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Introduction

Hypertension is a major public health problem both in middle-aged and in elderly people. It is
both a complex disease and an important risk factor for other cardiovascular outcomes, such as sudden
cardiac death, stroke, myocardial infarction, heart failure, and renal diseases. Unfortunately, the
control of arterial hypertension is far from optimal and has improved only minimally over the last
decades. Side effects of antihypertensive drugs, complaints due to their blood pressure lowering effect
and inadequate compliance are the key factors in the background of inadequate control of
hypertension. Moreover lowering blood pressure to the optimal range can be harmful in elderly
patients. In order to optimize management of hypertension, some recent efforts focus on protecting the
heart and the vasculature from hypertension induced remodeling with or without lowering the blood

pressure.

Experimental model of chronic hypertension

SHR have been widely used as a model for hypertensive heart disease and hypertension induced
vascular remodeling. The SHR was originally introduced by Okamoto and Aoki as a model of genetic
hypertension. The progression of hypertrophy and impaired cardiac function in the SHR is similar to
the clinical course of patients with hypertension. Persistent hypertension develops in the SHR after
approximately 6 weeks of age. Following a relatively long period of stable hypertension and
compensated hypertrophy, at approximately 18 months of age, animals begin to develop evidence of
impaired function (tachypnea, labored respiration).

The development of vascular remodeling is an early and important consequence of hypertension.
Vascular remodeling is mainly characterized by vascular smooth muscle cell hypertrophy and
increased production of extracellular matrix. Remodeling is initially an adaptive process that evolves
in response to long-term pressure overload, but finally it can contribute to the development of

hypertensive target organ damages.

Cardiovascular effects of PARP inhibition

It is known that activation of poly(ADP-ribose) polymerase enzyme (PARP) plays an
important role in the development of postinfarction as well as long-term hypertension induced heart
failure. The poly(ADP-ribose) polymerase (PARP) enzyme becomes activated in response to DNA
single-strand breaks that can be excessive as a response to free radicals and oxidative cell damage.
PARP is an energy-consuming enzyme that transfers ADP-ribose units to nuclear proteins. As a result
of this process, the intracellular NAD" and ATP levels decrease remarkably resulting in cell
dysfunction and cell death via the necrotic route. 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.
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Figure 1. Chemical structure of L-2286 (2-[(2-Piperidine-1-ylethyl)thio]quinazolin-4(3H)-one).

It has been shown previously that our experimental agent, an isoquinoline derivative PARP-
inhibitor, L-2286 (Fig. 1) had beneficial effects against oxidative cell damage, ischemia-reperfusion
injury and against the development of postinfarction or long-term high blood pressure-induced heart
failure. Although the molecule have a slight scavenger characteristic, its forementioned effects were
mediated mainly by influencing the Akt-1/GSK-3, MAPK and PKC signal transduction factors.

Importance of bradykinin B1 receptor antagonism

An important factor in the background of the inadequate hypertension control is the drug
interactions between antihypertensive agents and several non-cardiovascular drugs e.g. analgetics,
such as NSAIDs.

NSAIDs are the most widely used analgetics nowadays. Unfortunately all of them (except low
dose of aspirin) increase markedly the cardiovascular mortality and morbidity. Therefore we
considered important to monitor the cardiovascular effects of a novel analgetic agent, bradykinin B1
receptor antagonist. According to several previous works bradykinin B1 receptor antagonists may
have beneficial effects in some cardiovascular diseases.

Kinins are biologically active peptides that exert a broad spectrum of physiological effects,
including vasodilation, inflammation, and pain induction. The biological effects of kinins are mediated
through the stimulation of bradykinin B1 and B2 receptors. The B2 receptor is constitutively
expressed and is activated by intact kinins, bradykinin, and kallidin. This receptor is believed to play
an important role in mediating the beneficial effects of ACE-inhibitors, but it is also involved in the
acute phases of inflammation. However the B1 receptor is activated by the carboxypeptidase
metabolites of Kkinins, des-Arg9-BK and des- Argl0-kallidin. The B1 receptor is normally weakly
expressed, but it is upregulated in the presence of cytokines and endotoxins or during tissue injury.
The B1 receptor participates in chronic inflammation and pain; thus, bradykinin Bl receptor
antagonists are a potentially novel approach for treating these conditions without having deleterious

cardiovascular effects.



Aims of the study

Our present study aimed to clarify whether pharmacological PARP-inhibitior L-2286 has protective
effect in an SHR model against the development of the early stage of hypertensive cardiac remodeling.

-The aim of this work was to provide evidence for new molecular mechanisms of the
cardioprotective effect of PARP inhibition.

-We estimated its effect on cardiac fibrosis.

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

In the second experiment we investigated the effects of the bradykinin B1 receptor antagonist test
substance, FGY-1153 on the development of hypertensive organ damages in spontaneously
hypertensive rats (SHR).

- We tried to examine the effect of bradykinin Bl receptor antagonism on body weight, food
consumption and blood pressure.

- We tried to examine the effect of bradykinin B1 receptor antagonism on hypertension induced
cardiovascular remodeling (intima media thickness, interstitial fibrosis, LVHT).

- We tested whether bradykinin B1 receptor antagonist had beneficial effect on signal transduction
pathways taking part in cardiovascular remodeling.



THE EFFECT OF PARP INHIBITION IN CARDIAC REMODELING

Effect of PARP inhibition on gravimetric parameters of spontaneously hypertensive rats

Body weights did not differ significantly among the three groups (WKY: 71.01+£0.11 g, SHR-
C: 72.03+2.36 g, SHR-L: 69.92+3.21 g, 6-week-old rats) at the beginning of our study. However, at
the end of the 24-week-long treatment period, body weights of WKY group were significantly higher
than those of SHR-C and SHR-L groups (WKY: 392.7+14.01 g, SHR-C: 323.8+11.27 g, SHR-L:
321.9+6.84 g, p<0.01 WKY vs. SHR groups, 30-week-old rats). The degree of myocardial
hypertrophy was determined by ventricular weight to body weight ratio (WV/BW, mg/g). This
parameter was significantly increased in SHR groups compared to the WKY group (WV/BW: WKY:
2.95+0.17, SHR-C: 4.48+0.12, SHR-L: 3.85+0.15, p<0.05 WKY vs. SHR groups). Similar results
were obtained in case of weights of ventricles (WV, WKY: 1.16+0.17 g, SHR-C: 1.45+0.18 g, SHR-L:
1.24+0.24 g, p<0.05 WKY vs. SHR groups). The WV and WV/BW ratios were significantly
decreased by L-2286 treatment (p<0.05 SHR-L vs. SHR-C). The lung wet weight-to-dry weight ratio
was not elevated significantly in SHR-C and SHR-L compared to WKY groups (Table 1). All these
results indicate the presence of cardiac hypertrophy without congestive heart failure in the SHR-C

group that was ameliorated in the SHR-L group.

WKY SHR-C SHR-L
BW® (g) 71.01+1.89 72.0242.36 69.9+3.21
BW (g) 393+14.01 323.8+11.27° 321.8646.8°¢
WV (g) 1.160.17 1.45+0.18° 1.2440.24"¢
WV/BW (mg/g) 2.95+0.17 4.48+0.12° 3.85+0.15"¢
Lung wet weight/dry weight 4.84+0.92 4.79+0.84 4.77+0.99
p-BNP (ng/ml) 2.19+0.011 2.33+0.034 2.31%0.031

Table 1. Effect of L-2286 treatment on gravimetric parameters and on plasma BNP in SHR. WKY:
normotensive age-matched control rats, n=7, SHR-C: SHR age-matched control rats, n=8, SHR-L: SHR treated
with L-2286 for 24 weeks, n=9. BW®": body weight of 6-week-old rats, BW: body weight, WV: weights of
ventricles, BNP: plasma b-type natriuretic peptide. Values are means+S.E.M. 2<0.01 (vs. WKY group), °<0.05
(vs. WKY group), °<0.05 (vs. SHR-C).

L-2286 treatment did not influence the levels of plasma BNP and blood pressure

Slightly elevated plasma BNP levels were found both in SHR-C and SHR-L groups (not
significant vs. WKY group). Although plasma BNP level was a little higher in SHR-C group than in
SHR-L group, this difference was also not statistically significant (Table 1). In both SHR groups,



blood pressure was significantly elevated compared to the WKY group (p<0.05). L-2286 treatment did
not decrease significantly the elevated blood pressure (Table 3).

L-2286 decreased the interstitial collagen deposition in the myocardium

Histological analysis revealed slight interstitial collagen deposition in the WKY group.
Chronic high blood pressure caused significantly higher collagen deposition in SHR-C rats that was
significantly diminished (p<0.05) in the SHR-L group (Fig. 2).
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Figure 2. L-2286 treatment decreased the deposition of interstitial collagen. WKY: normotensive age-
matched control rats. SHR-C: 30 week-old spontaneously hypertensive rats, SHR-L: 30 week-old spontaneously
hypertensive rats treated with L-2286 for 24 week. Denzitometric evaluation of the sections is shown. “p<0.01
vs. WKY, ¥p<0.05 vs. WKY, ¥p<0.05 vs. SHR-C.

PARP inhibition decreased the left ventricular hypertrophy in spontaneously hypertensive rats

At the beginning of the study the echocardiographic parameters of the three groups did not
differ significantly from each other (Table 2). At the age of 30 weeks there was no significant
difference in LV systolic functions (EF and FS) between the WKY and SHR groups. Heart rate did not
differ significantly during the anesthesia among the groups. LVESV and LVEDV were increased
significantly in SHRs (p<0.05 WKY vs. SHR-C and SHR-L), and these unfavorable alterations were
not reduced by L-2286 treatment. The thickness of the septum, and the posterior wall and the relative
wall thickness were also increased in SHR groups (indicating the presence of ventricular hypertrophy)
comparing to the WKY group (p<0.05), and these parameters could be significantly reduced by the
administration of L-2286 (p<0.05 SHR-C vs. SHR-L group) (Table 3).



WKY SHR-C SHR-L

EF (%)°" 67.26%0.525 68.4+1.77 68.23+1.81
Fs 38.63+4.47 38.03%5.52 39.35+4.15
LVEDV®" (ml) 147.27+13.88 149.56+16.78 149.11+14.43
LVesv®” (ml) 46.63+4.47 48.0315.52 47.3545.45
septum®’ (mm) 1.20.07 1.18+0.05 1.17+0.12
PW®" (mm) 1.19+0.07 1.16%0.067 1.14+0.04
LV masssW

(uncorrected) (mg) 344.14+35.49 351.66+36.23 354.77+33.23

Table 2. Echocardiographic parameters in 6 weeks old SHRs. WKY: normotensive age-matched control rats,
n=7, SHR-C: SHR age-matched control rats, n=8, SHR-L: n=9, SHR treated with L-2286 for 24 weeks.EF®":
ejection fraction, FS®": fractional shortening, LVEDV®": left ventricular (LV) end-diastolic volume, LVESV®":

LV end-systolic volume, Septum®: thickness of septum, PW®": thickness of posterior wall, LV mass®": weights

of LVs. +S.E.M.

WKY SHR-C SHR-L
sAP*™ (mmHg) 129+7 192+9° 186+5°
pAP**™", (MmHg) 8945 127:8° 125+4°
MAP*®", (mmHg) 103+7 14945° 146+7°
EF (%)°°" 69.1+2.4 68.7242.1 69.01£3.2
Fs0W 39.8+1.9 39.04+1.85 40.57+2.66
LVEDV*™ (ml) 279.18+18.18 335.87+10.36° 326.94+9.18
LVESV™ (ml) 85.77+8.56 96.85+10.36% 99.81+11.85
Septum>*" (mm) 1.43+0.04 1.93+0.04° 1.790.05%"
PW™ (mm) 1.54+0.08 2.15+0.12° 1.87+0.03%°
RWT>V 0.38+0.05 0.504+0.02° 0.445£0.012%"
LV massSOW a ab
(uncorrected) (mg) 1002.8159.5 1370.35+79.87 1121.13+53.23%
LV mass™/BW™ 2.7310.7 4.230.8% 3.70£0.3%"
(mg/g)

Table 3. L-2286 treatment moderately decreased the echocardiographic signs of LVHT in 30 weeks old
SHRs. WKY': normotensive age-matched control rats, n=7, SHR-C: SHR age-matched control rats, n=8, SHR-L:
n=9, SHR treated with L-2286 for 24 weeks.EF**": ejection fraction, F**": fractional shortening, LVEDV**": left
ventricular (LV) end-diastolic volume, LVESV®*™: LV end-systolic volume, Septum®": thickness of septum,
PW?3™: thickness of posterior wall, RWT3: relative wall thickness, LV mass®": weights of LVs. SAP, DAP,
MAP**™: systolic, diastolic and mean arterial blood pressure at 30-week-old age (n=3 from each group). Values

are mean+S.E.M. %p<0.05 (vs. WKY group), °p<0.05 (vs. SHR-C group), °<0.05 (vs. SHR-C).



Effect of L-2286 treatment on poly-ADP-ribosylation as well as on the phosphorylation state of Akt-
1SEI’473/GSK_3ﬂSEI'9 and FKHRSBI’ZSG

Akt-1%“" \was moderately phosphorylated in WKY group. In SHR-C group, the

1Ser473

phosphorylation of Akt-
L-2286 treatment caused further elevation in Akt-1%""* phosphorylation (p<0.01 vs. WKY and SHR-

was more pronounced (p<0.01 vs. WKY). Moreover, in SHR-L rats the

Ser9

C groups). The same result was obtained in the case of GSK-33>" phosphorylation.

To detect the effectivity of L-2286, the ADP-ribosylation of the samples were analysed by
Western-blot. The lowest degree of ADP-ribosylation was present in SHR-L group, and the most
pronounced ADP-ribosylation was seen in SHR-C group (p<0.05 vs. WKY) . Another target protein of
Akt-1"7  (besides GSK3B>*") is FKHR®™®. Consistently with the result of Akt-1%""
phosphorylation, the strongest phosphorylation (therefore inhibition) could be observed in SHR-L
group (p<0.01 vs. SHR-C and WKY). The lowest phosphorylation and therefore the highest activity of
FKHR was seen in SHR-C group (p<0.05 vs. WKY).

Effect of L-2286 on the amount of Hsp72 and 90

There was no significant difference among the three groups in the level of Hsp72. On the other
hand, the level of Hsp90 was elevated in SHR-L group compared to WKY and SHR-C groups (p<0.01
SHR-L vs. WKY or SHR-C groups), and the lowest amount of this protein was present in WKY

samples.
Effect of L-2286 administration on MAPKSs

Phosphorylation of p38-MAPK ™ 80-ClyTyi82 "ERi 1/pT83TYIES ang JNK was the lowest in
the WKY group compared to SHR-C and SHR-L groups (p38-MAPK80-6l-Ty82. n0 01 vs. SHR
groups, ERK 1/2: p<0.05 vs. SHR groups, JNK: p<0.05 vs. SHR groups). In the case of p38-
MAPK80-C-Tyri82 ang JNK, their phosphorylation was elevated in both SHR-C and SHR-L groups,

but there were no significant differences between the two SHR groups.

Phosphorylation of ERK 1/2"™8 ™8 \as increased significantly in SHR-C and SHR-L groups. L-
2286 treatment did not alter significantly the phosphorylation in SHR-L group compared to the SHR-C

group.
Influence of L-2286 treatment on the phosphorylation state of several PKC isoforms

The overall (pan) phosphorylation of PKC (pan BII**°*®) was low in the WKY group and
became significantly higher in SHR-C and SHR-L groups (p<0.01 WKY vs. SHR groups).
Administration of L-2286 could not affect the phosphorylation state of PKC pan BII Ser®® in SHR-L
group compared to the SHR-C group.



The lowest phosphorylation could be observed in the WKY group in case of PKC
o/ BIITES/64 STAIS0S ) THA10/403 o €572 (p<0.01 vs. SHR groups). As PKC ¢ antibody, we used a
combined antibody (i.e. PKC &/A Thr***®®), which did not discriminate between PKC  and A; PKC A
being structurally highly homologous to PKC { in the COOH-terminal end of the molecule. L-2286

treatment decreased significantly the phosphorylation of PKC a/pII T"¢38/64

and ¢, while it could
increase the phosphorylation of £%°7%° (PKC a/BII T34 ¢ 572 n<0.01, SHR-L vs. SHR-C). In

the case of PKC 8% there was no significant difference between the SHR groups.

= ==
Cytoplasma
DAG PI3K
PARP PARP
inhibition inhibition
LN~ A
- A Ubiquitination I\
- 7/ ~
“ " ¢ Y A Degradation !

Vi N
PKCalp N \

Atypical

(P)

A\ \4 A\
Hypertrophic | Oxidative stress Hypertrophic gene program Preserve
growth resistance Proliferation mitochondrial
Remodeling [ Cardioprotection respirationand
structure

Figure 3. Summary of pathway alterations due to L-2286 treatment.

10



EFFECTS OF BRADYKININ B1 RECEPTOR ANTAGONISM IN HYPERTENSIVE

ORGAN DAMAGES

Effect of FGY-1153 on body weight

Body weights were measured and recorded once weekly during the treatment period. There

were no significant differences between the three groups (Fig. 4).
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Fig. 4. Effect of FGY-1153 on body weight during the treatment period. Data are presented as mean+S.E.M.

One-way ANOVA analysis conducted for each week did not reveal statistically significant differences between

groups.

Effect of FGY-1153 on food consumption

The quantity of food consumed by each cage of animals was measured and recorded once

weekly during the treatment period. There were no overt differences between the food consumptions

of the three groups throughout the study. (Fig. 5).
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Fig. 5. Effect of FGY-1153 on food consumption during the treatment period. Data are presented as
mean+S.E.M. Data were analysed with one-way ANOVA. No statistically significant differences were found at
any time points between the groups.

Effect of FGY-1153 on blood pressure

At the beginning of the study there was no significant difference between the mean arterial blood
pressure of the three groups (Control: 178.71£3.488 mm Hg, FGY 120 group: 172.47+3.810 mm Hg,
FGY400 group: 174.53+£2.303 mm Hg, p=0.374). The FGY-1153 treatment seemed to have no
significant effect on blood pressure parameters either at Week 13 or and Week 26. Mean arterial
blood pressure values did not differ significantly between the groups at Week 13 (Control:
215.93+6.114 mm Hg, FGY 120 group: 212.734+5.682 mm Hg, FGY400 group: 228.80+4.488 mm Hg,
p=0.096) and at Week 26 (Control: 256.36+8.039 mm Hg, FGY120 group: 256.80+7.693 mm Hg,
FGY400 group: 275.3343.067 mm Hg, p=0.078).

Nevertheless, a non-significant trend of higher blood pressure in the FGY400 group compared to the

other two groups was apparent.
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Effect of FGY-1153 on echocardiographic parameters

Compared to the parameters measured at the beginning of the study, the septum and posterior wall
thicknesses increased in all groups during the treatment period. However treatment with both low dose
and high dose FGY-1153 significantly attenuated the elevation of these parameters indicating that the
treatment with FGY-1153 reduced the hypertension induced left ventricular hypertrophy.

LVIDs and LVESV were also increased in all groups during the study, the elevation of these
parameters were however significantly attenuated in the FGY120 group, but not in the FGY400 group.
Left ventricular systolic function - expressed as ejection fraction (EF%) - showed a decreasing
tendency in both the Control group and the FGY400 group by the end of the study compared to the
initial parameters. In comparison with the Control group these changes were however significantly
attenuated in the FGY120 group, indicating that the low dose FGY-1153 treatment prevented the
hypertension induced decrease in systolic left ventricular function. The E/E’ ratio showed an
increasing tendency during the study in the Control group, while this parameter was significantly
decreased in both of the FGY120 and FGY400 groups. It may indicate that FGY-1153 treatment could
attenuate the diastolic dysfunction seen in SHR rats.

In the last column of Table 4 the typical values of structural and functional parameters of age-matched
normotensive animals (WKY group) can be seen.

SHR Control FGY120 FGY400 WKY

Week 0 Week 26 Week 26 Week 26 age-matched

Septum (mm) 1.66 + 0.01 2.09+£0.04 1.90 + 0.04** 1.88 + 0.02** 1.67 £0.07**
Post. Wall(mm) 1.58 £ 0.02 1.94 £ 0.02 1.82 +0.01* 1.81 £ 0.04* 1.644 +0.11*

LVvIDd 7.28 £ 0.07 8.28 £ 0.08 7.94+0.09* 7.98 + 0.11 8.00+0.25
LVIDs 4.40 £ 0.07 5.38 £ 0.09 4.85 1 0.08** 512+ 0.14 452 +0.12*
LVEDV (ml) 280.49+6.06 | 373.54 +8.11 | 340.79 £ 9.25* | 344.72 £ 10.78 | 349.85+ 24.66
LVESV (ml) 88.72 £ 3.33 141.56 £ 5.89 |111.69 £4.15** | 127.31 £ 8.66 | 97.07 + 5.54**
EF (%) 68.48 £ 0.75 62.16 £ 1.24 67.10 £ 1.33* 63.36 £ 1.37 71.67 +0.87**
E/E' 35.16 £ 1.54 4217 £5.26 30.05+0.86* | 26.50+2.77* 30.00 +2.26
RWT 0.447 £0.004 | 0.485+0.014 | 0.469 +0.007 | 0.464 £0.011 | 0.413 £0.01**

Table 4. Evaluation of echocardiographic parameters. Data of all animals are presented in the first column
(SHR Week 0, N=21) at the beginning of the study and data from the three groups (Control, FGY120, FGY400
Week 26) (N=7 in each groups) are indicated at the end of the treatment period. Last column represents the data
of age-matched normotensive animals (WKY, N=7). Values are expressed as mean+S.E.M. Comparisons
between WKY and Control groups were made by independent samples t-test. Data of Control and Treatment
groups were analysed with one-way ANOVA followed by Dunnett’s post-hoc test. (*p<0.05, **p<0.01 vs.
Control).
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Effect of FGY-1153 on the interstitial fibrosis of heart and great vessels

The ANOVA analysis of interstitial fibrosis in SHR heart samples revealed no statistically
significant difference between Control and Treatment groups (p=0.783). The collagen content
however in WKY hearts was significantly lower (p=0.025) compared to the hypertensive Control
group (Mean area fractions £ SEM: WKY: 0.390+0.021; Control: 0.657+0.069; FGY120:
0.636+0.088; FGY400: 0.582+0.041;). A statistically non-significant increase of vascular collagen
could be observed in carotid arteries and aortas in Control group compared to WKY. No significant
differences could be found between Control, FGY120 and FGY400 groups (Mean area fractions +
SEM: Aorta: WKY: 1.084+£0.112 (p=0.536 vs. Control); Control: 1.378+0.414; FGY120:
1.239+0.526; FGY400: 1.458+0.324, (p=0.936); Carotid arteries: WKY: 4.860+0.532 (p=0.229 VS
Control); Control: 5.994+0.660; FGY120: 5.745+1.465; FGY400: 5.158+1.097; (p=0.866), data not
shown).

Effect of FGY-1153 on the intima-media thickness of great vessels

In comparison with the Control group, the intima-media thickness (IMT) of aorta was not
altered significantly (p=0.718) neither in the FGY120 nor in the FGY400 groups. IMT was however
significantly smaller in WKY group (Fig. 6) (p=0.0012 vs. Control).
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Fig. 6. Effect of FGY-1153 on the aortic intima-media thickness. (p<0.05 vs. Control group).
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In comparison with the Control group, the intima-media thickness of carotid vessels was slightly
decreased in both the FGY120 and FGY400 groups. However the alterations were not significant

(p=0.149). The IMT of carotid arteries was the lowest in the WKY group (Fig. 7) (p=0.031 vs.
Control).

~ o O
o o o

o
HH

o

Carotis IMT (um)
N W B G @
o o o

—_
o

o

WKY Control FGY120 FGY400

Fig. 7. Effect of FGY-1153 treatment on intima-media thickness of carotid vessels. ('p<0.05 vs. Control
group).
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Effect of FGY-1153 on the TGFB/SMAD? signaling pathway in heart and great vessels

Western blot analysis of heart samples.
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Fig. 8. The effect of FGY-1153 on the TGFB/SMAD?2 signaling pathway in heart samples. Western blot
analysis showed that FGY-1153 treatment inhibited the cardiac expression of TGFp and the phosphorylation of
the SMAD?2 protein in the FGY 120 group, however the high dose treatment had no effect on the phosphorylation
of SMAD?2 in the FGY400 group. Actin is shown as loading control. Representative immunoblots from four
experiments and densitometric evaluation are demonstrated. Data are presented as mean+S.E.M. Data were

analysed with one-way ANOVA followed by Dunett’s post-hoc test. *p<0.05, **p<0.01 vs. Control
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Western blot analysis of aorta samples.
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Fig. 9. The effect of FGY-1153 on the TGFB/SMAD2 signaling pathway in the aortic wall. Western blot
analysis showed that low dose FGY-1153 treatment had no significant effect on the TGF} expression, however
the high dose treatment significantly inhibited the expression of TGFp in the FGY400 group in comparison with
both the Control and FGY 120 group. The phosphorylation of the SMAD?2 protein was significantly decreased in
both the FGY120 and in FGY400 aortic samples. Actin is shown as loading control. Representative
immunoblots from four experiments and densitometric evaluation are demonstrated. Data are presented as
mean+S.E.M. Data were analysed with one-way ANOVA followed by Dunett’s post-hoc test. *p<0.05,
**p<0.01 vs. Control
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Western blot analysis of carotis samples.
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Fig. 10. The effect of FGY-1153 on the TGFB/SMAD?2 signaling pathway in the carotid arteries. Western
blot analysis showed that both TGFp expression and SMAD?2 phosphorylation levels were significantly higher in
Control group relative to WKY. Both high and low dose FGY-1153 treatment significantly inhibited the
expression of TGFB. The phosphorylation of the SMAD2 protein was significantly decreased in both the
FGY120 and in FGY400 groups in carotid tissues. Actin is shown as loading control. Representative
immunoblots from four experiments and densitometric evaluation are demonstrated. Data are presented as
mean+S.E.M. Data were analysed by independent samples t-test between WKY and Control groups.
Comparisons of Control and Treatment groups were made by one-way ANOVA followed by Dunnett’s post-hoc

test. *p<0.05, **p<0.01 vs. Control.
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Effect of FGY-1153 on the phosphorylation of Akt/GSK-3p signaling cascade in heart and great

vessels

Western blot analysis of heart samples
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Fig. 11. The effect of FGY-1153 on the Akt/GSK-3p signaling cascade in heart samples. Western blot
analysis showed GSK-3f phosphorylation to be significantly lower in WKY group relative to Control. High dose
of FGY-1153 treatment significantly elevated phosphorylation of Akt protein, and both low dose and high dose
treatment significantly attenuated the GSK-3B phosphorylation. Actin is shown as loading control.
Representative immunoblots from four experiments and densitometric evaluation are demonstrated. Data are
presented as mean+S.E.M. Data were analysed by independent samples t-test between WKY and Control groups.
Comparisons of Control and Treatment groups were made by one-way ANOVA followed by Dunnett’s post-hoc

test. *p<0.05, **p<0.01 vs. Control.
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Western blot analysis of aorta samples.
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Fig. 12. The effect of FGY-1153 on the Akt/GSK-3p signaling cascade in aortic wall. Western blot analysis

showed that FGY-1153 treatment significantly promoted the phosphorylation of Akt protein in the aortic tissues
of both FGY 120 and FGY400 groups, and the GSK-3p phosphorylation in the FGY 120 group. However the high
dose treatment had no effect on the GSK-3p phosphorylation in the FGY400 group. Actin is shown as loading

control. Representative immunoblots from four experiments and densitometric evaluation are demonstrated. Data

are presented as mean+S.E.M. Data were analysed by independent samples t-test between WKY and Control

groups. Comparisons of Control and Treatment groups on GSK-3B data were made by one-way ANOVA

followed by Dunnett’s post-hoc test. On Akt data one-way ANOVA with Welch correction were conducted

followed by Dunnett T3 post hoc test. *p<0.05, **p<0.01 vs. Control.
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Western blot analysis of carotis samples.
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Fig. 13. The effect of FGY-1153 on the Akt/GK-3f signaling cascade in carotid vessels. Western blot
analysis showed that phosphorylation level of both Akt and GSK-3p proteins were significantly higher in
Control group relative to WKY. Low dose FGY-1153 treatment promoted while high dose treatment decreased
the phosphorylation of GSK-3p protein, however it did not significantly influenced the Akt-1 phosphorylation in
the carotid tissues of SHR rats. Actin is shown as loading control. Representative immunoblots from four
experiments and densitometric evaluation are demonstrated. Data are presented as mean+S.E.M. Data were
analysed by independent samples t-test between WKY and Control groups. Comparisons of Control and
Treatment groups were made by one-way ANOVA followed by Dunnett’s post-hoc test. *p<0.05, **p<0.01 vs.

Control.
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CONCLUSIONS

In our study, we examined the effect of a PARP inhibitor (L-2286) in SHR at the stage of the
development of LV hypertrophy. L-2286 exerted a beneficial effect on the progression of myocardial
hypertrophy (thickness of PW and septum, RWT) and myocardial fibrosis. In the background of these
changes, we did not observe any blood pressure lowering effect of PARP-inhibition. According to our
results, PARP-inhibition can exert this antihypertrophic effect due to the activation of several
prosurvival (especially Akt-1/GSK-38, FKHR, PKCe and Hsp90) and the inhibition of
prohypertrophic (PKC- o/BIl, - {/A) protein kinases.

In conclusion, pharmacological inhibition of PARP-1 enzyme exerted significant protection
against hypertensive cardiac remodeling in spite of the lack of having any antihypertensive effect.
Therefore PARP can be a promising therapeutic target to prevent hypertensive cardiac 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. Our previous [36] and present results can
introduce a new concept into the treatment of essential hypertension, namely to lower blood pressure

to a more tolerable level and to prevent target organ damages by PARP-inhibition.

The long-term administration of the bradykinin B1 receptor antagonist compound FGY-1153 did not
have any deleterious effects in SHR rats. Moreover we could observe some protective effect against
the development of hypertensive cardiovascular remodeling despite that FGY-1153 did not have any
antihypertensive effect. Inhibition of the TGF-B-Smad signaling may be the main underlying

mechanism in the background of the cardiovascular protective effect.
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Bevezetés

A magas vérnyomas az egyik legfontosabb kozegészségligyi probléma kozépkoru és id6sd6dd emberek
korében. Fontos rizikofaktora tovabbi kardiovaszkularis megbetegedéseknek, mint a hirtelen szivhaldl,
stroke, miokardialis infarktus, szivelégtelenség, vesebetegségek. A hipertenzid kezelése az elmult
évtizedekben keveset fejlodott igy optimalisnak ma sem nevezhetd. Az antihipertenziv szerek
mellékhatasai, a vérnyomas csokkentése nyoman kialakulé panaszok ¢és a nem megfelelé compliance
miatt a gyakorlatban az idealis vérnyomaskontroll nehezen érhetd el. Ezen til a vérnyomas optimalis
tartomanyra torténd csokkentése idésebb betegek esetében karos is lehet. Ujabb kutatasok az erek és a

crcr

mellett vagy anélkdil.
A kronikus hipertenzié allatkisérletes modellje

Az SHR allatok hasznalata széles kdrben elterjedt a magas vérnyomas betegség okozta szivkarosodas
és vaszkularis remodelling kisérleti modellezésére. Az SHR allatokat eredetileg Okamoto és Aoki
mutatta be, mint a genetikus hipertenzidé modellje. A hipertrofia €s a romld szivfunkciok progresszidja
hasonl6 a klinikai gyakorlatban - magas vérnyomasban szenved6 betegek esetében - tapasztaltakkal. A
perzisztens hipertonia az SHR allatok 6 hetes korara kifejlodik. Ezt koveti a stabil hipertenzio €s a
kompenzatorikus hipertrofia kialakulasanak viszonylag hosszabb periddusa. 18 hetes kortél mar

megjelenhetnek a romlo szivfunkciok jelei (tachypnea, nehézlégzés).

A hipertenzd masik fontos, korai kdvetkezménye a vaszkularis remodelling kialakuldsa, amit a
vaszkularis simaizom sejtek hipertrofidgja €és a megndvekedett extracellularis matrix produkciod
jellemez. A remodellacio kezdetben adaptiv Osszetevdje egy a kronikus nyomadstulterhelés hatasara

kialakulo folyamatnak, amely végiil hozzajarul a hipertenziv célszerv-karosodas 1étrejottéhez.
A PARP gatlas kardiovaszkularis hatasai

Ismert, hogy a poli(ADP-ribdz) polimeraz enzim aktivacioja fontos szerepet jatszik a posztinfarktus és
a kronikus hipertenzié indukalta szivelégtelenség kialakulasdban. A PARP-1 enzim funkci6ja, hogy
érzékelje a DNS karosodast és a jelatvitelben résztvevoként kotddjon mind az egyes, mind a kettOs
szali DNS torésekhez. A karosodott DNS-hez kotddve a PARP-1 homodimereket formal és katalizalja
a NAD+ hasitasat nikotinamidra és ADP-ribozra, hogy hosszua ADP-ribdz polimereket épitsen fel,

melyeket a sériilt DNS-szakaszokhoz és kiilonféle fehérjékhez kapcsol.

A PARP enzim elhasznalja a sejtek energiaforrasait azaltal, hogy ADP-riboz egységeket helyez at a
NAD+-16l nuklearis fehérjékre, mint a hisztonokra és a PARP enzimre 6nmagéra is. Ez a folyamat a
NAD+ és az intracellularis ATP raktarak csokkenéséhez €s a mitokondrialis funkcié karosodasahoz

vezet, cellularis diszfunkciot, apoptozist és nekrozist okozva. A PARP aktivacié ROS termelddéshez,
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calcium szint emelkedéshez, INK, p38 MAP-kinaz és RIP aktivaciohoz vezet, melyek részt vesznek
a mitokondrialis membran rendszer destabilizalasaban és pro-apoptotikus enzimek felszabadulasahoz
vezetnek a mitokondrialis belsé membranbol, mint a Citokrom C, AIF és endonukleaz G. Tovabba a
PARP enzim NF-kappaB éa AP-1 transzkripciés faktorokat aktival, melyek fokozzak a

kardiovaszkularis remodellinget.

O

NH
N)\S/\/N

1. abra: Az L-2286 (2-[(2-Piperidine-1-ylethyl)thio]quinazolin-4(3H)-one) szerkezeti képlete.

Korabbi kisérleteink soran sikeriilt kimutatni az L-2286 jeli PARP-gatl6 vegyiilet (1. abra) kedvezd
hatasait iszkémia-reperfizios karosodasban, oxidativ sejtkdrosodasban, valamint posztinfarktus és
kronikus magas vérnyomas indukalta szivelégtelenséggel szemben. Ez a PARP-gatl6 molekula egy 2-
mercapto-4(3H)-quinazoline szarmazék mely - ugyan rendelkezik csekély scavanger aktivitassal - az

emlitett hatasait foként az Akt-1/GSK-38, MAPK ¢és PKC jelatvitel befolyasolasa révén fejti ki.
A bradykinin B1 receptor antagonistak jelentosége

A megfeleld vérnyomaskontroll elérését neheziti az antihipertenziv gydgyszerek €s néhany non-

kardiovaszkularis hatéanyag (pl. f4jdalomcsillapitok, NSAID-k) interakcioja is.

A fijdalomcsillapité és gyulladascsokkentd non-szteroid hatdanyagok hasznalata napjainkban
széleskorlien elterjedt. Sajnos e hatdanyagok mindegyike (kivéve az alacsony dozisu aszpirin)
jelentdsen noveli a kardiovaszkularis mortalitasi és morbiditasi kockazatot. Ezért tartottuk fontosnak,
hogy, egy uj tipust, bradykinin Bl receptor antagonista analgetikum kardiovaszkularis hatasait
vizsgaljuk. Korabbi kutatdsokban beszamoltak mar egyes bradykinin B1 receptor antagonistak

kedvezo hatésair6l bizonyos sziv- és érrendszeri megbetegedésekben.

A kininek biologiailag aktiv peptidek melyek szamos fizidlogiai folyamatban jatszanak fontos
bradykinin B1 és B2 receptorokon keresztiil torténik. A B2 receptor konstitutivan expresszaldodik,
ligandjai az intakt kininek, bradykinin és kallidikin. Kozvetiti az ACE-gatlok kedvezdé hatasait és
fontos szerepe van a gyulladasos folyamatok akut fazisanak kialakitasdban. Ezzel szemben a Bl
receptorokat a kininek karboxipeptidaz metabolitjai aktivaljak, des-Arg9-BK és des- Argl0-kallidin. A

B1 receptor expresszidja normal koriilmények kodzott alacsony, de pl. szoveti sériiléskor, citokinek és
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endotoxinok hatasara gyors receptor-upregulacio zajlik le, ligand-indukalta receptor-internalizacio
viszont nem jellemzi. A Bl receptor fonros medidtora a kronikus gyulladasos folyamatok és a
fajdalomérzet kialakitasanak ezért lehet egy 0j farmakologiai célpont ezen allapotok kezelésében,

karos sziv- és érrendszeri hatasok nélkil.

Célkitizések

A jelen kisérlet célja, hogy bizonyitsa a PARP gatlo L-2286 protektiv hatasat a hipertenziv kardialis

remodelling kialakulasanak korai szakaszaban in vivo SHR modellben.

-Jelen kisérlet célja hogy a PARP-gatlds kardioprotektiv hatdsdnak 1j molekuldris

mechanizmusait tarja fel.
-Vizsgéltuk a kardialis fibrozisra gyakorolt hatasat.

- Megvizsgaltuk, hogy a PARP gatlé L-2286 kedvezden befolyasolja-e a kardialis
remodellingben érintett jelatviteli utak mintazatat.

Masodik kisérletiinkben az FGY-1153 bradykinin Bl receptor antagonista hatasait vizsgaltuk

hipertenziv célszerv-karosodas kialakulasaban, SHR modellben.

-Vizsgaltuk a bradykinin Bl receptor antagonizmus testtomegre, tapfogyasztasra, és

vérnyomasra gyakorolt hatasat.

- Vizsgaltuk a bradykinin B1 receptor antagonizmus hatdsat a hipertenzié indukalta
kardiovaszkularis remodellingre (intima media vastagsag, interstitialis fibrézis, bal kamra

hipertrofia).

-Vizsgaltuk a bradykinin Bl receptor antagonista esetleges kedvezé hatdsait a

kardiovaszkularis remodellingben érintett jelatviteli utakra.
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A PARP GATLAS HATASA A KARDIALIS REMODELLINGBEN

A PARP gatlas hatdsa spontdn hipertenziv patkdanyok gravimetrikus paramétereire

A testtomeg a vizsgalat kezdetén nem tért el szignifikans mértékben a harom csoport kozott (WKY:
71,01 £ 0,11 g, SHR-C: 72,03 + 2,36 g, SHR-L: 69,92 + 3,21 g, 6 hetes korban). Azonban a 24 hetes
kezelési periodus végén a WKY csoport testtomege jelentdsen magasabb volt, mint az SHR-C és az
SHR-L csoportok értékei. (WKY: 392.7£14.01 g, SHR-C: 323.8+11.27 g, SHR-L: 321.9+6.84 g,
p<0.01 WKY vs. SHR csoportok, 30 hetes korban). A miokardialis hipertrofia mértékét a kamra suly /
testtomeg aranyaval hataroztuk meg (WV/BW, mg/g). Ez a paraméter szignifikansan megemelkedett
az SHR csoportokban a WKY csoporthoz képest (WV/BW: WKY: 2.954+0.17, SHR-C: 4.48+0.12,
SHR-L: 3.85+0.15, p<0.05 WKY vs. SHR csoportok). Hasonlé eredményeket kaptunk a kamrasuly
esetében is (WV, WKY: 1.16+£0.17 g, SHR-C: 1.45+0.18 g, SHR-L: 1.24+0.24 g, p<0.05 WKY vs.
SHR csoportok). A WV és WV / BW arany szignifikdnsan csokkent az L-2286 kezelés hatasara (p
<0,05 SHR-L vs. SHR-C). A tiid0 szaraz tomeg/nedves tdmeg aranya nem emelkedett szignifikans
mértékben az SHR-C ¢és SHR-L csoportokban a WKY csoporttal &sszehasonlitva (1. tablazat).
Mindezek az eredmények azt jelzik, hogy a szivelégtelenség még nem, de a szivhipetroéfia mar

megjelent az SHR-C csoportban ami az SHR-L csoportban mérséklédott.

WKY SHR-C SHR-L
BW®" (g) 71.01+1.89 72.02+2.36 69.9+3.21
BW ***(g) 393+14.01 323.8+11.27° 321.86+6.87°
WV (g) 1.16+0.17 1.45+0.18° 1.2440.24"°
WV/BW (mg/g) 2.95+0.17 4.48+0.12° 3.85+0.15"°
Lung wet weight/dry weight 4.84+0.92 4.79+0.84 4.77+0.99
p-BNP (ng/ml) 2.19+0.011 2.33+0.034 2.31+0.031

1. tablazat: L-2286 kezelés hatasa a gravimetrikus paraméterekre és a plazma BNP szintre SHR
patkianyokban. WKY: normotenziv koregyeztetett kontroll patkanyok (n=7), SHR-C: SHR kontroll patkanyok
(n=8), SHR-L: 24 hétig L-2286-tal kezelt SHR patkanyok (n=9). BW®: 6 hetes patkanyok testsulya, BW:
testsuly, WV: kamrék siilya, BNP: B-tipusti natriuretikus peptid. +S.E.M. 2<0.01 (vs. WKY), <0.05 (vs. WKY),
¢<0.05 (vs. SHR-C).

Az L-2286 kezelés nem befolydsolta a BNP plazma szintjét és a vérnyomdst

A plazma BNP szint az SHR-C és az SHR-L csoportokban enyhén emelkedett (nem jelentés a WKY
csoporthoz képest). A plazma BNP szint enyhén emelkedett az SHR-C csoportban az SHR-L
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csoporthoz képest, ez a kiillonbség nem szignifikans (1. tablazat). A vérnyomas mindkét SHR
csoportban magasabb volt a WKY csoporthoz viszonyitva (p<0.05). Az L-2286 kezelés nem

csOkkentette a vérnyomast (3. tablazat).
Az L-2286 csokkentette az intersticidlis fibrozist a szivizomban

A szovettani vizsgalat az interstitialis kollagén nem szamottevd felhalmozodasat mutatta ki a WKY
csoportban. A kronikus magas vérnyomas jelentdsen magasabb kollagén lerakodast okozott az SHR-C
patkanyokban, mig a SHR-L csoportban ez az elvaltozas szignifikans mértékben csokkent (p<0.05) (2.

abra).
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2. abra: Az L-2286 kezelés csokkentette az interstitialis kollagén mennyiségét. WKY: normotenziv
koregyeztetett kontroll patkanyok, SHR-C: 30 hetes spontan hipertenziv patkanyok, SHR-L: 30 hetes patkanyok,
24 hétig L-2286-tal kezelve, denzitometrias értékek. p<0.01 vs. WKY, *p<0.05 vs. WKY, *p<0.05 vs. SHR-C.

A PARP gatlas csokkentette a bal kamra hipertrofidt spontdn hipertenziv patkanyokban

A kisérlet kezdetén nem volt szignifikans kiillonbség a harom csoport echokardiografias paraméterei
kozott. (2. tablazat). 30 hetes korban nem volt szignifikans kiilonbség az LV szisztolés funkcidokban
(EF és FS). A WKY ¢és SHR csoportok pulzusszama az altatas alatt nem tért el jelentdésen egymastol.
LVESV ¢és LVEDV értékek szignifikansan emelkedtek az SHR csoportokban (p<0.05 WKY vs. SHR-
C és SHR-L) és ezeket a kedvezobtlen valtozasokat nem csdkkentette az L-2286 kezelés. A septum
vastagsag, a posterior fal vastagsas és relativ falvastagsag is megnétt az SHR csoportokban (jelezve a
kamrai hipertrofia jelenlétét) a WKY csoporttal dsszehasonlitva (p<0.05) és ezeket az elvaltozasokat
az L-2286 kezelés szignifikins mértékben csokkentette (p<0.05 SHR-C vs. SHR-L group) (3.
tablazat).
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WKY SHR-C SHR-L
EF (%) 67.2640.525 68.4+1.77 68.23+1.81
FsoW 38.63+4.47 38.0345.52 39.35+4.15

Lveov®” (ml)

147.27+13.88

149.56+16.78

149.11+14.43

LVESV®" (ml) 46.63x4.47 48.031£5.52 47.35+5.45
Septum6W (mm) 1.2+0.07 1.18+0.05 1.17+0.12
pW®" (mm) 1.190.07 1.160.067 1.14+0.04
LV mass®"

(uncorrected) (mg)

344.14+35.49

351.66136.23

354.77+33.23

2. tablazat: Echokardiografias paramétereket 6 hetes SHR allatokban WKY: normotenziv koregyeztetett
kontroll patkanyok, n=7; SHR-C: SHR kontroll patkanyok, n=8; SHR-L: n=9, 24 hétig L.-2286-tal kezelt SHR.
EF": ejekcios frakeio, F3: fractional shortening, LVEDV®™: LV vég-diasztolés térfogat, LVESV™: LV vég-
szisztolés térfogat, Septum®™: septum vastagsag, PW™: posterior fal vastagsadg, , LV mass*™: LV tomeg.

+S.E.M.

WKY SHR-C SHR-L
sAP*™ (mmHg) 12947 192+9° 186+5°
pAP**™", (MmHg) 8915 12748° 12544
MAP**", (mmHg) 103+7 14945° 146+7°
EF (%)°"" 69.1+2.4 68.72+2.1 69.01+3.2
Fs30W 39.8+1.9 39.04+1.85 40.57+2.66

LVEDVZ"" (ml) 279.18+18.18 335.87+10.36° 326.94+9.18"

LVESV™™ (ml) 85.77+8.56 96.85+10.36° 99.81+11.85
Septum>*" (mm) 1.43+0.04 1.93+0.04° 1.790.05%"
PW*%" (mm) 1.54+0.08 2.15+0.12° 1.87+0.03""
RWT™ 0.38+0.05 0.504+0.02° 0.445+0.012*"
Eﬁ'nﬁgffzzvtve 8 (o) 1002.81459.5 1370.35479.87° 1121.13453.23%°
LV mass /BW*®

2.730.7 4.23+0.8° 3.7040.3%"

(ma/g)

3. Tablazat: Az 1.-2286 kezelés mérsékelten csokkentette az LVHT echokardiografias jeleit 30 hetes SHR
allatokban. WKY: normotenziv koregyeztetett patkanyok, n=7, SHR-C: SHR kontroll allatok, n=8, SHR-L:
n=9, 24 hétig L-2286-tal kezelt SHR. EF*™: ejekcios frakcid, F¥": fractional shortening, LVEDV®*™: LV vég-
diasztolés térfogat, LVESV®™: LV vég-szisztolés térfogat, Septum®™: septum vastagsag, PW**: posterior
falvastagsag, RWT*™: relativ falvastagsag, LV mass®™: LV tomeg. SAP, DAP, MAP*™: szisztolés, diasztolés
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és artérias kdzépnyomas 30 hetes korban (n=3). +S.E.M. %p<0.05 (vs. WKY), °p<0.05 (vs. SHR-C), °<0.05 (vs.
SHR-C).

Az L-2286 kezelés hatisa a poli-ADP-riboziliciora, az Akt-15""*|GSK-36°" és az FKHR>*™®

foszforilacidjara

Akt-1%"" foszforilacidja a WKY csoportban mérsékelt volt. Az SHR-C csoportban az Akt-
157 foszforilacioja kifejezettebb (p<0.01 vs. WKY). Ugyanakkor az SHR-L allatokban az L-2286
kezelés hatasara tovabb fokozodott az  Akt-1%"" foszforilacié (p<0.01 vs. WKY and SHR-C).

Ugyanezt az eredményt tapasztaltuk a GSK-3p" foszforilaciojaban is.

Az L-2286 hatasossaganak kimutatasara vizsgaltuk az ADP-ribozilacié mértékét Western-
blottal. A legalacsonyabb ADP-ribozilaciot az SHR-L csoportban detektaltuk. Az SHR-C csoportban
az ADP-ribozilaci6 fokozottan jelen volt (p<0.05 vs. WKY). Az Akt-1%*"" masik targetje (GSK3p>*"
melletty a FKHR®*™® transzkripcios faktor. Az Akt-1°""° foszforilaciojanak megfeleléen, a
legnagyobb mértékii foszforilaciot (azaz inhibicidt) az SHR-L csoportban tapasztaltunk (p<0.01 vs.
SHR-C and WKY). Az FKHR legalacsonyabb foszforilacidja, azaz legnagyobb aktivitasa az SHR-C
csoportban volt megfigyelhet6 (p<0.05 vs. WKY).

Az L-2286 hatasa a Hsp72 és 90 mennyiségére

A Hsp72 esetében nem volt szignifikans kiillonbség a csoportok kozott. A Hsp90 azonban
megemelkedett az SHR-L csoportban a WKY és SHR-C csoportokhoz képest (p<0.01 SHR-L vs.
WKY vagy SHR-C), e protein legalacsonyabb szintjét a WKY mintakban mértiik.

Az L-2286 hatasa a MAPK-ra

A p38-MAPKTM8O-Cl-Ty82 " ERK /28T 45 INK foszforilacidja a WKY csoportban
bizonyult a legalacsonyabbnak az SHR-C és SHR-L csoportokhoz képest (p38-MAPK 180-Cly-Tyr1ez.
p<0.01 vs. SHR csoportok, ERK 1/2: p<0.05 vs. SHR csoportok, JNK: p<0.05 vs. SHR csoportok). A
p38-MAPK MM80-C-TYI82 o INK esetében foszforilaciojuk emelkedett volt mind az SHR-C, mind az

SHR-L csoportokban, de a csoportok kozott szignifikans kiillonbség nem mutatkozott.

Az ERK 1/2T"83 Y185 aktivacio szignifikansan magasabb volt az SHR-C és SHR-L csoportokban, de

a két csoport kozott - az L-2286 kezelés hatasara - nem tapasztaltunk szignifikans kiilonbséget.
Az L-2286 kezelés hatdisa a PKC izoformak foszforilacidjara

A total (pan) PKC (pan BII*®®®) foszforilacié alacsonynak bizonyult a WKY csoportban és
szignifikansan magasabb volt az SHR-C és SHR-L csoportokban (p<0.01 WKY vs. SHR). Az L-2286
kezelés nem volt befolyassal a PKC pan BII Ser®® foszforilaciojara az SHR-L csoportban az SHR-C

csoporthoz viszonyitva.
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A PKC o/pIITMO38/04L §TIiS0S /) ThHa10/403 g 5729 osetében a legalacsonyabb foszforilaciot a

WKY csoportban figyeltiilk meg (p<0.01 vs. SHR csoportok). A PKC { esetében kombinalt antitestet
hasznaltunk ( PKC ¢/A Thr**%*%®), mely nem kiilonbozteti meg a PKC ( és A izoformakat. PKC A magas
strukturalis homologiat mutat a PKC  —val. Az L-2286 kezelés szignifikansan csokkentette a PKC
o/ BIT T34 &5 ¢ mig emelte az £%°7%° foszforilaciojat (PKC a/pIl "M%/ ¢ 36729 n<0.01, SHR-L

vs. SHR-C). A PKC 5™ esetében nem volt szignifikans kiilonbség a két SHR csoport kozott.
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3. abra: Az L-2286 hatasa a vizsgalt jelatviteli utakra.
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EGY BRADYKININ B1 RECEPTOR ANTAGONISTA HATASA HIPERTENZIiV CELSZERV-
KAROSODASBAN

Az FGY-1153 kezelés hatasa a testtomegre

A testtomeget a kezelés idGtartama alatt hetente mértiik és rogzitettik. Nem volt szignifikans

kiilonbség a harom csoport kozott. (4. abra)

12 3 45 6 7 891011‘:\;?:1415161?181920212223242526
390 - . s P s s P s s P s
370 -

350
330
310

—+—Control

Body weight {(gram)

290 - FGY120
~4—FGY400

270 -

250

4. dbra: Az FGY-1153 testtomegre gyakorolt hatdsa a kezelés idotartama alatt. +S.E.M. One-way
ANOVA

Az FGY-1153 kezelés tapfogyasztasra gyakorolt hatdsa

Az elfogyasztott tdp mennyiségét hetente rogzitettiik a kezelés idOtartama alatt. Szignifikdns eltérést

nem tapasztaltunk a harom csoport tapfogyasztasa kozott (5. abra).
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Week
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1400 |
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1000 -
=—4=—Control
90.0 FGY120
. —h—FGY400
80.0 -

5. dbra: FGY-1153 tapfogyasztisra gyakorolt hatdsa a kezelés idétartama alatt. +£S.E.M, one-way
ANOVA.

Az FGY-1153 kezelés hatdsa a vérnyomdsra

A vizsgalat kezdetekor nem volt szignifikdns kiilonbség a csoportok artérids vérnyomasaiban
(Kontroll: 178.71+3.488 mm Hg, FGY120: 172.47+£3.810 mm Hg, FGY400: 174.53+2.303 mm Hg,
p=0.374). Az FGY-1153 kezelés nem volt szignifikans hatassal a vérnyomasra, sem a 13. hét, sem a
26. hét adatait tekintve. Az atlagos arterialis vérnyomas értékek nem tértek el szignifikans mértékben a
két kezelt csoport kozott a 13. héten (Kontroll: 215.93+6.114 mm Hg, FGY120: 212.73+5.682 mm
Hg, FGY400: 228.80+4.488 mm Hg, p=0.096) és a 26. héten (Kontroll: 256.36+£8.039 mm Hg,
FGY120: 256.80+7.693 mm Hg, FGY400: 275.33+£3.067 mm Hg, p=0.078). Ugyanakkor lathaté hogy
az FGY-400 csoportban a vérnyomas valamivel magasabb a masik két csoporthoz képest, az eltérés

nem szignifikans.

Az FGY-1153 kezelés hatdsa az echokardiografias paraméterekre

A vizsgalat kezdetéhez képest a septum és a posterior fal vastagsaga novekedett mindegyik csoportban
a kezelés ideje alatt. Azonban mind az alacsony-, mind a magas dozisu kezelés jelentdsen csokkentette

ezen paramétereket, a magas vérnyomas okozta bal kamrai hipertrofiat.
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LVIDs ¢és az LVESV is megndvekedett minden csoportban a vizsgalat soran, bar ezen paraméterek
névekedése jelentsen csokkent az FGY 120 csoportban, de a FGY400 csoportban nem. A bal kamrai
szisztolés funkcid — ejekciods frakcioban kifejezve (EF%) - csokkend paramétereket mutatott mind a
Kontroll csoportban, mind az FGY400 csoportban a vizsgalat végére a kezdeti paraméterekhez képest.
Osszehasonlitva a Kontroll csoporttal ezek a valtozasok azonban jelentdsen csokkenttek az FGY 120
csoportban jelezve, hogy az alacsony dozisi FGY-1153 visszafogta a magas vérnyomas okozta
csokkent szisztolés balkamra funkcié kialakulasat. Az E / E 'arany ndvekvd tendenciat mutatott a
vizsgalat soran a kontroll csoportban, mikézben ezen paraméter szignifikdnsan csdkkent mind a
FGY120, mind FGY400 csoportokban. Ez arra utalhat, hogy az FGY-1153 kezelés képes csokkenteni

az SHR patkanyokban megjelend diasztolés diszfunkciot.

A 4. tablazat utolsd oszlopaban a koregyeztetett normotenziv allatokat (WKY csoport) jellemzo

struktaralis és funkcionalis paraméterek értékei lathatoak.

SHR Control FGY120 FGY400 WKY

Week 0 Week 26 Week 26 Week 26 age-matched

Septum (mm) 166 + 0.01 2.00£0.04 1.90 £ 0.04** 188+ 0.02™ 167+007*
Post. Wall(mm) 158+ 0.02 1.94 £0.02 1.82+0.01* 181+ 0.04* 1.644+0.11*

LVIDd 7.28 +0.07 8.28 +0.08 7.94+0.09* 798+ 0.1 8.00+0.25
LVIDs 440+ 0.07 5.38 £0.09 4.85+0.08** 512+ 0.14 452+012*
LVEDV (ml) 28049 +6.06 | 373.54+8.11 | 340.79+9.25* | 344.72+10.78 | 349.85+ 24.66
LVESV (ml) 88.72+3.33 141.56 £5.89 |111.69 £4.15** | 127.31 £866 | 97.07 £ 5.54**
EF (%) 68.48£0.75 6216+ 1.24 6710+ 1.33* 63.36 £ 1.37 71.67£0.87**
E/E' 35.16 +1.54 4217 + 5.26 30.05+086* | 26.50+2.77" 30.00+£2.26
RWT 0.447 + 0.004 | 0.485+0.014 | 0469+0.007 | 0.464+0.011 | 0.413£0.01™

4. tablazat: Echokardiografias paraméterek értékelése. Az SHR allatok vizsgalat kezdetén mért adatai a

az els6 oszlopban keriilnek bemutatiasra, (SHR Week 0, N=21) a harom csoportbdl szarmazd adatok

(Control, FGY 120, FGY400 Week 26) (N=7 in each groups) a kezelési idszak végét jelolik. Az utolsd

oszlop mutatja a koregyeztetett normotenziv allatok adatait (WKY, N=7). Az értékek atlagértékek +S.E.M.
(*p<0.05, **p<0.01 vs. Control).

Az FGY-1153 hatdsa az interstitialis fibrozisra a szivben és a nagyerekben

Az SHR fibrozis adatok ANOVA

szignifikans kiilonbséget a kontroll és a kezelt csoportok kozott (p=0.783). Azonban a WKY

szivmintadkon mért interstitialis analizise nem mutatott ki

csoportban a kollagén mennyisége szignifikans mértékben alacsonyabb a hipertenziv Kontroll
csoporthoz képest (Mean area fractions = SEM: WKY: 0.390+0.021; Kontroll: 0.657+0.069; FGY 120:
0.636+0.088; FGY400: 0.582+0.041; 6.abra). A vaszkularis kollagén menyiségének statiszikailag nem
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szignifikans emelkedése figyelhetd6 meg a Kontroll csoport carotisaiban és az aortiiban a WKY
csoporthoz képest. A Kontroll, FGY 120 és FGY400 csoportok értékei kozott szignifikans kiilonbség
azonban nem mutatkozott (Mean area fractions = SEM: Aorta: WKY: 1.084+0.112 (p=0.536 vs.
Kontroll); Kontroll: 1.378+0.414; FGY120: 1.239+0.526; FGY400: 1.458+0.324, (p=0.936); Carotis:
WKY: 4.860+£0.532 (p=0.229 vs Kontroll); Kontroll: 5.994+0.660; FGY120: 5.745+1.465; FGY400:

5.158+1.097; (p=0.866)).

Az FGY-1153 hatdsa a nagyerek intima media vastagsdgara

Az aorta esetében a Kontroll csoporttal dsszevetve sem az FGY120 sem az FGY400 csoport intima
media vastagsaga nem tért el szignifikins mértékben. A WKY csoportban ugyanakkor, az IMT

szignifikans mértékben kisebb (p=0.0012 vs. Kontroll) mint a hipertenziv Kontroll csoporban (6.abra).
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6.4bra: Az FGY-1153 hatdisa az aorta intima media vastagsdgdra. ('p<0.05 vs. Kontroll).
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7.4bra: Az FGY-1153 hatdsa a carotis intima media vastagsdgdra. ('p<0.05 vs. Control group).

Az FGY120 és FGY400 csoportok carotisaiban mért intima media vastagsag csokkent a Kontroll
csoportéhoz viszonyitva. Ugyanakkor ez a valtozas nem bizonyult szignifikdnsnak (p=0.149). Az IMT
a WKY csoportban a legalacsonyabb (7.abra) (p=0.031 vs. Kontroll).
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Az FGY-1153 hatdsa a TGF/SMAD? jelatviteli utvonalra a szivben és a nagyerekben

Western blot analizis, sziv
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11.abra Az FGY-1153 hatasa a TGFB/SMAD?2 jelatviteli utvonalra a szivben. FGY-1153 kezelés gatolta a

dozisu kezelés nem volt hatassal a SMAD?2 foszforilacidjara az FGY400 csoportban. (n=4), £S.E.M, *p<0.05,

**p<0.01 vs. Kontroll.
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Western blot analizis, aorta
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12.abra: Az FGY-1153 hatasa a TGFB/SMAD?2 jelatviteli itvonalra az aorta falban. Az alacsony dézisu
FGY-1153 kezelésnek nem volt szignifikdns hatdsa TGFp expressziora, ugyanakkor a magas doézisu kezelés
szignifikansan gatolta a TGF expressziojat az FGY400 csoportban a Kontroll és az FGY120 csoportokhoz
viszonyitva. A SMAD2 protein foszforilacidja szignifikdnsan csokkent midkét kezelt csoportban

FGY120,FGY400. (n=4), +S.E.M,*p<0.05, **p<0.01 vs. Kontroll.
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Western blot analizis, carotis
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13.abra: Az FGY-1153 hatasa a TGFB/SMAD?2 jelatviteli itvonalra a carotis falban. A TGFp expresszio és

SMAD?2 foszforilacio mértéke szignifikansan magasabb a Kontroll csoportban a WKY -hoz viszonyitva. Mind az

alacsony mind a magas doézisi FGY-1153 Kezelés szignifikans mértékben gatolta a TGFpB expressziot. A

SMAD2 protein foszforilacioja szignifikansan csokkent mindkét kezelt csoportban FGY120, FGY400.

(n=4),£S.E.M, *p<0.05, **p<0.01 vs. Kontroll.
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Az FGY-1153 hatdsa az Akt/GSK-3f szignalizacios kaszkadra szivben és nagyerekben

Western blot analizis, sziv
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14.abra: Az FGY-1153 hatasa az Akt/GSK-3 szignalizaciés kaszkadra szivben. A GSK-3p foszforilacioja
szignifikansan alacsonyabb a WKY csoportban a Kontroll csoporthoz viszonyitva. A magas dozisu FGY-1153
kezelés szignifikans mértékben emelte az Akt protein aktivaciojat, valamint mind az alacsony, mind a magas
dozist kezelés szignifikins mértékben csokkentette a GSK-3p foszforilaciot.(n=4), +S.E.M, *p<0.05, **p<0.01

vs. Kontroll.
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Western blot analizis, aorta
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15.abra: Az FGY-1153 hatasa az Akt/GSK-3p szignalizaciés kaszkadra az aorta falban. Az FGY-1153
szignifikans mértékben elemte az Akt protein foszforilacidat mindkét FGY 120 és FGY400 csoportban, és a
GSK-3p foszforilaciojat az FGY120 csoportban. A magas dozisi kezelésnek nem volt hatasa a GSK-3p
foszforilaciojara az FGY400 csoportban. £S.E.M, *p<0.05, **p<0.01 vs. Kontroll.
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Western blot analizis, carotis
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16.abra: FGY-1153 hatasa az Akt/GSK-3p szignalizaciés kaszkadra a carotis falban. Az Akt és GSK-3
proteinek foszforilacids szintje szignifikans mértékben magasabb a Kontroll csoportban a WKY -hoz viszonyitva.
Az alacsony dozisi FGY-1153 kezelés emelte, mig a magas dozist kezelés csokkentette a GSK-3pB protein
foszforilaciojat, ugyanakkorr nem volt szignifikdns hatasa az Akt-1 foszforilacidjara az SHR allatok

carotisaiban. +S.E.M, *p<0.05, **p<0.01 vs. Kontroll.
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OSSZEGZES

Jelen munkankban az L-2286 jelii PARP-inhibitor hatasait vizsgaltuk a bal kamrai hipertrofia
kialakulasanak folyamataban SHR modellben. Az L-2286 kedvezéen hatott a hipertrofia
progresszidjara (posterior fal és septum vastagsag, RWT) és a miokardialis fibrozisra. A PARP-gatlo
kezelés a vérnyomast nem csokkentette, igy ez nem allhat a fenti kedvezé valtozasok hatterében.
Eredményink azt mutatjak, hogy a PARP-gatlas anihipertrofikus hatasat ,,prosurvival” jelatviteli utak
aktivacioja (Akt-1/GSK-3p, FKHR, PKCg és Hsp90) és a ,,prohipertrofikus” protein kinazok (PKC-
o/BII, - {/A) gatlasa révén fejti ki.

Osszefoglalva: a PARP-1 enzim farmakologiai gatlasa jelentds prtektiv hatassal bir a hipertonia
indukalta kardialis remodellingel szemben annak ellenére, hogy antihipertenziv hatdssal nem
rendelkezik. Ezaltal a PARP enzim egy igéretes farmakoldgiai célpont lehet a magas vérnyomas
kardialis komplikacioinak megel6zésében azokban a betegekben, akiknél a célvérnyomésérték elérése
nehézségekbe iitkozik az alkalmazott antihipertenziv terapia okozta panaszok vagy mellékhatasok
miatt. Korabbi és jelen munkankban k6zolt eredményeink az esszencialis hipertonia kezelésének egy
uj koncepciojara vilagitanak ra, miszerint elegend6 lenne a vérnyomast egy jobban toleralhatd szintre

mérsékelni a remodellacio okozta célszerv karosodas PARP-gatlo kezeléssel torténd kivédése mellett.

Az FGY-1153 bradykinin B1 receptor antagonista hossztava alkalmazasa nem volt karos hatassal
az SHR allatokra. Mitobb egy mérsékelt protektiv hatas volt megfigyelheté a hipertenzié indukalta
remodellacioval szemben, annak ellenére, hogy az FGY-1153 vérnyomas csokkenté hatassal nem
rendelkezik. E kardiovaszkularis protekcio mechanizmusanak hatterében a TGF-B-Smad2 jelatvitel

inhibicidja allhat.
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