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3. Ustav lekarskej biolégie, genetiky a klinickej genetiky, Lekarska fakulta Univerzity
Komenského v Bratislave

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

1. Regionalni centrum pokrocilych technologii a materialti, Univerzita Palackého v
Olomouci, Slechtiteltl 27, 78371 Olomouc, Ceska republika

2. Vlysoka $kola barnska — Technicka univerzita Ostrava, Centrum nanotechnologii, 17.
listopadu 2172/15, 708 00 Ostrava-Poruba, Ceska republika

3. Institute of Chemistry, Faculty of Science and Technology, University of Silesia in
Katowice, Bankowa 14, 40-006 Katowice, Poland

4. Masarykova univerzita, Zerotinovo nam. 617/9, 601 77 Brno, Ceska republika

5. Vyskumny Ustav veterinarniho lékarstvi, v. v. i., Hudcova 296/70, 621 00 Brno, Ceska
republika

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

1. DEVINSKY, Ferdinand a JAMPILEK, Josef a PISARCIK, Martin a LUKAC, Milo$ a
HOSEK, Jan. Nanoformulacie zlata pre terapiu zapalovych a degenerativnych ochoreni
kosti, kaov a chrupaviek. Prihlaska slovenského patentu PP 57-2022, 25/05/2022.

2. DEVINSKY, Ferdinand a JAMPILEK, Josef a PISARCIK, Martin a LUKAC, Milo$ a
HOSEK, Jan. Nanoformulacie striebra pre terapiu zapalovych a degenerativnych ochoreni
makkych a pevnych tkaniv. PrihlaSka slovenského patentu PP 120-2022, 06/12/2022.

3. JAMPILEK, Josef a GONEC, Tomas a MUSIOL, Robert a SPACZYNSKA, Ewelina a
MALARZ, Katarzyna a MROZEK-WILCZKIEWICZ, Anna a KAPUSTIKOVA, Iva
(pbvodcovia). Univerzita Komenského v Bratislave (prihlasovatel). Pouzitie derivatov
naftalénu na lieCbu rakoviny hrubého &reva. Slovensky patent SK 288933, 13.12.2021.

Najvyznamnejsie publikacie (knihy, €élanky, prednasky, spravy a pod.) zhrnujuce
vysledky projektu — uved'te aj publikacie prijaté do tlace

2019

1. Pisar€ik M., Pupak M., Luka¢ M., Devinsky F., HubCik L., Bukovsky M., Horvath B.: The
Synthesis, Self-Assembled Structures and Microbicidal Activity of Cationic Gemini
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Surfactants with Branched Tridecyl Chains. Molecules 24(23), 2019, pp. 4380-4399. ISSN:
1420-3049; DOI: 10.3390/molecules24234380 [IF2018 = 3.060],
https://www.mdpi.com/1420-3049/24/23/4380

2. PisarCik M., PolakoviCova M., Markuliak M., Luka¢ M., Devinsky F.: Self-Assembly
Properties of Cationic Gemini Surfactants with Biodegradable Groups in the Spacer.
Molecules 24(8), 2019, pp. 1481-1493. ISSN: 1420-3049; DOI:
10.3390/molecules24081481 [IF2018 = 3.060], https://www.mdpi.com/1420-3049/24/8/1481
3. Hosek J., Kos J., Strharsky T., Cerna L., Starha P., Van&o J., Travnigek Z., Devinsky F.,
Jampilek J.: Investigation of Anti-Inflammatory Potential of N-Arylcinnamamide Derivatives.
Molecules 24(24), 2019, 4531. ISSN 1420-3049; DOI: 10.3390/molecules24244531 [IF2018
= 3.060], https://www.mdpi.com/1420-3049/24/24/4531/pdf

2020

4. PISARCIK, Martin, LUKAC, Milo$, JAMPILEK, Josef, BILKA, Frantiek, BILKOVA,
Andrea, PASKOVA, L'udmila, DEVINSKY, Ferdinand, HORAKOVA, Renata, OPRAVIL
Tomas: Phosphonium surfactant stabilised silver nanoparticles. Correlation of surfactant
structure with physical properties and biological activity of silver nanoparticles. Journal of
Molecular Liquids 314, (2020), 113683 [ISSN 0167-7322, IF2019 = 5.065],
https://doi.org/10.1016/j.molliq.2020.113683

5. KOS, Jifi, BAK, Andrzej, KOZIK, Violetta, JANKECH, Timotej, STRHARSKY, Tomas,
SWIETLICKA, Aleksandra, MICHNOVA, Hana, HOSEK, Jan, SMOLINSKI, Adam,
ORAVEC, Michal, DEVINSKY, Ferdinand, HUTTA, Milan, JAMPILEK, Josef: Biological
Activities and ADMET-Related Properties of Novel Set of Cinnamanilides. Molecules 25(18),
(2020), 4121 [ISSN 1420-3049, IF2019 = 3.267], https://www.mdpi.com/1420-
3049/25/18/4121/pdf.

6. JAMPILEK, Josef, KRALOVA, Katarina: Potential of Nanonutraceuticals in Increasing
Immunity. Nanomaterials 10(11), (2020), 2224, [ISSN 2079-4991, IF2019 =4.324],
https://www.mdpi.com/2079-4991/10/11/2224/pdf.

7. Lukag, Milo§, Pisarcik, Martin, Garajova, Maria, Mrva, Martin, DuSekova, Aneta, VRTAK,
Andrej, HORAKOVA, Renéata., HORVATH, Branislav, DEVINSKY, Ferdinand: Synthesis,
Surface Activity, and Biological Activities of Phosphonium and Metronidazole Salts, Journal
of Surfactants and Detergents, 23 (2020), 1025-1032

https://doi.org/10.1002/jsde.12439 ) ) )

8. TIMKO, Lukas, PISARCIK, Martin, MRVA, Martin, GARAJOVA, Maria, JUHASOVA,
Anna, MOJZIS Jan, MOJZISOVA, Gabriela, BUKOVSKY, Marian, DEVINSKY, Ferdinand,
LUKAC, Milo$: Synthesis, physicochemical properties and biological activities of novel
alkylphosphocholines with foscarnet moiety, Bioorganic Chemistry 104 (2020), 104224,
https://doi.org/10.1016/j.bioorg.2020.104224

2021

9. KOS, Jiti and KOZIK, Violetta and PINDJAKOVA, Dominika and JANKECH, Timotej and
SMOLINSKI, Adam and STEPANKOVA, Sarka and HOSEK, Jan and ORAVEC, Michal and
JAMPILEK, Josef and BAK, Andrzej. Synthesis and Hybrid SAR Property Modeling of Novel
Cholinesterase Inhibitors. Int. J. Mol. Sci. 2021, vol. 22, no. 7, 3444, [ISSN 1422-0067,
IF2020 =5.923, Q1], https://www.mdpi.com/1422-0067/22/7/3444/pdf.

10. PISARCIK, Martin and LUKAC, Milo$ and JAMPILEK, Josef and BILKA, Frantisek and
BILKOVA, Andrea and PASKOVA, Ludmila and DEVINSKY, Ferdinand and HORAKOVA,
Renéata and BREZINA, Matgj and OPRAVIL, Toma$. Silver Nanoparticles Stabilised with
Phosphorus-Containing Heterocyclic Surfactants: Synthesis, Physico-Chemical Properties,
and Biological Activity Determination. Nanomaterials 2021, vol. 11, no. 8, 1883, [ISSN 2079-
4991, IF2020 =5.076, Q1], https://www.mdpi.com/2079-4991/11/8/1883/pdf.

11. PLACHA, Daniela and JAMPILEK, Josef. Chronic Inflammatory Diseases, Anti-
Inflammatory Agents and Their Delivery Nanosystems. Pharmaceutics 2021, vol. 13, no. 1,
642019, [ISSN 1999-4923, IF2020 =6.321, Q1], https://www.mdpi.com/1999-
4923/13/1/64/pdf.

12. JAMPILEK, Josef and PLACHA, Daniela. Advances in Use of Nanomaterials for
Musculoskeletal Regeneration. Pharmaceutics 2021, vol. 13, no. 12, 1994, [ISSN 1999-
4923, IF2020 =6.321, Q1], https://www.mdpi.com/1999-4923/13/12/1994/pdf.

2022

13. ANDRUCH, Vasil and HALKO, Radoslav and TUCEK, Jozef and PLOTKA-WASYLKA,
Justyna. Application of Deep Eutectic Solvents in Atomic Absorption Spektrometry. Trends
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Anal. Chem. 2022, 147, 116510. [ISSN 0165-9936, IF2021 = 14.908, Q1],
https://doi.org/10.1016/j.trac.2021.116510 ) )

14. STRHARSKY, Tomas and PINDJAKOVA, Dominika and KOS, Jifi and VRABLOVA,
Lucia and MICHNOVA, Hana and HOSEK, Jan and STRAKOVA, Nicol and LELAKOVA,
Veronika and LEVA, Lenka and KAVANOVA, Lenka and ORAVEC, Michal and CIZEK, Alois
and JAMPILEK, Josef. Study of Biological Activities and ADMET-Related Properties of
Novel Chlorinated N-arylcinnamamides. Int. J. Mol. Sci. 2022, vol. 23, no. 6, 3159,
https://www.mdpi.com/1422-0067/23/6/3159/pdf. [ISSN 1422-0067, IF2021 = 6.208, Q1]
15. JAMPILEK, Josef and KRALOVA, Katarina. Advances in Nanostructures for
Antimicrobial Therapy. Materials 2022, vol. 15, no. 7, 2388, https://www.mdpi.com/1996-
1944/15/7/2388/pdf. [ISSN 1996-1944, I[F2021 = 3.748, Q1]

16. ANDRUCH, Vasil and VARFALVYOVA, Alica and HALKO, Radoslav and JATKOWSKA,
Natalia and PLOTKA-WASYLKA, J. Application of Deep Eutectic Solvents in Bioanalysis.
Trends Anal. Chem. 2022, 154, 116660. [ISSN 0165-9936, IF2021 = 14.908, Q1],
https://doi.org/10.1016/j.trac.2021.116510

17. JAMPILEK, Josef. Drug Repurposing to Overcome Microbial Resistance. Drug Discov.
Today 2022, vol. 27, no. 7, 2028-2041. [ISSN 1359-6446, IF2021 =8.369, Q1],
https://doi.org/10.1016/j.drudis.2022.05.006

18. JAMPILEK, Josef. Novel Avenues for Identification of New Antifungal Drugs and Current
Challenges. Expert Opin. Drug Dis. 2022, vol. 17, no. 9, 949-968. [ISSN 1746-0441, IF2021
= 7.05, Q1], https://doi.org/10.1080/17460441.2022.2097659

19. PISARCIK, Martin and LUKAC, Milo§ and JAMPILEK, Josef and PASKOVA, Ludmila
and BILKA, Franti§ek and BILKOVA, Andrea and DEVINSKY, Ferdinand and VALKO, Jakub
and HORAKOVA, Renata and HOSEK, Jan and BREZINA, Matéj and OPRAVIL, Tomas.
Controlled Synthesis of Gemini Surfactant-Capped Gold Nanoparticles. Gemini Structure-
Nanoparticle Properties Relationship Study. J. Mol. Lig. 2022, vol. 365, 120210. [ISSN
0167-7322, IF2021 = 6.633, Q1], https://doi.org/10.1016/j.molliq.2022.120210

20. STRHARSKY, Tomas and PINDJAKOVA, Dominika and KOS, Jifi and VRABLOVA,
Lucia and SMAK, Pavel and MICHNOVA, Hana and GONEC, Tomas and HOSEK, Jan and
ORAVEC, Michal and JENDRZEJEWSKA, Izabela and CIZEK, Alois and JAMPILEK, Josef.
Trifluoromethylcinnamanilide Michael Acceptors for Treatment of Resistant Bacterial
Infections. Int. J. Mol. Sci. 2022, vol. 23, no. 23, 15090, [ISSN 1422-0067, IF2021 =6.208,
Q1], https://lwww.mdpi.com/1422-0067/23/23/15090/pdf.

21. JAMPILEK, Josef and KRALOVA, Katarina. Insights into Lipid-Based Delivery
Nanosystems of Protein-Tyrosine Kinase Inhibitors for Cancer Therapy. Pharmaceutics
2022, vol. 14, no. 12, 2706, [ISSN 1999-4923, IF2021 = 6.525, Q1],
https://www.mdpi.com/1999-4923/14/12/2706/pdf.

Uplatnenie vysledkov projektu

Projekt APVV-17-0373 bol koncipovany ako projekt aplikovaného vyskumu a tak boli
stanovené aj jeho ciele (aj ked sa prirodzene nevyhol z asti ani postupom
charakteristickym pre zakladny vyskum):

- Prenos vysledkov zakladného vyskumu do praxe

- Testovat' vyuzitie zlu€enin so synergickym antimikrobialnym a protizapalovym uc€inkom
- Pripravit a otestovat' také malé molekuly a nanoCastice, ktoré by boli vhodné pre lieCbu
niektorych ochoreni kosti a kibov

- Vytvorit' preparat s biologickou aktivitou, Specificky cieleny na vysSie uvedené tkaniva (s
dominantnym regeneraénym efektom na kibnu chrupavku)

- Vytvorit’ preparat, ktory zaroven v mieste aplikacie ostava v kontakte s cielovym tkanivom,
¢im je vyuzita jeho maximalna efektivita

- Snaha vytvorit’ preparat s biologickou aktivitou, s dobrou afinitou ku kostnému tkanivu,
prienikom cez kostné tkanivo, s dostato€nou retenciou v mieste podania (za predpokladu
minimalnych neziaducich ucinkov a nizkej toxicity pre organizmus)

- ZvySit' kvalitu Zivota dotknutych pacientov

Nepochybnou pridanou hodnotou projektu su okrem vedeckych publikacii, ktorych pocet
vysoko prekrocil planované pocty, aj patentové prihlaSky a snaha o vyuZitie vysledkov
vyskumu v praxi. Uz pri podavani Ziadosti o financovanie projektu v r. 2017 sme uzavreli
zmluvu o buducej zmluve s firmou Regenmed, spol. s r.o., ktora bola ochotna stat sa
realizatorom vysledkov tohto projektu v pripade, ze vysledky budu zodpovedat jej
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poziadavkam. Je dolezité uviest, Ze v su€asnosti prebiehaju rokovania medzi Univerzitou
Komenského a touto firmou (UK je vlastnikom patentovych prihlaSok PP 57-2022,
25/05/2022 tykajucou sa zlatych nanoCastic dispergovanych a stabilizovanych katiénovymi
gemini tenzidmi a PP 120-2022, 06/12/2022 tykajucou sa striebornych nanocCastic taktiez
dispergovanych a stabilizovanych kationovymi gemini tenzidmi).

V oboch pripadoch ide o kombinaciu malych molekul a nano€astic pripravenych v naSich
laboratériach so synergickym antimikrobialnym a antiflogistickym u€inkom. Pri testoch
biologickych ucinkov in vitro sa ukazalo, Ze tieto pripravky by mohli byt potencialne vhodné
pre liedbu niektorych ochoreni kosti a kibov (napr. takto dispergované nanodastice zlata
maju okrem protizapalového ucinku aj chondroprotektivnu aktivitu, tj su schopné aktivovat
proliferaciu chondrocytov a reparovat zapalom a degeneraciou postihnuté kibove
chrupavky). Zial v désledku pandémie covid-19 a teda prerusenia laboratérnych testov,
nemohli prebehnut’ testy in vivo, ktoré boli taktiez planované. Aj vzhfadom na pomerne
jednoduchu pripravu je uplatnenie tychto vysledkov projektu pravdepodobné.

Pre lie¢bu degenerativnych ochoreni kosti, kibov a chrupaviek st velmi zaujimavé niektoré
derivaty fosforu (najma pri lie€be osteopordzy). Tuto oblast vyuzitia sme sledovali v oblasti
fosfaniovych, fosféliovych a dialkylfosfocholinovych typov malych molekul, ktoré brania
destrukcii kosti pri ich tzv. remodelingu a udrziavaju rovnovahu medzi osteoblastmi, ktoré
kosti tvoria a osteoklastmi, ktoré kostnu hmotu degraduju. Tieto malé molekuly sme pripravili
a testovali taktiez v naSich laboratoriach.

Prikladom vyuzitia vysledkov vyskumu v celkom novej oblasti uplatnenia je priprava,
Cistenie a testovanie amfifilného oligopeptidu Palm-CCCCGGG-(pS)-RGD obsahujucej v
jednej molekule lipidicku ¢ast, Cast schopnu vyvolat’ zosietovanie nanoviakien molekuly,
tiez hydrofilna ¢ast molekuly, ktora sa viaze s ibnmi vapnika a vysoko polarnu ,hlavu®, ktora
slizi pre bunkovla adhéziu. Cela struktura molekuly je zdrojom jej samoagregacie
(selfassembling). Ak sa tato molekula spoji s molekulami nesteroidnych antiflogistik NASD
(v naSom pripade to bol ibuprofen, diklofenak) tak jej lieebny uginok na kosti a kiby sa
potencuje aj o suCasné timenie bolesti. Tato molekula a jej derivaty patria medzi ,multitarget
drugs®.

Moderny trend ,drug repurposing®, teda opatovné vyuzivanie lie€iv na iné indikacie sa da
vyuzit' s derivatmi kyseliny Skoricovej, ktoré, ako sme zistili, maju vyrazny protizapalovy
u€inok, dokonca na urovni glukokortikoidov.

Pridana hodnota a teda uplatnenie vysledkov celého projektu spo€iva v unikatnej kombinacii
tzv. ,multitarget drugs®, lie€iv s viaccielovym ucinkom, ktoré ovplyviuju napr. zapalové
procesy pdsobenim proti patologickym remodelaciam kibovych chrupaviek a zaroveri
antimikrobidlnym uc€inkom. Potencial pripravenych zlu€enin bude zosilneny spracovanim do
farmakologicky aktivnych submikréonovych formulacii podporujucich uvedené ucinky
aktivnych zlu€enin popisovanych v nasich odbornych publikaciach.

Ako dalSiu pridanu hodnotu a uplatnenie vysledkov projektu mozno uviest aj vychovu novej
generacie vedeckych pracovnikov prostrednictvom doktorandského Studia, magisterského
Studia pri vypracovavani diplomovych, rigoréznych a doktorandskych prac rieSenych
Studentmi naSich fakult ale aj odborny rast samotnych mladych rieSitefov projektu.

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

Okrem in vivo testov konStatujeme, Ze vSetky ciele projektu boli splnené a v niektorych
pripadoch (publikacie, prihlaSky patentov) aj prekro¢ené. Za vyznamné vysledky vyskumu
pokladame:

- suCasné rokovanie o realizacii vysledkov vyskumu s firmou Regenmed spol. s r.o0.;

- chromatografické vycistenie amfifiiného oligopeptidu Palm-CCCCGGG-(pS)-RGD a jeho
spojenie s NASD;

- novy nami navrhnuty 3D in vitro model reumatoidnej artritidy;

- fyzikalnu charakterizacia a stanovenie tvaru zlatych nanocastic stabilizovanych gemini
tenzidmi a zistenie zavislosti biologickej aktivity od Struktury molekul;

- zistenie protizapalovej a chondroprotektivnej aktivity nanoCastic zlata, striebra
dispergovanych a stabilizovanych katibnovymi gemini tenzidmi;

- nanosystémy, ktoré su vysledkom rieSenia projektu su sfubnym zakladom pre vyvoj lieCiva
na terapiu zapalovych a degenerativnych ochoreni kosti, kibov a chrupaviek.

- zistenie unikatneho duélneho ucinku patentovanych nansystémov;
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- dve patentové prihlasky;

- zaujimavy a poteSujuci vysledok vyskumu v tejto oblasti reprezentovany patentovou
prihlaSkou tykajucou sa nanocastic zlata (PP-57-2022) sa zaroven stal vitazom sutaze
"Transfer technoldgii na Slovensku 2022" v kategérii "Inovacie" tradi¢ne vyhlasovanej
Centrom vedecko-technickych informacii SR. Cena udelena 18.10. 2022.

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

Beyond to the in vivo tests, we note that all project goals were met and in some cases
(papers, patent applications) even exceeded. We consider the following to be significant
research results worthwhile to mention:

- current negotiations on the implementation of research results with the company
Regenmed, Ltd.;

- chromatographic purification of the amphiphilic oligopeptide Palm-CCCCGGG-(pS)-RGD
and its binding with NASD;

- anew 3D in vitro model of rheumatoid arthritis designed by us;

- physical characterization and determination of the shape of gold nanoparticles stabilized
by gemini surfactants and determination of the relationship between biological activity on the
molecular structure;

- determination of anti-inflammatory and chondroprotective activity of gold, silver
nanoparticles dispersed and stabilized by cationic gemini surfactants;

- the nanosystems that are the result of the project solving are a promising basis for the
development of drugs for the therapy of inflammatory and degenerative diseases of bones,
joints and cartilage.

- discovery of the unique dual effect of patented nanosystems;

- two patent applications;

- an interesting and gratifying research result, research in this area represented by a patent
application concerning gold nanoparticles (PP-57-2022) also became the winner of the
competition "Transfer of technologies in Slovakia 2022" in the category "Innovations"
traditionally announced by the Center for Scientific and Technical Information of the Slovak
Republic. Awarded on 18.10. 2022.
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