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1. Abbreviations

AlF
Ang Il
AP-1
ASI
ERK1/2
IMT
JAK/STAT
JNK
MAPK
MKP-1
NAD*
NF-kB
NO
PARP
PGI
PKC
RES
RIP1
ROS
RNS
SHR
SNP
WKY

Apoptosis-inducing factor
Angiotensin Il

Activating protein-1

Aortic stiffness index

Extracellular signal regulated kinase
intima media thickness

Janus kinase/signal transducer and activator of transcription
c-jun N-terminal kinase

mitogen activated protein kinase
MAP-kinase phosphatase-1
Nicotinamide adenine dinucleotide
Nuclear factor kappa-light-chain-enhancer of activated B cells
Nitric oxide
Poly(ADP-ribose)polymerase
Prostacyclin

Protein kinase C

Resveratrol

Receptor-interacting protein 1
Reactive oxygen species

Reactive nitrogen species
Spontaneously hypertensive rat
Sodium nitroprusside

Wistar-Kyoto rat



2. Background

PARP inhibition in the prevention of vascular remodeling

Chronic hypertension leads to structural alterations in blood vessels which are known as
vascular remodeling. Remodeling is an adaptive process that occurs in response to long-term
changes in hemodynamic conditions, but it may also subsequently contribute to the
pathophysiology of vascular diseases and circulatory disorders.

Reactive oxigen species (ROS) generation occurs in every layer of the vascular wall caused
by mechanical forces such as shear stress and vasoactive agents. An important oxidative agent
is peroxynitrite (ONOQ") which is generated in the reaction of superoxide anions (O;") and
nitric oxide (NO) when the level of these molecules are very high in tissues. ROS and
especially ONOO"™ are responsible for severe DNA damage like single and double strand
breaks leading to the activation of the nuclear enzyme poly(ADP-ribose) polymerase (PARP)
which uses the energy sources of cells by transferring ADP-ribose units from NAD" to nuclear
proteins such as histones and PARP-1 itself. This process results rapid depletion of NAD" and
intracellular ATP pools and impaired mitochondrial respiration, leading to cellular
dysfunction, apoptosis or necrosis.

PARP activation can induce ROS production, calcium elevation, and activates JNK, p38 MAP
kinase and RIP1 which can destabilize mitochondrial membrane system leading to the release
pro-apoptotic proteins from the mitochondrial inner membrane space, like Cytochrome C,
AIF and endonuclease G. In addition, PARP activation can activate NF-kappaB and AP-1
transcription factors which can contribute to cardiovascular remodeling.

In our research we investigated the action of PARP inhibition in vivo in a spontaneously
hypertensive rat (SHR) model. A novel PARP-inhibitor L-2286 was used. L-2286 is derived
from 2-mercapto-4(3H)-quinazoline and was chosen, because in an vitro PARP assay it
exhibited significantly better PARP inhibitory activity than basic giunazolines such as 4-
hydroxyquinazoline or 2-merkapto-4(3H)-quinazolinone (Figure 1.)
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Figure 1. Chemical structure of L-2286 (2-[(2-Piperidine-1-yethyl)thio]quinazoline-4(3H)-one.



Biological effects of resveratrol

Red wine contains high amount of polyphenolic compounds like resveratrol (trans-3,4,5-
trihydroxystilbene), epicatechin, catechin, gallic acid, quercetin. Primarily resveratrol is
thought to be responsible for the cardioprotective effect of red wine. Several studies supported
its antioxidant activity, its ability to decrease low-density lipoprotein (LDL) oxidation, and
function as a direct free radical scavenger. Resveratrol improves endothelial function, and has
numerous beneficial effects on vascular tone and vessels in human and animal models. It has
been shown that resveratrol improves the release of nitric oxide (NO) and prostacyclin (PGI)
which both play a prominent role in the maintenance of endothelial function. In endothelial
cells obtained from human umbilical vein, resveratrol enhanced the activity of endothelial
nitric oxide synthase (eNOS) promoter. In other in vitro human investigations resveratrol
resulted in NO depending relaxation of vascular rings of saphenous vein and internal
mammary artery. Furthermore resveratrol plays an important role in the mitigation of platelet
aggregation. The protective effect of resveratrol against thrombosis can be explained by the
regulation of prostaglandin synthesis with reversible cyclooxygenase 2 (COX2) and
irreversible cyclooxygenase 1 (COX1) inhibition. On thromboxane A2 (TXA2), which is
produced by COX1 in platelets and enhances aggregation, resveratrol also has an inhibitory
effect.

It has already been shown that resveratrol reduces serum cholesterol and triglyceride levels in
rats. It has also been observed that the size, and the density of atherosclerotic lesions in the
thoracic aorta as well as the thickness of intima were decreased and flow mediated dilatation
(FMD) was improved by resveratrol. Several experiments have been carried out on FMD of
the brachial artery, showing the ability of endothelium dependent dilatation of a vessel, which

was further increased by red grape polyphenol extract.

3. Aims of the study
3.1. We tried to reveal the potential role of PARP activation in the pathogenesis of chronic
hypertension-induced vascular remodeling.
3.1.1. The aim of this work was to provide evidence for a new molecular mechanism
of the vasoprotective effect of PARP inhibition.
3.1.2. We tried to provide evidence whether long-term treatment with L-2286 could
beneficially influence intima-media thickness of carotid arteries and aortic

stiffness index


http://en.wikipedia.org/wiki/Cyclooxygenase_2_inhibitors:_drug_discovery_and_development

3.1.3. We tried to prove the protective effect of L-2286 on vasomotor dysfunction

3.1.4. We estimated the fibrosis decreasing effect

3.1.5. We tested whether PARP inhibition had beneficial effect on signal transduction
pathways taking part in vascular remodeling

3.2. We investigated if resveratrol had a clinically measurable cardioprotective effect in

patients after myocardial infarction receiving proper secondary preventive drug

treatment.

3.2.1. We tried to examine the effect of resveratrol treatment on echocardiographic
parameters.

3.2.2. We hypotethised that resveratrol could enhance endothelial function.

3.2.3. We tested whether resveratrol influenced different hemorheological and

laboratory parameters.

4. Materials and methods

4.1. Animal model and noninvasive blood pressure measurement

Ten-week-old male SHR rats were randomly divided into two groups. One group received no
treatment (SHR-C, n = 10), whereas the other group (SHR-L, n = 10) received 5 mg/b.w. in
kg/day L-2286, a water-soluble PARP inhibitor for 32 weeks. The third group was an age-
matched normotensive control group (WKY-C, n=10). The fourth was a normotensive age-
matched group receiving 5 mg/b.w. in kg/day L-2286 treatment (WKY-L, n=10).
Noninvasive blood pressure measurement was carried out in every fourth week from the
beginning of the study using tail-cuff method (Hatteras SC 1000 Single Channel System).

4.2. Transthoracic echocardiography

Aortic stiffness index (ASI) and intima-media thickness of carotid arteries (IMT) were
measured by a VEVO 770 high-resolution ultrasound imaging system (VisualSonics, Toronto,
Canada) - equipped with a 40 MHz transducer. Aortic elastic property was calculated
according to a previously proposed and evaluated formula: (ASI) =
In(SBP/DBP)*DD/(SD-DD).

4.3. Isometric force measurement

The common carotid arterial (CCA) rings were positioned between two stainless steel wires
(diameter 0.0394 mm) in a 5-ml organ bath of a Small VVessel Myograph (DMT 610M, Danish
Myo Technology, Aarhus, Denmark). The rings were precontracted and equilibrated for 60

min until a stable resting tension was acquired. Tension is expressed as a percentage of the



steady-state tension (100%) obtained with isotonic external 60mM KCI. In the first series of
experiments, the carotid rings were exposed to increasing doses of SNP (10 to 10” mol/L),
ACh (10 to 10®° mol/L) and in some experiments, arterial rings showing relaxation to ACh
of more than 70% were counted as endothelium intact.

4.4. Immunohistochemistry and confocal laser fluorescence microscopy

Carotid arteries and aortic segments were fixed immediately after excision in buffered
paraformaldehyde solution (4%) for 1 day. Five mircometer thick sections were cut.
Immunohistochemical staining was performed for nitrotyrosine and for poly(ADP-ribose)
(PAR). Binding was visualized with biotinylated secondary antibody followed by the avidin-
biotin-peroxidase detection system. Using 3,3’-diaminobenzidine (DAB) as the chromogen,
progress of the immunoreaction was monitored under a light microscope and the reaction was
stopped by the removal of the DAB. Some slices were stained with Masson’s trichrome
staining to detect the interstitial fibrosis as described earlier and quantified with the NIH
ImageJ analyzer system. All histological samples were examined by an investigator in a
blinded fashion.

Fluorescence immunohistochemistry was performed for apoptosis inducing factor (AIF), NF-
kappa B (NF-xB) and MAP kinase phosphatase-1 (MKP-1). The stainings were finished by
Hoechst counterstain. Sections were examined using a confocal laser scan microscope
(Olympus Fluoview 1000). Recording for RRX (excited with the green laser, Helium-Neon)
was followed by recording for Hoechst with a 405 nm laser.

4.5. Western blot analysis

Carotid arteries and aortic segments were homogenized in ice-cold 50 mM Tris-buffer, pH 8.0
and harvested in 2x concentrated SDS—polyacrylamide gel electrophoresis sample buffer.
Proteins were separated on 10 or 12% SDS—polyacrylamide gel electrophoresis sample buffer.
After blocking (2 h with 3% non-fat milk in Tris-buffered saline), membranes were probed
overnight at 4°C with primary antibodies and the next day with the secondary antibodies. The
antibody—antigen complexes were visualized by means of enhanced chemiluminescence.
After scanning, results were quantified by NIH Image J program.

4.6. Electron microscopy

1-mm long blocks were cut from the aorta and were fixed in 4% buffered formaldehyde
mixed with a 2,5% glutaraldehyde solution for 24 hours in refrigerator. After dehydration
blocks were embedded in gelatin capsules containing Durcupan. The blocks were placed in

termostate for 48 hours at 56°C. From the embedded blocks 1 micrometer thick semithin and



serial ultrathin sections (70 nanometer) were cut with a Leica ultramicrotome, and mounted
either on mesh, or on Collodion-coated single-slot, copper grids. Additional contrast was
provided to these sections with uranyl acetate and lead citrate solutions, and they were

examined with JEOL 1200EX-I1I electron microscope.

5. Materials and methods I1.

5.1. Resveratrol:

Resveratrol (trans-3,4,5-trihydroxystilbene) was a kind gift from Admarc Med Diagnostics &
Nutraceuticals (Fot, Hungary). 10 mg resveratrol capsule was applied once daily which is in
commercial use and possesses official permission for being marketed.

5.2. Subjects and protocol:

40 patients were enrolled into our double-blind, placebo-controlled, randomized study (42-80
year old, mean age 66.3£8.9 years, 26 men, 14 women). All patients had a history of
myocardial infarction (at least 6 months prior to randomisation) and angiographically verified
coronary artery disease. In one group 10 mg resveratrol, in the other group 10 mg placebo was
administered for 3 months. Patients received a medical therapy recommended by the current
guidelines for secondary prevention of acute myocardial infarction (AMI).

5.3. Clinical chemistry

From blood samples white blood cell count, C-reactive protein, TNF-a, glucose, glycosylated
hemoglobin-HgA . fasting lipid levels (total cholesterol, triglyceride, high-density lipoprotein
(HDL), LDL-cholesterol) were measured in the Department of Laboratory Medicine,
University of Pecs.

5.4. Hemorheological parameters

Hematocrit was measured in a microhematocrit centrifuge, plasma fibrinogen concentration
was determined by Clauss’ method. Plasma and whole blood viscosities were determined in
Hevimet 40 capillary viscosimeter. RBC aggregation was measured in Myrenne
aggregometer, applying the light transmission method of Schmid-Schoénbein et al. Red blood
cell filterability was measured in Carat FT-1 filtrometer using St. George’s technique. In this
filtrometer RBC suspension was measured at four pairs of light sources and detectors. The
apparatus is interfaced to a computer, which automatically analyzes sequential flow rates and
thus distinguishes the relative cell transit time (RCTT) and the pore clogging rate. In our

experiments filtration pressure was set for 4 cm of water. Collagen-induced platelet



aggregation (2ug/ml collagen) was measured using a Carat TX4 optical platelet
aggregometer.

5.5. Brachial artery flow-mediated dilatation

FMD was measured on the right brachial artery after 10 minutes resting in a supine position.
Images were acquired using a Technus MPX ultrasound System with a linear vascular
transducer. Arterial flow velocity was measured using pulsed wave Doppler signals at a 70°
angle to the vessel 5 cm above the antecubital fossa. A pneumatic cuff was then inflated to
suprasystolic pressure (250 mmHg) on the forearm for 4 min and a second scan was taken 15
sec. after the cuff deflation and arterial lumen diameter was measured 90 sec. after cuff
deflation. FMD was determined as the percentage change in vessel diameter measured at rest
and at 90 sec. after cuff release.

5.6. Echocardiography

Echocardiographic measurements were performed with a Vivid 7 Pro (GE, USA) equipment
with 3S transducer according to international guidelines. Sytolic and diastolic left ventricular
function were determined at baseline and at the end of the study period.

6. Conclusion

Vasoprotection by PARP inhibition in a SHR model

The major findings of this study are that chronic inhibition of nuclear PARP enzyme reduces
ADP-ribosylation of nuclear proteins and thus prevents the development of vascular
remodeling with the restoration of vascular structure and function while changing the altered
patterns of signal transduction.

Despite the lack of blood pressure lowering effect, PARP-inhibitor treatment exerted
significant protection against the transition of hypertensive cardiopathy to heart failure in the
SHRs and in our present work we also found that chronic inhibition of PARP with L-2286 did
not decrease the blood pressure in SHR animals, but it could decrease the hypertension-
induced remodeling of the great arteries.

Chronic elevated blood pressure causes the thickening of the vascular wall in carotid arteries.
Increased intima—media thickness (IMT) from ultrasound measurements of the carotid artery
is considered as a marker of more generalized atherosclerosis, and has been shown to predict
the occurrence of cardiovascular events such as stroke and myocardial infarction.

The PARP-inhibitor L-2286 however decreased significantly the hypertension-induced
vascular wall thickening in great vessels. Furthermore L-2286 improved the altered vascular



elasticity, expressed as aortic stiffness index, too. The thickness and the elastic properties of
vascular wall are determined primarily by the amount of smooth muscle cells and by the
amount of collagen content. The vascular collagen content was determined by transmission
electron microscopy and by Masson’s trichrome staining. Both methods showed a very
prominent increase of vascular fibrosis in non-treated SHR animals. Moreover, on electron
microscopic pictures the invasivity of fibrosis could also be seen, because the collagen
bundles damaged the basal membrane and broke into the lumen. Pharmacological inhibition
of nuclear PARP-1 exerted a significant decrease in the process of fibrotic remodeling and
this treatment protected the integrity of vascular structure, too.

Endothelial dysfunction, a phenomenon that can easily be demonstrated as an impaired
vasorelaxation in response to endothelium-dependent vasodilators such as acetyl-choline
(ACh). Impaired relaxation of carotid arteries to ACh in hypertensive animals was
significantly improved in the L-2286 treated group compared to the SHR-C group.

Oxidative stress and decreased bioavailability of NO are the most important causes of
endothelial dysfunction. In accordance with this, the signs of increased oxidative stress were
detected in our study in hypertensive animals measuring the amount of nitrotyrosine
formation. The PARP-inhibitor treatment did not affect the blood pressure, however it could
decrease significantly the formation of ROS/RNS and of course the activity of PARP enzyme.
Although L-2286 has a moderated direct scavenger effect too, its main effect on ROS
formation is the consequence of its mitochondrial protective effect.

Furthermore L-2286 treatment increased the phosphorylation state of Akt-1 in the vascular
wall, too. Akt-1 is one of the most important prosurvival intracellular signal transduction
factors. The activation of Akt-1 yields in numerous beneficial consequences, e.g. its activation
can also decrease the ROS production through the inhibition of NADPH oxidases.

The nuclear translocation of AlIF increased significantly in untreated SHR animals, which is a
consequence of oxidative stress. The L-2286 treatment significantly decreased the nuclear
translocation of the pro-apoptotic AIF in vascular smooth muscle cells. Blocking the nuclear
translocation has also another beneficial effect, it can influence the vascular remodeling
through the modulation of proliferation and migration of vascular smooth muscle cells PARP-
inhibitor treatment decreased the nuclear translocation of AIF either by decreased formation
of PAR, or the modulation of signaling pathways including the activation of Akt-1 which

attenuates AIF translocation.



The importance of MAP kinases was extensively studied in experimental models of various
cardiovascular pathologies. Our workgroup previously proved in cell culture, that PARP-1
inhibition by pharmacons, small interfering RNA silencing of PARP-1 expression, or the
transdominant expression of enzymatically inactive PARP-1 resulted in the inactivation of
these MAPKSs through the increased expression and enlarged cytoplasmic localization of
MAPK phosphatase-1 (MKP-1). In our recent work this finding was confirmed among much
more complicated experimental settings, in a chronic murine model of hypertension. The
increased MKP-1 and therefore decreased activity of MAP kinases can be a very important
underlying mechanism of the diminished vascular collagen accumulation observed in L-2286
treated SHRs. The decreased phosphorylation state of MAP kinases exerts protection against
vascular remodeling, because it can reduce the fibrosis through a TGF-p independent
pathway. On the other hand the elevated Angll level via p38-MAPK causes NF-«kB activation
which in turn can increase the fibrosis via a TGF-B1 dependent pathway and can enhance the
production of inflammatory proteins that have central role in the development of endothelial
dysfunction and atherosclerosis.

Effect of resveratrol treatment in postinfarction patient

In this study the possible cardioprotective effects of resveratrol were examined in patients
after myocardial infarction. According to previous studies the cardiovascular benefits of
resveratrol presumably includes vasorelaxation, antioxidant, antiplatelet and cholesterol
lowering effects.

Several studies have shown the favourable effects of resveratrol on endothelial function but
these investigations were carried out on animal models, in vitro human vessels or examined
only the acute intake of resveratrol. In our study endothelial function was measured by FMD
and a significant improvement (p<0.05) was detected in vasorelaxation in resveratrol treated
group. According to previous studies these effects are presumably due to an increase in NO
level and signalling and the stimulation of Ca2+ activated K+ channels.

The importance of hemorheological processes in the progression of atherosclerosis is well
known. Previous studies have proved the inhibitory effect of resveratrol on platelet
aggregation in vitro. The inhibition of platelet aggregation is presumably due to the
enhancement of the activity of endogenous antiplatelet substances like prostaglandins. In
addition, under in vitro circumstances it was shown that resveratrol inhibits type I collagen

MRNA expression, and the adhesion of platelets to collagen in a concentration dependent



manner. RBC deformability has an important role in coronary microcirculation since the
average capillary diameter is below the diameter of RBC. Decreased RBC deformability
reduces the coronary microcirculation. According to previous studies certain unfavourable
changes in hemorheological parameters can be observed in patients after myocardial
infarction. In our investigation a significant decrease of RBC deformability and an increase of
platelet aggregation was also experienced in the placebo group but resveratrol treatment
prevented these disadvantegous changes (p<0.05).

High level of LDL-cholesterol is very harmful to endothelial cells and has an important role in
the development of atherosclerosis. According to the literature the effects of resveratrol on
lipid parameters are rather conflicting. Some investigations have proved that resveratrol
lowered total cholesterol, increased HDL level and reduced formation of atherosclerotic
plaques. In our research a favourable effect of resveratrol was discovered on plasma LDL
level (p<0.05), but no significant effect was detected on other lipid parameters, like total
cholesterol, HDL cholesterol and on triglyceride levels.

During our study no significant changes could be measured in white blood cell count, plasma
fibrinogen and C-reactive protein levels.

Resveratrol possesses direct protective effect on cardiomyocytes which was demonstrated in
several animal studies. In a myocardial remodeling model cardiac fibrosis was inhibited by
resveratrol, furthermore resveratrol protected cardiomyocytes from ischemia-reperfusion
injury throgh suppression of superoxide levels and activation of potassium channels in animal
models. In our study resveratrol treatment resulted in a slight but not significant improvement
of left ventricular systolic function. On the other hand diastolic function of the left ventricle
was significantly improved which might be attributed to the inhibitory effect of resveratrol on
myocardial fibrosis with the inhibition of phosphorylation of PKC o/p and activation of Akt
pathways described in animal models.

In conclusion, our clinical trial provided evidences that resveratrol exerts multiple protective
effects on the cardiovascular system in patients after myocardial infarction developing its
beneficial effect in addition to routine medical therapy used in the secondary prevention of
myocardial infarction. 3-months of resveratrol treatment improved FMD, increased red blood
cell deformability, inhibited platelet aggregation, decreased LDL cholesterol level and
improved left ventricular diastolic function

7. Summary of new scientific results:

7.1. Investigation of vasoprotective effect of L-2286 in a chronic hypertension model
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7.1.1. Pharmacological inhibition of PARP-1 enzyme exerts significant protective
effect against hypertensive vascular remodeling in spite of the lack of any
antihypertensive effect.

7.1.2. Decreased vascular fibrosis as a consequence of elevated MKP-1 activity and
thus diminished MAPK phosphorylation are the main underlying mechanisms.

7.1.3. PARP-1 inhibition activates Akt which can prevent mitochondrial damages and
attenuates cell death

7.1.4. PARP is a promising therapeutical target to prevent hypertensive vascular
complications even in those patients, who do not reach the target blood pressure
because of complaints or because of side effects caused by antihypertensive drug
therapy.

7.2. Biological effects of resveratrol in postinfarction patients receiving adequate
secondary prevention treatment

7.2.1. Resveratrol administration improves endothelial function measured by FMD.

7.2.2. Resveratrol has a very important favourable effect on several hemorheological

and lipid parameters which play an important part in the progression of
atherosclerosis

7.2.3. Resveratrol treatment causes improvement of left ventricular diastolic function

which is a consequence of resveratrol fibrosis decreasing effect.

7.2.4. Resveratrol administration (without alcohol intake) might be recommended in

postinfarction patients to slow down remodeling and progression of

atherosclerosis.
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1. Roviditések jegyzéke

AlF
Ang Il
AP-1
ASI
ERK1/2
IMT
JAK/STAT
IJNK
MAPK
MKP-1
NAD"
NF-kB
NO
PARP
PGI
PKC
RES
RIP1
ROS
RNS
SHR
SNP
WKY

Apoptozist indukalo faktor
Angiotenzin Il

Aktivalo protein-1

Aorta stiffness index
Extracellularis szignal regulalt kinaz
intima média vastagsag

Janus kinaz/transzkripcios szignal transzducer és aktivator
c-jun N-terminal kinaz
mitogen aktivalta protein kindz
MAP-kindz foszfataz-1
Nikotinamid adenin dinukleotid
Nuklearis faktor kappa B
Nitrogén monoxid
poli(ADP-riboz)polimeraz
Prosztaciklin

Protein kindz C

Rezveratrol
Receptor-interacting protein 1
Reaktiv szabad gyokok

Reaktiv nitrogen termékek
Spontan hipertenziv patkany
Natrium nitroprusszid

Wistar-Kyoto patkany
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2. Bevezetés

PARP-gatlas szerepe a vaszkularis remodelling megelozésében

A tartésan fenndallo hipertonia az erek strukturalis atépiilését hozza 1étre, melyet vaszkularis
remodellingnek neveziink. A remodelling egy adaptaciés folyamat, mely hosszu ideig
fennall6 hemodinamikai tényezok kovetkeztében alakul ki, de fontos szerepet jatszik a
A reaktiv oxigén szabadgyokok (ROS) mechanikai erdk hatisara, mint a falfesziilés,
vasoaktiv agensek, képzddnek az érfal minden rétegében. Egy igen fontos szabadgyok a
peroxinitrit (ONOQ), mely a szuperoxid anion (O;") és a nitrogén-monoxid (NO) reakcidja
soran keletkezik, abban az esetben ha ezek a molekuldk nagy mennyiségben vannak jelen a
szovetekben. ROS és kiilondsen a ONOO™ feleldsek a sulyos DNS karosodésért, az egyes és
kettds -szali DNS lanc torésekért és a kovetkezményes poli(ADP-rib6z)polimeraz-1 enzim
(PARP) aktivaciojaért. A PARP enzim elhasznalja a sejtek energiaforrasait azaltal, hogy ADP-
ribdz egységeket helyez 4t a NAD"-rol nuklearis fehérjékre, mint a hisztonokra és a PARP
enzimre Onmagara is. Ez a folyamat a NAD" és az intracellularis ATP raktarak
csOkkenéséhez és a mitokondrialis funkcié karosodasahoz vezet, cellularis diszfunkciot,
apoptozist és nekrozist okozva. A PARP aktivaci6 ROS termelddéshez, calcium szint
emelkedéshez, JNK, p38 MAP-kindz és RIP aktivacidhoz vezet, melyek részt vesznek a
mitokondrialis membran rendszer destabilizalasaban és  pro-apoptotikus  enzimek
felszabadulasahoz vezetnek a mitokondrialis bels6 membranb6l, mint a Citokrom C, AIF és
endonukledz G. Tovabba a PARP enzim NF-kappaB ¢a AP-1 transzkripcids faktorokat aktival
melyek fokozzak a kardiovaszkularis remodellinget.

Kisérleteink soran egy PARP-gatlo vegyiilet hatdsat vizsgaltuk in vivo kortilmények kozott
spontan hipertenziv patkdny (SHR) modellben. Az L-2286 jelii PARP-gatlo vegyiiletet
hasznaltuk, mely 2-mercapto-4(3H)-quinazoline szarmazék, de in vitro PARP assay
vizsgalatok soran szignifikansan jobb PARP gatlo hatast észleltiink, mint az alap quinazolin

vegyliletek esetén (1. dbra).

O

NH
N/I\S/\/N

1. Abra: Az L-2286 ((2-((2-Piperidin-1-ylethil)tio)quinazolin-4(3H)-egy) szerkezeti képlete.
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A resveratrol biologiai hatasa:

A vorosbor kardioprotektiv hatdsa a piros sz616 héjaban talalhato fitoalexineknek, ezenbeliil is
els6sorban a rezveratrolnak (trans-3,4,5-trihidroxystilbene) tulajdonithatd. Szamos irodalmi
adat igazolta antioxidans €s szérum lipidszint csokkentd hatasat. Javitja az endotél funkciot és
szamos kedvezd hatdsa van a vaszkuldris tonusra. Korabbi kisérletekben kimutattdk, hogy
eldsegiti a nitrogén-monoxid (NO) és a prosztaciklin (PGI) felszabadulast, melyek az endotél
funkcido megtartasdban jelentds szerepet jatszo faktorok . Humdan érbél szdrmazé in vitro
kisérletekben a rezveratrol felerGsitette az endothelialis nitrogén-monoxid szintaz (eNOS)
promoterének aktivitdsat, valamint NO fiiggd relaxaciot eredményezett. Védd szerepe
trombdzis ellen is igazolddott. Befolydsolja a prosztaglandin szintézist, valamint gatolja a
thromboxane A2 (TXA2) hatasat, mely hatasokon keresztiil a thrombocyta aggregéaciot
gatolja. Tovabba allatkisérletekben igazoltak, hogy az ateroszklerotikus plakkok mérete és
denzitdsa az intima vastagsadga csokkent rezveratrol kezelés hatdsdra, valamint fokozta az

endothelium-fiiggé vazodilataciot.

3. Célkituzések

3.3. A Kkisérletek célja az volt, hogy bizonyitsa a PARP enzim aktivacidjanak lehetséges
szerepét a kronikusan fenndll6 hipertonia okozta vaszkuldris remodelling
patogenezisében.

3.3.1. Megvizsgaltuk egy 1) molekularis mechanizmus szerepét a PARP gétlas okozta
érvédelemben.

3.3.2. Bizonyitani szerettiik volna, hogy a hosszutava kezelés az L-2286 jelit PARP
gatlo vegyiilettel kedvezéen befolyasolja az intima-media vastagsagot az arteria
carotisokban és az aorta stiffness indexet.

3.3.3. Vizsgaltuk az L-2286 kezelés protektiv hatasat a vazomotor diszfunkciora.

3.3.4. Megvizsgaltuk az esetleges fibrozis csokkentd hatasat.

3.3.5. Bizonyitani szerettiik volna, hogy a PARP gatlasnak kedvezd hatasa van a
vaszkularis remodellingben részt vevd jelatviteli itvonalak esetén.

3.4. Feltételezésiink az volt, hogy a rezveratrolnak klinikailag is mérhetd kardioprotektiv
hatdsa van posztinfarktusos betegekben, akik a megfelel6 szekunder prevencios
kezelésben részesiilnek.

3.4.1. Megvizsgaltuk a rezveratrol kezelés hatdsat az echokardiografias
paraméterekre.

3.4.2. Megmértiik, hogy a rezveratrol javitani tudja-e az endotél funkciot.
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3.4.3. A kiilonb6z6 hemorheoldgiai €s labor paraméterekre kifejtett hatasat szerettiik

volna vizsgalni.

4. Eszkozok és médszerek

4.1. Kiserletes modell és noninvaziv vérnyomasmeéreés

10 hetes him SHR patkanyokat random maédon két csoportba osztottunk. Az egyik csoportban
1év6 allatok nem kaptak kezelést (SHR-C, n = 10), mig a masik csoportban lévoket 5 mg /ttkg
L-2286-al (vizoldékony PARP-gatldo vegyiilet) kezeltiik 32 héten keresztiil. A harmadik
csoport kortars normotenziv kontroll volt (WKY-C, n=10). A negyedik csoportba kortars
normotenziv allatok tartoztak, melyek L-2286 kezelést kaptak 32 héten keresztiil.

A noninvaziv vérnyomasmérést a kisérletsorozat kezdetétél négy hetente végeztiink
farokvérnyomasmérd (Hatteras SC 1000 Single Channel System) segitségével.

4.2. Echokardiogrdfias modszerek

Az aorta stiffness index (ASI) és az arteria carotisok intima-media vastagsaganak (IMT)
meghatarozasa VEVO 770 nagy felbontdsu ultrahanggal torént (VisualSonics, Toronto,
Kanada) egy 40 MHz felbontasu transzducer segitségével. Az aorta elasztikus tulajdonsagat
egy képlet segitségével szamoltuk ki: ASI = In(SBP/DBP)xDD/(SD—DD).

4.3. 1zometrias meérések

Az arteria carotis communisokbol késziilt gytiriiket egy kisér miograf (DMT 610M, Danish
Myo Technology, Aarhus, Déania) 5 ml-es szervfiird6jébe helyeztiikk. A kisérlet elején és
végén meghataroztuk a maximalis kontrakciora adott valaszt 60 mM KCI segitségével. A
kisérlet elsd részében ndvekvd dozisu SNP-t (10° to 10° mol/L), majd Ach-t (10° to 10°
mol/L) adtunk az érgylirikh6z. Ha az Ach-ra torténd relaxacios valasz meghaladta a 70%-t,
abban az esetben tekintettiik az endotheliumot intaktnak.

4.4. Imunhisztokémia és konfokdlis lézer fluorezscens mikroszkopia

Az arteria carotisokat és az aortdkat paraformaldehid oldatban (4%) fixaltuk 1 napon
keresztiil. 5 mikrométer vastag metszeteket készitettiink. Immunhisztokémiai festést
végeztiink nitrotirozin és poli(ADP-riboz) (PAR) els6dleges antitestek segitségével. Az
elsddleges antitesttel torténd inkubécio utan a specifikus kotddést biotinilalt, masodlagos antitest,
majd az avidin-biotin-peroxidaz komplex hasznalataval tettiik lathatova (Universal Vectastain
ABC Elite Kit, Vector Laboratories, Burlingame, CA). Kromogénként 3,3’-diaminobenzidint
(DAB) hasznaltunk.

Néhany metszetet Masson trichrom festéssel festettlink meg, hogy detektaljuk az interstitialis

fibrozist. A metszeteket NIH ImageJ program segitségével elemeztiik.
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Immunfluorszcens mddszer segitségével detektaltuk az apoptézis-indukald factor (AIF), NF-
kappa B (NF-xkB) és a MAP kinaz foszfataz-1 (MKP-1) aktivaciot. A festést Hoechst
magfestés haszndlataval fejeztiik be. A metszeteket konfokalis 1ézer scan mikroszkoppal
(Olympus Fluoview 1000) vizsgaltuk.

4.5. Western blot analizis

Az arteria carotis és aorta mintakat 50 mg-ot jéghideg homogenizald pufferben dolgoztuk fel,
amely 8-as pH-ju volt. 50 mM-os Tris puffert tartalmazott (valamint 1:100-szoros higitasban 50
mM natrium metavanadatot) és 2x-es toménységli SDS-poliakrilamid gél elektroforézis minta
pufferben folytattuk tovabb a feldolgozast. A natrium metavanadatot foszfatdz inhibitorként
hasznaltuk. A fehérjéket 10 vagy 12%-0s SDS-poliakrilamid gélben vélasztottuk szét. Blokkolas
utan (2h 3%-os zsirmentes tejjel Tris pufferalt sdoldatban) a membranokat egy éjszakan at 4°C-on
az elsodleges antitesttel inkubaltuk, majd masnap a masodlagos antitesttel. A kialakult
komplexeket az ,,enhanced” kemilumineszcencia modszerével tettiik lathatova. Szkennelés utan
az eredményeket a NIH ImagelJ program segitségével értékeltiik.

4.6. Elektron mikroszkopia

1 mm hosszsagu darabokra vagtuk az aortat és 4%-os pufferolt formaldehid oldat és 2,5%-0s
glutaraldehid oldat keverékébe helyeztiik 24 oOrara. Dehidralast kovetden a beagyazashoz
Durcupan gyantat (Sigma) hasznéltunk, a metszeteket Leica ultramikrotommal metszettik. Az
ultravékony metszeteket racsos rézgridekre vettiik fel, majd az uranil acetatal és 6lom citrattal

végzett kontrasztozas utan Jeol 1200EX-II tipusu elektronmikroszkoppal vizsgaltuk.

5. Eszkozok és modszerek 11

5.1. Rezveratrol

Vizsgélatunk soran 40 ismert posztinfarktusos beteget randomizaltunk két csoportba (42-80
¢év, atlag életkor 66.3£8.9 év, 26 férfi, 14 nd). Mindegyik beteg anamnézisében lezajlott
miokardidlis infarktus (legalabb 6 honappal a randomizalas el6tt) valamint coronarografiaval
igazolt, revaszkularizdciora nem alkalmas 3-ér betegség szerepel. 20 beteg napi 10 mg
rezveratrol kapszula (Admarc Med Diagnostics & Nutraceuticals, Fot, Magyarorszag), 20
beteg pedig placebo kezelésben részesiilt 3 honapon keresztiil. A betegek gyogyszeres
kezelése a vizsgalati periddus alatt nem valtozott, az ajanlasoknak megfeleld szekunder

prevencids kezelésben részesiiltek.
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5.2. Laboratoriumi paraméterek

A kubitélis vénabol szdrmazo vérmintabol meghataroztuk a fehérvérsejtszamot, C-reaktiv
proteint, TNF-a-t, vércukor szintet, hemoglobint és a lipidprofilt (koleszterin, triglicerid,
high-density lipoprotein (HDL), LDL-koleszterin szintet).

5.3. Hemoreologiai paraméterek

A hematokritot mikrohematokrit centrifuga, a plazma fibrinogén koncentraciot Clauss’
modszer segitségével hataroztuk meg. A plazma- és teljesvér-viszkozitast Hevimet 40
kapillaris viszkoziméterrel (Hemorex Kft., Magyarorszag) mértiik. A vorosvértest-aggregacio
mérése Myrenne MA-1 aggregométerrel tortént Schmid-Schonbein fény-transzmisszids
modszerét alkalmazva. Az aggregacio mértékét az aggregacids indexekkel jellemezziik (Al).
A vorosvérsejt filterabilitast, amely a sejt deformabilitdsara utaldo paraméter, Carat FT-1
filtrométerben mértiik a St George’s technikat alkalmazva. Trombocita aggregometrids
méréseinket Carat TX-4 tipust trombocita aggregométerrel végeztiik.

5.4. Flow-medialta vazodilatacio

A flow-medialta dilataciot (FMD) Celermajer modszerével mértiik. Nyugalmi allapotban az
artéria atmérdjét és az aramlast detektaltuk, majd az alkaron a vérnyomasmérd mandzsettdjat
250 Hgmm-re felfujtuk 4 percig. A felengedést kovetden 15 mdasodpercig regisztraltuk a
centralis aramlast majd 90 masodperc utdin megmeértiik az ér atmérdjét. Az FMD értéket a
nyugalmi és a felengedés utan 90. masodperccel mért értékek szazalékos kiilonbségében
adtuk meg.

5.5. Echokardiografia

A betegek transthoracalis echokardiografias vizsgalatat GE Vivid 7 Pro késziilékkel végeztiik

a nemzetkozi (AHA/ACC) és a magyar ajanlasoknak megfelelden.

6. Kovetkeztetések

PARP inhibitor vazoprotektiv hatasa SHR modellben

Kisérleteink sordn bizonyitani tudtuk hogy a hosszitavi PARP gatlas csokkenti a magban
talalhato fehérjék ADP-ribozilacidjat és ezaltal megakadalyozza a vaszkularis remodelling
kialakuldsat az erek szerkezetének és funkcidjdnak megtartasaval, mikdzben kedvezd hatdsa
van az €r atépiilésében szerepet jatszo jelaltviteli itvonalakra is. Az allatmodellként hasznalt
spontan hipertenziv patkanyokban munkacsoportunk a korabbi kisérletek soran sem tapasztalt

vérnyomascsokkentd hatast a PARP-gatld kezelés kovetkeztében, viszont eredményeink azt
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mutattdk, hogy a kezelés lassitotta a hipertenziv kardiopatia szivelégtelenségbe torténd
atalakuléasat. Jelenlegi munkankban az L-2286 kezelés szintén nem befolyasolta az allatok
vérnyomasat, ellenben csokkentette a hipertonia okozta érfalkarosodast.

Ennek a karosodasnak egyik igen fontos jele az érfal megvastagodasa. Ultrahangos méréseink
soran a hipertonias allatok arteria carotisaban az intima-media vastagsag (IMT) fokozddasat
talaltuk, mely generalizalt atherosclerosisra és a késobbiekben a kardiovaszkularis
események, mint stroke és miokardialis infarktus gyakorisaganak névekedésére utal.

Az L-2286 kezelés nemcsak a hipertonia-indukalta érfalmegvastagodast csokkentette, hanem
javitotta az érfal rugalmassagat is, melynek meghatdrozésara az aorta stiffness indexet
hasznaltuk. Az érfal vastagsagat és elasztikus tulajdonsagait a simaizomsejtek a kollagén
mennyisége hatdrozza meg. A kollagén mennyiségét elektron mikroszképpal és Masson
trikrom festéssel néztiikk meg. Mindkét modszerrel jelentds vaszkularis fibrozis fokozddast
lattunk a kezeletlen hipertonias allatok esetén. Az elektron mikroszkopos felvételeken a
fibrozis invazivitasa is lathatd, mivel a kollagén kotegek a bazal membrant is karositva
betornek a lumenbe. Tehat elmondhatjuk, hogy a PARP-gatlas szignifikans mértékii fibrotikus
remodelling csokkenést okozott és az érszerkezet integritasanak megtartasaban is igen fontos
szerepet jatszott.

Az endotél funkci6 kérosodasa esetén csokkent vazorelaxacios valaszt latunk az endotél fiiggd
vazodilatatorra az ACh-ra. Munkdnkban a hypertonids kezeletlen allatokban az észlelt
csokkent Ach fliggd vazodilatacids valasz szignifikdns mértékben javult az L-2286 kezelés
hatatasara. Az endotél diszfunkcié kialakuldsdnak az oxidativ stress és az NO csokkent
¢letképessége a legfontosabb okai. Ennek megfelelden kisérletiinkben a hosszasan fennallo
hipertonia kovetkeztében fokozodott oxidativ stressz jeleit talaltuk, melyet a nitrotirozin
mennyiségének meghatdrozasaval szemléltettiink. Habar a PARP-gatld kezelés nem
befolyasolta a vérnyomast, tudta csdokkenteni a ROS/RNS termelddést. Az [.-2286-nak ismert
direkt szabadgyokfogd hatasa is, a {6 magyarazat azonban az oxidativ stressz csokkentésére
ennek a vegyiiletnek a mitokondriumokra gyakorolt védd hatasa.

Tovabba az L-2286 kezelés fokozta az Akt foszforildltsagat az érfalban, mely az egyik
legfontosabb sejttilélésben szerepet jatszd jelatviteli Gtvonal. Az Akt-1 jelatviteli Utonal
aktivaciojanak nagyon sok kedvezd hatdsa van, tobbek kozott a NADPH oxidaz gatlasan
keresztiil csokken a ROS termel6dés.

Kisérleteink tovabbi részében az apoptdzis kimutatisara a proapoptotikus AIF nukleéris

crer
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allatokban nagy mértékben fokozta a sejtelhalas mértékét. Az L-2286 kezelés hatdsara nagy
mértékben csokkent a pro-apoptotikus AIF nuklearis transzlokacidja az érfalban talalhato
simaizom sejtekben. A PARP-gatld kezelés nuklearis transzlokaciot gatldé hatasa
befolyasolhatta a vaszkularis remodellinget azaltal, hogy megvaltoztatta az érfalban talalhaté
csokkent PAR termelddés csokkent AIF aktivaciot okozott, mely a sejt tulélésében fontos
szerepet jatszd Akt-1 jelatviteli itvonal aktivacidjanak a kvetkezménye.

A MAP kindzok fontos szerepét mar szamos kisérletes modellben vizsgaltak kiillonb6zo
sejtkulturas kisérleteiben farmakoldgiai PARP gatlas soran a PARP-1 mRNS-ének gyengitése
a MAP kindzok inaktivaciojahoz vezetett a MAP kindz foszfatdz-1 megndvekedett
citoplazmaris lokalizacidjan keresztiil. Jelenlegi eredményeink mindezen felfedezéseket
megerdsitik egy bonyolultabb in vivo allatkisérletes hipertonia modellben is. A
megnovekedett MKP-1 ¢és ezaltal csokkent MAPK aktivitas igen fontos mechanizmus lehet a
csokkent kollagen termelddés hatterében, melyet az L-2286-al kezelt allatok esetén talaltunk.
A csokkent foszforilacios allapota a MAP kindzoknak védd hatasti lehet a vaszkularis
remodellinggel szemben, mert kisebb a fibrézis mértéke a TGF-B-fiiggetlen jelatviteli
utvonalon keresztiil. Tovabba a MAP kinaz Gtvonalon 4t fokozédd NF-«kB aktivacid tovabb
serkenti a fibrozis kialakulasat a TGF-B1 fiiggd jelatviteli utvonalon keresztiil, mely tovabb
fokozza a gyulladdsos fehérjék termelddését, melyeknek fontos szerepe van a endotél

diszfunkcio és az atherosclerosis kialakulasaban.

A rezveratrol kezelés hatasa posztinfarktusos betegekben

Tanulmanyunkban 40 posztinfarktusos betegnél vizsgaltuk a rezveratrol lehetséges
kardioprotektiv hatdsat. Szamos tanulmany igazolta a rezveratrol kedvezd hatdsat az endotél
funkciora, azonban ezek a megfigyelések allat modellekben, in vitro human ereken, vagy
pedig a rezveratrol egyszeri bevétele alapjan torténtek. Vizsgalatunkban az endotél funkciot
FMD-vel jellemeztiik, mely szignifikans mértékli (p<0.05) javulast mutatott 3 hdnapos
rezveratrol kezelést kovetden. Kordbbi kisérletek alapjan valdszintisithetd, hogy az FMD
javulasa az NO termelddés fokozodasan keresztiil jon 1étre.

A hemorheologiai paraméterek szerepe az atherosclerosis kialakulasaban jol ismertek.
Korabbi kisérletek sordn in vitro modellekben méar bizonyitottdk a rezveratrol vérlemezke

aggregacio gatld hatdsat, mely az aggregédciot gatld prosztaglandinok termelddésének
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fokozasadval magyarazhato. Ezen kiviil kimutattdk, hogy gatolja az I-es tipusu kollagén
MRNS-ének expressziojat és koncentraciofiiggd modon a kollagén indukalta vérlemezke
aggregaciot. Betegeink nagy része (80%) a vizsgalat soran aszpirin terapiaban részesiilt. A 3
honapos vizsgalati periddus alatt a placebo csoportban észlelt fokozott trombocyta aggregacio
a kifejlodé aszpirin intolerancia kialakuldsaval magyarazhat6, mely vizsgalatunk szerint
nagymértékben csokkenthetd rezveratrol kezeléssel. Mindezek alapjén a rezveratrolnak fontos
szerepe lehet az aszpirin intolerancia kezelésében.

A vorosvértest deformabilitasnak fontos szerepe van a koronaria mikrocirkulacioban hiszen a
kapillarisok atlagos atmérdje kisebb a vorosvértest atmérdjénél, tehat a csokkent vorosvértest
deformabilitas ronthatja a korondria keringést. A placebo csoportban a vordsvértest
deformabilitas csokkenését észleltiik, mely deformabilitas csokkenés a rezveratrol kezelt
csoportban nem jelentkezett.

Az emelkedett szérum LDL-koleszterin szint karositja az endothel sejteket és fontos szerepet
jatszik az atherosclerosis kialakuldsdban. Az irodalmi adatok nem egyértelmiiek a rezveratrol
lipid csokkenté hatasat tekintve. Tanulmanyunkban a rezveratrol csokkentette az LDL-
koleszterin szintet p<0.05, valamint nem szignifikdns mértékben az dsszkoleszterin szintet, de
mas lipid paraméterekre nem volt kedvezd hatassal.

Szamos allatmodellben kimutattdk, hogy a rezveratrolnak direkt védé hatdsa van a
cardiomyocitdkra. Echocardiographias vizsgalataink sordn a rezveratrol kezelt csoportban a
bal kamra szistolés funkciod lényegében nem valtozott, a bal kamra diasztolés funkcigjaban
azonban szignifikans javulast észleltiink. Utobbi 0Osszefiiggésben allhat a rezveratrol

allatkisérletek soran észlelt fibrozist gatld hatasaval.

7. Osszefoglalas
7.2. L-2286 jelii vegyiilet vazoprotektiv hatasanak vizsgalata kronikus hipertenziv patkany

modellben

7.21. A PARP-1 enzim farmakoldgiai gatlasanak a hipertonia altal okozott
vaszkularis remodellinggel szemben szignifikdns mértékben véddé hatasa van,
annak ellenére, hogy nem rendelkezik antihipertenziv hatassal.

7.2.2. Csokkenti az érfalban a fibrozis mértekét, mely a fokozott MKP-1 enzim
fokozott aktivitasanak és a MAP kinazok gatlasanak koszonhetd.

7.2.3. A PARP gatlas aktivalja az Akt-1 jelatviteli itvonalat, melynek fontos szerepe

van a mitokondrilis karosodas megeldzésében ¢€s a sejthalal csokkentésében.
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. A PARP enzim gatladsa egy igéretes terapids lehetdség, hogy megeldzziik a

hipertonia okozta vaszkuldris komplikéaciokat, féleg azokban a betegekben
akiknél az alacsonyabb vérnyomas okozta panaszok, valamint a
vérnyomascsOkkent  gyogyszerek  mellékhatasai  miatt  nehezebb a

célvérnyomasértékeket elérni.

71.3. Eredményeink azt mutatjak, hogy a rezveratrol posztinfarktusos betegekben az

alkalmazott szekunder gyogyszeres kezelés mellett tovabbi kardioprotektiv hatassal

rendelkezik:

7.3.1. Javitja az endotél funkciét melynek meghatarozasara a flow-medialta
vazodilataciot hasznaltuk.

7.3.2. A rezveratrolnak nagyon kedvezd hatasa van szdmos hemorheoldgiai és lipid
paraméterre melyek az atherosclerosis eldrehaladdsdban fontos szerepet
jatszanak.

7.3.3. A rezveratrol kezelés javitja a bal kamra diasztolés funkciot mely a rezveratrol
fibrozist csokkentd hatdsanak kovetkezménye.

7.3.4. A rezveratrol adésa (alkohol bevitel nélkiil) ajanlhat6 posztinfarktusos betegek

szamara, hogy lassitsa a remodellinget és az ateroszklerdzis progressziojat.
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8. Koszonetnyilvanitas

Kisérleteinket a Biokémiai és Orvosi Kémiai Intézetben, valamint az I. sz. Belgyogyaszati
Klinikén végeztiik, a Pécsi Tudomanyegyetem Altalanos Orvostudomanyi Karan 2007 és 2011
kozott.

Szeretnék koszonetet mondani tandromnak és programvezetémnek, Prof. Dr. Toéth
Kalménnak, aki iranyitotta tanulmdnyaimat, tdmogatott és hasznos tandcsokkal latott el.
Koszonettel tartozom Prof. Siimegi Balazsnak, aki a biokémiai gondolkodasra tanitott. A
PARP gatlok terén segitette munkamat és zavartalan koriilményeket biztositott szamomra
intézetében.

Szintén koszonettel tartozom témavezetémnek Dr. Halmosi Robertnek kitlind munkajaért, és
az echocardiografids vizsgalatokban nyujtott segitségéért.

Igazan halds vagyok Prof. Dr. Koller Akosnak, Prof. Hamar Janosnak, Prof. Dr. Seress
Laszlonak, Prof. Dr. Hideg Kalméannak a kisérletek soran nyujtott hasznos tanacsaikért,
segitségtlikert.

Koszonettel tartozom még Dr. Szabados Eszternek, Dr. Vamos Zoltannak, Dr. Bartha Evanak,
Dr. Bruszt Kittinek, Dr. Szabo Aliznak, Solti I1zabellanak, Deres Laszlonak, Eros Krisztiannak
¢s Bognar Eszternek a kisérletek sordn nyujtott segitségiikért €s hasznos tanacsaikért. Halas
vagyok Horvath Bertalannak, Giran Laszlonak, Péasztor Istvannénak, Haldsz Helénanak a
laboratoriumi munkdban nyujtott segitségért. Koszondm az 0Osszes baratomnak, a

csaladomnak a batoritast, melyet tanulmanyaim és munkam soran nyujtottak.
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