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patologickej fyziolégie)

Spoluriesitel'ské organizacie: Biomedicinske cnetrum SAV (Ustav experimentalnej
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Nazov a stat zahrani¢éného pracoviska, ktoré spolupracovalo pri rieSeni

Division of Bioorganic Chemistry, School of Pharmacy, University of Saarlan, Saarbruecken,
Nemecko.

Instituto de Quimica Organica General, Consejo Superior de Investigaciones Cientificas,
Madrid, Spanielsko.

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

X

NajvyznamnejSie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

Vysledky projektu boli zakomponované doposial do 25 impaktovanych publikacii najma v
zahrani¢nych €asopisoch, v 3 kapitolach v zahrani¢nych monografiach a v 5 recenzovanych
pracach publikovanych v SR.

NajvyznamnejSie impakotvané prace WOS:

1. CACANYIOVA, Sona - BERENYIOVA, Andrea - KRISTEK, Franti$ek - DROBNA,
Magdaléna - ONDRIAS, Karol - GRMAN, Marian. The adaptive role of nitric oxide and
hydrogen sulphide in vasoactive responses of thoracic aorta is triggered already in young
spontaneously hypertensive rats. In Journal of Physiology and Pharmacology : formerly Acta
Physiologica Polonica, 2016, vol. 67, no. 4, p. 501-512. (2.804 - IF2015).

2. CACANYIOVA, Sona - BERENYIOVA, Andrea - KRISTEK, Frantisek. The role of
hydrogen sulphide in blood pressure regulation. In Physiological Research, 2016, vol. 65,
suppl. 3, p. S273-S289. (1.618 - IF2015).

3. BERENYIOVA, Andrea - DROBNA, Magdaléna - CEBOVA, Martina - KRISTEK, Franti§ek
- CACANYIOVA, Sona. Changes in the vasoactive effects of nitric oxide, hydrogen sulfide
and the structure of the rat thoracic aorta: the role of age and essential hypertension. In
Journal of Physiology and Pharmacology : formerly Acta Physiologica Polonica, 2018, vol.
69, no. 4, 12 p. (2.478 - IF2017).

4. CACANYIOVA, Sona - MAJZUNOVA, Miroslava - GOLAS, Samuel - BERENYIOVA,
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Andrea. The role of perivascular adipose tissue and endogenous hydrogen sulfide in
vasoactive responses of isolated mesenteric arteries in normotensive and spontaneously
hypertensive rats. In Journal of Physiology and Pharmacology : formerly Acta Physiologica
Polonica, 2019, vol. 70, no. 2, p. 295-306. (2.544 - IF2018).

5. ZEMANCIKOVA, Anna - TOROK, Jozef. Influence of age on anticontractile effect of
perivascular adipose tissue in normotensive and hypertensive rats. In Oxidative Medicine
and Cellular Longevity, 2019, vol. 2019, article ID 9314260, 8 p. (4.868 - IF2018).

6. DOBROCSYOVA, Viktoria - SLAMKOVA, Miroslava - KRSKOVA, Katarina - BALAZOVA,
Lucia - SUSKI, Maciej - OLSZANECKI, Rafal - CACANYIOVA, Sotia - ZORAD, Stefan.
AVEOQ0991, a nonpeptide angiotensin 1-7 receptor agonist, improves glucose metabolism in
the skeletal muscle of obese zucker rats: possible involvement of prooxidant/antioxidant
mechanisms. In Oxidative medicine and cellular longevity, 2020, vol. 2020, art.no.
63729335. (5.076 - IF2019).

7. CACANYIOVA, Soria - BERENYIOVA, Andrea - BALIS, Peter - KRISTEK, Frantidek -
GRMAN, Marian - ONDRIAS, Karol - BREZA, J. - BREZA, J. Jr. Nitroso-sulfide coupled
signaling triggers specific vasoactive effects in the intrarenal arteries of patients with arterial
hypertension. In Journal of Physiology and Pharmacology : formerly Acta Physiologica
Polonica, 2017, vol. 68, no. 4, p. 527-538. (2.883 - IF2016).

8. CACANYIOVA, Soria - KRSKOVA, Katarina - ZORAD, Stefan - FRIMMEL, Karel -
DROBNA, Magdaléna - VALASKOVA, Z. - MISAK, Anton - GOLAS, Samuel - BREZA, J. Jr.
- BERENYIOVA, Andrea. Arterial hypertension and plasma glucose modulate the vasoactive
effects of nitroso-sulfide coupled signaling in human intrarenal arteries. In Molecules, 2020,
vol. 25, no. 12, art. no. 2886. (3.267 - IF2019).

9. BERENYIOVA, Andrea - DOVINOVA, Ima - KVYANDOVA, Miroslava - KRISTEK,
Franti§ek - JANSEN, Eugene - MAJZUNOVA, Miroslava - CACANYIOVA, Sofia. The Effect
of Chronic NO Synthase Inhibition on the Vasoactive and Structural Properties of Thoracic
Aorta, NO Synthase Activity, and Oxidative Stress Biomarkers in Young SHR. In Oxidative
medicine and cellular longevity, 2018, vol. 2018, art. no. 2502843. (4.936 - IF2017).

10. MAJZUNOVA, Miroslava - PAKANOVA, Zuzana - KVASNICKA, Peter - BALIS, Peter -
CACANYIOVA, Soria - DOVINOVA, Ima. Age-dependent redox status in the brain stem of
NO-deficient hypertensive rats. In Journal of Biomedical Science, 2017, vol. 24, article 72,
14 p. (2.799 - IF2016).

11. DOVINOVA, Ima - HRABAROVA, Eva - JANSEN, Eugene - KVANDOVA, Miroslava -
MAJZUNOVA, Miroslava - BERENYIOVA, Andrea - BARANCIK, Miroslav. ADMA,
homocysteine and redox status improvement by 7-nitroindazole in spontaneously
hypertensive rats. In Biomedicine & Pharmacotherapy, 2018, vol. 106, p. 1478-1483. (3.46 —
IF2017).

12. MAJZUNOVA, Miroslava** - KVANDOVA, Miroslava - BERENYIOVA, Andrea - BALIS,
Peter - DOVINOVA, Ima - CACANYIOVA, Soria. Chronic NOS inhibition affects oxidative
state and antioxidant response differently in the kidneys of young normotensive and
hypertensive rats. In Oxidative medicine and cellular longevity, 2019, vol. 2019, article ID
5349398, 10 p. (4.868 - IF2018).

13. BERENYIOVA, Andrea - GRMAN, Marian - MISAK, Anton - GOLAS, Samuel -
CUCHOROVA, Justina - CACANYIOVA, Sotia. The possible role of the nitroso-sulfide
signaling pathway in the vasomotoric effect of garlic juice. In Molecules, 2020, vol. 25, no. 3,
art. no. 590, 15 p. (3.267 - IF2019).

14. GRMAN, Marian - MISAK, Anton - KURAKOVA, Lucia - BREZOVA, Vlasta -
CACANYIOVA, Sora - BERENYIOVA, Andrea - BALIS, Peter - TOMASOVA, Lenka -
KHARMA, Ammar - DOMINGUEZ-ALVAREZ, Enrique - CHOVANEC, Miroslav - ONDRIAS,
Karol. Products of sulfide/selenite interaction possess antioxidant properties, scavenge
superoxide-derived radicals, react with DNA, and modulate blood pressure and tension of
isolated thoracic aorta. In Oxidative medicine and cellular longevity, 2019, vol. 2019, art. no.
9847650. (4.868 - F2018).

15. KURAKOVA, Lucia - MISAK, Anton - TOMASOVA, Lenka - CACANYIOVA, Sona -
BERENYIOVA, Andrea -ONDRIASOVA, Elena - BALIS, Peter - GRMAN, Marian -
ONDRIAS, Karol. Mathematical relationships of patterns of 35 rat haemodynamic
parameters for conditions of hypertension resulting from decreased nitric oxide
bioavailability. In Experimental Physiology 2020, vol 105 n. 312-334. (2.43 - IF2019).
Kapitoly v monografiach:
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1. KRISTEK, Frantisek - CACANYIOVA, Soria - BERENYIOVA, Andrea. Structural Changes
in Carotid Artery Evoked by Blood Pressure Alteration. In Carotid Artery Disease
[elektronicky zdroj]. Avid Science, p. 2-38, 2017. zdroj:
http://www.avidscience.com/book/carotid-artery-disease/

2. CACANYIOVA, Soria - BERENYIOVA, Andrea. In vitro measurement of H2S-mediated
vasoactive responses. In Vascular Effects of Hydrogen Sulphide : Methods and Protocols. -
Humana Press, 2019, p. 89-107. ISBN 978-1-4939-9527-1.

3. KRISTEK, Frantisek - GRMAN, Marian - ONDRIAS, Karol. In vivo measurement of H2S,
polysulfides, and “SSNO- Mix’-Mediated vasoactive responses and evaluation of ten
hemodynamic parameters from rat arterial pulse waveform. In Vascular Effects of Hydrogen
Sulphide : Methods and Protocols. - Humana Press, 2019, p. 109-124. ISBN 978-1-4939-
9527-1.

Recenzované prace publikované v SR:

1. BERENYIOVA, Andrea - PUZSEROVA, Angelika - GRMAN, Marian - KRISTEK,
Frantisek - CACANYIOVA, Sonia. Zapajanie NO a H2S signalnych drah do regulacie
vazoaktivnych odpovedi u dospelych spontanne hypertenznych potkanov. In Cardiology
Letters, 2017, vol. 26, no. 3, p. 175-176.

2. CACANYIOVA, Soria - TOROK, Jozef - KRISTEK, Frantisek - BERENYIOVA, Andrea -
BUCHWALOW, I.B. - DOVINOVA, Ima - DROBNA, Magdaléna. NO - rezervné a
kompenzané mechanizmy vo vazoaktivnych odpovediach normotenznych a spontanne
hypertenznych potkanov. In Cardiology Letters, 2017, vol. 26, no. 3, p. 179-180.

3. MAJZUNOVA, Miroslava - PAVLICOVA, Dominika - KYANDOVA, Miroslava -
BERENYIOVA, Andrea - JANSEN, Eugene - DOVINOVA, Ima. Ug&inok exogénnych
inhibitorov oxidu dusnatého na redoxny stav v oblickach SHR. In Cardiology Letters, 2017,
vol. 26, no. 3, p. 191-192.

4. KRISTEK, Franti$ek - DROBNA, Magdaléna - CEBOVA, Martina - TOROK, Jozef -
GEROVA, Maria - CACANYIOVA, Sonia. Strukturalne a funkéné zmeny v privodnych
artériach u NO-deficitnych a spontanne hypertenznych potkanov po chronickom podavani
vazoaktivnych latok. In Cardiology Letters, 2017, vol. 26, no. 3, p. 185-186.

5. CACANYIOVA, Soria - BERENYIOVA, Andrea - CEBOVA, Martina - KRISTEK, Frantiek
- DROBNA, Magdaléna - ONDRIAS, Karol - GRMAN, Marian. Compensatory effects of nitric
oxide and hydrogen sulfide in thoracic aorta in conditions of essential hypertension =
Kompenzacné ucinky oxidu dusnatého a sirovodika v hrudnikovej aorte v podmienkach
esencialnej hypertenzie. In Cardiology Letters, 2018, vol. 27, no. 4, p. 185-191.

Vysledky projektov boli prezentované aj na domacich a medzinarodnych podujatiach formou
prednasok alebo posterovych prezentacii, medzi najvyznamnejSie patrili:

CACANYIOVA, Sona - BERENYIOVA, Andrea - KRISTEK Frantisek - ONDRIAS Karol -
GRMAN Marian - BREZA Jan Sr, BREZA Jan Jr: Vasoactive effects of NO-H2S interaction
in isolated rat and human arteries. 20th Annual Meeting of the European Council for
Cardiovascular Research (ECCR), 14.-16. oktdber, 2016, Poiano, Lake Garda, Italy
CACANYIOVA, Soria - BERENYIOVA, Andrea - KRISTEK, Frantisek - GRMAN, Marian -
ONDRIAS, Karol - BREZA, J. - BREZA, J. Jr. Vasoactive products of nitroso-sulfide
signalization - new potential pharmacologic tool? Pharmacology 17, 11.-13. december, 2017
Londyn, Velka Britania.

CACANYIOVA, Soria - BERENYIOVA, Andrea - GRMAN, Marian - ONDRIAS, Karol -
KRISTEK, FrantiSek. The interaction of hydrogen sulfide with NO-synthase and NO donors
triggers specific vasoactive effects in isolated arteries of rats and patients with arterial
hypertension. 8th International Congress of Pathophysiology, 5-8 September 2018,
Bratislava, Slovensko, vyziadana prednaska

DOVINOVA, Ima - HRABAROVA, Eva - JANSEN, Eugene - MAJZUNOVA, Miroslava -
KVANDOVA, Miroslava - CACANYIOVA, Sofia. Changes of ADMA production,
homocysteine level and improvement of redox status in plasma of hypertensive animals in
chronic treatment of 7-nitroindazole. 19th SFRRI Biennial Meeting, 4-7 June 2018, Lisbon,
Portugalsko

BERENYIOVA, Andrea - GOLAS, Samuel - GRMAN, Marian - CEBOVA, Martina -
CACANYIOVA, Sona. The vasomotoric effect of exogenous and endogenous hydrogen
sulphide in normotensive and spontaneously hypertensive rats.The Annual Meeting of the
Scandinavian Physiological Society, August 8-11th 2019, Reykjavik, Island

LORY Viktoria, SLAMKOVA Miroslava, KRSKOVA Katarina, BALAZOVA Lucia, SUSKI
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Maciej, OLSZANECKI Rafal, ZORAD Stefan. Activation of the alternative renin-angiotensin
pathway affects the oxidative status of the skeletal muscle in obese Zucker rats. 21st
International Conference on Oxidative Stress reduction, Redox Homeostasis & Antioxidants,
June 20-21, 2019, Pariz, Francuzsko

Pocas rieSenia projektu sa podielali ¢lenovia risitelského kolektivu na organizacii viacerych
sympozii, v ramci ktorych sa uskutocnili workshopy, na ktorych boli diskutované a
konfromtované vysledky proojektu:

Srdce, mozog, cievy: od normalnej k patologickej fyziolégii, 4.- 6. april 2017, Smolenice,
Slovensko

The 10th International Symposium Nitric oxide: from basic regulations to lifestyle-related
diseases, 3.-5. september 2018, Smolenice, Slovensko

Metabolicky syndrom - kardiovaskularne a metabolickeé rizika, 13. -14. november 2019,
Bratislava, Slovensko

Uplatnenie vysledkov projektu

V roku 2018 bola kreovana na pbéde Slovenskej kardiologickej spolo¢nosti Pracovna skupina
Experimentalnej kardioldgie (PS EK, vid https://www.sks.sk/vybor-sks), ktorej ¢lenmi vyboru
su traja ¢lenovia projektu (Caganyiova, Berényiova, Balis). Jej hlavnym cielom je zadlenit
problematiku zakladného kardiovaskularneho vyskumu do 3irSieho kontextu v sulade s
aktualnymi otazkami klinickej kardiologie ako aj sprostredkovat’ vysledky zakladného
vyskumu pre potreby dizajnu klinickych studii. Jednym z cielfov pracovnej skupiny bolo
vypracovat a publikovat Standardizované postupy a protokoly pouzivané v experimentalnom
kardiovaskularnom vyskume. Tento ciel sa podarilo uskuto¢nit v podobe dvoch kapitol v
monografii (vid' nizSie), ktorych sucastou boli aj originalne postupy a protokoly (napr.
testovanie fyziologickych ucinkov NO a H2S donorov), ktoré sa Standardizovali po¢as
procesu realizacie experimentov projektu APVV. Jednotlivé postupy testovania funkénych
vlastnosti ciev su ponukané réznym klinickym skupinam a umoznia priame prepojenie na
klinicky vyskum.

Vysledky projektu charakterizujuce vazoaktivne ucinky sirovodika v normotenznych a
hypertenznych podmienkach boli pouzité ako podklady pre pripravu projektu, ktory bol
podany v ramci vyzvy ,Podpora vyskumu a vyvoja so zameranim na zvladnutie pandémie
koronavirusu a jej dopadov na obdobie rokov 2020-2021“ a nasledne schvaleny na udelenie
finan¢nej podpory.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Vysledky nasho projektu ukazali, ze pocas juvenilného Stadia esencialnej hypertenzie sa
spustaju kompenzacné mechanizmy, ktorych vyznamnou sucastou je signalna draha NO.
Chronické experimenty ukazali, Ze v kompenzacnych vazoaktivhych mechanizmoch
sprostredkovanych NO nezohrava Specificku ulohu neuronalna izoforma NO-syntazy. Na
druhej strane, dlhodoba aplikacia 7-nitroindazolu, Specifického inhibitora neuronalne;j
izoformy NO-syntazy, mala neuroprotektivny u€inok v mozgovom kmeni mladych
normotenych potkanov, kde dokazala stimulovat’ antioxidaCny systém a v prehypertenznom
Stadiu SHR viedla k zniZeniu plazmovych rizikovych kardiovakularnych faktorov, ¢o by
mohlo byt sucastou kompenzaénych mechanizmov. Novym a originalnym nalezom projektu
je, ze do kompenzaénych mechanizmov sa zapaja aj sulfidova signalna draha v podobe
produkcie novych reak&nych produktov vychadzajucich z interakcie NO a H2S. Zatial ¢o
ucinky NO s vekom a rozvojom hypertenzie klesaju, vazorelaxacny efekt H2S narasta. V
podmienkach esencialnej hypertenzie by H2S mohol pbésobit’ ako zalozny vazorelaxacny
mechanizmus v pripade nedostatku NO. U pacientov trpiacich arterialnou hypertenziou sme
potvrdili, Ze zmes NO donora (GSNO) a H2S donora dokazala spustit’ vacsiu vazorelaxaciu
intrarenalnych artérii vykazujucich endotelovu dysfunkciu v porovnani s u€¢inkom NO donora
samotného. Navy$e, pouZitie zmesi oboch donorov dokazalo eliminovat supersenzitivitu na
NO donor, ¢o predstavuje benefi¢ny ucinok. Produkty novej nitrézo-sulfidovej signalnej
drahy by mohli byt potencialnym farmakologickym prostriedkom pre kompenzaciu
endotelovej dysfunkcie spustenim alternativnych signalnych drah. Pri posudzovani
farmakologického potencialu zmesi NO a H2S donorov bude potrebné brat do uvahy, ze
nielen rozvoj hypertenzie ale aj hyperglykémia mézu ovplyvnit’ charakter nimi vyvolanej
vazorelaxacnej odpovede.
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Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The results of our project proved that during the juvenile stage of essential hypertension,
compensatory mechanisms are triggered, in which is the NO signaling pathway an important
part. Chronic experiments showed that the neuronal isoform of NO-synthase does not play a
specific role in NO-mediated compensatory vasoactive mechanisms. On the other hand, a
long-term application of 7-nitroindazole, a specific inhibitor of the neuronal isoform of NO-
synthase, had a neuroprotective effect in the brainstem of young normotensive rats, where it
was able to stimulate the antioxidant system and lead to decrease of plasma high-risk
cardiovascular factors in prehypertensive stage of SHR. A new and original discovery of the
project is that the sulfide signaling pathway, in the form of a production new reactive
products based on the interaction of NO and H2S is also involved in the compensatory
mechanisms. Whereas the effect of NO decreases by the age, the vasorelaxant effect of
H2S increases so H2S could serve as reserved vasorelaxant mechanisms in case of NO
deficiency.In patients suffering from arterial hypertension we confirmed that the products of
NO - H2S interactions triggered the more pornounced vasorelaxation in intrarenal arteries
with endothelial dysfunction compared to NO donor alone, and moreover, they eliminated
supersensitivty developed to NO donor. The products of nitroso-sulfide interaction represent
new perspective pharmacologic tool for compensation of endothelial dysfunction via
alternative signal pathways.
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