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1. Bevezetés

A kardiovaszkularis betegségekben szenvedd betegek jelentds héanyaddban a
revaszkularizacidés mutét az egyetlen lehetdség a normal funkcio helyreallitasara, azonban a
reperfizid pillanataban fellépd volumen és nyomasterhelés, oxidativ stressz és a kialakulo
reperfizios karosodas gyakran szovédmények kialakulasahoz vezet. Az érsebészeti korképek
koziil az akut végtagiszkémia sulyos, potencidlisan életet veszélyeztetd korallapot. Ebben az
allapotban feltétleniil sziikséges a gyors revaszkularizaci6. Az akut iszkémia iddtartama is
fontos tényezd, mivel a keringés helyreallitasat kovetden mindig kell szdmolnunk kiilénb6z6
mértékill reperfuzios karosodassal. A reperfiizids karosodas sulyossaga az iszkémias id6tol, az
iszkémids szovet mennyiségétél és az érintett szovet kollaterdlis keringésétdl fligg. A
sebészeti kutatasokban valds klinikai jelentdsége van a reperfuzids karosodas kialakitdsaban
résztvevo jelatviteli utak felderitésének és az ezekbe torténd beavatkozasnak. [1, 2, 3] Az
oxigeén eredetli szabadgyokok reperfuzios karosodasban betdltott szerepe jol ismert, igy ezek
produkciojanak csokkentése, vagy eliminacijuk gyorsitasa nagyon fontos. Az endogén
antioxidans védelem elsd vonaldba a kataldz, szuperoxid dizmutdz (SOD), glutation peroxidaz
¢s repair enzimek tartoznak, azonban a kozelmultban a kutatdsok fokuszaba- egyéb
antioxidans enzimek mellett- a glutation S-transzferaz (GST) kertilt. A reperfizios karosodas
a szovetek iszkémiat kovetd vérkeringés-helyreallitasra adott Osszetett valasza, mely
mechanikai-, extra-, és intracellularis folyamatokat foglal magaban. Ezek a folyamatok a
reperfuzio elsd pillanataiban indulnak és potencialisan napokig tarthatnak. A reperfizids
karosodas patogenezisének modern hipotézisét Piper €s munkatarsai fogalmaztak meg. [4] Az
akut verdér elzarodasban szenvedd betegek esetében széleskortien elfogadott tény, hogy az
elzarodott ér periodikus Ujramegnyitasa €s elzarasa kovetkeztében csokken a nekrdzis
kiterjedése, valamint csokken a révid és hosszitavi mortalitds. A szdveti iszkémia-reperfuzid
kiilonb6z6 tipust sejthalalhoz vezethet, Gigy, mint apoptozis és nekrozis. [5]

A szivizom iszkémia-reperfiizidos karosodasokkal szembeni védelmére az iszkémids
posztkondicionalés egy jol ismert metddus. [6] Az iszkémias posztkondicionalds koncepcidjat
elséként Vinten-Johansen munkacsoportja fogalmazta meg. [7] Altalanossagban elmondhato,
hogy az iszkémias posztkondicionalas a korondria-dramlds intermittdlé megszakitasa a
reperfuzios fazis legelején, mely a reperfuzios karosodasok elleni védelem kialakitasdhoz
vezet. Az alkalmazott iszkémids posztkondicionalas protokolljanak kiadologozasa,
finomhangolasa a korai posztkondicionalassal foglalkozé kutatasok f6 célkitiizése volt.

A glutationS-transzferazok (GST) az endogén antioxidans enzimrendszer tagjai. A

GST-k 3 nagy fehérjecsaladot alkotnak ugy, mint citoszoélikus, mitokondrialis ¢és
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mikroszémalis transzferazok, amelyek koziil a citoszolikus csaldd a legnagyobb. [8] A
kozelmult publikacidiban megfogalmaztak, hogy ezek az enzimek katalizaljak a redukalt
kiilonb6z6 endogén- és exogén dgensek detoxifikalasaban. [9, 10] A GST-k néhany
izoenzimérdl bizonyitast nyert, hogy részt vesznek kiillonbozd sejt-tulélést és sejt-halalt
iranyito jelatviteli utak szabalyozasaban is. Ebben a nem enzimatikus folyamatban a GST
szerepe, hogy a mitogén aktivalt protein kindzt (MAPK) egy fehérjekomplexben tartsa, igy
megeldzve a MAPK hatasait tovabbi célmolekulakon. [11]

Az etakrinsav (EA) egy a klinikumban hasznalatos diuretikum, mely emellett potens
GST-gatlo hatassal is rendelkezik. Tobb ponton és tobb mechanizmussal is képes gatolni a
GST-k mikodését. [12]

A peroxiszoma proliferator-aktivalt receptor-gamma (PPARG) a nuklearis receptor-
szupercsalad tagja. A PPAR-ok ligand-fiiggé transzkripcids faktorok, melyek a szabalyozando
kotdédnek. [13] Részt vesznek a zsirsejt differenciacid irdnyitasaban, az inzulin- szenzitivitas
¢s gyulladasos folyamatok szabalyozasaban, [14, 15] valamint az NF-kB-fiigg6é gyulladasos
gének transzkripcidjanak gatlasa révén down-regulaljak a makrofagok proinflammatorikus
mediator-termelését. [16, 17, 18] Szintetikus PPARG agonistik (PPARGA) a nem-
inzulinfiiggd diabetes mellitus kezelésében hasznalt oralis antidiabetikumok egy csoportja is.
[19] Ujkeletti evidenciaként tartjuk szdamon, hogy a PPARG aktivacié képes szabalyozni a
gyulladdsos valaszreakcidkat, receptor-fliggd transzrepresszid révén képes szamos pro-
inflammatorikus molekula expressziojat gatolni. [20] Ezen folyamatok mellett a PPARG
agonistak iszkémia-reperfiizios karosodasokkal szembeni jotékony hatdsardl tobb kozlés is
szlletett a bél, [21, 22, 23] tiid6, [24] sziv, [25, 26, 27] vese [28] és agy [29, 30] tekintetében.

A pentoxifyllin (PTX) egy nem specifikus foszfodiészteraz-gatlo, mely régota
hasznélatos a klaudikédci6 intermittensz kezelésére alsdo végtagi verdérbetegeken. [31]
noévelni a mikrocirkulacids vérataramlast kronikus artérias elégtelenség esetén. Ujabban a
PTX alkalmazasa kiboviilt, képes a gyulladasos valaszreakcid csokkentésére. A PTX-el

foglalkoz6 kutatdsok napjainkban erre az anti-inflammatorikus hatasra fokuszalnak.



2. Célkitiizés

Az elsé Kisérletben kétoldali also végtagi akut iszkémiat hoztunk Iétre az infrarenalis
hasi aorta kirekesztésével, majd reperfuzio tortént. A kisérletben vizsgaltuk a GST EA-val
torténd  gatlasanak  iszkémia-reperfiziés  karosodasokra, valamint az  iszkémids
posztkondicionalds védd hatdsara gyakorolt befolyasat. Meghataroztuk a kialakuld oxidativ
stressz és gyulladdsos valasz mértékét, tovabba az izomszdvet strukturdlis valtozasait.
Vizsgalatok torténtek tovabba kiilonbozo pro- €s antiapoptotikus jelatviteli utak iranyaban.

A masodik Kisérletsorozat célkitiizése volt, hogy megvizsgaljuk egy PPARGA
hatasat also végtagi akut iszkémia allatmodelliinkon. Két nagy vizsgalatot végeztiink, hatas-
1d6 ¢és dozisvizsgalatokat annak feltérképezése érdekében, hogy a szert mely iddpontban és
mely dozisban alkalmazzuk a legkedvezObb hatas elérése érdekében. Vizsgaltuk az oxidativ
stressz paramétereit (MDA, GSH, -SH, SOD), valamint PCR analizissel detektaltuk a SOD-
mRNS ¢és a PPARG-mRNS expresszids mintazatat. Az érintett izmok strukturalis vizsgalatara
szovettani metszeteket készitettiink.

A harmadik kisérletben a foszfodiészteraz-gatlo PTX hatésait vizsgaltuk infrarenalis
aorta elzarddast €s reperfuziot kovetden. Hypotézisiink szerint a ,,single-shot”, emelt dozisu
PTX alkalmazasa képes csokkenteni az iszkémia-reperfizios karosodasokat, valamint a helyi
és szisztémas gyulladasos valasz nagysagat. Vizsgélataink soran meghataroztuk az oxidativ
stressz paramétereit (MDA, GSH, -SH, SOD), valamint a gyullad4sos véalasz mértékét (TNF-
alfa, IL-6).

3. Anyagok és modszerek
3.1. Allatmodell

200-250 g kozotti him Wistar patkdnyokon végeztiik a kisérleteket, melyeket Charles River
Breeding Laboratories-t6l szereztiink be. Az allatokat egyéni ketrecekben homérséklet- és
fényszabalyozott, Iégkondicionalt teremben tartottuk, ahol szabadon juthattak folyadékhoz €s

taplalékhoz. A tapot 12 6raval a vizsgalatok eldtt megvontuk az allatoktol.
3.2. Aorta iszkémia-reperfiizios modell

Az allatok anesztéziaja intraperitonealisan adott ketamin (500 mg / 10 ml) és diazepam (10
mg/2ml) 1:1 (0,2 ml/ 100 g = 5 mg ketamin + 0,5 mg diazepam / 100 g) aranyu keverékével
tortént. EKG-t helyeztiink fel, valamint a karotisz artériat kaniilaltuk (22 gauge) a vérnyomas
monitorozasa céljabol. A bort fertStlenitettiik, majd medidn laparotomiat végeztiink. 2 ml
meleg fiz. sdoldatot injektaltunk a hasiiregbe a folyadékegyenstly fenntartasa érdekében. A v.
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mesenterica inferiort kaniilaltuk a gyogyszerbeadas, vérvételek és a folyadékpotlas céljabol. A
bélkacsokat balra eltartva kipreparaltuk a hasi aorta infrarenalis szakaszat, majd az aortara
mikrovaszkularis érleszoritot helyeztiink fel 60 percre. A hasiireget ezutan reverzibilisen
zartuk és meleg fiz. s6oldatos torlét helyeztiink a sebre. Az iszkémias 1d6 elteltével
megnyitottuk a hasiireget és a mikrovaszkuldris érfogot eltavolitottuk az aortarol, majd a

kisérlettdl fiiggden 60 vagy 120 perces reperfuzios fazis kovetkezett.
3.3. Az etakrinsav adagoldsa

Az etakrinsav dozisat a human diuretikus dozisbol szamoltuk, mely 8,6 mg/ttkg. Az oldatot
24, illetve 1 6raval a beavatkozasok eldtt, intraperitonealisan adagoltuk az allatoknak. A GST-

gatlas hatékonysaganak igazolasara GST-alfa ELISA vizsgalat tortént.
3.4. A PPARGA adagolasa

A PPARGA oldatot a kisérletnek megfeleld koncentraciokban (10, 50, 100, 500 puM)
injektaltuk a v. mesenterica superiorba, a kisérlet alapjan kiilonb6z6 idépontokban (20, 40, 60

perccel a reperfuziot megelézden).
3.5. A PTX adagoladsa

Irodalmi adatokra tamaszkodva 50 mg/kg dozisban hataroztuk meg a PTX adagolasat.

Intravéndsan (VMS) 30 perccel a reperfuziot megeldzden injektaltuk a szert.
3.6. Az iszkémias posztkondiciondlds protokollja

Az iszkémids posztkondiciondlast a reperfuzios fazis legelején 4 fazisban végeztik 15

masodperc reperfuzid- 15 méasodperc reokkluzi6 alkalmazasaval.
3.7. Vizsgalati csoportok

. Az allatokat 6 csoprtba osztottuk (10 allat/csoport). A kontroll csoportban csak
median laparotomia tortént, ezen feliil 20 %-0s etanol oldatot kaptak az allatok az
(control). A masodik csoportban 60 perces infrarendlis aorta leszoritas és 120 perc reperfiizio
tortént (IR). Az allatok a harmadik csoportban az iszkémia-reperfizid6 melett
posztkondicionalason estek at (PC). A negyedik, 6todik, hatodik csoport allatai az els6 harom
csoportnak megfelelé beavatkozasokon estek at, azzal a kiilonbséggel, hogy GST-

gatloetakrinsav kezelésben is részesiiltek (EA-control, IR/EA, PC/EA). Az éllatoktol a kisérlet



végén vérmintat gyiijtottiink, valamint szovettani mintavétel tortént az iszkémia altal érintett

izombol.
Il. Hatas-ido vizsgalat

Az éllatokat 5 csoportba rendeztiik. Az elsé csoport allatai 60 perc aorta iszkémidn és
60 perc reperfuzion estek at PPARGA kezelés nélkiil (operalt, kezeletlen kontroll). A tovabbi
négy csoport allatai az iszkémia-reperfiizio mellett PPARGA kezelésben is részesiiltek (100

uM) rendre 0, 20, 40, 60 perccel a reperfuzidt megel6zden.
1. Dozisvizsgalat

Az allatokat 5 csoportba rendeztiik. Az els6 csoport allatai 60 perc aorta iszkémian €s
60 perc reperfuzion estek at PPARGA kezelés nélkiil (operalt, kezeletlen kontroll). A tovabbi
négy csoport allatai az iszkémia-reperfuzié mellett 20 perccel a reperfuziét megelézden
PPARGA kezelésben is részestiltek, rendre 10, 50, 100, 500 uM koncentraciéban.

Egy tovabbi dozisvizsgalatban az allatokat 5 csoportba rendeztilk. Az els6 csoport
allatai 60 perc aorta iszkémian és 60 perc reperfuzion estek &t PPARGA kezelés nélkiil
(operalt, kezeletlen kontroll). A tovabbi négy csoport allatai az iszkémia-reperfuzié mellett 40
perccel a reperfuziot megelézéen PPARGA kezelésben is részesiiltek, rendre 10, 50, 100, 500

uM koncentracioban.

I11. Az allatokat 5 csoportba osztottuk. A kontroll csoport allatai median laparotomian
estek 4t tovabbi beavatkozads nélkiil, majd 3 ora elteltével terminaltuk Oket (control). A
masodik csoportban 60 perces infrarendlis aorta leszoritas és 120 perc reperfuzid tortént
(IR).Az allatok a harmadik csoportban az iszkémia-reperfizid melett posztkondicionalason
estek 4t (IR + PC). A negyedik csoportban a 60 perces iszkémias fazis 30. percében
injektaltuk a pentoxifyllint, majd az iszkémias fazist 120 perc reperfuzio kovette (IR + PTX).
Az 6todik csoportban az iszkémia-reperfuzié mellett PTX kezelés tortént 30 perccel a
reperfuzidt megeldzden, majd iszkémids posztkondicionalast végeztiink a reperfuzié kezdetén

(IR +PC + PTX).
3.8. Az oxidativ stressz paraméterek analizise

A malondialdehid (MDA) mérése: Az MDA a sejtmembranok lipid-peroxidacidjanak
mértékét jelz6 marker. Az MDA meghatarozasa teljes, alvadasban gatolt vérbdl torténik

fotometrids modszerrel Placer, Cushman és Johnson nyoman. [32]



A redukalt glutation (GSH) és plazma tiol-csoport (-SH) szintjének meghatarozasa:
Teljes, EDTA-val alvadasgatolt vérbol Ellman-reagens felhasznalasaval Sedlak és Lindsay
protokollja alapjan tortént. [33]

A szuperoxid dizmutaz (SOD) enzimaktivitdsat Superoxide Dismutase Assay ELISA
Kit-tel (Trevigen Inc.,Gaithersburg, USA) végeztik a gyartdo protokollja alapjan. Ez a

modszer a biologiailag aktiv SOD meghatarozasara alkalmas.
3.9. RNS izoldlas

Teljes RNS izolalast végeztiink veseszovetbdl TRI reagenssel (Sigma-Aldrich) a gyartd

protokolljat kdvetve.
3.10. cDNS szintézis

Komplementer DNS-t szintetizaltunk az 5 pg DNazzal kezelt teljes RNS-bol 20 uL
mennyiség felhasznalasaval oligo(dT) primer és M-MuLV reverz transzkriptaz (Fermentas
Revert Aid) alkalmazasaval a gyartd protokollja alapjan. A RTazt 70 °C-on 10-10 percig

inaktivaltuk.
3.11. Szemi-kvantitativ reverz transzkripcios PCR analizis

A szintetizalt 10-szeresen higitott cDNS-bdl 2 mikrolitert hasznaltunk az amplifikacidhoz,
melyet 20 uL, 1 egység Taq DNS polimerazzal végeztiink 5 percig 95 °C-on, majd ezt kdvette
30 ciklus, mely 30 masodperc 94°C, majd 30 masodper 60°C, 1 perc 72°C-bol allt. A
folyamatot 72 °C, 5 perccel fejeztiik be. 15 mikroliter PCR produktumot 1,2 %-os etidium

bromidot tartalmazé agardz gélre vittiink fel, majd szétvalasztast kvetden eléhivtuk.
3.12. Szérum TNF-alfa és IL-6 meghatdrozds

Szérum TNF-alfa és IL-6 meghatarozas céljabol Rat TNF-alfa és Rat IL-6 ELISA Kitet
hasznaltunk (R&D Systems, Inc., Minneapolis, USA) a gyart6 protokolljat kovetve.

3.13. Szérum alfa-GST meghatarozas

A GST-gatlas effektivitasanak meghatarozasahoz Rat GST-alpha ELISA Kkit-et (Abnova,
Taipei City, Taiwan) hasznaltunk a gyarto protokolljat kovetve.

3.14. A proapoptotikus jelatviteli utak (JNK, p38) western blot vizsgalata

50 mg quadriceps femoris izmot homogenizaltunk jeges TRIS pufferben (50 mM, pH 8,0). A

homogenizatum feliiliszdjanak fehérjetartalmat bicinchonicic savval deritjiilk, hogy a



crer

poliakrilamid gél-elektroforetikus pufferben taroljuk. A fehérjéket 12 %-0s SDS poliakrilamid
gélben futtatjuk és valasztjuk szét, majd nitrocellul6z membranra blottoljuk. Blokkolast
kovetden egy éjszkan at 4 °C-on az elsddleges antitesttel inkubaljuk a membrant (phospho-
SAPK/INK (Thr'®/Tyr'®  1:1000 dilution; pospho-p38 MAPK (Thr'®/Tyr'®¥ 1:1000
dilution), (Cell Signaling Technology, Danvers, MA, USA). A membranokat ezt kdvetéen
hatszor 5 percig mossuk Tween-es TBS-ben, majd hozzaadjuk a tormaperoxidazzal jelol
tmasodlagos antitestet (1:3000 dilution; Bio- Rad, Budapest, Hungary). Ismét hatszor 5 percig
mossuk a membranokat Tween-es TBS-ben, majd kemilumineszcens oldattal lathatova

tessziik a blottot, majd Scion Image Beta 4.02 programmal kvantifikaljuk az eredményt.
3.15. Szévettan ivizsgalatok

A kisérlet végén terminalt allatokbol szovettani vizsgélat céljabol mintat vettliink a végtagi
izomzatbol. A szdvettani vizsgalatok célja a csoportok kozti izomszovet-valtozasok vizualis
megjelenitése volt. Csoportonként 5-6 paraffinba agyazott blokkot készitettiink, majd metszés

utan hematoxylin-eozin festést végeztiink.
3.16. Statisztikai analizis

Minden értéket atlag £ SEM-mel fejeztiink ki. A csoportok variancidja kozotti eltéréseket
one-way ANOVA analizissel vizsgaltuk, majd szignifikans eltérés esetén a tobbszords
Osszehasonlitdsok érdekében adekvat post-hoc teszteket végeztiink. Az eltéréseket

szignifikansnak tekintettiik, ha a p kisebb volt, mint 0,05.



41. Eredmények-I
4.1.1. Plazma MDA szintek

Az MDA koncentracidja négy csoportban szignifikansan magasabb volt a kontrollcsoporthoz
viszonyitva (IR, PC, IR/EA, PC/EA). Eredményeink szignifikans eltérést mutattak az EA-
control és az IR/EA csoportok kozott. Az IR/EA csoportban szignifikansan magasabb MDA

szintet mértlink.
4.1.2. Redukalt glutation szintek

A GSH koncentracioja négy csoportban szignifikansan magasabb volt a kontrollcsoporthoz
viszonyitva (IR, PC, IR/EA, PC/EA). A posztkondicionalt csoport értékei szignifikansan
magasabbnak adddtak, mint az IR csoport értékei, azonban ez a kiilonbség EA addsa esetén

nem éri el a szignifikanciaszintet.
4.1.3. Plazma tiol csoportok

Csak az IR/EA csoportban talaltunk szignifikansan alacsonyabb —SH szinteket a

kontrollcsoporthoz viszonyitva.
4.1.4. A SOD enzimaktivitasa

Harom vizsgalt csoportban talaltunk szignifikdnsan alacsonyabb (IR, IR/EA, PC/EA), egy
csoportban szignifikansan magasabb (PC) értékeket a kontrollhoz viszonyitva. A PC
csoportban szignifikansan magasabb volt a SOD enzimaktivitdsa, mint az IR csoportban. A
PC/EA csoportban szignifikansan alacsonyabb volt a SOD enzimaktivitasa, mint az EA

nélkiili PC csoportban.
4.1.5. Szérum TNF-alfa szintek

Szignifikdnsan magasabb értékeket taldltunk hdrom csosportban (IR, IR/EA, PC/EA) a
kontrollhoz viszonyitva. A posztkondicionalt csoportban nem talaltunk a kontrollhoz
viszonyitva szignifikans emelkedést. Ez a posztkondicionalas altal kivaltott anti-

inflammatoérikus hatas EA egyiittes adasa esetén nem lathato.
4.1.6. Szérum IL-6

Szignifikdnsan magasabb értékeket taldltunk harom csoportban (IR, IR/EA, PC/EA) a
kontrollhoz viszonyitva. IR/EA csoportban szignifikansan magasabb IL-6 szintet mértiink,

mint az etakrinsav kezelésben nem részesiildé IR csoportban. EA kezelés nélkil a



posztkondicionalas szignifikdnsan csokkenti az IL-6 szintet. A posztkondiciondlds nem tudta

szignifikansan mérsékelni az IL-6 emelkedését az PC/EA csoportban.
4.1.7. Szérum alfa-GST

A GST-gatlas effektivitdsanak bizonyitasdra GST-ELISA analizist végeztiink. A kontrollhoz
viszonyitva szignifikdnsan alacsonyabb értékeket mértiink az etakrinsavval kezelt
csoportokban (EA-control, IR/EA, PC/EA). Az IR csoportban szignifikansan emelkedett GST

koncentraciot mértiink a PC és a control csoporthoz viszonyitva.
4.1.8. Proapototikus jelatviteli utak (JNK, p38) western blot vizsgalata

Két proapoptotikus jelatviteli fehérje vizsgalatat végeztik el (foszfo-JNK, foszfo-p38).
Eredményeink azt mutatjak, hogy mind a foszfo-JNK, mind a foszfo-p38 expresszidja
fokozott az EA kezelésen atesett csoportokban akar a kontroll, akar a PC, akar az IR

csoporthoz viszonyitjuk.
4.1.9. Szovettani eredmények

Az IR csoportban az izomrostok kissé duzzadtak, az intersticialis tér mérete csokkent. Fokalis
nekrozisok lathatok az izomszovetben. A PC csoportban az izom struktirdja megtartott,
minimalis rostduzzadas megfigyelhetd, de nekrdzis nem lathatd. A legstilyosabb kép az
IR/EA csoport mintaiban lathatd. Az izomrostok dezorganizacidja, intersticialis 6déma és
nagyobb mértékli nekrézis figyelheté meg. A PC/EA csoportban szintén sulyos morfologiai

valtozasokat latunk.

4.2. Eredmények-1l

4.2.1. A hatas-ido vizsgalat eredményei

Az alkalmazott PPARGA kezelés hatékonyan csokkentette minden tesztelt idopontban az
MDA szintjét. A GSH szintek emelkedtek a kontrollhoz képest, ha a PPARGA kezelés 40
vagy 60 perccel a reperfuziot megelézden tortént. A SOD enzimaktivitdsa a kontrollhoz

Viszonyitva minden tesztelt idépontban emelkedett.
4.2.2. A dozisvizsgalat eredményei 1.

Az alkalmazott PPARGA kezelés hatékonyan csokkentette az MDA szintjét mind a 10, 50,
100, 500 puM-os koncentracioban. 100 és 500 uM-os koncentracioban emelkedett SOD

enzimaktivitast taldltunk. 50, 100 és 500 uM-os koncentracioban 20 perccel a reperfuziot
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megelézéen adva csokkentette a GSH koncentracidt. A fenti eredmények tiikrében
elmondhat6, hogy a PPARGA kezelés hatékonyabban csokkenti az iszkémia-reperfuzios

karosodasok mértékét, ha tobb, mint 20 perccel a reperfuziot megeldzden alkalmazzuk.
4.2.3. A dozisvizsgalat eredményei I1.

Az alkalmazott PPARGA kezelés hatékonyan csokkentette az MDA szintjét 100 és 500 uM-
os koncentracioban. 50, 100 és 500 uM-os koncentracioban a PPARGA képes volt emelni a
GSH szinteket, tovabba 10, 100 és 500 uM-os koncentracidban megemelte a SOD
enzimaktivitasat is. A SOD génexpresszidos mintdja is korreldl a SOD enzimaktivitas
értékeivel, igy 40 perccel a reperfuziot megel6zéen alkalmazva, emelkedett SOD mRNS

szinteket mértiink, tovabba a PPARG mRNS expresszidja is emelkedett.

4.2.4. Szovettani eredmények

Az iszkémia-reperfuizids csoportban enyhe izomrost karosodas észlelhetd, a sejtvakuolizacid
¢s az extracellularis 6démaképzodés korai jelei figyelhetdek meg. A PPARGA kezelés
érzékelhetéen képes volt ezeket a strukturdlis karosodasokat enyhiteni, minimalis

extracellularis 6démaképzddés megfigyelhetd, azonban a cellularis vakuolizacid nem lathato.

4.3. Eredmények-111
4.3.1. Plazma MDA szintek

A kontrollhoz viszonyitva valamennyi csoportban szignifikdnsan emelkedett MDA szinteket
mértiink (IR, IR+PC, IR+PTX, IR+PC+PTX). Az IR csoporthoz viszonyitva szignifikansan
alacsonyabb MDA szinteket mértiink az IR+PC, IR+PTX és az IR+PC+PTX csoportokban.
Az IR+PCH+PTX csoportban szignifikansan alacsonyabb MDA szinteket mértiink, mint az
IR+PTX csoportban.

4.3.2. Plazma GSH szintek

A kontrollhoz viszonyitva két csoportban talaltunk szignifikansan alacsonyabb koncentraciot
(IR, IR+PTX). Szignifikdnsan magasabb GSH szinteket taldltunk az IR+PC, IR+PTX ¢és az
IR+PC+PTX csoportokban az IR csoporthoz viszonyitva.

4.3.3. Plazma tiol csoportok (-SH)
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A kontrollhoz viszonyitva az IR csoportban taldltunk szignifikdnsan alacsonyabb

koncentraciot.
4.3.4. SOD enzimaktivitas

Két vizsgalt csoportban talaltunk szignifikansan emelkedett (IR+PC, IR+PC+PTX) és egy
csoportban alacsonyabb (IR) SOD enzimaktivitdst a kontrollhoz viszonyitva. Az IR+PC,
IR+PTX ¢és az IR+PCH+PTX csoportban szignifikdnsan emelkedett SOD enzimaktivitast
mértiink az IR csoporthoz viszonyitva. Az IR+PC+PTX csoportban szignifikansan magasabb
SOD enzimaktivitadst mértiink, mint az IR+PTX csoportban.

4.3.5. Szérum TNF-alfa szintek

Az IR csoportban szignifikdnsan magasabb koncentraciét mértiink a kontrollhoz viszonyitva.
Az IR+PC, IR+PTX és az IR+PC+PTX csoportban szignifikdnsan alacsonyabb értékeket

mértiink, mint az IR csoportban.
4.3.6. Szérum IL-6 szintek

Az IR csoportban szignifikdnsan magasabb koncentraciét mértiink a kontrollhoz viszonyitva.
Az IR+PTX, IR+PC ¢és az IR+PCH+PTX csoportban szignifikansan alacsonyabb

koncentraciokat mértiink, mint az IR csoportban.
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5. Megbeszélés

. Az iszkémia az intracellularis ATP csokkenéséhez ¢és a hypoxantin folyamatos
emelkedéséhez vezet. A reperfuzid nagyon korai fazisaban a molekularis oxigén megjelenik a
sejtben €és a xantin-oxidaz altal katalizalt xypoxantin-xantin konverzi6é kovetkeztében Oridsi
mennyiségll szuperoxid gyok keletkezik. A szuperoxid és més oxigén eredetli szabadgyokok
lipidperoxidacion keresztiil karositjak a membranlipideket, fehérjéket és a DNS-t. Az endogén
antioxiddns enzimrendszer feladata, hogy ezekkel a karositdé hatasokkal szemben megvédje a
sejtet és a makromolekuldkat. [4] Vizsgalataink kapcsan azt talaltuk, hogy az iszkémia-
reperfuzid novelte az oxidativ paraméterek plazmaszintjét, melyek tovabb emelkedtek EA
kezelés hatdsdra. A posztkondicionalds pozitiv, védd hatasait megfigyeltik az oxidativ
paraméterek vizsgalata kapcsan, azonban ez a védo hatas EA kezelés hatasara eltiinik. [34]

Kisérletiink soran azt talaltuk, hogy az allatok EA-val torténd kezelése markdnsan
emeli az oxidativ stressz paraméterek szintjét, tovabba noveli a proapoptotikus jelatviteli
fehérjék expressziojat és foszforilacigjat. A reaktiv oxigénszdrmazékok emelkedett szintje
magyarazhatja a proapoptotikus jelatviteli fehérjék fokozott foszforilaciojat a GST-gatolt
csoportokban iszkémia-reperfiizié és posztkondicionalas kapcsan. [35]

A GST-k kapcsolatban allnak a MAPK-ut tagjaival. Ezek az utvonalak jelentds
szerepet jatszanak a sejt tulélése-, illetve halala jelatviteli mechanizmusaiban. [36] A GST-pi
bizonyult az els6 JNK-inhibitornak, mely direkt fehérje-fehérje kdlcsonhatas révén fejti ki
hatasat. [37] A JNK egy proapoptotikus MAPK, mely fontos szerepet jatszik bizonyos
kortilmények kozott- oxidativ stressz, nitrozativ stressz, stressz valasz, gyulladasos valasz,
apotozis- a citotoxicitasban. [38, 39] Normal, stresszmentes allapotban a JNK katalitikus
aktivitasa a sejten beliil alacsony, mivel a GST-pi, JNK és a c-Jun egy fehérjekomplexet alkot.
[10] Ett6l eltéré6 koriilmények esetén, mint amilyen az oxidativ stressz, a GST-pi-JNK
komplex disszocidl, igy a szabaddd valo JNK visszanyeri foszforilacios képességét, ezaltal
szabadon képes a hatdsat tovabbi célgéneken kifejteni, melynek eredménye a sejt apoptozis-
indukcidja. [40] Ez magyardzhatja az altalunk is megfigyelt INK foszforilacidban torténd
valtozast. Ezen tilmenden a JNK aktivacidja 1étrejohet a keletkezd oxidansok elnyujtott, lassu
eliminacioja miatt. Sun ¢és munkatarsai kozleménye igazolta, hogy a posztkondicionalas
eredményeként csokken a keletkezd oxidansok mennyisége, s ezzel parhuzamosan csokken a
JNK ¢és a p38 MAPK-ok aktivacioja és a kdvetkezményes apoptozis-indukcid. Ezzel azt is
felvetik, hogy a MAPK jelatviteli utak modulacidja befolyasolhatja a posztkondicionalas éltal
kivaltott védelmet. [41]
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Il. A masodik kisérletsorozatban természetes, nem szintetikus PPARGA-t
alkalmaztunk. Vizsgalataink soran azt taldltuk, hogy a PPARGA kezelés képes volt
csOkkenteni az iszkémia-reperfiizids karosodasok mértékét a szisztémdas gyulladasos valasz
csokkentésén keresztiil. A PPARG agonistak iszkémia-reperfiizioban kifejtett pozitiv hatasat
kozoltek mar vékonybélen, [21, 22, 23] tiidon, [24] sziven, [25, 26, 27] vesén [28] és a
kozelmultban agyon is. [29, 30]

A hatds-id0 vizsgalatok kapcsan azt talaltuk, hogy az MDA szintje csokkent, a GSH
emelkedett, ha a PPARGA alkalmazasa 40 vagy 60 perccel a reperfuzio elétt tortént. A SOD
enzimaktivitasa -minden tesztelt idépontban adva a PPARGA-t- emelkedett.

Az els6 dozisvizsgalat alapjan azt a kdvetkeztetést vonhatjuk le, hogy a PPARGA mar
10 uM-os koncentraciéban is potensen csokkentette az iszkémia-reperfiizidés karosodasok
mértekét. 100 és 500 uM-os koncentracioban a SOD enzimaktivitasat is képes volt fokozni.
Mivel a GSH szintek csokkenését figyeltiik meg, ha 20 perccel reperfuzio eldtt alkalmaztuk a
PPARGA-t, igy a hatds-idé vizsgalattal konzisztensen kijelenthetd, hogy hatasosabban
csokkenti az iszkémia-reperfuzios karosodasokat, ha tobb, mint 20 perccel a reperfuzid elott
alkalmazzuk.

A masodik dozisvizsgalat eredményei alapjan kijelenthetjiik, hogy a PPARGA 100 és
500 uM-os koncentracidban alkalmazva hatdsosan csokkentette az MDA szintjét.

A reaktiv oxigén eredetii szabadgyokok f6 forrasa a mitokondrium, ezen beliil is a
1égzési lanc I-es és I1I-as komplexe. [42] Nemrégiben bizonyitast nyert, hogy a rosiglitazon és
a pioglitazon képes gatolni a légzési lanc I-es [43] és Ill-as [44] komplex aktivitasat. A
PPARGA részlegesen szétkapcsolja a mitokondridlis 1€gzési lancot, ez érinti az
elektrontranszportot és a szuperoxid termelést is. A legfrissebb kutatasok leirtak egy uj
mitokondrialis célfehérjét, melyen a PPARG agonistak kifejthetik hatasukat (mito-NEET).
[45] A mito-NEET-r6l bizonyitast nyert, hogy kapcsolatban all a Ill-as komplex
komponenseivel, ez magyardzhatja a PPARGA-k kotodési képességét a mito-NEET-hez, igy
szelektiven képesek blokkolni kiilonb6z6é mitokondrialis célmolekulakat. A PPARGA-Kk ezen
hatdsa, hogy képesek befolyasolni a mitokondriumok funkciojat, magyarazhatja reaktiv
oxigén intermedierek hatdsukra torténd csokkent képzddésének okat.

I11. A pentoxifyllin (PTX) egy nem specifikus foszfodiészteraz-gatld, mely régota
hasznélatos a klaudikdcié intermittensz kezelésére alsd végtagi verdérbetegeken. [31]
novelni a mikrocirkulacids vérataramlast kronikus artérias elégtelenség esetén. Ujabban a

PTX alkalmazédsa kiboviilt, bizonyitast nyert, hogy képes a gyulladdsos valaszreakciok
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csokkentésére. A PTX képes csokkenteni a gyulladasos folyamatot kardiopulmonalis
bypasszal jaro nyitott szivmiitétet kovetden, sepsisben, illetve Gjsziilottek ARDS-e kapcsan.
Tobbszords pozitiv hatast képes kifejteni a gyulladdsos kaszkddban az intracellularis cAMP
novelése és a TNF-alfa, illetve az IL-6 szintézis csokkentése révén. [46, 47]

Az NFkB egy transzkripcidés faktor, mely kétéli fegyverként viselkedik a szdveti
folyamatokban. Aktivacidja elengedhetetlen a késéi prekondiciondlas kialakuldsdban, mivel
up-regulalja az iNOS és a COX-2 géneket.

A PTX ¢és a transzkripciods faktorok kozti kapcsolat mar tisztazott. A PTX dozisfiiggd
aktivalt T-limfocitdkban is gatolja a transzlokaciot. [49] Vizsgélataink sordn azt talaltuk, hogy
a PTX képes volt csokkenteni az iszkémia-reperfiizidos karosodasok mértékét és markansan
csokkentette a gyulladasos medidtorok szintjét. A kozelmultban El-Ghoneimi €s munkatarsai
kozolték, hogy a PTX képes volt szignifikdnsan csokkenteni a TNF-alfa szintjét és a
nekrotikus teriilet nagysagat majban. Ugy tiinik, hogy a PTX képes lehet a
proinflammatérikus mediatorok szintjének- mint az IL-6- csokkentésére, valamint a
mikrovaszkularis méj €s bélkeringés novelésére vérzéses sokkot kdvetden. [51, 52, 53, 54]
Vizsgalataink soran mi is azt talaltuk, hogy a PTX képes volt csokkenteni a TNF-alfa és az
IL-6 szintjét. Vizsgalatunk is megerésitette, hogy a PTX rendelkezik antiinflammatérikus
hatassal, melyet a TNF-alfa, IL-6 gatlasan, a neutrofil leukocitak kitapadasanak gatlasan és a

vérlemezkék aktivacidjanak gatlasan keresztiil fejt ki.
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6. Kovetkeztetés

Vizsgalataink  eredménye  alapjan  elmondhatjuk, hogy az  iszkémids
posztkondicionalas, mely egy endogén adaptacidos mechanizmus, csokkentette az oxidativ
stressz mértékét és a gyulladdsos valaszreakcidk nagysagat. Jelen tanulmanyunkbol
leszlirhetjiik, hogy a GST etakrinsavval tortén6 gatlasa a proapoptotikus JINK ¢és p38 fokoz6do
foszforilacidjdhoz vezet, valamint cskkenti az iszkémids posztkondiciondlas pozitiv hatdsat.
A vizsgalatunk klinikai jelentdsége abban 4ll, hogy az iszkémids posztkondicionalas egy
gyors, egyszerii, konnyen alkalmazhaté eljards a mitétet kovetden kialakuld reperfizids
karosodasok csokkentésére. Az érbetegeknél alkalmazott etakrinsav sulyosbithatja az
iszkémia-reperfuzios karosodasok mértékét, tovabba a posztkondiciondlds pozitiv hatasat is
eltordlheti, igy ezeknél a betegeknél megfontolandé az etakrinsav elhagyasa, illetve
helyettesitése.

A masodik kisérletsorozat eredményei alapjan megallapithatjuk, hogy a PPARGA
alkalmazédsa aorta iszkémia-reperfuziét kovetden csokkentette az oxidativ karosodasok
mértékét. Vizsgalataink igazoltdk, hogy a PPARGA képes csokkenteni az MDA szintjét,
mar 10 és 50 uM-os koncentracioban is kellden hatékony, tovabba a legigéretesebb
eredményeket akkor latjuk, ha tobb, mint 20 perccel a reperfizio el6tt alkalmazzuk. Klinikai
haszna, hogy konnyen, gyorsan alkalmazhatod, természetes anyag, mely a reperfiziot
megelozéen adva fejti ki legmarkansabban a hatésat, igy egy akut érelzadrodas miitéti
megoldasanal terapias lehetéségként szamolhatunk vele.

A harmadik kisérletsorozat eredményei alapjan elmondhatjuk, hogy a PTX adasa
hemoreoldgiai és anti-inflammatorikus hatasai révén képes csokkenteni az iszkémia-
reperfuzios karosodasok mértékét és a gyulladdsaos valaszreakciok nagysagat. A vizsgalt pro-
inflammatérikus  medidtorok eredményei alatdmasztjak, hogy a PTX, hemoreologiai

tamadaspontjain kiviil anti-inflammatoérikus €s immunmodulaciés potenciallal is rendelkezik.
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7. Uj eredmények

1. Elséként demonstraltuk in-vivo allatkisérletben, hogy a GST farmakologiai gatlasa
stlyosbithatja az iszkémia-reperfuzios karosoddsok mértékét infrarenalis aorta okkluziot
kovetden. Tovabba bizonyitottuk, hogy a GST-gatlas 0Osszefiigg kiilonb6z6 MAPK

aktivaciojaval, melyek pro- és antiapoptotikus jelatviteli utakat szabalyoznak.

2. Elsoéként irtuk le in-vivo allatkisérletben, hogy az iszkémias posztkondicionalas
védo hatdsa nem alakul ki etakrinsavval torténd GST gatlas esetén. A hypoxia és
reoxigenizacio képes volt csokkenteni a JNK ¢és p38 aktivacidjat, ezaltal feltételezhetjiik, hogy

a MAPK jelatviteli utak részt vesznek a posztkondicionalas-kivaltotta védelem kialakitasaban.

3. A PPARG agonistdk iszkémia-reperfiizios karosodasokra gyakorolt hatdsat mar
kozoltek vékonybélen, tiidon, sziven, vesén és agyszoveten. Elsdként demonstraltuk a
PPARGA iszkémia-reperfuizidés karosodasokra gyakorolt pozitiv hatasat in-vivo alsod végtagi

vazizom modellen.

4. Elsoként végeztink az Aaltalunk vizsgadlt PPARGA-val hatds-id6 és dozis
vizsgalatokat az optimalis id6zités és dozis meghatarozasa érdekében, mellyel hatékonyan
csOkkenteni tudtuk in-vivo allatmodellen az iszkémia reperfizidos karosodasok mértékét

infrarenalis aorta leszoritast kovetoen.

5. lgazoltuk in-vivo allatmodellben, hogy a pentoxifyllin az eddig ismert hatasain tul
anti-inflammatorikus hatassal is bir infrarenalis aorta iszkémia-reperfuziot kovetéen, melyet a

TNF-alfa és IL-6 szintézisének gatlasan keresztiil fejt ki.

6. Egyszeri, nagy dozisu (50 mg/kg) pentoxifyllin alkalmazédsa képes az iszkémias
posztkondicionalds pozitiv hatasait potencirozni infrarenalis aorta iszkémia-reperfiizid

allatmodellben.
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1. Introduction

In patients suffering from cardiovascular diseases in many cases revascularization
surgery is the only way to restore normal function, but volume and pressure overload,
oxidative stress and the developing reperfusion injury frequently induce complications. In
vascular surgery the acute limb ischemia is a severe, potentially life-threatening state. In this
case it is necessary to perform a prompt revascularization. The duration of acute ischemia
could also be serious, thus after the revascularization we always have to face reperfusion
injury. The severity of reperfusion injury depends on the ischemic time, the mass of ischemic
tissue and the collateral circulation of the affected tissue. In the surgical research it is of real
clinical importance to reduce the extent of reperfusion injury associated pathways. [1, 2, 3]
The role of oxygen free radicals in reperfusion injury is well known, accordingly to decrease
of these harmful agents is very important. Catalase, superoxide dismutase (SOD), glutathione
peroxidase and repair enzymes are in the first line of antioxidant protection, but recently
among other antioxidant enzymes researches are focus on glutathione S-transferase
(GST).Reperfusion injury is an integrated response to the restoration of blood flow after
ischemia involving mechanical, extracellular and intracellular processes. It is initiated at the
very early moments of reperfusion, lasting potentially for days. The modern hypothesis of the
pathogenesis of reperfusion injury has been reviewed by Piper and al. [4] Patients suffering
from acute arterial occlusion, it is now widely accepted that periodically reopening the
occluded artery is accompanied by a reduction of the extent of necrosis and a major reduction
of short- and long-term mortality. However, together with a definite protective effect on
ischemic tissues, post-ischemic reperfusion may bring with it unwanted consequences that
may partly counteract its beneficial effects. This phenomenon has thus been named
reperfusion injury. Ischemia-reperfusion in the tissue can lead to various forms of cell death,
such as apoptosis, oncosis and necrosis. [5]

To protect the heart against ischemia-reperfusion injury ischemic postconditioning is a
well-known method. [6] The concept of ‘Ischemic postconditioning’ (PC) was first described
by Vinten-Johansen’s group. [7] In general, PC can be defined as intermittent interruption of
coronary flow in the very early phase of a reperfusion, which leads to protection against
reperfusion injury. The duration and number of these stuttering periods of reperfusion and
ischemia has been one of the aims of early studies on this topic.

Glutathione S-transferases are members of the endogenous antioxidant enzyme
system. GSTs represent three major families of proteins: cytosolic, mitochondrial,

microsomal transferases, of which the cytosolic GSTs create the greatest family. [8] It has

20



been recently published that these enzymes catalyze the conjugation of reduced glutathione to
electrophilic compounds, thus, that's the way they are involved in the detoxification of
endogenous as well as exogenous substances. [9, 10] Several isoenzymes of GSTs play an
important role in the regulation of pathways involved in cell survival and death signaling. In
this non-enzymatic way, GSTs' role is to segregate the mitogen activated protein kinase in a
complex, thus preventing it from acting on additional targets. [11]

Ethacrynic acid (EA) is a widely spread diuretic drug and in addition, a potent
inhibitor of GST enzymes. Some pathways and mechanisms were discovered for the
inhibition of the GST enzymes by EA. EA has been shown to be a substrate of reduced
glutathione, on the other hand nonenzymatic GSH conjugation of EA also exist. Additionally
it was shown that the EA glutathione conjugate was an inhibitor of GSTs as well due to its
stronger affinity for the enzymes. So EA itself inhibits GSTs through reversible covalent
binding and the EA glutathione conjugate is another strong inhibitor of GSTs. [12]

The peroxisome proliferator-activated receptor-y (PPARG) is a member of the nuclear
receptor superfamily. PPARs are ligand-dependent transcription factors that bind to specific
peroxisome proliferators response elements at the enhancer sites of regulated genes. [13] They
are implicated in adipocyte differentiation, insulin sensitivity and inflammatory processes [14,
15] and also down-regulate proinflammatory mediators in macrophages, mainly by inhibiting
transcription of NF-kB-dependent inflammatory genes. [16, 17, 18] Synthesized PPARG
agonists (PPARGA) are used as oral antihyperglycemic drugs in treating noninsulin-
dependent diabetes mellitus. [19]However, emerging evidence indicates that PPARG
activation can regulate inflammatory responses, included inflammatory disorders of the
central nervous system, inhibiting expression of a variety of pro-inflammatory molecules by a
mechanism termed receptor-dependent transrepression. [20] Furthermore, beneficial effects of
PPARG agonists on ischemia reperfusion injury have been previously documented in the
intestine [21, 22, 23], lung [24], heart [25, 26, 27], kidney [28] and, more recently, also in the
brain [29, 30].

Pentoxifyllin (PTX) a xanthine-derived non-specific phosphodiesterase (PDE)
inhibitor, has been used for the treatment of intermittent claudication in patients suffering
from peripheral and cerebrovascular disease. [31] Through its hemorheologic properties, PTX
can modify the conformation of red blood cells and improve the microcirculatory blood flow
in chronic arterial insufficiency. On the other hand PTX has been used in the attenuation of
the inflammatory response too. Recent studies have focused on the anti-inflammatory effects

of PTX, more specifically, the neutrophils. We hypothesized that single-shot, increased dose
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of PTX treatment in conjunction with its known hemorheological effects decreases the
developing ischemia-reperfusion injury and can attenuate the local and systemic inflammatory

response.

2. Aims

In the first study we performed acute bilateral hind limb ischemia and reperfusion on
rat animal model. In the study we investigated the effects of inhibition of glutathione S-
transferase by ethacrynic acid on ischemia reperfusion injuries and its influence on possible
protecting effect of ischemic postconditioning. We examined the developing oxidative stress
and inflammatory response and the histological changes in structure of skeletal muscle. We
investigated various pro- and antiapoptotic signaling pathways.

The aim of the second study was to investigate the effects of novel therapies on
bilateral hind limb ischemia reperfusion injury following a temporal infra-renal aortic
occlusion and reperfusion. A peroxysome proliferator activated receptor-gamma agonist
(PPARGA) was applied in rats. Two major experiments were planned: time course
experiment, and the dosage experiment. Oxidative stress was followed upon the determination
of malondialdehyde (MDA), reduced glutathione (GSH), thiol group (-SH), and superoxide
dismutase (SOD) plasma levels. In addition the expression patterns of SOD-mRNA
(messenger ribonucleotic acid) and PPARG-mRNA were measured with RNA extraction,
complementary deoxyribonucleotic acid (cDNA) synthesis and semi-quantitative reverse
transcription polymerase chain reaction (PCR) analysis. To evaluate the visible changes in
muscle structure in the investigated groups histological investigations were performed as well.

In the third study we investigated the effects of phosphodiesterase inhibition by
pentoxifyllin (PTX) on infrarenal aortic occlusion and reperfusion. Recently has been
established that PTX could modulate the inflammatory response in ischemia reperfusion
injury and sepsis. We hypothesized that “single shot”, increased dose of PTX treatment in
conjunction with its known hemorheological effects decreases the extent of developing
ischemia-reperfusion injury and can attenuate the local and systemic inflammatory response
[85]. We investigated the developing ischemia-reperfusion by measuring MDA, GSH, -SH,
SOD. TNF-alpha, IL-6 plasma levels were determined to follow and describe the

inflammatory response after infrarenal aortic ischemia and reperfusion.
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3. Materials and methods

3.1. Animal model

Male Wistar rats, weighed between 200-250 g were used in the present study from Charles
River Breeding Laboratories (Hungary, Isaszeg). The animals were housed in individual cages
in a temperature (25 + 2°C), light controlled (12 hours light-dark cycle) and air-filtered room
with free access to food and water. Food was withdrawn 12 hours prior to experiment. The
present study conforms to the Guide for the Care and Use of Laboratory Animals published
by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996) and was
approved by the local institutional Committee on Animal Research of Pécs University
(BA02/2000-29/2001).

3.2. Aortic ischemia-reperfusion model

The animals were anaesthetized with an intraperitoneal injection of ketamine hydrochloride
(500 mg / 10 ml) and diazepam (10 mg / 2 ml). The ratio was 1:1 (0.2 ml / 100 g = 5 mg
ketamine + 0.5 mg diazepam / 100 g) and the animals were placed on a heated pad. ECG was
placed and the carotid artery was catheterized (22 gauge) for blood pressure measurement
(Siemens Sirecust 1260, Diisseldorf, Germany). The skin was disinfected and a midline
laparotomy was performed. 2 ml of warm saline was injected into the abdominal cavity to
help maintain the fluid balance. The inferior mesenteric vein was catheterized for collecting
blood samples, fluid equilibration and supplemental anesthetic. The abdominal aorta was
exposed by gently deflecting the intestine loops to the left. After fine isolation of the
infrarenal segment, an atraumatic microvascular clamp was placed on the aorta for 60
minutes. The abdomen was then closed and the wound was covered with warm, wet compress
to minimize heat and fluid losses. The microvascular clamp was then removed and the
infrarenal abdominal aorta (IAA) was reperfused for 60 or 120 minutes. Aortic occlusion and
reperfusion was confirmed by the loss and reappearance of satisfactory pulsation in the distal
aorta.

3.3. Administration of ethacrynic acid

The dose of EA was 8.6 mg/kg and the solution was administered to the animals
intraperitoneally 24 hours and 1 hour before the operation. To determine the effectivity of
GST inhibition the biologically active alpha-GST concentration was measured in each group
using Rat GST-alpha ELISA kit (Abnova, Taipei City, Taiwan), following the manufacturers

protocol. This method determines the free i.e. biological active alpha-GST concentration.
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3.4. PPARGA administration

A PPARGA solution was injected in an appropriate concentration (e.g., 10, 50, 100, or 500
uM at a final concentration) into the superior mesenteric vein at different time points (e.g., 20,
40, or 60 minutes before reperfusion of the ischemic period).

3.5. Administration of pentoxifyllin

Animals in the treated groups received intravenous bolus of PTX (50mg/kg) half an hour
before the reperfusion. Control animals received only normal saline solution. The dosage
based on data from literature.

3.6. Protocol of ischemic postconditioning

Those groups wherein the animals underwent ischemic postconditioning, after the ischemic
phase intermittent 15 seconds reperfusion — 15 seconds ischemic periods were applied four
times.

3.7. Experimental groups

I. Rats were divided into six groups (10 rats in each group). In the control group a
midline laparotomy was performed for three hours without following intervention. 20% EtOH
vehicle the same volume with the EA-EtOH solution (1 ml/kg) was administered to the
animals intraperitoneally 24 hours and 1 hour before the operation (control). The aorta in the
second group was closed for 60 min and then a 120 min of reperfusion followed (IR). Rats in
the third group underwent 60 minutes ischemia, after the ischemic phase postconditioning was
performed followed by a 120 minutes reperfusion phase (PC). In the fourth, fifth and sixth
groups the animals were treated with EA as well (EA-control, IR/EA, PC/EA).

Peripheral blood samples and biopsy from quadriceps muscle were collected from the animals
at the end of the reperfusion phase. The serum and tissue samples were harvested and stored
at minus 78°C until biochemical assays.

I1. Time course experiment

The rats were divided randomly into five groups. The first group was a group of
operated rats that underwent ischemia followed by an hour-long reperfusion without being
treated with PPARGA (operated untreated control). The other four groups included operated
rats that underwent ischemia followed by an hour-long reperfusion with aPPARGA treatment
(intravenously; final concentration of 100 uM) either 0 minute, 20 minutes, 40 minutes, or 60

minutes before reperfusion. Upon completion of the one hour reperfusion, the rats were
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anesthetized with intraperitoneal injection of ketamine (40 mg/kg) and diazepam (5 mg/kg)
and evaluated.

I1. Dosage experiments

Rats were randomly divided into five groups. The first group was a group of operated
rats that underwent ischemia followed by an hour-long reperfusion without being treated with
PPARGA (operated untreated control). The other four groups includedoperated rats that
underwent ischemia followed by an hour-long reperfusion with an intravenous PPARGA
treatment 20 minutes before reperfusion at a final concentration of either 10 uM, 50 uM, 100
uM, or 500 uM of PPARGA. Upon completion of the one-hour reperfusion, the rats were
anesthetized with intraperitoneal injection of ketamine (40 mg/kg) and diazepam (5 mg/kg)
and evaluated.

In another dosage experiment, rats were randomly divided into five groups. The first
group was a group of operated rats that underwent ischemia followed by an hour-long
reperfusion without being treated with PPARGA (operated untreated control). The other four
groups included operated rats that underwent ischemia followed by an hour-long reperfusion
with an intravenous PPARGA treatment 40 minutes before reperfusion at a final
concentration of either 10 uM, 50 uM, 100 uM, or 500 uM of PPARGA. Upon completion of
the one-hour reperfusion, the rats were anesthetized with intraperitoneal injection of ketamine
(40 mg/kg) and diazepam (5 mg/kg) and evaluated.

I11. Rats were divided into five groups (10 rats in each group). In the control group a
midline laparotomy was performed for three hours. Normal saline solution was administered
to the animals intravenously 30 minutes before the “reperfusion phase” (control). The
infrarenal abdominal aorta in the second group was closed for 60 minutes and then 120
minutes of reperfusion followed (IR). Rats in the third group underwent a 60 minutes of
ischemia, after the ischemic phase postconditioning was performed followed by a 120 minutes
reperfusion phase (IR+PC). In the fourth group 60 minutes of ischemia was performed, 30
minutes before the reperfusion PTX was administered to the animals and then 120 minutes of
reperfusion is followed (IR+PTX). Rats in the fifth group underwent a 60 minutes of
ischemia, 30 minutes before the reperfusion PTX was administered to the animals, after the
ischemic phase postconditioning was performed followed by 120 minutes of reperfusion
(IR+PC+PTX).
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3.8. Analysis of oxidative stress parameters

Measurement of malondialdehyde: MDA is a marker for the quantification of lipid
peroxidation in cell membranes. MDA was determined in anticoagulated whole blood, by
photometric method of Placer, Cushman and Johnson. [32]

Measurement of reduced glutathione and plasma thiol-groups: GSH and plasma SH
levels were determined in anticoagulated whole blood (ethylene-diamine-tetra-acetic acid
(EDTA)) by Ellman’s reagent according to the method of Sedlak and Lindsay. [33]

For measuring of superoxide dismutase activity in serum we used Superoxide
Dismutase Assay Kit (Trevigen Inc., Gaithersburg, USA), following the manufacturers
protocol. This method determines the free i.e. biological active SOD activity.

3.9. RNA extraction

Total RNA was extracted from the renal tissue samples with TRI reagent (Sigma-Aldrich)

according to the manufacturer’s instructions.

3.10. cDNA synthesis

Complementary DNA was synthesized from 5ug DNase treated total RNA in 20 uL final
volume using oligo(dT) primer and the M-MuLV reverse transcriptase from
FermentasRevertAid™ Reverse Transcriptase Kit according to the manufacturer’s
recommendations. The RTase was then inactivated at 70°C for 10-10 minutes.

3.11. Semi-quantitative reverse transcription PCR analysis

Two microliters of synthesized and 10-times diluted cDNA samples were used for PCR
amplification by 1 units of Taq DNA polymerase (Fermentas, DreamTaq™ Green DNA
Polymerase) in a total volume of 20 pL under the following conditions: 95°C for 5 min,
followed by 30 cycles consisting of 30 seconds at 94°C then 30 seconds at 60°C (annealing
temperature of PPARG and SOD GAPDH primer pairs), 1 minute at 72°C. The procedure
was ended at 72°C for 5 minutes. The number and temperature of cycles were optimized for
each specific primer pair (Integrated DNA Technologies Inc.). Fifteen microliters of the PCR
products were loaded and separated on 1.2% agarose gel containing ethidium bromide for
visualization and photography experiments.

3.12. Serum TNF-alpha and IL-6 quantification

For measuring TNF-alpha and IL-6 concentration in serum we used Rat TNF-alpha and Rat
IL-6 ELISA kit (R&D Systems, Inc., Minneapolis, USA), following the manufacturers
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protocol. These methods determine the free i.e. biological active TNF-alpha and IL-6
concentrations.

3.13. Serum alpha-GST quantification

To determine the effectivity of GST inhibition the biologically active alpha-GST
concentration was measured in each group using Rat GST-alpha ELISA kit (Abnova, Taipei
City, Taiwan), following the manufacturers protocol. This method determines the free i.e.
biological active alpha-GST concentration.

3.14. The western-blot analysis of proapoptotic (JNK, p38) signaling pathways

Fifty milligrams of quadriceps muscle samples were homogenized in ice-cold TRIS buffer (50
mM, pH 8.0),the homogenate was pelleted, and the supernatant was measured by
bicinchonicic acid reagent and equalized for 1 mg/ml protein content in Laemmli solution for
Western blotting. The samples were harvested in 2X concentrated SDS-polyacrylamide gel
electrophoretic sample buffer. Proteins were separated on 12% SDS-polyacrylamide gel and
transferred to nitrocellulose membranes. After blocking membranes were probed overnight at
4°C with antibodies recognizing the following antigenes: phospho-SAPK/INK (Thr'®/Tyr'®,
1:1000 dilution), pospho-p38 MAPK (Thr*®/Tyr'¥ 1:1000 dilution), (Cell Signaling
Technology, Danvers, MA, USA). Membranes were washed six times for 5 min in TRIS-
buffered saline (pH 7.5) containing 0.2% Tween (TBST) before addition of goat anti-rabbit
horseradish peroxidase conjugated secondary antibody (1:3000 dilution; Bio- Rad, Budapest,
Hungary). Membranes were washed six times for 5 min in TBST and the antibody-antigen
complexes were visualized by means of enhanced chemiluminescence. The results of Western
blots were quantified by means of Scion Image Beta 4.02 program. All experiments were
repeated four times.
3.15. Histological examinations

The animals were terminated at the end of the experiment and biopsy was taken from
quadriceps femoris or tensor fasciae latae muscle. The fragments of muscle did not contain
well-identified fascia. The definite aim of the biopsy was to register the qualitative differences
in changes between the animal groups, firstly the transformations in the striated muscular
tissue. 5-6 paraffin-embedded blocks were made from striated muscle-pieces, and sample

slices were prepared staining by hematoxylin and eosin.

27



3.16. Statistical analysis

All values are expressed as means £ SEM. Differences between the variances of the groups
were assessed with one-way analysis of variance (ANOVA) and when the results were
significant we used adequate post-hoc tests for multiple comparisons. For comparing the
treated groups to the control group we performed in case of each investigated parameters
Dunnett’s test. We used Sidak post-hoc test for comparisons across multiple different groups.
Multiple comparisons tests resulted in adjusted p-values, each p-value is adjusted to account
for multiple comparisons. We performed five-five comparisons (Dunnett’s and Sidak) per
investigated parameter. T-tests were performed independently to show the differences
between the investigated groups. Data were considered significant when p-value was less than
0.05.
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4.1. Results-I

4.1.1. Plasma malondialdehyde levels

The MDA concentration was significantly higher in four groups (IR, PC, IR/EA, PC/EA)
comparing to the control group. Our data showed significant (p=0.022) differences between
EA-control and IR/EA groups. MDA level was significantly higher in the IR/EA group.

4.1.2. Reduced glutathione levels (GSH)

The values of reduced glutathione levels were significantly lower in four groups (IR, PC,
IR/EA, PC/EA comparing to the control group. In postconditioned (PC) group the values were
significantly higher than in non-conditioned (IR) group, however this protecting factor of

postconditioning between the similar groups in the presence of EA was not significant.
4.1.3. Plasma thiol groups (-SH)

We detected in the IR/EA group significantly lower level of —SH comparing to control group.
4.1.4. Enzyme activity of superoxide dismutase (SOD)

We have detected in three investigated groups significantly lower (IR, IR/EA, PC/EA) and in
one group significantly elevated (PC) SOD activity comparing to the control group. In PC
group we have found significantly higher values comparing to the IR group. We have
measured in the PC/EA group significantly decreased SOD activity comparing to the PC
group.

4.1.5. Serum TNF-a levels

The values were significantly higher in three groups (IR, IR/EA, PC/EA) than in the control
group. In the postconditioned group we have not found significant elevation in the level of
TNF-o comparing to the control group. This anti-inflammatory protecting effect of
postconditioning was not marked in the presence of EA.

4.1.6. Serum interleukin-6 (I1L-6)

The values were significantly higher in three groups (IR, IR/EA, PC/EA) than in the control
group. IR in the presence of EA caused a significantly elevated level of IL-6 comparing to the
IR group without EA administration. Postconditioning decreased significantly the IL-6 level
without EA. Postconditioning did not temper significantly that elevation of IL-6 level if the

animals were co-treated with IR and EA administration.
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4.1.7. Serum alpha-GST

To evaluate the effectivity of GST inhibition by ethacrynic acid we measured the serum
alpha-GST concentrations in the investigated groups. These concentrations stem from the
biologically active enzymes and correlate with the enzyme activity (Abnova). The values
were significantly lower in the EA administered groups (EA, IR/EA, PC/EA) according to the
control group. We have found significantly elevated alpha-GST concentration in the IR group

according to the control and PC group.
4.1.8. Western blot of proapoptotic signaling pathways (p38, JNK)

To characterize the expression and phosphorylation of two proapoptotic signaling proteins
(phospho-JNK, phospho-p38) we used Western blot analysis to separate and establish them.
We found that the expression of phospho-JNK and phospho-p38 was appreciably higher in the
EA administered groups comparing to the control, IR and PC groups.

4.1.9. Histological results

In the IR group the muscle fibers are swelled, irregular-shaped and the interstitial space
between the fibers is pressed, decreased. Focal atrophy and necrosis were seen in the picture
as well. In the PC group the basic muscle structure is mainly kept. Muscle fibers are gently
swelled but interstitial edema or necrosis cannot be defined. In the slice of the EA-control
group the muscle structure is undamaged, healthy, there is no necrosis or atrophy in the fibers.
We have seen the most severe damage of the muscle structure in the IR/EA group. The
muscle fibers are disorganized, irregular-shaped and due to the edema the interstitial space
between the fibers is increased. In the PC/EA group the damage of the muscle structure is
severe. The muscle fibers are swelled, focal atrophy and necrosis can be seen in the picture as

well.

4.2. Results-11

4.2.1. Results of the time course experiment

The PPARGA treatment efficiently diminished the level of MDA at all time-points tested.
The decline of MDA levels indicates that PPARGA is a potent inhibitor of oxidative stress
responses during the ischemia-reperfusion process. This ability of PPARGA to inhibit
oxidative stress responses during the ischemia-reperfusion process was further supported by
the observed increases in reduced GSH levels when PPARGA was administered 40 or 60

minutes prior to reperfusion and the observed increases in SOD activity at all
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timepointstested. These results also demonstrate that PPARGA is effective when administered
at the time of reperfusion or when administered before reperfusion (e.g., 20, 40, or 60 minutes
before reperfusion).

4.2.2. Results of dosage experiments I.

The PPARGA treatment efficiently diminished the level of MDA when injected to deliver a
final concentration within the rats of 10, 50, 100, and 500 pM. These results demonstrate that
PPARGA is a potent inhibitor of oxidative stress responses during the ischemia-reperfusion
process at concentrations as low as 10 uM. In addition, administration of PPARGA at 100 and
500 uM resulted in an increase in SOD activity. Administration of PPARGA at 50, 100, and
500 uM 20 minutes before reperfusion resulted in a decrease in the levels of reduced GSH
levels. These results demonstrate that PPARGA may be used more effectively as an inhibitor
of oxidative stress during the ischemia-reperfusion process when administered more than 20
minutes (e.g., about 30 to 60 minutes such as about 40 minutes) prior to reperfusion.

4.2.3. Results of dosage experiments I1.

The PPARGA treatment efficiently diminished the level of MDA when injected to deliver a
final concentration within the rats of 100 and 500 puM. In addition, administration of
PPARGA at 50, 100, and 500 uM resulted in an increase in the levels of reduced GSH levels.
Administration of PPARGA at 10, 100, and 500 uM also resulted in an increase in SOD
activity. Further, the gene expression pattern of SODcorrelated with the SOD activity results
as samples for gene expression analysis taken from renal tissue exhibited increased levels of
SOD mRNA expression as the amount of PPARGA injected 40 minutes before reperfusion
increased. Administration of PPARGA at 10, 50, 100, and 500 uM resulted in an increase in
the levels of SH. Thiols can help aerobic cells maintain their reducing state in an oxidizing
environment. Thus, higher total thiol levels can indicate a greater reducing state of the cell.
Administration of PPARGA 40 minutes before reperfusion also resulted in increased
expression of PPARG mRNA. Taken together, these results confirm that PPARGA is an
effective inhibitor of oxidative stress during the ischemia-reperfusion process at levels as low
as 10 to 50 uM.
4.2.4. Histological results

In the sham operated control rats (without ischemia-reperfusion treatment), the physiological
fiber architecture was intact. Muscular fibers were polygonal shape, contained peripherally
placed nuclei, and exhibited a tightly packed structure. In ischemic reperfused operated
controls, however, many of the numerous fibers lost their internal structure (e.g., round shape,
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small diameter). About 20 percent of the examined fibers were affected. In addition, there
were signs of cellular vacuolizations, and extracellular edema formation. PPARGA treatment
noticeable helped to preserve of the normal tissue and cell architecture with minimal
extracellular edema (e.g., minimal fiber separation) and a near complete absence of
intercellular vacuolization as compared to the ischemic reperfused operated controls. These
results demonstrate that PPARGA can be administered to a mammal to reduce the severity of

ischemia-reperfusion injury.
4.3. Results-111
4.3.1. Plasma malondialdehyde levels

MDA concentration was significantly higher in all groups (IR, IR+PC, IR+PTX,

IR+PC+PTX) comparing to the control group. Our data showed significantly lower MDA

concentrations in IR+PC, IR+PTX and IR+PC+PTX groups comparing to the IR group. In the

IR+PC+PTX group we found significantly lower MDA concentrations than in IR+PTX group.
4.3.2. Reduced glutathione levels (GSH)

The values of reduced glutathione levels were significantly lower in two groups (IR, IR+PTX)
comparing to the control group. Our data showed significantly higher concentrations in
IR+PC, IR+PTX and IR+PC+PTX groups comparing to IR group.

4.3.3. Plasma thiol groups (-SH)

We detected in the IR group significantly lower level of —-SH comparing to control group.

4.3.4. Enzyme activity of superoxide dismutase (SOD)

We have detected in two investigated groups significantly elevated (IR+PC, IR+PC+PTX)
and in one group significantly lower (IR) SOD activity comparing to the control group. In
IR+PC, IR+PTX and IR+PC+PTX groups we have detected significantly elevated SOD
activity comparing to IR group. In IR+PC+PTX group we found significantly elevated SOD
activity than in IR+PTX group.

4.3.5. Serum TNF-a levels

The values were significantly higher in IR group than in the control group. In IR+PC,

IR+PTX and IR+PC+PTX groups we detected significantly lower values comparing to the IR
group.
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4.3.6. Serum interleukin-6 (I1L-6)

We investigated the serum IL-6 levels in our groups. The values were significantly higher in
IR group, than in the control group. We have found significantly lower concentrations in
IR+PTX, IR+PC and IR+PC+PTX groups than in IR group.
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5. Discussion

I. Ischemia will lead to decreasing level of intracellular adenosine triphosphate (ATP)
and consecutive elevation of hypoxanthine. In the very early moments of reperfusion the
oxygen appears in the cell and the xanthine oxidase catalyzed hypoxanthine-xanthine
conversion will produce a mass of superoxide radicals. Through lipid peroxidation the
superoxide radicals and other ROI will damage the membrane lipids, proteins and DNA. The
endogenous antioxidant system tries to defend the cells and macromolecules against these
injuries. [4] We have found that the simulated IR cause increased oxidative stress parameters
which was further increased by administration of EA. The positive effect of ischemic
postconditioning have been detected through the investigation of oxidative parameters, but
this positive effect has not been seen in the presence of EA. We have found that —-SH groups
and TNF-alpha did not showed significant changes by EA. It can be explicable with the short
time of IR. On the other way IL-6 showed significant changes due to injury of endothelial
layer. This could be the first effect of the inflammatory response in reperfusion injury. [34]

In our experiment administration of EA resulted in marked increase of oxidative stress
parameters, extended expression and phosphorylation of proapoptotic proteins, especially
when animals were co-treated with IR. While ischemic postconditioning could decrease the
concentrations of oxidative stress parameters in IR group, this positive effect could not be
established in GST inhibited group co-treated with IR. The increased levels of ROl may
explain the increased amount of phosphorylated proapoptotic proteins in GST inhibited group
during IR and ischemic postconditioning. [35]

GSTs are associated with members of the MAPK pathways. These pathways play a
role in the cell survival and death signaling. [36] GSTx was described as the first inhibitor of
JNK by direct protein-protein interaction. [37] JNK is a proapoptotic MAPK that plays a
crucial role in cytotoxicity during numerous conditions including oxidative stress, nitrosative
stress and involved in stress response, inflammation, apoptosis and cellular proliferation. [38,
39] In normal conditions low JNK catalytic activity is maintained in the cell, GSTx, JNK and
c-Jun constitute a protein complex. [10] Under conditions of oxidative stress, the GSTn-JINK
complex dissociates, so that JNK regain its phosphorylating ability and is free to act on
downstream gene targets resulting in induction of apoptosis. [40] We found that inhibition of
GST by EA increases JNK activation by itself and diminishes the protective effect of
postconditioning. This could be explained by the elimination of sequestration of JNK within a

protein complex with GST. Furthermore, effective inhibition of GST may cause JNK

34



activation as a result of oxidative stress due to hampered elimination of developing oxidants.
Sun et al. have reported that attenuation in superoxide anion generation by postconditioning
after hypoxia and reoxygenization was able to decrease the activation of JNK and p38
MAPKS, suggesting that modulation of MAPK signaling pathways are involved in the
postconditioning-induced protection. [41]

We have found that IR treatment caused a gently induction of p38 activation in rats
quadriceps muscle which was further increased by administration of EA while the protective
effect (the decreased phosphorylation of p38) of postconditioning could not develop.

I1. We used in our investigations a natural, non-synthetic PPARGA. We found that the
administration of PPARGA can reduce severity of the ischemia reperfusion injury through
decreasing the systemic inflammatory response. Beneficial effects of PPARG agonists on
ischemia reperfusion injury have been previously documented in the intestine [21, 22, 23],
lung [24], heart [25, 26, 27], kidney [28] and, more recently, also in the brain [29, 30].

In the time course experiments we have found that MDA decreased, the GSH levels
increased when PPARGA was administered 40 or 60 minutes prior to reperfusion and SOD
enzyme activity increases at all time points tested. These results also demonstrate that
PPARGA is effective when administered at the time of reperfusion or when administered
before reperfusion (e.g., 20, 40, or 60 minutes before reperfusion).

In the first dosage experiment we found that PPARGA is a potent inhibitor of
oxidative stress responses during the ischemia reperfusion process at concentrations as low as
10 uM. In addition, administration of PPARGA at 100 and 500 uM resulted in an increase in
SOD activity. Consistent with the results from time course experiment, administration of
PPARGA at 50, 100, and 500 uM 20 minutes before reperfusion resulted in a decrease in the
levels of reduced GSH levels. These results demonstrate that PPARGA may be used more
effectively as an inhibitor of oxidative stress during the ischemia-reperfusion process when
administered more than 20 minutes prior to reperfusion.

In the second dosage experiment we found that PPARGA treatment efficiently
diminished the level of MDA when injected to deliver a final concentration within the rats of
100 and 500 uM. These results confirm that PPARGA is an effective inhibitor of oxidative
stress during the ischemia reperfusion process at levels as low as 10 to 50 uM.

Mitochondria are the major source of reactive oxygen species, which are mainly generated at
complexes | and Il of the respiratory chain [42]. There is now evidence indicating that
rosiglitazone and pioglitazone exert direct and rapid effects on mitochondrial respiration,

inhibiting complex | [43] and complex 111 [44] activity. As PPARG agonists partially disrupt
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the mitochondrial respiratory chain, both electron transport and superoxide anion generation
are affected. Moreover, a novel mitochondrial target protein for PPARG agonists (“mito -
NEET?”) has recently been identified [45]. MitoNEET was found associated with components
of complex Ill, suggesting how PPARG agonists binding to mitoNEET could selectively
block different mitochondrial targets. PPARG agonists' ability to influence mitochondrial
function might contribute to their inhibitory effects on reactive oxygen species generation
evoked by ischemia reperfusion.

I1l. PTX a xanthine-derived non-specific PDE inhibitor, has been used for the
treatment of intermittent claudication in patients suffering from peripheral and
cerebrovascular disease [31]. Through its hemorheologic properties, PTX can modify the
conformation of red blood cells and improve the microcirculatory blood flow in chronic
arterial insufficiency. On the other hand recently PTX has been used in the attenuation of the
inflammatory response too. PTX can decrease the inflammatory process after
cardiopulmonary bypass in open-heart surgery, sepsis, and acute respiratory distress
syndrome (ARDS) in neonates. PTX exerts multiple beneficial effects on the inflammatory
cascade by increasing intracellular cyclic adenosine monophosphate (cCAMP) and decreasing
TNF-alpha and IL-6 synthesis. [46, 47] NFkB is a transcription factor which plays a double
edged sword role in tissue processes. Activation of NFkB is essential for late preconditioning,
in which NFkB is involved in the up-regulation if inducible NO synthase (iNOS) and
cyclooxygenase-2 (COX-2) genes.

NFkB is also important in reperfusion injury. It contributes to exacerbation of the
tissues’ lesions sustaining inflammatory reactions. The activation of NFkB is induced by inter
alia hydrogen peroxide.

The relationship between transcription factors and PTX has yet to be determined. PTX
dose-dependently reduced NFkB subunit nuclear translocation when given lipopolysaccharide
(LPS). [48] PTX also diminishes NFKB translocation in activated T lymphocytes. [49] These
results suggest that PTX is involved in a common signaling pathway, however, further
experimentation is necessary.During investigation of oxidative parameters we have found that
postconditioning and PTX administration decreased significantly the plasma levels of MDA
comparing to the IR group which further decreased in the “co-treated” group.
Postconditioning and administration of PTX could significantly moderate the decrease of
GSH level in the groups. Enzyme activity of SOD was significantly higher both
postconditioned and PTX-administered groups comparing to IR group. Beside the

hemorheological effects, the additive beneficial pathway of PTX can be the anti-inflammatory
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effect. Recently EI-Ghoneimi et al [50] reported significantly lower levels of serum TNF-
alpha and a lower necrotic area in liver tissue in the PTX group. PTX has been shown to
downregulate the synthesis of proinflammatory mediators like IL-6, improve microvascular
hepatic and intestinal blood flow after hemorrhagic shock. [51,52,53,54]We found that
administration of PTX could decrease significantly both the TNF-alpha and the IL-6
concentrations in plasma. The degree of these decreases could beyond the decrease observed
in the postconditioned groups. Our data seems to be confirmed the recent findings, that PTX
has anti-inflammatory effects through inhibition of TNF-alpha and IL-6 formation and
attenuation of neutrophil adhesion to endothelial cells and platelet activation.
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6. Conclusion

Our investigation results showed that postconditioning, which is an endogenous
adaptation mechanism, reduced the oxidative stress parameters and the inflammation with
regard to the IR injury. The present study showed that inhibition of GST by EA leads to
increased phosphorylation of JNK and p38 proapoptotic signaling proteins and abolishes the
protective effect of postconditioning. The clinical importance of this study is that
postconditioning seems to be an effective, quick and simple method to decrease the
reperfusion damages after surgery. In vascular surgery, the administration of EA to the
patients could worsen the reperfusion injuries and the postconditioning could not ameliorate
these worsening effects. So in case of patients suffering from arterial occlusive vascular
disease, the replacement of this diuretic drug by another agent is worthy of considering.

Results of second investigation showed that the administration of a PPARGA can

decrease the ischemia reperfusion injury in bilateral acute hind limb ischemia rat model. The
time course and the dosage experiments showed that PPARGA can reduce the MDA, increase
the GSH, SH and the enzyme activity of SOD. We found that PPARGA may be used more
effectively as an inhibitor of oxidative stress during the ischemia reperfusion process at levels
as low as 10 to 50 uM when administered more than 20 minutes prior to reperfusion.
The clinical importance of this study is that PPARGAs seem to be an effective, quick and
simple method to decrease the reperfusion damages after surgery.So in case of patients
suffering from arterial occlusive vascular disease, the administration of this drug during
revascularization surgery before the complete restoration of blood flow is worthy of
considering.

Results of our third investigation showed that administration of PTX can decrease the
extent of ischemia reperfusion injuries including the inflammatory response through its
hemorheological- and recently described anti-inflammatory effects. In our study the
administration of PTX could reach almost the same protection like ischemic postconditioning.
The results of the investigated inflammatory mediators could support the finding, that PTX
has anti-inflammatory or immunmodulating effects as well. So the clinical importance of this
investigation is the possible beneficial effects of PTX on ischemia-reperfusion injury due to

its hemorheological and anti-inflammatory effects.
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7. List of the PhD theses

1. Firstly we demonstrated in in-vivo animal experiment that pharmacological
inhibition of GST by EA could augment the ischemia reperfusion injury after infrarenal aortic
occlusion. Furthermore GST inhibition was associated with different activation of MAP
kinases regulating pro- and antiapoptotic pathways under stress conditions.

2. We described first in in-vivo experiment that the protective effect of ischemic
postconditioning could not develop in case of GST inhibition by EA. Hypoxia and
reoxygenization was able to decrease the activation of JNK and p38 MAPKS, suggest that
modulation of MAPK signaling pathways are involved in the postconditioning-induced
protection.

3. Beneficial effects of PPARG agonists on ischemia reperfusion injury have been
previously documented in the intestine [60, 61, 62], lung [63], heart [64, 65, 66], kidney [67]
and, more recently, also in the brain [66, 69]. We described first the positive effects of a
PPARGA on ischemia reperfusion injury in the skeletal muscle in in-vivo animal model.

4. We performed at first time time-course and dosage experiments in in-vivo animal
model to explain the most effective timing and dosage of administration of PPARGA to
decrease the ischemia reperfusion injury after infrarenal aortic occlusion.

5. We proved in in vivo animal model that PTX has an additional anti-inflammatory
effect in case of infrarenal aortic ischemia and reperfusion due to attenuation of TNF-alpha
and IL-6 concentration.

6. Single shot, high dose administration of PTX (50 mg/kg) could augment the

positive effects of ischemic postconditioning.
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