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Uplatnenie vysledkov projektu

Vysledky projektu maju velky potencial na uplatnenie pri vyvoji novych ucinnejsich nosicov
lie€iv. Vyvoj ucinnejSich systémov podavania lieCiv je vefmi dblezitou otazkou, ktoru musi
dnesna moderna spolocnost riesit. Vzhladom na starnutie populacie, spotreba liekov v
poslednych rokoch neustale stupa s ¢im suvisi aj mnozstvo zdokumentovanych neziaducich
ucinkov spdsobenych liekmi. Osobitne lieky s nizkou Specifickostou a rozpustnostou
(hydrofébne lie€iva) vedu k tomu, Ze pacienti su nuteni uzivat ich vysoké davky, €o vedie k
vedlajSim ucinkom. Riedenim nacrtnutych problémov su biokompatibilné nosice lie€iv
vyvijané v ramci projektu, ktoré su schopné prijat vysoké davky molekul lieCiva a lieCivo
dopravit’ cielene bez jeho pred€asného uvorlnenia. V projekte boli studované Strukturne
stabilné biokompatibilné nanopdérovité materialy na baze oxidu kremicitého, ktoré po
zapuzdreni mézu lieCivo uvolnovat dlhSiu dobu, vykazovat predizeny terapeuticky ucinok,
alebo ho uvolfovat cielene, reagujuc na nejaky fyzikalny alebo chemicky stimul, ako je
napr. pH, elektromagnetické ziarenie, teplota a iné. Pripravené systémy mézu mat aplikacny
potencial in vivo, ale aj pri réznych topickych, napr. dermatologickych aplikaciach.

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

Hlavnym ciefom projektu bola priprava, charakterizacia a testovanie novych pokrokovych
nanoporovitych matric ako materialov pre cieleny transport a uvolfiovanie lie€iv. Bola
preskimana pérovita silika roznej symetrie a rozmernosti pérov na uzatvaranie a
uvolfovanie lie€iva. Bolo preskumané pouZitie siliky hexagonalnej symetrie (MCM-41, SBA-
15, SBA-12) aj kubickej symetrie (SBA-16, MCM-48), pricom volba typu siliky zavisela na
konkrétnom cieli. Ak boli syntetizované a skimané systémy pre uvolfiovanie lieiva vplyvom
fotostimulov, silika bola modifikovana ligandami, schopnymi vytvarat’ cyklobutanovy kruh a
tym vytvarat' ,zatku“ reverzibilne uzatvarajucu/otvarajucu pory. Preto na tento ucel bola
pouzita silika typu MCM-41 alebo SBA-12 s velkostou pdérov 3-4 nm. Ak bol skimany vplyv
hydrofilnosti povrchu a typu ligandov r6znej objemnosti na uzatvaranie a uvolfiovanie
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lieCiva, bola zvolena silika typu SBA-15 s vacsimi pormi (7 nm). Pri Studiach boli pouzité
rézne typy lie€iv, napriklad nesteroidné antiflogistika naproxén, indometacin alebo
cytostatika 5-fluorouracil, doxorubicin, pemetrexed.

V ramci projektu boli pripravené systémy, umozifiujuce uvolfiovanie lie€iva vplyvom
nasledujucich stimulov: i.) svetlo, ii.) pH, iii.) redoxny potencial, iv.) hydrofébnost povrchu,
v.) teplota. Napriklad systém na baze siliky a fotoreaktivneho derivatu kyseliny p-
hydroxoSkoricovej vykazoval reverzibilnu schopnost' otvarania a uzatvarania pérov a tym aj
lieCiva. Vysledky uvolfiovania naproxénu jasne potvrdili reverzibilni fotodimerizaénu reakciu
na povrchu siliky a moznost pouzitia takto pripraveného materialu na kontrolu uvolfiovania
liekov pouzitim fotostimulu. Ako dal8i stimul na riadené uvolfiovanie lie€iva bola vyuZita
zmena pH. Pri priprave materialov, ktoré uvolfuju lie€ivo vplyvom zmeny pH boli na povrchu
siliky ukotvené ,nanovalce“ pozostavajuce z aminového ligandu a cyklodextrinu.
Uvolfiovanie lie€iva do simulovanej telesnej tekutiny (pH = 7,4) nepreukazalo Ziadne
uvoliovanie, pory siliky boli tesne uzavreté. Naopak, pri pH = 5 bolo v zavislosti na ¢ase
pozorované postupné uvolfiovanie lie€iva. Bol pripraveny a preskimany aj redox-
responzivny systém podavania liekov zalozeny na poréznom nosic¢i SBA-15 obsahujuci
ditiolovu vazbu, ktorého péry boli uzatvorené nanocasticami ZnS. Ako modelové lie€ivo bol
Studii pouzity doxorubicin (DOX), chemoterapeutikum pouzivané na lie¢bu ré6znych druhov
rakoviny. Ditiolova vazba bola Stiepitelna redoxne aktivnymi molekulami, ako je ditiotreitol
alebo glutation, ktorych koncentracia v rakovinovych bunkach je 4-krat vySSia v porovnani
so zdravymi bunkami. Ako neredoxné prostredie bol pouzity fyziologicky roztok a ako
redoxné prostredie fyziologicky roztok s 10mM koncentraciou ditiotreitolu. Predpoklady sa
naplnili, do roztoku s obsahom ditiotreitolu sa uvolnilo so systému 3x viac doxorubicinu ako
do Cistého fyziologického roztoku.

V ramci projektu boli pripravené a Studované aj kompozitné materialy na baze nanocastic
Fe203 a Gd203 integrovanych v porovitej matrici na baze siliky. Bola analyzovana
korelacia Strukturnych parametrov ako aj magnetického stavu nanoc&astic v pérovitych
nosi¢och. Klu¢ovym faktorom pri cielenom ovplyviiovani magnetickych viastnosti
magnetickych nanocastic bolo riadenie velkosti medzi-Casticovych interakcii, predovSetkym
dipolarneho charakteru. Castice vnutri hexagonalnej matrice vykazovali individualne
spravanie, veduce k volnej fluktuacii magnetickych momentov cez energeticku bariéru, v
tychto systémoch magnetické interakcie medzi ¢asticami dominovali len vnutri jedného poru.
Naopak, medzi ¢asticami vnutri kubickej matrice, ktora ma navzajom prepojeny systém
porov, mézu pbsobit silné dipolarne interakcie veduce ku kolektivnemu spravaniu
nanocastic. Pre aplikacie Studovanych systémov je velmi zaujimave ich vyuzitie pre
magneticku hypertermiu.

Koncept funk&nosti vysSie popisanych a skumanych systémov v realnych biologickych
vzorkach, bol Studovany in vivo na experimentalnych zvieratach, potkanoch kmena Wistar.
Stadia potvrdila, Ze vyvinuty koncept nosicov liediv, ktorymi sa projekt zaoberal, je funkény
aj v Zivych systémoch. Okrem in vivo experimentov na zvieratach boli vzorky siliky ako aj
siliky s lie€¢ivom podrobené Studiu cytotoxicity na viacerych systémoch. In vitro Stadie sa
uskutocCnili na bunkach ludského gliému U87 MG a bunkach SKBR3. Biokompatibilita pH
sentizivnej siliky bola testovana na modeli prepelic CAM v mikrocirkulatnom systéme.
Biologické studie ukazali pozoruhodné vysledky, ked samotna silika nevykazovavla
cytotoxicitu, €o bolo Ziaduce, avdak cytotoxicita lie€iv ak boli enkapsulované v silike bola
vysSia, ako cytostatickych lieCiv, ak boli aplikované samostatne.

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

The main goal of the project was the preparation, characterization and testing of new
advanced nanoporous matrices as materials for targeted drug transport and delivery.
Porous silica of different symmetry and pore size has been investigated for drug loading and
release. The use of silica with hexagonal symmetry (MCM-41, SBA-15, SBA-12) and cubic
symmetry (SBA-16, MCM-48) was investigated, with the choice of silica type depending on
the specific target. When drug release systems based on photostimulus were synthesized
and investigated, silica was modified with ligands capable of forming a cyclobutane ring and
thereby forming a reversibly pore opening / closing "plug". Therefore, silica of the MCM-41
or SBA-12 type with a pore size of 3-4 nm was used for this purpose. If the study of effect of
surface hydrophilicity and the type of ligands of different bulk size on drug loading and
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release was investigated, larger pore type silica, SBA-15 (7 nm), was chosen. Various types
of drugs have been used in the studies, for example the non-steroidal anti-inflammatory
drugs naproxen, indomethacin or the cytostatics like 5-fluorouracil, doxorubicin, pemetrexed.
Within the project, different systems were prepared that allow the release of the drug due to
the following stimuli: i.) light, ii.) pH, iii.) redox potential, iv.) hydrophobicity of the surface, v.)
temperature. For example, a system based on silica and a photoreactive derivative of p-
hydroxycinnamic acid showed a reversible ability to open and close pores and thus control
the drug release. The results of the release of naproxen clearly confirmed the reversible
photodimerization reaction on the silica surface and the possibility of using of such prepared
material to control the release of drugs using a photo stimulus. A change in pH was used as
another stimulus for controlled drug release. In the preparation of drug-releasing materials
due to a change in pH, "nanovalves" consisting of an amine ligand and a cyclodextrin were
anchored on the surface of the silica. Release of the drug into the simulated body fluid (pH =
7.4) showed no release, the silica pores were tightly closed. In contrast, at pH = 5, a gradual
release of the drug was observed over time. A redox-responsive drug delivery system,
based on a porous SBA-15 carrier containing a dithiol bond, the pores of which were closed
with ZnS nanoparticles, was also prepared and investigated. Doxorubicin (DOX), a
chemotherapeutic used to treat various types of cancer, was used as a model drug in the
study. The dithiol bond was cleaved by redox-active molecules, such as dithiothreitol or
glutathione, whose concentration in cancer cells is 4-fold higher compared to healthy cells.
Saline was used as a non-redox medium and saline with a 10 mM concentration of
dithiothreitol was used as a redox medium. Assumptions were fulfilled, 3 times more
doxorubicin was released into the dithiothreitol solution from the system than into pure
saline.

Within the project, composite materials based on Fe203 and Gd203 nanoparticles
integrated in a porous silica-based matrix were also prepared and studied. The correlation of
structural parameters as well as the magnetic state of nanoparticles in porous supports was
analysed. A key factor in the targeted influence of the magnetic properties of magnetic
nanoparticles was the control of the size of interparticle interactions, especially of a dipolar
nature. Particles within the hexagonal matrix showed individual behaviour, leading to free
fluctuation of magnetic moments across the energy barrier, in these systems the magnetic
interactions between the particles dominated only inside one pore. Conversely, strong
dipolar interactions can act between particles within a cubic matrix that has an
interconnected pore system, leading to the collective behaviour of the nanoparticles. Their
use for magnetic hyperthermia is very interesting for the applications of the studied systems.
The concept of the functionality of the systems described above was also investigated in
real biological samples, during in vivo experiments, using experimental animals, Wistar rats.
The study confirmed that the developed concept of drug carriers, which the project dealt
with, is also functional in living systems. In addition to in vivo animal experiments, samples
of silica as well as silica with the drug were subjected to cytotoxicity studies in several
systems. In vitro studies were performed on human glioma U87 MG cells and SKBR3 cells.
The biocompatibility of the pH sensitive silica was tested in a CAM quail model in a
microcirculatory system. Biological studies showed remarkable results when silica alone did
not show cytotoxicity, but the cytotoxicity of drugs when encapsulated in silica was higher
than that of cytostatic drugs when administered alone.
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