova 8). Oi
aoBeveic pe XAl 10U €AduPBavav €loTTveESPEVA OTEPOEID TTapouaialav
OTATIOTIKA onuavTik& uwnAoéTepeg TIEG HoO2 0 oxéon pe autoug TTou Oev
eAaupavav eiotrvedueva otepoeidn (0.8, 95%CI 0.6-1 pM vs 0.52, 95%CI 0.4-
0.63 puM, p<0.05).

O1 aoBeveic pe XAl  Tmapoucialav  onuavtikad  uywnAotepo  apiBud
OUBETEPOPIAWY OTNV TTPOKANTA ATTOXPEPWYN O€ OXEON ME TNV OMAdA €AEyXOU
(56%, 95%CI 51-61, 538x10%/g, 95%CI 439-601, évavt 39%, 95%Cl 37-40,
317x103/g, 95%CI 279-341, eikova 9, p<0.0001). Availoyn onuavTikf diagopd
TTaPATNPEAONKE KAl YIO TO JAKPOPAYQ WE TNV dIa@opd OTI OTOUG AOBEVEIG e
XAl o apiBudg ATav PIKPOTEPOG O OoUYKpPIon PE TNV opdda eAéyxou (42%,
95%CI| 37-47, 371x10%g, 95%Cl 306-397, évavt 60%, 95%Cl 59-62,
568x103/g, 95%CI 517-604, cikdéva 9, p<0.0001). Avadloya atroTeAEOUATO
Tapatnenénkav oTtoug aoBeveic pe cofapry XAIT otav ouykpiOnkav pe
aoBeveic ue péTpia kal Amma XA avrioToixa (66%, 95%Cl 64-68 601x10%/g,
95%CI 533-644, évavtl 63%, 95%Cl 58-67.5 570x10°/g, 95%Cl 521-611 kai
39%, 95%CI 36-43, 308x10%g, 95%CI 270-334, avrioToixa p<0.0001 yia Ta
TToAUHop@oTIUpNVa, €IKOVa 4B), (32%, 95%CI 30-34, 285x10%/g, 95%CI 224-
301, évavtl 36%, 95%Cl 32-41 314x10%g, 95%CI 278-341 ka1 60%, 95%ClI
56-63, 561x10°/g, 95%Cl 519-603, avrioToixa, p<0.0001, yia Ta PAKPOPAYQ,
€Ikova 9).

O1 ouoxeTioleg PeTagu TG ouykévipwong Tou HyO2 0TO CUPTTUKVWHPA TOU
EKTTVEOUEVOU QEPA KAl TWV TIAPOAUETPWY TNG MEAETNG ouvowilovtal OTOV
Mivaka 11. TMapatnpeABnke udia ONUAVTIKA O€ETIK) OUOXETION MPETALU TNG
ouykévipwong Tou HyO, 0TO CUUTTUKVWHO TOU EKTTVEOPEVOU aépa Kal Tou %
apIBUOU TwV TTOAUPOPQPOTTUPNVWY OTNV  TTIPOKANTA atroxpepywn (rs=0.77,
p<0.0001, eikéva 10A). ApvnTiKfi CUOXETION TIAPATNPNONKE MPETALU TNG
ouykévipwong Tou HO, O0TO CUPTTUKVWHPO TOU EKTTVEOUEVOU aépa Kal TNG
FEV1 % avapevépevng (rs=-0.9, p<0.0001,eikéva 10B). Avaloyn apvnTikA
ouoxXETION TTOPATNERONKE PETALU TOU % apIBUOU TWV HAKPOPAYWVY OTNnV

TTPOKANTA ATTOXPEUWN KAl TNG OUYKEVTPWONG Tou HaO2 0TO OUUTTUKVWHA TOU
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ekTTVEOUEVOU aépa (rs=-0.76, p<0.0001). To kAIvikd score Tng duoTvolag dev
TTapouciale onuavTikg ouoxETion MPe TNV ouykévipwon Tou HO, oT0
OUMPTTUKVWPO TOU eKTTVEOPEVOU aépa (rs=0.12, p=0.09). Mepaitépw avaiuon
TWV CUOXETIOEWV OTIG TPEIG UTTOOUADEG TNG VOOOU £O€IEE OTI O TTAPATTAVW
OUOYXETIOEIG agpopoucav POvo Toug aoBeveic pe péTpia kal ocofapry XArl.
(Mivakag 11). O1 CUCXETIOEIG PETALU TWV TTAPAUETPWY TNG MEAETNG £DeIgav OTI
n povadiKn I0Xupr CuoXETIoN ATAv auTr PMETAEU Tou BaBuou TnG atrdéPpagns
OTTWG ek@paoTnke he TNV FEV( % avapevépevng kai Tou % apiBuou Twv

TTOAUPOPQOTTUPNVWY OTN TTPOKANTA atmoxpeuyn (Mivakag 12).
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2YZHTHZH

H ouykévipwon tou H2O2 OTO CUPTTUKVWHO TOU EKTTVEOUEVOU QEPA a0BEVWV
ME  QAeypovwodelc  TTABNCEIC Twv  agpaywywv  auédveTal  ONPAVTIKA
OUYKPIVOPEVN UE TIG QVTIOTOIXEG OMADEG EAEyXOU. 2TOUG aoBeveig pe XAl kai
Bpoyxektaoieg e¢apTdaral amd TNV TTOAUPOPQPOTTUPNVIKI QAEYHOVH, VWD OTOUG
a0Beveic PeE PPOYXIKO AoBua €EapTATAl KUPIWG aATTO TNV NWOIVOQIAIKA
@Agypovr) TNG vOOOU, Qv Kal OTIG TTI0 BAPIEC HOPYES PAIVETAI VO CUMMETEXOUV
oTNnV TTapaywyr Tou Kai Ta oudeTEPOPIAA. H augnon autr] yia Pev 10 BpoyxIkod
aoBua @aiveral va eTnpeddetal ammd TNV KAIVIKR BapuTtnta kal Tnv Aqyn EZ,
EVW yIa TIG AAeg dUO TTaBROoEIS gival avegdpTnTn TNG ANWNng EX kai egaptdarail
MOVO aTtrd Tnv BapuTtnta TNG vOoou. Ta TTapATTAvVW EUPHHATA TEKUNPIWVOUV
TNV TTOPOUCIa augnUEVOU OCEIBWTIKOU Stress OTOUG agpaywyousg aoBevwy e
QAEYHOVWOEIG TTABNCEIC TWV TIVEUROVWY aANG OUYXPOVWGE KATABEIKVUOUV OTI
0 POAOG Tou OTnV agloAdynon TNG GAEYUOVNG Kal TNG KAIVIKAG BapuTtnTag Tng
vooou egaptaTtal amd Tnv Trabo@uaololoyia TNG  UTTOKEIWEVNG TTABNONG.
Qaiveral &g, OTI N oNUAVTIKOTNTA TOu POAOU autoU va gival HEYaAUTEPN OTIG
BpoyxekTaoieg evw oTo BpoyxIKe doBua kal Tnv XAl va egaptdral amo tnv
otadlotroinon TNG vooou avaAoya pe Tov BaBuod BaputnTag.

To o&eIdwTIKO stress TTpoépxetal ammd pia dladikacia TTou TTEPIAAUPBAvEl TV
Tapaywyry OZeIdWTIKWY Hopiwv  ME  TauTdxpovn Ouwg dpacTneioTnTa
QVTIOEEIBWTIKWY PNXavIoPwV. Pucioloyikd n TTapaywyrh 0geIdWTIKWY Popiwv
OTOUG QEPAYWYOUG €EOUDETEPWVETAI ATTO TOUG OIAPOPOUS AVTIOEEIDWTIKOUG
MNXavIoPoUG TOu  avOpwWwTTIVOU  AvaTIVEUOTIKOU ouoTApaTog. O1  KUpPIESG
eVOOKUTTAPIEG QVTIOLEIOWTIKEG oudieg €ival n kKartaAdon, n utrePogeIdIKA
dlopoutdon Kal n yAoutaBidvn. H TeAeutaia TTpoEPXETAl ATTO TO ECAPTWHEVO
amd 10 oeAvio €vCuuo TnG TTEPoLeIddong TG yAoutaBidvng. H augnuévn
ouykévipwon H2O, OTO OUPTTUKVWUO EKTTVEOUEVOU Qépa  00BevWV  ME
@Aeypovwdelg TTaBnRoeig dnAwvel auénuévn TTapaywyr ogeIdWTIKWVY Popiwy, A
MEIWMPEVN IKAVOTNTA ECOUDETEPWONG TOUG ATTO TIG AVTIOGEIDWTIKEG OUTiEG. AUTO
@aivetal va emBepaiwveTal amd dIAPOPES PEAETEG TTOU AaoXOAoUvVTal PE TNV
MEIWMPEVN avTIoEEIdWTIKN dpacTnpidTnTa. Oco avagopd 1o Bpoyxikd dobua n
dpaoTtnpIdTNTA TNG TTEPOLEIBAONG TNG YAOUTABIOVNG MEIVETAI O€ AIMOTTETAAIA
aoOuaTikwy aoBevwy, eV N MEIWON auTr @aivetal va givalr avaloyn Twv

EMTESWVY Tou oeAnviou oTov 0pd>2. AvaAoya EUPAPATA TTOU GQOPOUV OHWG
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BpoyxokuweAIBIKO EKTTAUMO Kal €TTIONAIOKA KUTTApa €Xouv Bpebei kal yia Tnv
utrepoCeIdikf  diopoutdon®. Eival Opwe evdlagépov va TovioBei OTI Ta
TTapatmdvw euprpaTa dev €XOuvV TEKUNPIWOE o aoBeveic ye Ao GoBua Kal
eISIKOTEPA O auTOUS TToU eAéyxovTal pe Bepartreia EZ®° Ekei Aoimrév @aiveral
OTI MEOW TOU €AEyXOou TNG QAEYMOVAG KOl OUVETTWG TNG MEIWONG NG
TTOPAYWYNS OZEIOWTIKWY HOPIWwV UTTAPXEl MIO UTTEPOXN TWV AVTIOEEIDWTIKWY
MNXOVIOPWY €vavTl Tou OE&eIdwTIKOU stress. Av AoItév  avaAUooupe Ta
arroTeAéopata pag Ba doupe OTI TO OCEIDWTIKO stress dev AUEAVETAI OTOUG
aoBeveic pe A0 dIAAEiTTwY AoOua, evw TTEPIOPICETAl ONPAVTIKA aTTd TNV
xpnon EX oTmig dAAeg U0 pop@EC KAIVIKAG Tagivounong Tng vooou. AUTEG Ol
EMONPAVOEIC o€ ouvOUAOUO e Ta BIBAIOYpa@IKG dedouéva TTOU ava@épBnkav
yla Tnv dpacTtnpIidTnNTa TWV AVTIOCEIOWTIKWY PNXAVIOMWY Pag odnyouv OTnv
dlaTuTTWOoN Bewpiag TTOU UTTOOTNPICEI OTI OTIG ATTIEG HMOPYES TNG VOOOU Ol
avTIOEEIBWTIKOI  pnxaviopoi €EoudeTepwovouv TNV dpdon Twv O&EIBWTIKWY
Mopiwv, evy 600 n BapuTtnta TNG vooou aufdvetal, evw TTapdAAnAa eTiTeiveTal
N QAEYPOVH OI AVvTIOZEIDWTIKOI INXAVIOMOI OEV €ival ETTAPKEIG YIa va EAEYEOUV
TNV augnuévn TTapaywyn Toug. H xopriynon o€ Twv EZ @aiveTal va Yeiwvel TNV
QVETTAPKEIA AUTH €UPECA, MECW TOU EAEYXOU TTOU €EQOKEI OTNV PAEyUOVWON
diadikaoia.

210UG aoBeveic pe XAl n aténon Twv OLEIBWTIKWY HOPIWV TTPOEPXETAI EITE
aTTé TOV KOTIVO TOU TOIYAPOU R KAl atmmd TNV evepyoTtroinon QAEyHOVWOWV
KUTTapwv. Qaivetal 8 amd Ta amroTeAéopata TNG MEAETNG OTI 0 Babudg
augnong Toug eEapTaTal amd TNV PapuTtnta TG vooou. AuTO €uueca eixe
TOVIOOEi Kal € TTPONYOUNEVEG MEAETEC OTTOU QAIVOTAV OTI TO OZEIOWTIKO stress
augavoTav onuavTikd o€ TTAPOLUVOEIG TG VOOOU ] KOl 0 a0BevEiG ue aoTadn
kAvikry Tropeia®*8. Aev eixe Opwe agiohoynBei oe aoBeveic pe oTadiomoinon
NG véoou cupwva pe diBveic odnyies. H KivnTotroinon Twv avTiogeEIdwTIKWY
MNXQVIOPWY QaiveTal va Pnv gival Opwg avaAoyn autrg Tou aoBuartog. Auto
ouppaivel AOyw TNG TTAPOUCiag TOU TTAPAYOVTOG KATIVIOPA. Ta TTiTTeda Twv
QAVTIOEEIDWTIKWY OUCIWV @aiveTal va Troikilouv pe TIG BiTapiveg E kar C va
ueivovtal*? evid n yhoutaBidvn va aufdvetar®. daivetal de 6T N aveTdpkeIa
TWV aVTIOEEIBWTIKWY UNXAVIOUWYV va €EapTATAl PEV ATTO TNV TTOOOTNTA TOU
KATTVIOPJATOG OTO XPOVo*?, aAAG OUYXPOVWG OTav eP@aVICeTal 0 00BEVEIG UE

eykateoTnuévn XAl va eival ave¢dptntn TNG KATTVIOTIKAG OUVABEIag Kal va
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OXETICETAI E TOV BABUOG TNS PEIWONS TNS AVOTIVEUSTIKAS AerToupyiac® 2. Eival
etmiong 0edopévo OTI N avTIOZEIOWTIKA ETTAPKEIQ OXETICETAI APVNTIKA UE TOV
apIBud Twv oudeTePOPIAWY Ot aoBeveic ue XAM®. Av Aormmdv Bswpriooupe
OTTWG deigape oTnV PEAETN paAg OTI OO0 AUEAVETAI TO TTOOOOTO OUDETEPOPIAWY
1600 armeAeuBepwvovTtal OLEIdWTIKG pOpIa  he  avaloyn peEiwon 1 Kal
QVEETTAPKEIA TOU QVTIOEEIOWTIKOU PNXAVIOWOU, TOTE 0dNYOUNOOTE OTNV AOYIKA
oKEWYN OTI N TTPOOJOG TNG VOOOU PECW TNG ETTIOEIVWONG TNG QAEYUOVIG KAl JE
OUVEPYIKO TTapAyovTa OAAG OXI ETTIKPATOUVTA TO KATIVIOUA ECOUDETEPWIVEI
TOUG  QVTIOGEIOWTIKOUG  PNXaviopous. Av  kal  Ogv  UTTAPXOUV  COQEIG
BIBAIOYPA@IKES TTAPATTOUTTEG QaiveTal OTI OTIC BPOYXEKTATIEG ETTIKPATE N idla
Bewpia Puévo GUWS 600 avaPopd T OUBETEPOPIAA UIO KOl EKEI OEV OUUMETEXEI
oTnV TTAEIOVOTNTA TWV A0BEVWV N KATIVIOTIKY CUVNBEIa.

H mTpokANTA atTOXpeUWn OTTOTEAEI pia onuavTIKA, PN €TEUPATIKA diadikaaia
yia Tnv a&loAéynon tng @Aeypovis. H agia tng otnv péTpnon QAEyHOVWOWY
KUTTEPWV Kol JEGOAaBNTWV €xel TovioBei o€ didpopec perétec 11118 MoANG
OOMIKA Kal  @Aeypgovwodn KUTTAPA  EVEPYOTTOIOUVTAlI OTOUG  AEPAYWYOUG
a00evWV PE PAEYUOVWOELIG TTOBAOEIG JE ATTOTEAEOUA TNV Augnuévn TTapaywyn
oEEBWTIKWY popiwv'. Mapd TNV TTapaTTdvw Bewpic 0 POAOS TWV OLEISWTIKWV
Mopiwv oTnv TTaBo@uaoioloyia TNG kKABe vooou Trapauével adlEUKPIVIOTOG,
AOyw TOU OTI Bev €€l KOBOPIOBEI ETTAKPIBWCS TTOIa KUTTOPA CUMMETEXOUV OTNV
TTOPAYWYr OCEIDWTIKWY HOPIWV Kal KATd TTOCO0 dla@EéPouV O KABE KAIVIKO
o1adlo TnGg voéoou. Eivar yvwoTtd OTI N NWOIVOQIAIKA QAEYPOVH QTTOTEAEI
XOPAKTNPIOTIKO OTOIXEIO TOU ATTIOU ACBUATOG EVW) N TTAPOUCia OUBETEPOPIAWY
UTTOPEl va XapaKTnpilel TIC coPapdTepeC HOpPEC TNE véoou' 2. H Trapouaia S
OUBETEPOPIAWV OTN TIPOKANTH QTTOXPEPYN @PAIVETAI va XAPOKTNPICEl TOUG
a0BuaTIKoUG aoBEVEIC TTOU TTAPAPEVOUV CUPTITWHATIKOI TTapd Tnv Xprion EX.
Ta Tapamdvw €EUPHPATA TEKPNEIWONKAV KAl OTnNV HPEAETN MOG. ZAuEPA
TMOTEUOUPE OTI N TTAPOUCIa NWOIVOPIAWV OTa TTPOKANTA TITUEAQ gival O TTIO
XPNOIMOG BEIKTNG OTNV agIoAGYNON TNG GAEYUOVIG TNG VOOOU Ia Kal EKPPACEI,
eupnuata amd PPoyxIKEG PIOWies, MEIWPEVN AVATIVEUOTIKA AEIToupyia Kal
KAIVIKR) BapuTnTa véoou'" 8. Ta supApata TNg peAETNS pag emReRaiwoay ev
MEPEI TIC TTAPATTAVW TTAPATNPEAOEIS ToViI(ovTag TTAPAAANAQ TNV TTPOEAEUCT) TOU
H2O2 kupiwg atmd 1a nWOoIVOPIAA, PJE CUPHETOX TWV OUBETEPOPIAWV OTIG

BapuTtepeg pop@PEG TG vOoou. Av AOITTOV TTPOCTTOONAOEI KAVEIG VO CUOXETIOEI
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Ta EUPNUATA TNG MEAETNG O€ OXEON ME TIG PEXPI TWPA ETTIKPATOUOES ATTOYEIG
Ba odnynBei 01O CUUTTEPACHA OTI TO NWOIVOPIAG PETEXOUV WG KUPIO KUTTAPO
otnv mapaywyn HzO2, evid Ta oudETEPOPIAG £XOUV CUPUETOXN OAV ETTIKOUPIKO
KUTTOPO OTIG PapuTtepeg HOpPEG NG vooou. H TeAeutaia Ttraparipnon
emBeBalwuveTal Kal atrd To EUPNUA TNG OTATIOTIKA CNUAVTIKAG CUCXETIONG TNG
TaPAAANANG €dptnong TG ouykévipwons H>O, amd nwoivogiAa  Kal
oudeTEPOPIAa oTO HETPIO GoBua. EmmpdoBeta pe TIC TTapamdvw BEoeic Ta
ATTOTEAEOUATA TNG MEAETNG CUPQPWVOUV UE TTPONYOUUEVEG ETTICNUAVOEIG TTOU
Bewpolv Ta NWOIVOPIAG WG TA TTPWTAPXIKA KUTTAPA TTOU CUMMETEXOUV OTNV
mrapaywyr H20,""%"%° ge aoBpaTikoug, vy Ta oudeTepd@IAa BswpolvTal o€
YEVIKI] €vvOla WG Ta KUTTOPA TIOU QTTEAEUBEPWVOUV MPEYAAEG TTOOOTNTEG
OEEIBWTIKWY popiwv?’. Avahoya eupriuaTa €xouv BpeBei og avaAoyn PEAETN e
TTOPATTAACI0 OXEDIOOUO TTOU OUWG DIOPEPEI ONUAVTIKA OTNV peBodoloyia®. Ol
KUpPIEG OlOPOPES agopoloav TO XWPIoOUO Twv aoBevwv o€ oxéon ME TNV
KAIVIKA BaputnTa TnG vOoou, Hia Kal dgv xpnaoiyotroinonkav diebveic odnyieg
yla tnv Tagivépnon. EmmpdoBeTa dev xpnoiyotroinénkav oTnv KUTTAPIKK
avaAuon 6Aa Ta KUTTOPA TTAPA POVO Ta NWOIVOQIAA. ZTIC BPOYXEKTATIES N
agloAdynon TNG QAEYUOVAG Twv agpaywywv MPEOW TnG diadikaoiag Tng
BPOoyxooKOTTNONG €XEI ETTIKEVTPWOEI OTNV TTAPOUTIa TWV TTOAUPOPPOTTUPHVWV
WG TWV KUTTAPWYV EKEIVWV TTOU CUMMETEXOUV TTPWTIOTA OTNV dladIKacia Tng
QAEYMOVAG €V  OUYXPOVWG €TTNPEACOUV TNV 1I00PPOTTIA  OGEIDWTIKWY

/avTIOEEIDWTIKWV pnxaviopwv 2"

. AvaAloya Atav Kal Ta OIKA pAG €UPrUATA
XPNOILOTIOIWVTAG MIa  un  emmepPatik) péBodo OTwg €ival n TTPOKANTN
ammoxpepwn. lNaparnpericape AOITTOV OTI T OUBETEPOPIAA gival Ta KUpla
KUTTOPA TTOU CUPUETEXOUV OTNV dI1adIKATia TNG YPAEYUOVAG OTIG BPOYXEKTOTIES
EVW N 10XUPR TOUG OUOXETION TOUG ME TNV OUykévipwon Tou HyO pe
TAUTOXPOVN QTTOUCIO CUOXETIOEWS ME TA UTTOAOITTA @QAEypovwdn KUTTapA
odnyouv oTnv dIaTUTTWON TNG Bewpiag OTI Ta TTOAUHOPPOTTUPNVA ATTOTEAOUV
TNV KUpla Ty Trapaywyns H>O2 oe aoBeveig pe Ppoyxektaoieg. Autd
GANwoTe  uttooTnpidetal  ammd  peAETn  Tou  Ogixvel 6T TTapouasia
OUBETEPOPIAWV OTOUG AEPAYWYOUS a0BevWV PE BPOoyXeKTaoieg ouvOudleTal
ME BAGBN Twv agpaywywyv Pe evOIAPNECOUS HECOAAPRNTES T OLEIBWTIKG uopIa
Kal TIC TTPWTEAOEC’". T aoBeveic Pe PPOYXEKTOOIEC €ival yWwoTA n Apeon

ox€on TnG éKTaong Tng vOoou Kal Tou BaBuou peiwong TNG avaTtTVEUOTIKAG
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Aeitoupyiag'®.  EmmpdoBeta éxel  deixOei  OTI 0 OpiBUOS  TwV
TTOAUMOPQPOTTUPAVWY OTO BPOYXOKUWEAIBIKO EKTTAUNA OXETICETAI UE TOV BaBUO
Heiwong TNG  avarveuoTikAS  Aeimoupyiac™!.  Autéc o BIBAIOYPOPIKG
KATOXUPWHMEVEG TTAPATNPACEIGC odnyouv oOTnv dIoTUTTWON Bewpiag TTOU
uTTOOTNPICEI OTI N TTOAUPOPQOTTUPNVIKA QAEYUOVR Kal n éKTaon NG vOoou
oxeTiCovtal dueca pe Tov PaBud peiwong TNG AVATTIVEUOTIKNAG AEIToupyiag o€
00BEeVEIC UE PPOYXEKTATIES. ZTNV TTApoUCa PEAETN EKTOC ATTO TNV TEKUNPiwoNn
NG Trapatmmavw Bewpiag Ocicaue OTI N TTOAUPOPQOTIUPNVIKY  PAEYUOV
oXeTiCeTan he TNV KAIVIKA Baputnta KaBwg kal Tnv ékTtaon Tng vooou. H
TeAeuTaia Trapatipnon €ivar n TTPwWTn PBIBAIOYPAPIKA KATOXUPWHEVN TTOU
atrodeikvUel OTI oI KAIVIKEG Kal AEITOUPYIKEG TTAPAUETPOI BaplTnTag OTIG
Bpoyxektaoieg cupPadiCouv Pe TNV TTOAUPOPQPOTTUPNVIKI PAgEyuovr. Ep 6oov
AoItrév 10 HoO2 OXeTICETAI ONUAVTIKA PE TIG TTAPATTAVW TTOPAPETPOUG TOTE TA
ETTITTEDA TOU eKPPACoUV aTTOAUTA TN GAEYUOVN KOl KAIVIKA BapuTtnTa TNG VOOOU
TwV Bpoyxektaoiwyv. Mia dAAn Spwg Ty o&EIBWTIKWY HOopPiwv TTou apopd
a00eVEIG KUPIWG PE BPOYXEKTATIEG, XWPIG OPWG VA ATTOKAEIEl KAl QUTOUG ME
XAl @aivetal va gival 0 Xxpdviog aTToIKIONOG PE BakTtrpla. Ta BakTApIia nEow
TNG TTPOCEAKUONG KAl EVEPYOTTOINONG KUTTAPWY OTTWG Eival Ta @ayoKUTTapA
TTOPAYOUV OEEIBWTIKA POPIa OTOUG aepaywyoUs'®. Autd emBeBaILBNKE Kal
oTnVv MEAETN MOG TTou €0€iIe OTI aoBeveic peE XPOvIoO aTTOIKIONO pe WA
atreAeuBepwvouv peyahuTtepn troootnTa HoO,. Eival yvwoTtd 611 0 Xpoviog
QTTOIKIOMOG PE Weudopovada o€ acBeveic ue PPOYXEKTOOIEG OUVOUALETOI ME
MEYaAUTEPN €KTaon TnG vooou, PBaputepn KAIVIKA €IKOVO KAl PEYOAUTEPO
ETINPEAONO TN  OVOTIVEUOTIKAC  Asitoupyiag'®.  Mapapével OUwS  we
EPWTNMATIKO av n Weudopovada egival TO aiTio | TO QTTOTEAECUA TWV
Tapatmavw. H Tekunpiwon Opws Twv eupnudTwy pag Bacicetal KUpiwg oTnv
Bewpia TTOU Aéel OTI Ta BakTnpEidiakd TTPOIGVTA TToUu aTtTEAEUBEpWVOVTal aTTd
TNV Yeudopovada KATaoTEAAOUV TNV KIVNTIKOTNTA TWV KPOOOWYV 0ONYWVTAG O€
MOVIUN  @Aeypovwdn dlgpyacia pEOCw pPIag odoUu TTou  TTEPIAQUPBAveEl ThV
TTapoUCia OUBETEPOPIAWY KOl OEEIDWTIKWY HOPiwV TTou dev KATaoTEAAOVTAI

amé TOUG QVTIOEEISWTIKOUC Wnxaviopoug *.

Eivar yvwoti n Bewpia o611 n
QAgypovn Twv agpaywywyv TTaiel onuavtikd poAo otnv Taboyéveia tng XArl.
MeAETeg o€ TTPOKANTA TITUEAa Kal o€ BALF utrooTtnpidouv OTI N @Asypovr Twv

agpaywywv  otnv XAl  oxeTiCetal  Kupiwg  PE TNV TTapouacia
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oudeTepdPIAWY 1% Ta Trapatdvw guprAuaTa eMBERAIBNKAV KAl aTT® TNV
OIKN Mag MEAETN n oTroia €0€1Ee OTI Ta OUBETEPOPIAG ATTOTEAOUV TnVv KUpIA
KUTtapikl 1Ny 1ou HO,. AAWOTE O TTEPICOOTEPEG QAVAPOPES VI TNV
TTapaywyr] OgeIdWTIKWVY Mopiwv o€ aoBeveic pe XAl oxetiovial Pe TNV
TTapouCia OUdETEPOPIAWY. AgV UTTOPEI OUWGS va ATTOKAEIOEI KAveig Tov TTBavo
POAO TWV @QAYOKUTTAPWY MPECW TOU XPOViou BakTnpidiakoU aTToIKIoHOU,
Baoiféuevog Kupiwg aTnv Bewpia TTou ava@épdnke NdN yia TIG BPOYXEKTOTIEG.
H mrapoucia augnuévng ouykévipwong H2O2 otnv opdda eAéyxou tng XAl o€
OX€0ON ME TIG OMAdEG eAEyxOu Twv aoBevwv Pe AoBua Kal PBPOYXEKTOOIES
egnyeital a1rd duo Adyous. O €vag agopd TNV KATTVIOTIKA ouvhBEIa Kal 0 AAAOG
aQOPAa TOV OXETIKA augnuéVo apiBud oudeTEPOPIAWY G€ GUYKPION ME TIG AAAES
OUO0 opadeG. ANMWOTE N opdada auTr) £pxeTal va emRERaIWOEl TNV Bewpia OTI N
KATTVIOTIKI] OUVABEIa CUVEICQEPEI OTNV TTAPAYWYH OEEIDWTIKWY HOPIWV XWPIg
va gival Opwg n KUpIa TNy TTapaywyr Toug. Autd emIREPAIWVETAI KAl ATTO TV
MEAETN auTh OTTou 4 opddeg e Tnv idIa TTEPITTOU KATIVIOTIKI) OUVABEIQ
TTaPOUCIAlouv ONUAvTIKEG dlagopég otnv TTapaywyn H2Oz2 1Tou @aivetal va
oxeTiCovtal he TNV ApPIOUS Twv oudETEPOPIAWY. ANWOTE €ival yvwoTd 6T n
Baputnta Tng XAl OTTWG ekPpdaleTal pe Tnv oTadloTroinon TNG €gapTATAl
AUECA ATTO TNV UTTOKEIPEVN QAEYHOVI] HECW KUPIWG TNG apVNTIKAG CUOXETIONG
Tou PBaBuol aTdéPPALNG TwV AEPAYWYWV Kal Tou OAIKOU apiBuou Twv
ouSeTEPOPIANWY  OTa UNKG  afloAdynong'?’. To 6T Sev  Trapatnprenke
OTATIOTIKA ONnuavTikl ouoxétion otnv Ama XAl egnyeital iowg atmd v
Bewpia OTI N @Aeyhov PTTOPED va TTponyEiTal TNG amoepatng o acBeveig pe
ATma véoo ',

H Tmapamdvw OlooTaupoupevn HEAETN Oev  pTTOpEl  va  atrodei¢el  pia
TEKUNPIWUEVN oxéon MeTatu EX kar ouykévipwong H2O2. AITTAEG TUQAEQ
MEAETEC PE XPNOIUOTTOINON E€IKOVIKOU QOPUAKOU XPEIAoVTal VIO TEKUNPIwOoN
TNG TTapaTTavw oxéong. Mia Tétola YeAETN o€ aoBeveic e PPoyxIKO doBua £xel
oci¢el 0T n ouykévipwon Tou HyO, og dilAoTNUA TEOCOAPWY €EROOUAdWYV
Bepatreiag pe EX peiwbnke onuavtikG o€ ox€on PeE Tnv Beparreia pe TO
eIkovikd Pdappako’™!. H ik pag peAéTn kaBuwg kai avaAoyn oTo TTapeABoV>
€deigav ot n ouykévipwon Tou HyO, peiwveTal ye Tnv xpnoiyotroinon EZ oto
aoBua. YTdpxel OPwG MEANETN TTOU uTToOTNPICEl OTI T OTEPOEIDr) OEv

emnpeadouv TNV ameheuBépwon Tou H.0p amd Ta nwoivogida'®. H
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OIAPOPETIKA AUTH OUWG ATToWN €ival oucIaoTIKA avTiBeTn he TNV Bewpia 6T N
@Agypovh) Tou AoBuaTog EKPPACETAl KUPIWG aTTO TA NWOIVOPIAG Ta OTToia
eAéyxovtal atd Ta EX2. O1 diapopeTikéc TipéC Tou HoOo PETAEY QUTWV TTOU
AauBdavouv EX kal autwyv 1mou dgv Aappavouv EZ ouoiaoTikG dev eK@pAlouv
O1aQOPEG OTO OEEIDWTIKO stress aAAd dIAQOPEG OTNV UTTOKEIPEVN NWOIVOPIAIKA
@Aeyuovr. AutO ouclaoTIKA emmIReBaiwveTal ATTd TNV I0XUPH CUCXETION TWV
nwoivo@idwyv kai TnG ECP pe Tnv ouykévipwaon HO, otoug un AaupavovTteg
E%, kaBwg kai atrd TNV oTaTIOTIKA CNPAVTIKI) OUOXETION METAGEU OUYKEVTPWONG
H202 kal oudetepo@idwyv TNG TTPOKANTAG atmmdxpepyng avetdptnta atrd Tnv
AMuyn EZ. ANMwoTe €ival yvwoTi n  avikavotnTa Twv OTEPOEIdWV Vva
avaoTeilouv TNV Trapaywyr H20, atmd Ta oudetepd@ira’C. OAa ta TTapammdvw
OUCIOOTIKG o0dnyolv oTnv Bewpia OTI n Opdon Twv OTEPOEIdWY OTNV
TTapaywyr H2O2 otoug aoBuaTtikoug acBeveig e€apTaTal Ao TOV KATACTAATIKO
Toug POAO OTNV UTTOKEINEVN NWOIVOQIAIKA @Aeyuovr). O1 aoBeveic pe
Bpoyxektaocieg kar XAl Tou eAduBavav eioTrvedueva oTepoeldf  Oev
TTapouciadav PeiwpEvn ouykévipworn HoO2 ouykpivouevol ye autoug TTou Ogv
eAaupBavav. Avaloya supAuata BpEOnkav Kal o€ BPOYXEKTAOIKOUG aoBevEig
Tou eAduBavav xpoévia avTiBIoTIKA aywyrh amd To oToua. Ta Tapamdvw
eupnuata  egnyouvtal ev pPéPEl atTd TNV aduvauia Twv OTEPOEIdWYV Vva

kataoTeidouv TNV Trapaywyr H,O, amd Ta oudetepd@ira’™?

, KaBwg¢ kai aTmmod
TAV IKAVOTNTA TWV AvTIBIOTIKWY va €AEyXOUV TNV @QAeypovy 0€ TTaPOEUVOEIG
aMd 6x1 oe Xpovifouoeg pop@éc™'. ANMwoTe ot aoBeveic ue XA xwpic
mapoguvon €ival  yvwoTh N avemmapkela Twv EXZ  va  eAéyouv Tnv
Aeypovr 2133 Mia BeTikr emidpaon EZ oTic BpoyxekTaoiec Baoiletal KUPIwG
O€ UTTOKEIMEVIKEG TTAPAUETPOUG Kal Oxl OToV POAO TOUG OTn PAEypovwdn
Siepyaoia'®. H artia Twv upnAdTepwy TIHWY H02 o€ autouc TTou eAduBavay
XPOvia avTiBIOTIKA aywyn €gnyeital kal ammd 1o yeyovog OTI O TTEPICTOTEPOI
aT1Té AUTOUG Eixav XPOVIO ATTOIKIONO PE Weudopuovada, TTapdyovTa TTou odnyei
o€ augnuévn Tmapaywyn HoOo.

2UNTTEPOOHATIKG N TTapouca PeAETN deixvel 6T N ouykévipwon Tou HO, oTo
OUNTTUKVWHO TOU EKTTVEOUEVOU QEPA ACOEVWV UE PAEYUOVWOEIG TTABNOEIG TWV
agpaywywyv gival augnuévn. H aténon autn @aivetal va gival TepIcodTePN OTIG
Q00OEVEIEG €KEIVEG TTOU €XOUV OQV  UTTOKEIPEVN @Aeypovwdn diepyaaia

eCapTwpevn atmd T1a 0UdETEPOYIAA. O poOAog Tou OTnv agloAdynon Tng
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QAeypovAG KAl TNG KAIVIKAG Baputntag Tng vOoOoU @aiveTal va  Eival
TTEPIOPIOPEVOG 0€ aoBeveic ue oTadloTroinuévn Baputnta evw avTiBeTa gival
ONMAVTIKOG OTIC BpoyxekTacies. Mapapével OUWG WG PEYAAO €pWTNUATIKO
OAG  Kal  wg TIPOKANON yia MEANOVTIKEG MEAETEG av  n  Xopriynon
QVTIOEEIDWTIKWY OUCIWV HMECW TNG MEIWONG TwWV O&EIdBWTIKWY Jopiwv Ba

TTPOKAAEi TNV avdaAoyn KAIVIKA Kal AsiToupyikrh BeATiwon Tng véoou.
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NEPIAHWH

2KOTTOG TNG MEAETNG AUTAG ATAV N PETPNON TWV ETTITTEOWV TOU UTTEPOLEIdiOU
Tou udpoyodvou (H202) OTO CUUTTUKVWHA TOU EKTTVEOUEVOU AEPA AOBEVWV WE
QAeypOvVWOEIG TTABACEIC TWV AEPAYWYWY, O KABOPIOPOS TwV KUTTAPWY TTOU
OUMUETEXOUV OTNV TTapaywyn Tou yia KABe vooo eXwpIloTd, KaBwg Kal n
mOavry CUCXETION Twv ETITTEOWV TOU ME TTAPAUETPOUG TTOU EKPPALOUV
@Aeypovr Kal Baputnta o€ KABe vooo. MeAetBnkav Tpldvia acBeveig pe
BpoyxekTaoieg, TTevvIa aoBeveic pe oTabepd AoBua BaputnTag atrd Ao £Wg
METPIO Kal TplavTa acBeveic pe otaBepry XAl Baputntag amo ATA €wWG
ooBapri. H péon ouykévipwon Tou HO, nATavV OTATIOTIKA ONUAVTIKA
upnASdTEPN aTTO QUTH TWV OMAdWYV eAEyXou yia KABe vooo. Ta nwaoivogiAa
ATavV Ta ETTIKPATOUVTA KUTTOPA TTOU CUMMETEIXavV oTnv Trapaywyr H2O, oT1o
aoBua, evw Ta oUdETEPOPIAG ATAV UTTEUBUVA YIa TNV UWNAr CUYKEVTPWON TOU
H202 oTig BpoyxekTtaoicg kal otnv XAl. O poAog tou HyO, otnv agioAdynon
TNG UTTOKEIPEVNG PAEYUOVIG KAl BapuUTnTag 0TO ACOUA fTAV TTEPIOPICUEVOG HIa
Kal €CapTwvTav amod Tnv AQwn eioTveopévwy oTteposidwy (EZ) kar tnv
TagIvounon autig o€ oTAdIA. 2TOUG QOBEVEIG UE BPOYXEKTATIEG TA ETTITTEDA TOU
H2O2 et€ppadav Tnv UTTOKEIEVN QPAEYPOVI] TNG vOOOU, TNV €KTOON Kal ThV
BaputnTa aAutrig, pn €mnpealopeva atmd v Afwn EX kai avriBloTikwy o€
MOKPO XpOvo, aAAG onuavTiKG eTnpealOheva aTTd TOV XPOVIO ATTOIKIONO ME
Weudopovdada Aeruginosa. TéAog otoug aoBeveic pe XAl o pohog Tou Ho0O,
oTnVv agloAdynon TngG UTTOKEIMEVNG QAEYMOVAG Kal BapuTtntag €mmnpeadotav

aTro TNV TagIivOUNOoN autng o€ oTadia aAd o1 atrd Tnv Anyn EX.
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SUMMARY

Hydrogen peroxide in expired breath condensate of patients with inflammatory
airway diseases.

Stelios Loukides MD, Pneumonology Dept Athens Army General Hospital.
The aim of our study was to determine the concentration of exhaled hydrogen
peroxide (H20>) in patients with inflammatory airway diseases, to investigate
which cells are the main source of hydrogen peroxide (H20;) production in
each disease and finally to evaluate the association between H,O, levels,
airway inflammation and disease severity. Thirty patients with bronchiectasis,
fifty stable asthmatics with disease severity ranging from mild to moderate
and finally thirty patients with stable COPD with disease severity ranging from
mild to severe were studied. Mean concentration of H,O, was significantly
elevated in patients with inflammatory airway diseases compared to the
values of control subjects for each disease. Eosinophils were the predominate
cells which generate H,O, in asthma, while neutrophils were responsible for
the highest levels which were observed in bronchiectasis and COPD. The role
of H,O, concentration in predicting the severity of the disease as well as the
inflammatory process, is limited in asthma and depends on the use of inhaled
steroids (ICS) and the classification severity. In patients with bronchiectasis
increased levels of exhaled H,O; reflected the severity of the disease as well
as the inflammatory process, were not decreased either by the use of ICS or
the long term oral antibiotic treatment but were significantly affected by
chronic colonization with Pseudomonas Aeruginosa. In patients with COPD

the role of H,O, concentration in predicting the severity of the disease as well
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as the inflammatory process depends on the classification severity and was

not affected by the use of inhaled steroids.
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NMAPAPTHMA A MINAKEZ.
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Mivakag 1. XapaktnpIoTIKG aoBevwv pe BpoyxekTaoieg Kal opadag eAEyxOu.

BpovyyekTagisc

Oudda AcBeveig EZ (+) EZ (-) YA (+) YA (-)

EAéyxou

n=15 (n=30) (n=14) (n=16) (n=10) (n=20)
HAIKia 34(8) 39(16) 37 (11) 41(20) 42(13) 37.5(18)

(20-46) (19-58) (21-56) (19-58) (19-58) (23-56)
FEV1 % avay. 95(8) 69.5(20) 71(16) 69(23) 59(25) 72(22)

(86-110) (27-101)  (38-89)  (27-101) (27-101) (65-91)

HRCT score 9.5(4.5)  10(5) 9(4) 14(3) 8(4)
(2-18) (3-18)  (2-17) (7-18) (2-14)
AIGpKeIQ 11(8) 13(9) 9(7) 14(9) 9.5(7.5)
N6aou (¢mn) (3-21) 4-21)  (3-18) (10-21) (3-20)
KAWIKI 5(1.7) 5(2) 4.5(1.3) 6(1.4) 4(1.4)
BapuTnTa (2-8) (2-8) (2-7) (3-8) (2-8)

O1 mipgég exkppadovrtal wg péon TiWR (SD) (eUpog) ue e€aipeon TNV nAkia Tmou ek@pdaletal wg diaueon TR (SD). O1 cuvTuRoEig
ekppalouv Ta akoOAhouBa: A= avdpag, = yuvaika n= apiBuog atouwv, EZ= Eiomvedpeva Ztepoeidry, WA= Weudouovada

Aeruginosa.



77

Mivakag 2. AZioAdynon éktaong Tng vooou oe aoBeveic pe Ppoyxektacies. H Babuoloyia PacioTnke oe eupripata amd TV YTTOAOYIOTIKN

Topoypagia Owpakosg YWnARg AlakpITIKOTATAG.

BabuoAoyia

0

1

2

3

ANoIWOEIG

Kapia

2UMMETOXN VOGS UTTOTUNMATIKOU

2UMUETOXN  TTEPICOOTEPOU

€VOG UTTOTUNKATIKOU

TOU

Mapouaia

BPOyXEKTAOIWV

KUOTIKWYV

KdBe AoBOG kal oToug OUO TIVEUMOVES AflOAOYNONKe yia PBPOYXEKTAOIKEG AAAOIWOEIG hE ouoTnua BabuoAdynong atd 0-3 (n
yAwooida Babuoloynonke wg EexwpioTdg AoBog). Méyiotn BaBuoloyia nTav 18 Babuoi
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Mivakag 3. A&loAdéynon KAIVIKNG BapuTtntag Tng vooou ot aoBeveic pe Ppoyxektaoieg. H BaBuoloyia Baciotnke o€ KAipaka

BapuTNTAG CUPTTITWHATWY.

2UNTITWPATA 2UPTTITWPATA

BabuoAoyia Brixag-2upiypog ATTOXPENYN

0 aTToucia AtTouoia

1 ATTIa Alyotepn  ammd  pIoO
KUTTEAAO

2 METPIO MepioooTepn ammd HIcH

KUTTEAAO aAAG AlyoTEPN

atrd oAOKAnpo

3 Bapid Mepioootepn amd  éva

KUTTEAAO

21NV agloAdynon tng amoxpePYnS XpnoIPoTToINenke KUTTEAAO xwpnTIKOTNTAS 50ml. EUpog BabuoAoyiag 0-9.



Mivakag 4. 2uoxeTioelg peTagU ouyKEVTPWONG HaO2 Kal TWV KUPIWV KAIVIKWYV KOl AEITOUPYIKWY TTAPAPETPWY TNG MEAETNG O€ a0BEVEIG

ME BPOYXEKTAOIEG.
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H,0, HRCT FEV, % avau | KAiviké score  [[ToAupop@oTttupnva %
rs p value rs p value rs p value | rs p value | rg p value
MoAupopgoTtrupnva 0.9 <0.0001 0.6 <0.0001 | -0.39 <0.05 | 0.67 <0.001
%
HRCT 0.66 <0.0001 -0.48 <0.05 |04  <0.05 0.6 <0.0001
FEV4 % avay -042 <0.05 -0.48 <0.05 -0.21 0.08 |-0.39 <0.05
KAivikry BaBuovéunon | 0.43 <0.05 04 <0.05 -0.21  0.08 0.67 <0.001
H,O, 0.66 <0.0001 | -0.42 <0.05 | 0.43 <0.05 | 0.9 <0.0001

O1 ouxeTioeig avaAuBnkav pe To Spearman’s rank correlation coefficient. Ta éviova ypduparta TapIoTdvouv CTATIOTIKA ONUAVTIKA

OUOXETION.
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Mivakag 5. XapaktnpioTIKG aoBevwv e BPoyxIKO acBua Kal ouddag eAEyxou..

Acbua

Oudda EAéyxou | AcBeveic | EZ (+) EZ () ‘Hmio diaheimov | ‘HTmio emipévoy METpio

(n=15) (n=50) (n=20) (n=20) (n=10) (n=20) (n=20)
HAIKia (£1n) 30 (4) 29 (6) 30(5) 28(7) 30.5(6) 29(5) 29(7)

(19-37) (19-43) (19-36) (19-43) (22-43) (19-36) (19-43)
FEV, % avay. 95 (3) 82 (16) 81(14) 76(18) 96(5) 92(7) 64(9)

(87-121) (49-110) | (49-101) (59-110) (84-104) (80-110) (41-74)
PEFR diak0pavon 125(2) | 10(2) 14(2.5) 72) 12(4) 15(6)
(%) (7-34) (8-21) (7-34) (7-14) (10-24) (11-34)
% NWOIVOPIA OE 0.3(0.7) 7(4) 5(1.5) 9(3) 2(1) 5(3) 11.5(6)
TPOKANTH atréxpepwn | (0-2) (0-20) (0-15) (2-20) (0-3) (1-15) (3-20)
KAIVIKS) BaBpovopnon 6 (2.5) 6.5 (2) 7(2.5) 3(0.8) 5(1.4) 8(2)
(e0pog 0-12) (2-12) (3-11) (4-12) (2-4) (3-8) (4-12)
ECP(ng/ml) 19 (16) 364(579) | 256(357) 624(776) 58(55) 171(336) 710(712)

(0-132) (0-2850) | (0-986) (0-2850) (0-178) (0-1084) (5-2850)

O1 Tipég ekppadovTtal wg péon TiWR (SD) (eUpog) ue e€aipeon TNV nAKia TTou ek@pdaletal wg didueon TR (SD). O1 cuvTuRoEig

ek@pdalouv Ta akdAouBa: n= apiBudg atépwy, E2= Elomrvedpeva Ztepoeidry, ECP= HwaoIvo@IAIKr) KATIOVIKR TTPWTEivN.
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Mivakag 6. AgloAdynon KAIVIKAG BapuTtntag TG vOoou ot aoBeveic pe Ppoyxikd doBua. H BaBuoAoyia BacioTnke o€ KAiPaKa

BapuTNTAG CUPTITWHATWY.

2UNTITWPATA

BaBuoAoyia Brixag-2upiypog-AuoTtvoia-NuxTepIVa CUUTITWHATA

0 aTTouaoia
1 ATTIa

2 METPIO

3 Bapid

H agloAéynon £yive yia xpoviko didotnua 15 nuepwyv. Eupog BabuoAoyiag 0-12.



Mivakag 7. ZuoxeTioelg PeTalu ouykEvTpwong HoO, kal Twv KUPIwY KAIVIKWY QAEYHOVWOWY Kal AEITOUPYIKWY TTOPANETPWY TNG MEAETNG O€

0a0Beveig pe dobua.
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2Uuykévipwon H>O, 0TO CUPTTUKVWHA EKTTVEQUEVOU AEPQ

Ohol Hmmo Hmmo Métpio EZ (-) EZ (+)
OlaAegitrov ETIPEVOV

rs p value r pvalue |r pvalue | r pvalue r pvalue r pvalue
Makpo®aya% 0.05 0.4 0.11 0.6 0.03 0.8 0.14 0.55 0.12 0.6 0.11 0.5
MoAupopgotripnva% | 0.13 0.4 0.14 0.7 0.04 0.9 0.6 0.005 0.1 07 0.11 0.13
Hwaoivoeiha% 0.48 0.0004 0.24 0.15 |0.006 0.8 |0.76 <0.0001 0.67 0.001 0.57 0.007
ECP 0.5 0.0002 023 025 |0.34 0.1 [0.61 <0.0001 0.76 < 0.0001 0.55 0.01
FEV4 % avay -0.68 <0.0001 -0.1 0.7 -0.005 0.8 |-0.5 0.01 -0.64 0.001 0.14 0.2
PEFR (diokUpavon) | 0.3 <0.05 024 05 0.04 0.6 |049 0.002 0.54 0.001 0.21 0.3
%
KAwvikry BaBuovounon | 0.55  <0.0001 0.1 0.7 0.14 05 |0.46 0.005 0.43 0.002 0.19 0.1

O1 ouoyxetioeig éyivav pe 10 Pearson’s correlation coefficient yia 1i¢ uttoouddeg doBuartog kail pye 10 Spearman’s correlation

coefficient yia 1o GoBua cav ouvolo. Ta éviova ypdupaTa uTTOONAWVOUV OTATIOTIKWG ONUAVTIKA CUCXETION.
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Mivakag 8. ZuoxeTtioelg petall ouykévipwong HoO, Kal Twv KUPIWV KAIVIKWV QAEYUOVWOWYV Kal AEITOUPYIKWVY TTOPAPETPWY TNG

MEAETNG o€ aoBeveic e ATTIO ETTIPEVOV Kal JETPIO AOBUQ.

‘H1mio emmpévov Métpio

EX(-) EX(+) EX(-) EX(+)

r p value | r pvalue | r pvalue r pvalue
Makpo@aya% 0.01 065 |0.14 0.1 0.13 0.21 0.14 0.55
MoAupopgotrupnva% | 0.13 04 0.14 0.8 0.34 0.04 0.24 0.05
Hwoivoeiha% 0.21 0.06 0.08 0.55 | 0.68 <0.0001 0.36 <0.05
ECP 0.2 0.08 0.03 0.25 | 0.64 <0.0001 0.33 <0.05
FEV1 % avap -0.07 0.11 |-0.07 0.7 |-0.54 0.002 -0.12  0.13
PEFR (diokupavon) | 0.10 0.23 009 0.5 0.4 <0.05 0.19 0.09
%
KAivikr} BaBuovounon | 0.09 0.2 0.1 0.7 0.44 0.003 0.20 0.07

O1 ouoxeTioeig €yivav pe 1o Pearson’s correlation coefficient. Ta éviova ypdupata uttodnAwWvVouV CTATIOTIKWGS CNPAVTIKI CUOXETION




84

Mivakag 9. XapaktnpioTikG acBevwv pue XAl kal opddag eAéyxou

Oudda | Acbeveig | EX (+) ES () Hma Mérpia | Sopapn
EAéyxou | (n=30) | (n=15) (n=15) (n=10) (n=10)  |(n=10)
(n=10)
Kamvioua (packlyears) | 35(6) 41(9) 39(9) 43(9) 39(8) 43(10) 41(9)
21-42 | 24-56 | 34-56 24-48 24-46 34-56 33-52
HAikiol (€mn) 56 (4) |59(9) |56(10) |62(12) 59 (9.5) 59.5(9) |58 (9)
(41-77) | (42-76) | (42-76) | (51-71) (42-76) (44-71) | (47-70)
FEV: % avap. 93(8) | 595 (14) |53 (14) |66 (12) 75 (3) 60 (7) 43 (4)
(82-108) | (36-80) | (36-76) | (45-80) (71-80) (50-69) | (36-49)
% TroAUpOp@OTIUPNVa | 39(7) 56(13) | 62 (9) 51 (14) 39(5) 63 (7) 66 (2)
TIPOKANTA améxpepwn | (37-40) | (31-70) | (38-70) | (31-70) (31-46) (50-70) | (63-70)
BaBuovépnan 0 2(08) |24(08) |1.7(08) 1(0.9) 19(06) |29(06)
SuoTIVOIag (1-4) (1-4) (1-3) (0-2) (1-3) (2-4)
(€0pog 0-4)

O1 mipég ekppadovTal wg péon Tiun (SD) (eUpog) pe e¢aipeon TV NAIKia TTou ek@paleTal wg diaueon TiunA (SD).
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Mivakag 10. A¢loAdynon Tng BapuTtntag Tng duoTrvolag o€ aoBeveic pe XAl H BaBuoAoyia BacioTnke o€ kAipaka Baputnrag (MRC

scale).

BaBuoAoyia AuoTrvoia

0 ATTougia eKTOG ATTO TNV TTEPITITWON £VTOVNG CWHATIKAS AoKNONG

1 Epoedavion otav PBidletal oto icwua f 6tav aveBaivel o MIKpN
avneoépa

2 Badilel Bpadltepa atd avBpwTToug idlag nAIkiag oTo icwpa N
otauarta 6tav Badilel ye 1o SIKG Tou BAuA OTo iICWUa

3 Zrapatd yia va avaodvel otav Badifel 100pétpa 3 uetd atrd Aiyo
OTO iCWa

4 MoAU peydAn dUcTIvola yia va UTTOPECEl VA Byel aTTO TO OTTITI i
o6tav vruvetal f evtoveTal

EUpog BaBuoAoyiag 0-4.
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Mivakag 11. XuoxeTioelg HeTAEU OUYKEVTPWONG HoO, Kal TwV KUPIWY KAIVIKWY QAEYUOVWOWY KAl AEITOUPYIKWY TTOPAUETPWY TNG HEAETNG
o€ aoBeveig pe XArT.

2uykévipwon HyO, 6TO CUUTTUKVWHA EKTTVEOUEVOU QEPQ

AcBgeveig ‘Hma MéTpia 2oBapn

rs p value r pvalue |r pvalue |r p value
Makpo®aya% -0.76 <0.0001 -0.14 0.18 0.2 0.55 -0.33 <0.05
MoAupopgotipnva% | 0.77  <0.0001 0.11  0.19 0.6 <0.001 | 0.7 0.002
AvoTivoia 0.12 0.09 0.19 0.07 0.1 0.11 0.13 0.35
FEV: % avap -0.9 <0.0001 -0.18 0.12 -0.76 0.009 |-0.84 0.002

O1 ouoyetioeig £yivav pe 1o Pearson’s correlation coefficient yia 11 uttoopddeg tng XArT kai ye To Spearman’s correlation coefficient

yia Tn XAIlT oav ouvolo. Ta éviova ypauuaTa utTTodNAWVOUV OTATIOTIKWG ONUAVTIKA) CUCXETION.
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Mivakag 12. ZuoxeTioelg HETAEU TWV KUPIWV QAEYUOVWIWY KAIVIKWYV KAl AEITOUPYIKWY TTAPAUETPWY TNG MEAETNG O€ aaBeveic pe XAT.

OAol

FEV1 % avay

Hmma Métpia  ZoBapn

AuoTvola

O\ol Hmma Métpia

MoAupopgotipnva %

OAol Hma Métpia 2oBapn

rs- p value rs-p value

rs-pvalue rs-pvalue rs-p value

rs-pvalue rs-pvalue rs-pvalue rs-p value

MoAupopgoTtrupnva 0.8-0.001 0.3-<0.05 0.7-0.001

%

0.75-<0.0001

0.04-0.43 0.01-0.35. 0.09-0.42

FEV, % avap

0.16-0.09 0.08-015  0.09-0.23 0.17-0.06

0.8-0.001 0.3-<0.05 0.7-0.001 0.75-<0.0001

AuvoTrvola 0.1-0.09 0.08-015

0.04-0.43 0.01-0.35. 0.09-0.42 0.1-0.11

O1 ouoyeTioeig €yivav pe 1o Pearson’s correlation coefficient yia 11 uttooudadeg Tng XAI kai pe To Spearman’s correlation coefficient

yia 1n XAl oav ouvoAo.




NMAPAPTHMA B EIKONEZX.
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BPOI'XEKTAZIEX

EIKONA 1. Zuykévipwon utrepogeldiou Tou udpoyovou (H.O,) oTo

OUMTTUKVWHO EKTTVEOPEVOU aépa OE BOBEVEIC pe BpoyxekTaoies (dAol n=30@,

oe Oepateia pe  eioTvedueva  KoptikooTepoedy (EX+) n=14B  ywpic
eloTrvedpeva otepoeldn (EZ-) n=1601, xpovia atroikiopévol pe Weudouovada

aeruginosa (WA+) n=10wy, pn amoikiopévol pe Weudopovada aureginosa
(WA-) n=20V) kal puoioloyIkoi acBeveig (n=150). KdaBe ouppBolo tTapioTavel

TIuA yia éva drouo peAétng. H ouykévipwon tou H,O, oToug aoBeveic pe
BpoyxekTaoieg ATAV OTATIOTIKA ONPAVTIKA UWnAOGTEPN aATTO  €KEiVn TWV
QUOIOAOYIKWYV aTtdpwy, p<0.0001. O1 aoBeveic pe WA (+) eixav oTaTioTIKA
onPavTIKA uwnAoTepeg TINEG HoO2 o€ ouykpion pe toug WA (-) p<0.05. Ol

OPICOVTIEG YPAUUEG OEIXVOUV PEON TIUA.
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EIKONA 2. % aplBuog pn TTAAKWOWV KUTTApwv atrd Tnv avadAuon Tng
TTPOKANTAG ATTOXPEUWYNSG OOBEVWV HE PPOYXEKTAOIEG KAl  QUOIOAOYIKWY
atépwy. O povnpng acTePIoKOG UTTOONAWVEI OTATIOTIKA UWPNASTEPO TTOCOOTO
(%) TTOAUpOP@OTTUPNVWY Ot QAOCBEVEIC PE BPOYXEKTACIEG OUYKPIVOUEVOI UE
@uaiohoyikoug (p< 0.0001). O dITTAOGG 0OTEPIOKOG UTTOONAWVEI OTATIOTIKA
XOUNAOTEPO TTO00C0TO (%) MOKPOQAYWV O€ 000OeveiC UE PBPOYXEKTATIEG

OUYKPIVOEVOI e pualohoyikoug (p< 0.0001).
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3.0+ r=0.9

3A
55 p<0.0001
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H202 XTO SYMIIYKNQMA
EKIINEOMENOY AEPA
(nM)

0.0-

% APIOMOZX IIOAYMOP®OITYPHN QN

3.0+
r=0.66

2.5 p<0.0001

3B

2.0 m® n
1.5

1.0+

EKIINEOMENOY AEPA
(uM)

0.5+

H202 >TO YMIITYKNOQMA

0.0-

HRCT score (0-18)

EIKONA 3. Zuox£Tion ouykEVTpwong utrepogeldiou Tou udpoyodvou (H202) oto
OUMNTTUKVWUO EKTTVEOUEVOU aépa aoBevwyv pe BpoyxekTaaieg kal A) % apiBuod
TTOAUPOP@OTIUPNVWY OTNV  TIPOKANTA ammoxpepwn (rs=0.9, p<0.0001) B)
BaBuoAdynon uwnAng diakpiTikotntag agovikr Topoypagia (HRCT) (rs=0.66,

p<0.0001). i TTOPIOTAVEI TIHA YIA EVO GTOHO PEAETNG.
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EIKONA 4. Zuox£Tion ouykéEvTpwaong utrepogeidiou Tou udpoyodvou (H202) oto
OUMPTTUKVWPO EKTTVEOPEVOU aépa aoBevwv pe Bpoyxektaoieg kair A) Score
KAIVIKAG Baputntag (rs=0.43, p<0.05) B) Biaia ekmveduevou Oykou oT1o 1

(FEV1 )% avapevopevng (rs=-0.42, p<0.05). H TTapIOTAVE! TINA YIa éva ATOPO

MEAETNG.
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OYZIOAOTIKOI OAOI HIIIO HIIIO METPIO
ATAAEITION EINNIMENON

AXOMA
EIKONA 5. Zuykévipwon utrepo&eidiou tou udpoyodvou (H,O,) 010 cuptTUKVWwua

EKTTVEONEVOU aépa acBevwy pe doBua (OAol n=50g, Nio diaAeimov n=10y7, Ao
empévov n=20wy, PéTpIO n=20A) KAl QUCIOAOYIKWYV OTONWY (n=150). Kdbe oupoio

TTapioTavel TIPnA yia éva dtouo PeAETNG. H ouykévipwon Tou H,O, oToug aoBeveig e
GoBua nTav oTaATIOTIKA ONUAVTIKA UWPNAOTEPN aTTO EKEIVN TWV QUGIOAOYIKWY ATOUWY,
p<0.0001. O1 aoBeveic pe pETPIO AOBUA  €ixav ONPAVTIKA UWNAOTEPEG TIUEG
OUYKPIVOUEVOI HE QUTEG TwV 00Bevdv pPE A0 €MPEVOV Kal NATTIO  dlaAgiTTov

avTioToixa, p<0.0001. O1 opIOVTIEG YPAPMPEG DEIXVOUV PECT TIKN.



94

6 100+
e 904 m— 1\ AKPODATA
é E e E 80 —— OYAETEPO®IAA
W = 704
ﬁ <« E E 60 * % Kk === HOSINODIAA
&
S 3 M & s
nERA
S BT 30
e M 20 |:|.
104
0_ l:l_ |:|_ EI_ l:|
OYZIIOAOT'IKOI OAOI HIIIO HIIIO METPIO

ATAAEITION EINIMENON

AYOMA
EIKONA 6. % aplBuog pn TTAAKwOWV KUTTApwv atrd Tnv avaAuon Tng
TIPOKANTAG aTToXpEPYng aoBevwyv pe acBua (6Aol, Ao diaAgitrov, ATTIO
EMPEVOY, METPIO) KAl  QUOIOAOYIKWY atopwyv. O povApng aoTEPIOKOG
uttodnAwvel oTaTIOTIKA UWPnAOTEPO TT0000TO (%) TTOAUPOPPOTTUPNVWY OEF
a00eveiG NE HETPIO AOOBUA CUYKPIVOPEVOUG PE QUOIOAOYIKOUG KAl aoOUaTIKOUG
ge Ama vooco (p< 0.05). O dITTAGG aOTEPIOKOG UTTOONAWVEI OTATIOTIKA
uynAoTEPO TTO000TO (%) NwOoIvoPiAwv o€ 0oBeveig pe pETpIo AoBpa
OUYKPIVOPEVOUG PE QUOIOAOYIKOUG Kal aoBuaTtikoug pe Ama vooo (p< 0.001).
O 71pITTAGG  0OTEPIOKOG UTTOONAWVEI  OTATIOTIKA ONUAVTIKE  XAUNAOTEPO
TT0000TO (%) HOKPOPAYWV Ot QO0BEVEIC uE METPIO AOBUA OUYKPIVOPEVOUG HE

QUOIOAOYIKOUG Kal aoBuaTikKoug Pe NTTia vooo (p< 0.0001).
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EIKONA 7. Zuykévipwon utrepogeldiou Tou udpoyovou (H202) oTo
OUUTTUKVWHPO  €KTTVEONEVOU aépa aoBevwyv Pe AoBua TTou  eAduBavav
elomrvedpeva otepoeldr) (EX) (OAol n=20, Amo empyévwv n=10V, péTpIo

n=100) ka1 autiv TTou dev eAdpBavav EX (-) (Ohol n=20pg, Nmo €mpévoy
n=10wy, uéTpIO n=10@). Ka&Be ocupBoAo TrapIoTavel TIPA yIa éva ATOHO

MEAETNG. H ouykévipwon Tou HoO, ATav oTaTIOTIKA onuavTiKa xaunAoTepn o€
aoBeveic pe EX (+) ouykpivouevoug ue ekeivoug mmou fTav EZ(-) (p<0.05 6Aol,
p<0.001 Amo empévov, p<0.0001 pétpio). O1 opIlOVTIEC YPOUUES OEiXVouvV

péon TIuA.
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EIKONA 8. ZXuykévipwon utrepogeldiou Tou udpoyovou (H202) oTo

OUMPTTUKVWHO  EKTTVEONEVOU aépa aoBeviov pe XAIM (Ohor n=30@, rma
n=10pg, péTpia =104, coBapr n=10wyy) kai ouadag eAéyxou (n=150). KaBe

oupBoAo TTapioTavel TIPA yia €va atopo PeAETNG. H ouykévipwon Tou Ho0;
oToug aoBeveig pe XAl nTav oTaTioTIKA onuavTikA uynAoTepn atrd ekeivn TNG
opadag eAéyxou, p<0.0001. O1 aoBeveic pe ooPBapry XAl gixav onuavtika
UYNAOTEPEG TINEG OUYKPIVOPEVO! PE QUTEG TWV ACOEVWYV PE ATTIA KAl PETPIO

XA, p<0.0001. O1 opIlOVTIEG YPANMPEG DEIXVOUV PEDCT TIUA.
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EIKONA 9. % apiBuog pn TTAAKwOWV KUTTApwv atrd Tnv avaAuon Tng
TTPOKANTAG atroxpepyng aoBevwyv pe XAl (6Aol, Ama, péTpia, cofapr) Kai
opadag eAéyxou. O povripng aoTePIOKOG UTTOONAWVEI OTATIOTIKA UWPNAOTEPO
T0000TO (%) TToAUpop@OTTUPNVWY Ot aoBeveig pe XAl OuyKpPIVOUEVOUG ME
TNV opada eAéyxou (p< 0.001). O dITTAGG aoTEPIOKOG UTTOONAWVEI OTATIOTIKA
uynAoTEPO TT0000TO (% )TTOAUPOPPOTIUPNVWY Ot aoBeveic pe ooPapry XArll
OUYKPIVOPEVOUG PE TOuG aoBeveig pe ‘ma kar pérpia XAl avriotoixa (p<

0.0001). O povApng @ UTOONAWVEI OTATIOTIKG ONMAVTIKA  XAUNAGTEPO

000010 (%) pakpo@aywv og aoBeveic pe XAl ouykpIvOPEVOUG PE TNV ouada

eAéyxou (p< 0.0001). O diTA6g @ UTTOONAWVEl OTATIOTIKA  ONUAVTIKA

XOUNAOTEPO TT0000TO (%) Hakpo@dAywv ot oaoBeveig pe cofapry XAl
OUYKPIVOPEVOUG hE aoBeveig pe péTpla kal ATma vooo (p< 0.0001). Or Tiyég

ekpalovTal WG PEON TIUN.
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EIKONA 10. Zuox£Tion ouykEVTpwaong utrepogeldiou Tou udpoyodvou (H207)
OTO OUJTTUKVWHA  eKTTVEOMEVOU aépa aoBevwv pe XAl kar A) Biaia
ektrveopevou 6ykou oto 1° (FEV4 )% avapevéuevng (rs=-0.9, p<0.0001). B) %
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ETTOPIOTAVE! TIPA YIa €va ATOHO JEAETNG.
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Exhaled H,0, in Steady-State

Bronchiectasis*

Relationship With Cellular Composition in Induced
Sputum, Spirometry, and Extent and Severity of

Disease

Stelios Loukides, MD; Demosthenes Bouros, MD, FCCP;

Georgios Papatheodorou, PhD; Stephanos Lachanis, MD; Panos Panagou, MD;

and Nikolaos M. Siafakas, MD, PhD, FCCP

Study objectives: To determine the concentration of exhaled H,O, in patients with bronchiectasis,
and to study the relationship between levels of exhaled H,0,, extent of disease, symptoms score,
spirometry, and cellular composition obtained from induced sputum; furthermore, to account for
possible confounding effects of inhaled corticosteroids (ICS) usage, long-term oral antibiotic
treatment, and chronic colonization with Pseudomonas aeruginosa.

Design: Cross-sectional study.

Patients: Thirty patients with steady-state bronchiectasis.

Results: Mean (95% confidence interval [CI]) exhaled H,O0, levels were significantly elevated in
patients with bronchiectasis compared to normal subjects: 1.1 (0.87 to 1.29) pM vs 0.3 (0.19 to
0.36) pM, respectively (p < 0.0001). Patients treated with ICS had similar values as steroid-naive
patients. The group of patients with P aeruginosa colonization showed a significantly increased
concentration of Hy;O, compared to the group without P aeruginosa colonization. Patients receiving
long-term oral antibiotic treatment had significantly higher values of H,O, compared to those not
receiving antibiotics. There was a significant positive correlation between H,O, and either the
percentage of neutrophils in induced sputum or the extent of the disease as defined by high-
resolution CT. A significant negative correlation was found between H,0, and FEV, percent
predicted. Finally, there was a significant positive correlation between H,0, and the symptoms score.
Conclusions: Patients with bronchiectasis in stable condition showed increased levels of exhaled
H,0,. The above-mentioned levels were not decreased either by ICS or long-term oral antibiotic
treatment, but were significantly affected by chronic colonization with P aeruginosa. H;O, levels
could be an indirect index of neutrophilic inflammation, impairment of lung function, and extension
and severity of the disease. (CHEST 2002; 121:81-87)

Key words: bronchiectasis; hydrogen peroxide; induced sputum; Pseudomonas aeruginosa; spirometry

Abbreviations: BSS = bronchiectasis severity score; CI = confidence interval; HRCT = high-resolution CT; ICS = inhaled
corticosteroids; ROI = reactive oxygen intermediate

ronchiectasis is a chronic suppurative lung disease

with bronchiectasis, bronchial damage is thought to

of diverse etiology characterized by irreversible
dilation of the bronchi and persistent purulent sputum
production. High levels of proinflammatory cytokines
are present in airway secretions, and neutrophils are
the predominate cells in the airway lumen.! In patients

“From the Departments of Pneumonology (Drs. Loukides and
Panagou), Clinical Research (Dr. Papatheodorou), and Radiology
(Dr. Lachanis), Athens Army General Hospital, Athens, Greece;
and the Department of Pneumonology (Drs. Bouros and Siafa-
kas), Medical School, University of Crete, Greece.

Manuscript received October 25, 2000; revision accepted June
12, 2001.

Correspondence to: Stelios Loukides, MD, Smolika 2, 16673,
Athens, Greece; e-mail ssat@hol.gr

exist due to neutrophil inflammatory products released
in response to bacterial infection.? The patient’s condi-
tion can be monitored by lung function tests and
high-resolution CT (HRCT), although the latter re-
quires exposure to radiation.> Chronic colonization
with Pseudomonas aeruginosa is associated with exten-
sive lung disease and severe airflow obstruction.*

Induced sputum is a relatively noninvasive, reli-
able, valid, and responsive technique to measure
airway inflammation.> It can be applied even in the
more severe conditions, and can be used repeatedly
to investigate the inflammatory pattern as well as the
effects of treatment on various diseases.®
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Oxidative stress, defined as an increased exposure
to oxidants or decreased antioxidant capacities, is
implicated in airway inflammatory diseases including
bronchiectasis.”® Oxygen-derived free radicals or
metabolites, collectively termed reactive oxygen spe-
cies, are important mediators of cell and tissue injury
during inflammation and may be produced by sev-
eral types of inflammatory cells.® It has been shown?
that the increased oxidative burden in the lungs of
patients with bronchiectasis is being reflected by
increased levels of exhaled H,O.,.

In testing the hypothesis that reactive oxygen
intermediates (ROIs) such as H,O, are important in
bronchial inflammation seen in bronchiectasis as
well as in predicting the severity of the disease, it
would be necessary and interesting to define which
of the inflammatory cells express the main source of
H,0, production in patients with bronchiectasis.
Furthermore, it would be interesting to show
whether the H,O, concentration contributes to the
development of bronchial inflammation and conse-
quently to the extent of the disease, to disease
severity, and to lung function impairment. We there-
fore measured H,0O, concentrations in the expired
breath condensate of patients with steady-state bron-
chiectasis. We also assessed whether there is an
association between H,0, concentration, airway in-
flammation as defined by induced sputum cytology,
the extent of the disease as defined by a HRCT
scoring scale system, the disease activity as defined
by a symptoms score, and lung function impairment.
To account for possible confounding effects of the
use of inhaled corticosteroids (ICS), long-term oral

antibiotic treatment, or chronic colonization with P
aeruginosa, further analysis was conducted after
subclassifying the patients on the basis of treatment
with ICS, oral antibiotics, and chronic colonization
with P aeruginosa.

MATERIALS AND METHODS

Subjects

Fifteen normal subjects (12 men; mean [SD] age, 34 [8] years;
range, 20 to 46 years; Table 1) were recruited from the staff of
our department. All were nonsmokers and were free of both
upper and lower respiratory tract infections for at least 6 weeks
before this study. They had no history of chronic disease and
were not receiving any regular medication. The subjects had a
negative history of allergy (negative skin prick test results to
common allergens), normal spirometry (FEV,, 95 [8]% pre-
dicted; range, 86 to 110% predicted), and normal bronchial
reactivity with a provocative concentration of histamine causing a
20% fall in FEV, > 0.800 mg in all subjects.

Thirty patients (24 men; mean [SD] age, 39 [16] years; range,
19 to 58 years; FEV,, 69.5 [20]% predicted; range, 27 to 101%
predicted) with diagnosed bronchiectasis were recruited from the
outpatient clinic at Athens Army General Hospital (Table 1). All
patients had a negative history of allergy (negative skin prick test
result to common aeroallergens). None of our patients had
reversibility with inhaled salbutamol of =12% of predicted
FEV,. All patients had bronchiectasis diagnosed on the basis of
clinical and radiologic features and confirmed by HRCT of the
thorax. Patients were included in the study only if they were in
clinically stable condition and had no evidence of acute infective
exacerbation (lower or upper airways) for at least 4 weeks prior to
the study. Ten patients with chronic colonization with P aerugi-
nosa were separately studied and compared with the remaining
20 patients who had no evidence of any chronic colonization with
bacteria (Table 1). Chronic colonization with P aeruginosa was

Table 1—Subject Characteristics*

Bronchiectasis
Normal Subjects I All 1CS (+) 1CS (—) PA Group PA Group (—)I
Characteristics (n =15) (n = 30) (n=14) (n =16) (n =10) (n = 20)

Male/female sex, No. 12/3 24/6 10/4 14/2 8/2 16/4
Age, yr 34 (8) 39 (16) 37 (11) 41 (20) 42 (13) 37.5(18)

Range 20-46 19-58 21-56 19-58 19-58 23-56
FEV, % predicted 95 (8) 69.5 (20) 71 (16) 69 (23) 59 (25) 72 (22)

Range 86-110 27-101 38-89 27-101 27-101 65-91
FVC % predicted 97 (7) 78 (14) 79 (12) 77 (16) 67 (9) 83.5 (17)

Range 88-119 38-114 38-106 42-114 38-81 61-114
HRCT score Not done 9.5 (4.5) 10 (5) 9 (4) 14 (3) 8 (4)

Range 2-18 3-18 2-17 7-18 2-14
Disease duration, yr 11 (8) 13 (9) 9(7) 14 (9) 9.5 (7.5)

Range 3-21 4-21 3-18 10-21 3-20
BSS 5(1.7) 5(2) 4.5(1.3) 6(1.4) 4(1.4)

Range 2-8 2-8 2-7 3-8 2-8
IE/previous year 4(2) 3(1.5) 5(3) 5(3) 3.5(2)

Range 2-8 2-7 2-8 2-8 2-6

*Data are presented as mean (SD) unless otherwise indicated.

IE/previous year = infective exacerbations in the previous year; ICS (+) = patients treated with ICS; ICS (—) = patients not treated with ICS;
PA group = patients with P aeruginosa colonization; PA group (—) = patients without P aeruginosa colonization.
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defined as more than three isolations of P aeruginosa from
separate samples over 3 months.* All patients had negative sweat
test results. Patients with cystic fibrosis, allergic bronchopulmo-
nary aspergillosis, asthma, a;-antitrypsin deficiency, COPD, and
atopic diseases were excluded. Asthma and COPD were excluded
by using the American Thoracic Society criteria.'® None of our
patients were current smokers. Two patients had stopped smok-
ing >3 years prior to the study (mean smoking history, <4
pack-years), and the remaining 28 patients had a negative
smoking history. Twenty-one patients were receiving regular
inhaled B,-agonists (short or long acting) and 14 patients were
receiving ICS (fluticasone propionate, 500 to 1,000 pg/d, or
budesonide, 400 to 800 pg/d). Eleven patients received long-
term oral antibiotics (8 patients in the group with P aeruginosa
colonization). No attempt was made to modify their treatment
with inhaled steroids and long-term oral antibiotics, which re-
mained unchanged for at least 3 months before sputum induction
and H,O, collection. None of the patients were receiving inhaled
or oral mucolytics, and none were receiving oxygen therapy. The
study protocol was approved by the ethics committee of our
hospital, and all subjects gave written informed consent.

Assessment of Disease Severity

Symptoms were assessed as previously described'! using a
different analog scale score. Patients were instructed to record
accurately their daily symptoms (wheezing, sputum production,
cough) for a 2-week period. Symptoms were scored by the patient
every day using a subjective 0 to 3 scoring system, where
0 = none, 1 = mild, 2 = moderate, and 3 = severe. Sputum was
collected over a 24-h period and was stored in clear plastic pots
(50 mL). Sputum production was scored as follows: 0 = no
sputum, 1 = less than a half pot, 2 = more than a half pot but less
than a full pot, 3 = more than a pot per day. The symptoms were
added for each day, and a mean daily score was calculated for the
period of assessment (score range, 0 to 9).

Lung Function

FEV, and FVC were measured using a dry spirometer (Vica-
test, model VEP2; Mijnhardt; Rotterdam, Holland). The best
value of three maneuvers was expressed as a percentage of the
predicted value. Airway responsiveness was measured only in
normal subjects by histamine provocation challenge. The provoc-
ative concentration of histamine causing a 20% fall in FEV| was
calculated by linear interpolation of the semilogarithmic dose-
response Curve.

HRCT

A recent HRCT (within a week from entering the study) scan
(GE 9800 Highlight Advanced; General Electric Medical Sys-
tems; Milwaukee, WI) of 30 patients was assessed and scored by
the same radiologist, who was blinded to all other details
concerning the patients’ clinical and functional conditions. Dur-
ing the 7-day interval, none of our patients had an exacerbation of
disease. Each lobe of both lungs was graded for bronchiectatic
changes on a scale of 0 to 3 (lingula was scored as a separate
lobe), giving a maximum of 18 points (0 = no bronchiectasis,
1 = one bronchopulmonary segment involved, 2 = more than
one bronchopulmonary segment involved, and 3 = gross cystic
bronchiectasis). Patients with emphysematous changes were ex-
cluded. This scoring has been used in a previous study?® with low
interobserver variation.

Collection of Expired Breath Condensate and H,O,
Measurement

A heat-exchanger unit (RHES, model 6V3; Jaeger; Wuerzburg,
Germany) was used to produce cold air of — 15°C to — 18°C at
an air flow of 80 L/min. A double-jacketed glass tube of 30 cm in
length was specifically adapted to the cold-air system and a
two-way unidirectional valve (Series 2-200; Hans Rudolph; Kan-
sas City, MO) was connected to the tube in order to separate
inspiration from expiration. After rinsing their mouths, the
subjects were comfortably seated in a chair wearing nose clips
and breathed in a relaxed manner (tidal breathing) for 10 min.
The breath condensate was collected at the other end of the tube
and was immediately stored at — 70°C for later analysis. Accord-
ing to this design, salivary contamination was highly unlikely and
was easily observed, as the proximal cold-air connection was 20
cm away from the mouthpiece. Approximately 1 mL of breath
condensate was collected in a 2-mL sterile plastic tube. HyO,
measurements were performed the same day (minimum of 2 days
and maximum of 20 days from collection time in all samples). To
examine the repeatability of Hy,O, measurements within subjects,
condensate was collected from 5 normal subjects and 10 patients
on 2 consecutive days. To assess the stability of HyO, in the
frozen condensate, 4 mL of condensate was collected from eight
subjects (four patients). The above-mentioned concentration was
divided into 1-mL aliquots, in which H;O, concentrations were
determined after 2 days, 1 week, 2 weeks, and 3 weeks of storage
(the maximum time between collection and measurement in the
whole samples). Repeatability of exhaled H,O, measurements
and stability of H,O, frozen samples were estimated as previously
described.2

All condensate samples were tested for salivary contamination
by determination of amylase activity. Amylase activity was carried
out spectrophotometrically (kinetic method) using a commercial
reagent kit (model 981362; KONE Instruments; Espoo, Finland).
In this procedure, a-amylase of the sample and the enzyme
a-glucosidase hydrolyzes the substrate p-nitrophenyl-a-D-malto-
heptaoside to glucose and p-nitrophenol. The liberation of
p-nitrophenol is followed at 405 nm (37°C) for 2 min. Two
samples were spiked with saliva to ensure that it can be detected
by our method. In all samples, no amylase was detected using the
method described, suggesting no contamination of breath con-
densate with saliva. The samples that were spiked with saliva,
showed levels of > 5,000 IU salivary amylase.

H,0, concentration was determined by an enzymatic assay as
previously described.314 Briefly, 250 pL of 420 uM 3', 3,5,5'
tetramethylbenzidine (dissolved in 0.42 mol/L citrate buffer, pH
3.8) and 10 pL of 52.5 U/mL of horseradish peroxidase (HRP;
Sigma Chemicals; St Louis, MO) were reacted with 250 pL of the
condensate for 20 min at room temperature. Subsequently, the
mixture was acidified to a pH of 1 with 10 pL of 18 N sulfuric
acid. The reaction product was quantitated at the absorbency of
450 nm using a double-beam spectrophotometer (Uvicon 940;
Kontron Instruments; Zurich, Switzerland). A standard curve was
performed for the assay, with limit of determination of 0.1 uM
H,0,. The investigator who performed the H,O, measurements
was blinded to the clinical and functional status of the subjects as
well as to the results of sputum inflammatory cells.

Sputum Induction and Processing

Sputum was induced by the inhalation of an aerosol 3.5%
hypertonic saline solution generated by an ultrasonic nebulizer
(model 2696; DeVilbiss; Somerset, PA) with modifications to
improve its safety.® At least 2 mL of sputum was collected into a
sterile container. The sample from the first cough was discarded,
as this is heavily contaminated with squamous epithelial cells.'
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An adequate sample was defined if the number of squamous
epithelial cells was < 30% of the total number of inflammatory
cells.’6 Cytospin slides were prepared and stained with May-
Grunwald-Giemsa. The person who performed the differential
cell counts was not aware of the clinical and functional status of
the patients, as well as of the expired breath condensate mea-
surements. Two slides were used for counting, and at least 300
inflammatory cells were counted for each slide.

Statistical Analysis

Data concerning characteristics of the subjects are shown as
mean (SD) and range. Data concerning the comparisons between
the various parameters in the study groups are given as mean with
95% confidence intervals (Cls) for the differences. Parameters
from patients and control subjects, as well as from all the
subgroups, were compared using the Student’s ¢ test. Spearman’s
rank correlation coefficient was used to investigate the relation
between the various parameters. A p value < 0.05 was considered
significant.

RESULTS

Repeated measurements on 2 consecutive days
showed a mean (SD) within-subject difference of
0.07 (0.04) pM for patients and 0.03 (0.02) pM for
normal subjects. The stability of H,O, in frozen
samples showed no significant difference among the
four measurements: 0.62 (0.41) pM after 2 days,
0.64 (0.4) pM after 1 week, 0.6 (0.4) uM after 2
weeks, and 0.6 (0.4) uM after 3 weeks (p = 0.55).

Mean H,0, levels were significantly increased in
patients with bronchiectasis compared to normal
subjects: 1.1 uM (95% CI, 0.87 to 1.29 uM) vs 0.3
pM (95% CI, 019 to 0.36 pM), respectively
(p < 0.0001; Fig 1, top). Patients treated with ICS
had similar values than those not receiving ICS: 1.15
pM (95% CI, 0.81 to 1.5 uM) vs 1.02 uM (95% CI,
0.73 to 1.3 uM), respectively (p = 0.55; Fig 1, top).
Patients with P aeruginosa colonization had signifi-
cantly higher levels of H,O, compared to patients
without P aeruginosa colonization: 1.6 uM (95% CI,
1.25 to 1.92 pM) vs 0.8 uM (95% CI, 0.64 to 1.01
uM), respectively (p < 0.05; Fig 1, top). HyO, levels
were significantly increased in patients receiving
long-term oral antibiotic treatment compared to
those not receiving any antibiotics: 1.3 uM (95% CI,
0.95 to 1.7 pM) vs 0.9 pM (95% CI, 0.67 to 1.16
uM), respectively (p < 0.05). The total cell count
was significantly higher in patients with bronchiec-
tasis compared to normal subjects: 3.7 X 10%/mL
(95% CI, 1.6 to 3.9 X 10%mL) vs 2.1 X 10%mL
(95% CI, 14 to 2.3 X 10%mL) respectively
(p < 0.001). The percentage of neutrophils obtained
from induced sputum was significantly higher in
patients with bronchiectasis than in normal subjects:
59% (95% CI, 54 to 63%) vs 27% (95% CI, 24 to
36%), respectively (p < 0.0001; Fig 1, bottom). Spu-
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FI1GURE 1. Top: H,0, concentrations in expired-breath conden-
sate of patients with bronchiectasis (All; n = 30; closed circles),
inhaled corticosteroid-treated patients (ICS+; n = 14; closed
squares), inhaled corticosteroid-naive patients (ICS—; n = 16;
open squares), patients with P aeruginosa colonization (PA+;
n = 10; closed triangles), patients without P aeruginosa coloni-
zation (PA—; n = 20; open triangles), and normal subjects (Nor-
mals; n = 15; open circles). Each symbol represents one individ-
ual. The concentration of Hy,O, was significantly higher in
patients with bronchiectasis compared to normal subjects
(p < 0.0001). Patients with P aeruginosa colonization had signif-
icant higher values compared to patients without P aeruginosa
colonization (p < 0.05). Horizontal bars represent mean values.
Bottom: Percentage of differential cell counts in induced sputum
in patients with bronchiectasis and in normal subjects. * = Sta-
tistically signiﬁcantly higher percentage of neutrophils in induced
sputum of patients with bronchiectasis compared to normal
subjects (p < 0.0001). ** = Statistically significant lower per-
centage of macrophages in induced sputum of patients with
bronchiectasis compared to normal subjects (p < 0.0001). Data
are shown as mean (SD).

tum macrophage levels were significantly lower in
patients than in normal subjects: 40% (95% CI, 32 to
53%) vs 72% (95% CI, 65 to 84%), respectively
(p < 0.0001; Fig 1, bottom).

Correlations are summarized in Table 2. There
was a significant positive correlation between H,0,
concentration in exhaled breath condensate and
either the percentage of sputum neutrophils or the
HRCT scoring scale system (r = 0.9, p < 0.0001;
and r = 0.66, p < 0.0001, respectively; Fig 2, top
left, A, and top right, B). A significant negative
correlation was observed between FEV| percent
predicted and H,O, concentration in exhaled breath
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Table 2—Associations Between H,0, Concentration and the Main Clinical, Inflammatory, and Functional
Parameters in Patients With Bronchiectasis*

Percentage of

H,0, HRCT FEV, % Predicted BSS Neutrophils
| 1o 1o 1o 1

Variables r p Value r p Value r p Value r p Value r p Value
Neutrophils % 0.9 < 0.0001+t 0.6 < 0.0001+t —0.39 < 0.05% 0.67 < 0.0011
HRCT 0.66 < 0.0001t —0.48 < 0.05f 0.4 < 0.05% 0.6 < 0.0001t
FEV, % predicted —0.42 < 0.05% —0.48 < 0.05% —0.21 0.08 —0.39 < 0.05t
BSS 0.43 < 0.05% 0.4 < 0.05% - 021 0.08 0.67 < 0.0011
H,0, 0.66 < 0.0001+t —0.42 < 0.05% 0.43 < 0.05% 0.9 < 0.0001t

*Correlations were conducted using the Spearman’s rank correlation coefficient.

tSignificant correlation.

condensate (r = — 0.42, p < 0.05; Fig 2, bottom left,
C). Finally, a significant positive correlation was
observed between H,O, and the bronchiectasis se-
verity score (BSS) [r = 0.43, p < 0.05; Fig 2, bottom
right, D]. A negative correlation was found between
FEV, percent predicted and either the percentage of
sputum neutrophils or the HRCT scoring scale
system (r=—0.39, p<0.05 and r= — 048,
p < 0.05, respectively). A significant positive correla-
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tion was found between percent number of sputum
neutrophils and HRCT scoring scale system (r = 0.6,
p < 0.0001). No correlation was found between H,;0,
and the percentage of macrophages in induced
sputum (r = — 0.14, p = 0.54). There was a signifi-
cant positive correlation between BSS and either the
percentage of sputum neutrophils or the HRCT
scoring scale system (r=0.67, p<0.001; and
r =04, p <0.05, respectively). No correlation was
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FIGURE 2. Correlation between Hy,O, in expired-breath condensate and (top left, A) percentage of
neutrophils in induced sputum (r = 0.9, p <0.0001), (top right, B) HRCT scoring scale system
(r =0.66, p < 0.0001), (bottom left, C) FEV| percent predicted (r = — 0.42, p < 0.05), and (bottom
right, D) BSS (r = 0.43, p < 0.05). Closed squares indicate individual data points; pred = predicted.
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observed between BSS and FEV, percent predicted.
FVC percent predicted, duration of disease, and
number of infective exacerbations in the previous
year did not correlate with the any of the variables
tested.

DISCUSSION

We have demonstrated that patients with bronchi-
ectasis showed elevated levels of exhaled H,O,,
which were significantly correlated with the neutro-
phil differential counts in induced sputum, extent of
disease, lung function impairment, and disease se-
verity. We interpret these findings as confirmation
that oxidative stress is increased in the airways of
patients with bronchiectasis, and reflects the severity
of the disease as well as the inflammatory process.

The concentration of H,O, measured in exhaled-
breath condensate may be considered as the net
result of production vs scavenging. Compared with
the cellular antioxidant scavenging systems, the ex-
tracellular space and airway have significantly less
ability to scavenge reactive oxygen species.'” Thus,
the airway inflammation that occurs in bronchiecta-
sis and other acute or chronic inflammatory pro-
cesses involving the respiratory tract may be partic-
ularly likely to induce increased oxidant production
that is detectable by increased Hy,O, in expired
breath. Activation of inflammatory cells, including
neutrophils, eosinophils, and macrophages, induces a
respiratory burst, resulting in marked production of
reactive oxygen species, including H,O,.!8 However,
the precise role of ROIs in the pathophysiology of
inflammatory process remains unclear due to the
difficulty in identifying which cells produce ROIs in
the inflamed lung and bronchi in each disease, as
well as to specify the activated state of the above-
mentioned cells. Therefore, the major problem is to
determine a strong relationship between oxidant
production and the development of an inflammatory
reaction. Airway assessments performed by bron-
choscopy biopsy and lung lavage have suggested that
inflammation contributes to the development of
bronchiectasis.> Most observations dealing with in-
flammatory cells in bronchiectasis have focused on
neutrophils that undoubtedly impact on the inflam-
matory process and may alter the oxidant-antioxidant
balance.'® Similar results were observed in our
study using a noninvasive method, such as sputum
induction. The high percentage of neutrophils ob-
served in this study, the strong correlation with H,O,
concentration, and the lack of correlation between
macrophages and H,0, concentration lead to the
plausible explanation that in patients with bronchi-
ectasis, neutrophils express the main source of H,O,
production, while macrophages seem not to be the
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cells that generate H,O,. These findings are partially
supported by previous observations,'-? where accu-
mulation of neutrophils in bronchiectatic airways is
associated with airways damage. Polymorphonuclear
leukocytes release several molecules that mediate
this damage, particularly proteases and oxidants.®2
This means that neutrophilic inflammation in the
bronchiectatic airways is an endogenous source of
oxidants leading to proteolytic and cellular damage
and thereby contributes to oxidant stress.

In patients with bronchiectasis, a correlation be-
tween the extent of the disease and the degree of
lung function impairment has already been shown.2!
Furthermore, the degree of lung function impair-
ment and the number of neutrophils recovered from
lung lavage appeared to be strongly correlated in
most patients.’® These earlier observations lead to
the plausible explanation that lung function impair-
ment expresses both the degree of neutrophilic
inflammation in the airway lumen and the extent of
the disease. These data are partially confirmed by
our study, which also showed a strong positive
correlation between neutrophil differential counts in
induced sputum and disease severity. The last obser-
vation is the first, to our knowledge, to give evidence
that the inflammatory process in the airway of
patients with bronchiectasis is strongly associated
with both the severity and extent of the disease.
Taking all these points into consideration and based
on previous observations where early knowledge of
these parameters could be beneficial for the moni-
toring and treatment of the disease,>?2 H,O, con-
centration seems to be an appropriate way to detect
and follow up the course of these features. However,
our study was designed as cross-sectional and could
not strongly support the above-mentioned state-
ments, which would require prospective controlled
longitudinal data.

The present cross-sectional study cannot demon-
strate a causal relationship between ICS usage,
long-term oral antibiotic treatment, and H,O, con-
centration. In fact, patients receiving ICS had similar
values with steroid-naive patients, while patients
receiving long-term oral antibiotics consistently
showed the highest values. Prospective, controlled
studies are needed for that purpose. However, our
findings are similar to those previously reported,
where steroids have failed to alter H,O, production
from polymorphonuclear leukocytes,?? and antibiot-
ics reduced effectively the amount of inflammation
during an exacerbation but they are inadequate in
dealing with persistent airway inflammation.?* The
finding that patients receiving long-term oral antibi-
otic treatment had the highest H,O, values may be
due to the fact that patients with the most severe
infections were the only patients receiving antibiotic
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therapy. The results of our study and the findings of
others*?> suggest that P aeruginosa colonization in
patients with bronchiectasis is associated with more
extensive disease, more severe disease, and greater
lung function impairment. However, it remains un-
clear whether P aeruginosa is the cause or the result
of advanced disease. We additionally showed that
chronic colonization with P aeruginosa may have a
causal role in the oxidant-mediated lung injury. This
is partially supported by previous observations where
bacterial products released from P aeruginosa impair
ciliary activity and lead to persistent inflammation by
a pathway that involves neutrophils and is mediated
by ROIs, which are not inhibited by antioxidants.26

In summary, exhaled H,O,, an index of oxidative
stress, may be an indirect index of neutrophilic
inflammation, lung function impairment, and sever-
ity and extension of disease. As collection of breath
condensate is simple and noninvasive, it may be
useful in patients with severe disease who may not
tolerate more invasive investigations. If certain oxy-
gen species contribute to airway inflammation in
patients with bronchiectasis, then oxygen radical
scavengers or antioxidants could play a critical role in
treating the disease. However, no justification exists
for this treatment, and further studies are needed to
confirm this hypothesis.
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The Relationships Among Hydrogen
Peroxide in Expired Breath Condensate,
Airway Inflammation, and Asthma
Severity*

Stelios Loukides, MD; Demosthenes Bouros, MD, FCCP;
Georgios Papatheodorou, PhD; Panos Panagou, MD; and
Nikolaos M. Siafakas, MD, PhD, FCCP

Study objective: To investigate which cells are the main source of hydrogen peroxide (H,0,)
production in stable patients with asthma and the associations among H,0, levels, airway
inflammation, and disease severity.

Setting: Inpatient respiratory unit and outpatient clinic in tertiary-care hospital.

Patients: Fifty stable asthmatic patients with disease severity ranging from mild to moderate.
Methods: H,O, was measured in expired breath condensate and was correlated with variables
expressing both asthma severity (ie, FEV, percent predicted, peak expiratory flow rate [PEFR]
variability, symptom score, and histamine airways responsiveness) and airway inflammation (ie,
differential cell counts from induced sputum and levels of eosinophil cationic protein [ECP]).
Results: The mean (95% confidence interval [CI]) concentration of H,O, was significantly elevated in
patients with asthma compared to that in control subjects (mean, 0.67 pM [95% CI, 0.56 to 0.77 pM]
vs 0.2 pM [95% CIL, 0.16 to 0.24 pM]; p < 0.0001). The difference was primarily due to the elevation
of H,0, in patients with moderate asthma whose expired breath H,0, level of 0.95 pM (95% CI, 0.76
to 1.12 pM) was significantly higher from that of patients with mild-persistent and mild-intermittent
asthma (mean, 0.59 pM [95% CI, 0.47 to 0.7 pM] and 0.27 [95% CI, 0.23 to 0.32 pM], respectively;
p < 0.0001). H,O, concentration was positively related to sputum eosinophilia as well as to ECP
concentration. A similar correlation was found between H,O, and neutrophils in patients with
moderate asthma. A positive correlation was observed between H,0, level, symptom score, and
PEFR variability. H,O, level was negatively related to FEV, percent predicted. Further analysis
showed that only patients with moderate asthma who were not receiving inhaled steroids were found
to have a strong relationship with the variables tested.

Conclusions: Eosinophils are the predominate cells that generate H,O, in all forms of the disease,
while neutrophils might be responsible for the highest levels that are observed in the more severe
forms of the disease. The role of H,O, concentration in predicting the severity of the disease as well
as in the inflammatory process is limited and depends on the use of inhaled steroid therapy and the
classification of the severity of the disease. (CHEST 2002; 121:338-346)

Key words: airway inflammation; hydrogen peroxide; severity; stable asthma
Abbreviations: CI = confidence interval; ECP = eosinophil cationic protein; H,O, = hydrogen peroxide; ICS = inhaled

corticosteroids; NHLBI = National Heart, Lung, and Blood Institute; PD,, = provocative dose of histamine causing a 20%
fall in FEV; PEFR = peak expiratory flow rate; ROS = reactive oxygen species

A sthma is a chronic lung disorder with the cardinal
features of reversible airway obstruction, airway
inflammation, and airway hyperresponsiveness.!
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Asthma severity may be defined in various ways such
as by symptom score, drug therapy requirements,
and the results of lung function tests. The technique
of induced sputum, a validated research tool, is being
widely used to identify cellular factors that may be
responsible for the inflammatory basis of the
disease.2

Oxidative stress plays an important pathogenetic
role in many inflammatory diseases including asth-
ma.>* The activation of inflammatory cells such as
neutrophils, eosinophils, and macrophages is seen in
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patients with asthma as well as in those with other
inflammatory airway diseases. Activated inflamma-
tory cells respond with a respiratory burst, which
results in the production of reactive oxygen species
(ROS) such as hydrogen peroxide (Hy;0,).> H,0,
reflects the underlying state of oxidative stress and
has been measured in exhaled breath condensate, a
simple noninvasive technique that is highly repro-
ducible,b which reflects abnormalities that are noted
in specimens obtained bronchoscopically” and in the
sputum.®

However, a number of important issues regarding
the value of ascertaining Hy,O, levels in asthma
patients remain unresolved, the main one being
whether the oxidative stress seen in stable patients
with asthma contributes to airway inflammation as
well as to the classification of the severity. Our
primary aim was to evaluate whether there is an
association between H,0, concentration in expired
breath condensate and airway inflammation or dis-
ease severity. Furthermore, we investigated which
cells are the main source of HyO, production in
stable patients with asthma and whether these cells
differ according to the severity classification as well
as according to the use of inhaled corticosteroids
(ICS). As indexes of airway inflammation in sputum,
we studied validated variables, including differential
cell counts and eosinophil cationic protein (ECP)
levels. Disease severity was assessed by a symptom
score, the results of lung function tests, and airway
responsiveness to histamine. To account for the
possible confounding effects of ICS, further analysis
was conducted after subdividing the patients on this
basis.

MATERIALS AND METHODS

Patients

Fifty nonsmoking stable patients with asthma who were attend-
ing the asthma outpatient clinic and 15 healthy, nonatopic,
nonsmoking control subjects (Table 1) participated in the study.
Thirty-two asthma patients were atopic, as judged by positive
responses to skin prick tests of six common allergens and the
elevated serum level of IgE. A diagnosis of asthma was estab-
lished according to the National Heart, Lung, and Blood Institute
(NHLBI) guidelines for the diagnosis and management of asth-
ma.! Patients were included in the study only if they were
clinically stable and had no evidence of acute exacerbation for at
least 4 weeks prior to the study. Twenty patients were receiving
therapy with ICS (fluticasone propionate, 500 to 1000 g daily, or
budesonide, 400 to 800 g daily). None was receiving any other
anti-inflammatory treatment, including therapy with leukotriene
antagonists, theophylline, inhaled or oral mucolytics, or oxygen.
Twenty-two patients were receiving long-acting B,-agonists twice
a day (some of them occasionally required therapy with short-
acting By-agonists as relief medication), while the remaining 28
patients were receiving therapy only with short-acting B,-agonists
as a relief medication.

Table 1—Subjects Characteristics*
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Healthy subjects had a negative history of allergy (ie, negative
responses to skin prick tests for common allergens), normal
spirometry results, and normal bronchial reactivity with a pro-
vocative dose of histamine causing a 20% fall in FEV, (PD,) of
> 0.800 mg (mean, 1.30 mg; range, 0.98 to 1.7 mg) in all healthy
subjects.

The Ethics Committee of Athens Army General Hospital
approved the study protocol, and all participants gave informed
written consent.

Assessment of Disease Severity

On enrollment into the study, all patients with mild asthma
underwent histamine challenge (ie, PDy, 0.273 mg; range, 0.05
to 0.61 mg). All the patients with asthma were instructed to
record accurately for 2 weeks their daily asthma symptoms (ie,
cough, daytime wheezing, nighttime asthma, and daytime breath-
lessness), bronchodilator requirements, and peak expiratory flow
rate (PEFR) measurements twice daily (morning and evening).®
Simultaneously, they had to comply with the terms of receiving
their regular medication. The foresaid asthma symptoms were
scored by the patients every day using a subjective scoring system
of 0 to 3 (0, none; 1, mild; 2, moderate; 3, severe). The symptoms
were added for each day, and a mean daily score was extracted for
the period of assessment. No attempt was made to modify their
treatment, which remained unchanged for 4 weeks before spu-
tum induction and H,O, collection. There were no differences in
lung function (ie, FEV, and PEFR) between days 1 and 14 of the
period during which disease severity was assessed.

Classification of Asthmatic Subjects According to Asthma
Severity

We used the recommendations for the classification of asthma
severity of the NHLBI workshop on the global strategy for
asthma! to classify patients into the following three asthma
categories: mild intermittent; mild persistent; and moderate. Ten
patients were classified as having mild-intermittent asthma, 20
patients were classified as having mild-persistent asthma, and the
remaining 20 patients were classified as having moderate asthma
(Table 1).

Analysis for the Effects of ICS

In a subanalysis performed to account for the use of ICS, we
excluded patients with mild-intermittent asthma. The remaining
40 patients were divided into the following two subgroups: those
who received ICS (n = 20); and those who were steroid-naive
(n = 20). Patients with mild-persistent asthma and moderate
asthma also were subdivided according to the use of ICS (10
patients in each subgroup received ICS).

Lung Function

FEV, was measured using a dry spirometer (Vica-test; Mijn-
hardt; Rotterdam, Netherlands). The best value of three maneu-
vers was expressed as a percentage of the predicted value. Airway
responsiveness was measured by histamine provocation chal-
lenge!? in healthy subjects and in patients with mild asthma. The
PDy,, was calculated by the interpolation of the semi-logarithmic
dose-response curve. The diurnal PEFR variation was calculated
by the formula (evening and morning PEFR/the mean of the
evening and morning PEFR) X 100, and the results are shown as
the mean daily variation.
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Collection of Expired Breath Condensate and H,O,
Measurement

Expired breath condensate was collected in the morning using
an alternative way of cooling the tubes in order to enhance the
formation of condensate. A heat-exchanger unit (RHES; Jaeger;
Whuerzburg, Germany) was used to produce cold air of —15 to
—18°C at an airflow of 80 L/min. A double-jacketed glass tube of
30 cm length was specifically adapted to the cold air system and
a two-way unidirectional valve (Hans Rudolf; Kansas City, MO)
was connected to the tube in order to separate inspiration from
expiration. After rinsing their mouths, study participants were
seated comfortably in a chair wearing nose clips and breathed in
a relaxed manner (ie, tidal breathing) for 10 min. The breath
condensate was collected at the other end of the tube and was
immediately stored at —70°C for later analysis. According to this
design, salivary contamination was highly unlikely and was easily
observed, as the proximal cold air connection was 20 cm from the
mouthpiece. Approximately 1 mL breath condensate was col-
lected in a 2-mL sterile plastic tube. H,O, measurements were
performed on the same day. To examine the repeatability of
H,0, measurements within subjects, the condensate was col-
lected from 5 healthy subjects and from 10 patients on 2
consecutive days. To assess the stability of Hy,O, in the frozen
condensate, 4 mL condensate was collected from eight subjects
(four patients). The above concentration was divided into 1-mL
aliquots, in which H,O, concentrations were determined after 2
days, 1 week, 2 weeks, and 3 weeks of storage (which was the
maximum time between collection and measurement in the
whole samples). The repeatability of exhaled H,O, measure-
ments and the stability of the H,O, frozen samples was estimated
as previously described.®

All condensate samples were tested for salivary contamination
by the determination of amylase activity. Amylase activity was
carried out spectophotometrically (kinetic method) using a com-
mercial reagent kit (KONE Instruments; Espoo; Finland). In this
procedure, the a-amylase of the sample and the enzyme o-glu-
cosidase hydrolyzes the substrate p-nitrophenyl-a-D-maltohep-
taoside to glucose and p-nitrophenol. The liberation of p-
nitrophenol is followed at 405 nm (37°C) for 2 min. Two samples
were spiked with saliva to ensure that this could be detectable by
our method of detection. In all the samples, no amylase was
detected using the method described, suggesting that no contam-
ination of breath condensate with saliva had occurred. The
samples, which were spiked with saliva, showed levels of > 5000
IU salivary amylase.

H,0, concentration was determined by an enzymatic assay, as
previously described.!-12 Briefly, 250 pL 420 uM 3'3,5,5'-
tetramethylbenzidine (dissolved in 0.42 M citrate buffer; pH 3.8)
and 10 pL 52.5 U/mL horseradish peroxidase (Sigma Chemical
Co; St Louis, MO) were reacted with 250 L condensate for 20
min at room temperature. Subsequently, the mixture was acidi-
fied to a pH of 1 with 10 wL 18 N sulfuric acid. The reaction
product was quantitated at an absorbency of 450 nm using a
double-beam spectrophotometer (Uvicon 940; Kontron Instru-
ments; Zurich, Switzerland). A standard curve was performed for
the assay with a limit of determination of 0.1 pM H,0,.

Sputum Induction and Processing

Sputum was induced by the inhalation of an aerosol of 3.5%
hypertonic saline solution that was generated by an ultrasonic
nebulizer (model 2696; DeVilbiss; Somerset PA)!3 that was used
with modifications to improve its safety.!* At least 2 mL sputum
was collected into a sterile container. The sample from the first
cough was discarded as it was heavily contaminated with squa-
mous epithelial cells. An adequate sample was defined if the
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number of squamous epithelial cells was < 30% of the total
number of inflammatory cells.!> Cytospin slides were prepared
and stained with May-Grunwald-Giemsa stain. The person who
performed the differential cell counts was not aware of the
clinical and functional status of the patients or of the expired
breath condensate measurements. Two slides were used for
counting, and at least 400 inflammatory cells were counted for
each slide. The ECP was analyzed as previously described'* using
a fluorometric enzyme immunoassay (Pharmacia; Uppsala, Swe-
den). The inflammatory cells in sputum are shown as both
absolute counts (ie, number of cells per gram of sputum) and as
percentages of the total number of nonsquamous cells. Conden-
sate and sputa were obtained after the period during which the
disease seven‘ty was assessed. Sputum measurements were per-
formed on the same day for all the patients.

Statistical Analysis

Data concerning the characteristics of participants are shown
as the mean (SDj; range). Data concerning the comparisons
among the various parameters in the study groups are given as
the mean with 95% confidence intervals (CIs). The data were
examined for normal distributions, and when the data were not
normally distributed the nonparametric Mann-Whitney test was
used for statistical comparisons. For normally distributed data,
paired ¢ tests were used for statistical comparisons. The normality
of distribution was tested with the Shapiro Wilks test. Data from
the whole study group of asthma patients were not normally
distributed, while the data from subgroups of asthma patients
were normally distributed. Parameters from patients with mild-
intermittent, mild-persistent, and moderate asthma were com-
pared using the one-way analysis of variance with an appropriate
post hoc test (ie, Bonferroni correction) for multiple comparisons.
Pearson’s correlation coefficient was used to investigate the
relation between the normally distributed parameters. For non-
normally distributed parameters, Spearman’s correlation coeffi-
cient was used. The codependence of H,O, production both
from neutrophils and eosinophils in patients with moderate
asthma was estimated by multilinear regression analysis (SPSS,
version 10.0 Windows; SPSS; Chicago, IL). As a dependent
variable, we used the Hy,0, concentration in expired breath
condensate, and as independent variable we used the percentage
of eosinophils and neutrophils in induced sputum samples. A p
value < 0.05 was considered to be significant.

RESULTS

H,0, Concentration in Expired Breath
Condensate, Airway Inflammatory Cells, and
ECP in Induced Sputum

Repeated measurements on 2 consecutive days
showed a mean within-subject difference of 0.09 uM
(SD, 0.03 wM) for patients and 0.07 uM (SD, 0.04
uM) for healthy subjects. The stability of the H,O,
in frozen samples showed no significant differences
among the four measurements (after 2 days: mean,
0.54 pM [SD, 0.21 wM]; after 1 week: mean, 0.58
pM [SD, 0.3 wM]; after 2 weeks: mean, 0.6 wM [SD,
0.3 wM]; after 3 weeks: mean, 0.57 uM [SD, 0.4
uM]; p = 0.43).

The mean H,0O, concentration in expired breath
condensate of all asthmatic subjects was significantly

higher than that from healthy control subjects (0.67
LM [95% CI, 0.56 to 0.77 pM] vs 0.2 wM [95% CI,
0.16 to 0.24 pM], respectively; p < 0.0001) [Fig 1,
top]. The difference was primarily due to the eleva-
tion of HyO, concentrations in patients with moder-
ate asthma whose expired breath H,0, level was
significantly higher than that of those with mild-
intermittent and mild-persistent asthma (0.94 pM
[95% CI, 0.76 to 1.12 pM], 0.27 pM [95% CI, 0.23
t0 0.32 wM], and 0.59 WM [95% CI, 0.47 to 0.7 uM],
respectively; p < 0.0001) [Fig 1, top]. Patients with
mild-intermittent, mild-persistent, and moderate
asthma had significantly higher levels of H,O, com-
pared with those of healthy subjects (p = 0.04,
p < 0.001, and p < 0.0001, respectively). There was
no significant difference between patients with atopy
and those with no atopy (0.7 [95% CI, 0.6 to 0.8] vs
0.6 [95% CI, 0.4 to 0.8], respectively; p = 0.08). All
four groups of asthma patients had higher levels of
sputum eosinophilia than did control subjects, with a
progressive increase that was related to asthma
severity (control subjects, 0.3% [95% CI, 0.1 to
0.6%] and 7 X 10%g [95% CI, 2 to 8 X 10%/g]; all
asthma patients, 7% [95% CI, 2 to 9%] and
98 X 10%g [95% CI, 71 to 114 X 10%/g]; patients
with mild-intermittent asthma, 2% [95% CI, 0.8 to
3%] and 21 X 10%g [95% CI, 14 to 27 X 10%g];
patients with mild-persistent asthma, 5% [95% CI, 2
to 7%] and 74 X 10%/g [95% CI, 63 to 81 X 10%/g];
and patients with moderate asthma, 11.5% [95% CI,
4 to 13%] and 164 X 10%g [95% CI, 137 to
198 X 103/g]) [Fig 1, middle; Table 1; p < 0.001 and
significantly higher in patients with moderate asth-
ma]. The percentage and number of macrophages
were significantly lower in patients with moderate
asthma compared both to those with mild-intermit-
tent asthma and mild-persistent asthma (moderate
asthma, 57% [95% CI, 51 to 60%] and 518 X 10°g
[95% CI, 435 to 562 X 10%g]; mild-intermittent
asthma, 72% [95% CI, 67 to T4%] and 737 X 10°g
[95% CI, 637 to 816 X 10°g]; and mild-persistent
asthma, 70% [95% CI, 69 to 75%] and 621 X 10°g
[95% CI, 577 to 703 X 10°g]) [Fig 1, middle;
p < 0.0001]. Furthermore, there were significant
differences in the relative neutrophil counts between
patients with moderate asthma and patients both
with mild-intermittent and mild-persistent asthma
(moderate asthma, 31% [95% CI, 28 to 35%] and
255 X 10°g [95% CI, 211 to 273 X 10°g]; mild-
intermittent asthma, 25% [95% CI, 20 to 26%] and
224 X 10°g [95% CI, 195 to 237 X 10°g]; and mild-
persistent asthma, 24% [95% CI, 21 to 25%] and
201 X 10%g [95% CI, 189 to 220 X 10%g]) [Fig 1,
middle; p < 0.05]. Significant differences among the
groups were detected for the ECP concentration
with a progressive increase, which was related to
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FiGUure 1. Top: H,0, concentration in the expired breath
condensate of patients with asthma (@, all subjects [n = 50]; V
patients with mild-intermittent asthma [n = 10]; V¥, patients with
mild-persistent asthma [n = 20]; A, patients with moderate
asthma [n = 20]; O, healthy subjects [normals] [n = 15]). Each
symbol represents one individual. The concentration of HyO, was
significantly higher in patients with asthma compared to healthy
subjects (p < 0.0001). Patients with moderate asthma had signif-
icant higher values compared to those with mild-intermittent and
mild-persistent asthma (p < 0.0001). The horizontal bar repre-
sents mean values. Middle: the percentage and number of
differential cell counts in the induced sputum of patients with
asthma (ie, all patients, patients with mild-intermittent asthma,
patients with mild-persistent asthma, and patients with moderate
asthma) and in healthy subjects. * = a statistically significant
higher percentage of neutrophils in the induced sputum of
patients with moderate asthma compared to healthy subjects and
patients in the other asthma subgroups (p < 0.05). ** = a statis-
tically significant higher percentage of eosinophils in the induced
sputum of patients with moderate asthma compared to healthy
subjects and patients in the other asthma subgroups (p < 0.001).
*** = a significantly lower percentage of macrophages in the
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asthma severity (Table 1; p <0.001 significantly
higher concentration in patients with moderate
asthma).

Analysis for the Effects of ICSs

There was a significant difference in the mean
H,0, concentrations between asthma patients who
were treated with ICS and those who were steroid-
naive (0.66 WM [95% CI, 0.52 to 0.8 wM] vs 0.87 pM
[95% CI, 0.68 to 1.05 wM], respectively; p < 0.05)
[Fig 1, bottom]. Similar results regarding the use of
ICS were observed after subdividing patients to into
those with mild-persistent asthma (0.65 M [95%
CI, 0.4 to 0.87 pM] vs 0.52 pM [95% CI, 0.41 to 0.64
wM], respectively; p < 0.001) and moderate asthma
(1.09 pM [95% CI, 0.83 to 1.34 wM] vs 0.74 pM
[95% CI, 0.46 to 1.02 uM], respectively; p < 0.0001)
[Fig 1, bottom]. Patients treated with ICS had
markedly lower eosinophil counts and concentra-
tions of ECP (Table 1; p <0.001 and p < 0.0001,
respectively).

Associations Among H,0, Concentration,
Inflammatory Indexes in Induced Sputum, Lung
Function, and Severity Scores in Subjects With
Asthma

In all asthmatic subjects, there was a positive
correlation between H,O, levels and both ECP
concentrations and eosinophil counts. (Table 2).
Similar results were observed between H,O, levels
and both symptom score and PEFR variability (Ta-
ble 2). H,O, was inversely correlated with FEV,
percent predicted (Table 2). H,O, levels did not
correlate with macrophage and neutrophil counts as
well as with the PDy, (see Table 2 for the sputum
results; PD,,, r=10.02 and p = 077). The above
correlations did not remain significant after dividing
the patients on the basis of disease severity and ICS
use. They were present only in patients with moder-
ate asthma (Fig 2, top) and in patients not treated
with ICS (Table 2). Furthermore, in patients with

induced sputum of patients with moderate asthma compared to
healthy subjects and patients in the other asthma subgroups
(p < 0.0001). Bottom: HyO, concentration in the expired breath
condensate of patients Wlth asthma who were treated with ICS
(+; [, all patients [n = 20]; V, patients with mild-persistent
asthma [n = 10]; O, patients with moderate asthma [n = 10]) and
in that of those not treated with ICS(-) (M, all patients [n = 20];
¥, patients with mild-persistent asthma [n = 10]; @, patients with
moderate asthma [n = 10]). Each symbol represents one individ-
ual. The concentration of H,O, was significantly lower in patients
treated with ICS compared to steroid-naive patients (all patients,
p < 0.05; patients with mild-persistent asthma, p < 0.001; pa-
tients with moderate asthma, p < 0.0001). The horizontal bar
represents mean values.
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Table 2—Associations Among H,0, Concentration in Expired Breath Condensate, Inflammatory Indices in Induced
Sputum, Clinical Parameters, and Lung Function Parameters*

Mild-Intermittent

Mild-Persistent

All Asthma Asthma Moderate Asthma 1CS (—) 1CS (+)
| 1o 1o 1o 1T 1T 1
Variables rValue p Value rValue pValue rValue p Value rValue pValue rValue pValue rValue p Value
Macrophages, % 0.05 0.4 0.11 0.6 0.03 0.8 0.14 0.55 0.12 0.6 0.11 0.5
Neutrophils, % 0.13 0.4 0.14 0.7 0.04 0.9 0.6 0.005 0.1 0.7 0.11 0.13
Eosinophils, % 0.48 0.0004 0.24 0.15 0.006 0.8 0.76 < 0.0001 0.67 0.001 0.57 0.007
ECP 0.5 0.0002 0.23 0.25 0.34 0.1 0.61 < 0.0001 0.76 < 0.0001 0.55 0.01
FEV,, % pred —0.68 <0.0001 -0.1 0.7 —0.005 0.8 -0.5 0.01 —0.64 0.001 0.14 0.2
PEFR variability 03  <0.05 024 0.5 0.04 0.6 0.49 0.002 0.54 0.001 0.21 0.3
Symptom score 0.55 < 0.0001 0.1 0.7 0.14 0.5 0.46 0.005 0.43 0.002 0.19 0.1

*Bold letters indicate significant correlation. See Table 1 for abbreviations not used in the text.

moderate asthma a positive correlation between
neutrophils counts and H,0, levels (r=0.6;
p = 0.005) was observed (Table 2; Fig 2, bottom).
When we further analyzed the patients with mild-
persistent asthma and moderate asthma on the basis
of ICS use, the above significant correlations existed
only in those with moderate asthma who had not
been treated with ICS (Table 3). However, the
patients with moderate asthma who had been treated
with ICS showed positive correlations both with
sputum neutrophilia and eosinophilia (Table 3). A
statistically significant correlation also was found
when we analyzed the codependence of H,O, pro-
duction from both eosinophils and neutrophils in
patients with moderate asthma (eosinophils, adjusted
R? = 0.72; p = 0.04; neutrophils, p = 0.014).

DI1SCUSSION

In a cross-sectional study from a wide spectrum of
patients with asthma of stable severity, we have
demonstrated for the first time that the increased
oxidative stress, as assessed by H,O, levels in expired
breath condensate, is related to eosinophilic inflam-
mation, while in more severe forms of the disease
neutrophils might participate to a lesser extent. This
increase in Hy,0, levels is affected by both the
severity of the disease and the use of ICS. We
interpret these findings as a confirmation that oxida-
tive stress is increased in the airways of stable
patients with asthma, but its role in predicting the
disease severity as well as the inflammatory process
is limited and is based on the use of ICS and the
classification severity. We did not study patients with
severe asthma for two main reasons. First, the
number of such patients in stable condition in our
department was limited. Additionally, the majority of
such patients have persistent exacerbations for mul-
tiple reasons, a fact that might significantly affect our
data.
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FIGURE 2. Correlation between H,O, levels in expired breath
condensate and (top) the percentage and number of eosinophils
in the induced sputum of patients with moderate asthma
(r =0.76; p < 0.0001) and (bottom) the percentage and number
of neutropl}glﬂs in the induced sputum of patients with moderate
asthma (r = 0.6; p = 0.005).

Oxidative stress describes an imbalance between
ROS and antioxidants. The normal production of
oxidants is counteracted by several antioxidative
mechanisms in the human respiratory tract. The
major intracellular antioxidants in the airways are
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Table 3—Associations Among H,0, Concentration in Expired Breath Condensate, Inflammatory Indices in Induced
Sputum, and Clinical and Lung Function Parameters in Patients with Mild-Persistent and Moderate Asthma*

Mild Persistent Moderate

ICS (-) cs(+) 0 Ies(-) cs (+)

Variables  Value P Value  Value pV alue  Value P Value  Value P Value
Macrophages, % 0.01 0.65 0.14 0.1 0.13 0.21 0.14 0.55
Neutrophils, % 0.13 0.4 0.14 0.8 0.34 0.04 0.24 0.05
Eosinophils, % 0.21 0.06 0.08 0.55 0.68 < 0.0001 0.36 < 0.05
ECP 0.2 0.08 0.03 0.25 0.64 < 0.0001 0.33 < 0.05
FEV,, % predicted —0.07 0.11 —0.07 0.7 —0.54 0.002 —0.12 0.13
PEF variability 0.10 0.23 009 0.5 0.4 < 0.05 0.19 0.09
Symptom score 0.09 0.2 0.1 0.7 0.44 0.003 0.20 0.07

*Bold letters indicate significant correlation. See Table 1 for abbreviations not used in the text.

catalase, superoxide dismutase, and glutathione,
which are formed by the selenium-dependent en-
zyme glutathione peroxidase. An increased concen-
tration of exhaled H,O, may represent an increased
production of oxidants and/or a reduced free radical-
scavenging capacity in the airways of asthmatic sub-
jects. In addition to the increased production of ROS
in patients with asthma, there may be a deficiency of
antioxidant defenses. Glutathione peroxidase activity
is reduced in the platelets of asthmatic patients and
is correlated with the reduction in serum selenium
concentrations.'® There is a reduced superoxide
dismutase activity in both cells obtained by BAL and
in the epithelial cells of asthmatic patients.'” Inter-
estingly, there is no abnormality in antioxidant levels
in patients with mild asthma, and specifically in those
whose disease is being controlled with ICS. Our
results showed that oxidative stress was not increased
in patients with mild-intermittent asthma, irrespec-
tive of their use of ICS, and is significantly affected
by the use of ICS in patients with all forms of the
disease. Taking all these points together, we inter-
pret our findings as following: in patients with mild
asthma, antioxidant defenses are adequate to over-
come the increased production of ROS. However, as
the severity of the disease progresses the production
of ROS overcomes the antioxidant defenses. In
patients with more severe forms of the disease, in
which the increased production of ROS overcomes
the antioxidant defenses, therapy with ICS signifi-
cantly affect the imbalance between oxidants and
antioxidants by decreasing the ROS production
through the control of the inflammatory process.
Many inflammatory and structural cells that are
activated in the airways of asthma patients result in
the marked production of ROS, including H,0,.
However, the precise role of ROS in the pathophys-
iology of the inflammatory process remains unclear
due to the difficulty in the identification of which
cells produce ROS in the lungs and bronchi of
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asthmatic subjects as well as to the difficulty in
specifying the differences in these cells among the
various states of the disease. One conclusion of the
studies conducted so far is that eosinophilic inflam-
mation is a characteristic feature of intermittent and
mild asthma, whereas the association of eosinophilia
and neutrophilia characterizes more severe forms of
the disease.® Moreover, sputum neutrophil counts
were particularly evident in asthma patients who
remained symptomatic despite treatment with ICS.
Sputum induction is considered to be a noninvasive
means to monitor inflammation. The value of the
measurement of inflammatory cells and mediators
such as ECP in induced sputum from asthma pa-
tients has been highlighted in several studies.2914
The present evidence suggests that the number of
sputum eosinophils may possibly be the most useful
parameter that directly reflects the intensity of the
inflammation measured in bronchial biopsy speci-
mens, lung function impairment, and, finally, disease
severity.!$19 In the present study, we found a signif-
icant correlation among eosinophil counts in induced
sputum, disease severity, lung function impairment,
and H,0, concentration in expired breath conden-
sate. Further analysis showed that the above corre-
lations existed only in patients with moderate asthma
in whom a strong correlation between the number of
neutrophils and H,0, levels also was observed.
Taking all these points together, and based on the
above data from the literature, we believe that
eosinophils are the predominant cells that generate
ROS in patients with all forms of the disease, while
neutrophils might be responsible for the highest
levels that are observed in the more severe forms of
the disease. These findings are supported mainly by
the observations of our study, which showed a
statistically significant correlation of the codepen-
dence of H,0, production from both eosinophils
and neutrophils in patients with moderate asthma.
Additionally, they are partially supported by previous
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observations which demonstrated that eosinophils
are the predominant cells that produce H,0,20-2! in
asthma patients, while neutrophils from asthma pa-
tients released higher quantities of ROS in compar-
ison to healthy control subjects.?>2 Moreover, the
accumulation of neutrophils in the airways is associ-
ated with the extensive release of several molecules,
particularly proteases and oxidants.>> However, in
mild forms of the disease active treatment with ICS
leads to low levels of H,O, by suppressing the
eosinophilic inflammation and controlling the symp-
toms. Similar results regarding the correlation data
between eosinophils and H,0, concentrations also
were observed in another study with a design similar
to that of our study.>* However, the above study
classified patients as stable and unstable without
using the NHLBI guidelines, which are more ac-
ceptable for the classification of disease severity.
Moreover, it correlated H,O, only with eosinophils
and did not provide data for the other inflammatory
cells (ie, macrophages and neutrophils) as well as
mediators such as ECP concentration. Finally, our
study was more detailed regarding the parameters
used for asthma evaluation (ie, symptom score and
PEFR variability) offering new information about
the correlation of H,O, with both clinical severity
and the inflammatory process.

The present cross-sectional study cannot demon-
strate a causal relationship between ICS use and
H,0, concentration. In a prospective controlled
study,?> therapy with ICS reduced the levels of H,O,
in the expired breath condensate over a 4-week
period, indicating an anti-inflammatory effect on
oxidative stress. Data from a previous study®* also
have suggested that the differences in exhaled H,O,
levels between steroid-treated and steroid-naive pa-
tients imply differences in oxidative stress. However,
other studies®® support the idea that steroids do not
decrease H,O, release from eosinophils. The current
evidence suggests that there are significant quanti-
tative differences in the number of eosinophils in
sputum in relation to disease severity, directly re-
flecting the magnitude of airway inflammation.®
Moreover, sputum eosinophils may be the most
useful parameter directly reflecting airway inflam-
mation that can be directed, modulated, and con-
trolled by ICS.2” Since the available evidence sug-
gests that therapy with corticosteroids is considerably
more effective when there is eosinophilic inflamma-
tion, this should logically lead to the plausible expla-
nation that the differences in exhaled HyO, levels
between steroid-treated and steroid-naive patients
did not imply differences in oxidative stress but
reflected differences in the eosinophilic inflamma-
tion of the disease. The above theory is partially
supported by the finding that the correlation be-

tween H,0, levels and both sputum eosinophilia and
ECP concentration seems to exist only in steroid-
naive patients, as well as by the strong correlation
between neutrophil and H,0, levels, irrespective of
the use of ICS. These observations as well as those of
previous reports that demonstrated that steroids
failed to alter H,O, production from polymorpho-
nuclear leukocytes,?® confirm the initial theory that
therapy with ICS influences H,O, production
through their inhibitory role in eosinophilic recruit-
ment to the airways.

The results of this study indicate that the role of
exhaled H,0,, an index of oxidative stress, in pre-
dicting the severity of the disease as well as the
course of the inflammatory process is limited. It
depends on the use of inhaled steroids and the
classification of the severity of the disease. Prospec-
tive controlled studies are needed to confirm the
effects of anti-inflammatory drugs and oxygen radical
scavengers on both the airway inflammatory indexes
and ROS, in order to apply the technique of expired
breath condensate in the evaluation of inflammatory
pulmonary disorders.
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