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zdravotnické pracovniky

Uplatnenie vysledkov projektu

Vysledky a vyuzitelnost rieSenia projektu mozu byt aplikovatelné v oblasti nanomediciny, pri
vyskume a priprave nanonosicov vyuzitelnych v diagnostike a cielenej terapii a tiez mozu
sluzit ako podklad pre klinické Studie s naslednym vystupom do klinickej praxe.

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

Nanomateridly na baze zlata predstavuju vdaka svojim unikatnym vlastnostiam sfubny
terapeuticky material pre pouzitie v nanomedicine. Cielena aplikacia lieCiv je jednou z
hlavnych oblasti, v ktorych mdze nanotechnoldgia prevratnym spésobom prispiet k
efektivnejSej lieCbe roznych ochoreni. Priprava selektivnych, tkanivovo-Specifickych
nanocCastic pre diagnosticko-terapeutické ucely vyZzaduje biokompatibilny a netoxicky
material s dobre definovanym osudom in vivo. Do dneSného dna su viak informacie
tykajuce sa dlhodobej toxicity a imunogenicity, ako aj zdravotnej nezavadnosti nanoCastic
zlata (AuNPs) nedostatocne preskimané. Tyka sato najma ich interakcie s bunkami na
molekularnej urovni, mechanizmu ich distribicie, akumulacie a eliminacie z organizmu ako
aj ich moznych nepriaznivych biologickych efektov v désledku dlhodobej expozicie. Cielom
nasej prace bolo preto stanovit’ parametre, ktoré su zodpovedné za distribuciu a akumulaciu
AuNPs vo vybranych organoch (pecen, oblicky, slezina, pluca) Zivého organizmu mysia
posudit’ ich toxicitu v kratkodobom aj dlhodobom horizonte s ohfadom na ich fyzikalno-
chemickeé vlastnosti. MySiam kmeria C57BL/6 bola jednorazovo intravenézne aplikovana
davka AuNPs (1000 pg/kg) s priemerom jadra 10 nm a 20 nm a s obalom PEG (polyetylén
glykol) alebo BSA (sérovy albumin) a bola sledovana toxicita vyvolana tymito
nanomaterialmi po 24 hodinach (kratkodobda) a po 30, 60 a 120 drioch (dlhodoba). Metédou
AAS (atdbmova absorpéna spektrometria) sa kvantifikovalo mnozZstvo zlata v organoch mysi,
na zéklade ¢oho sa dala urcit’ distribucia AuNPs v organizme. AuNPs sa distribuovali z krvi
do ciefovych tkaniv pomerne rychlo a v priebehu 24 hodin boli distribuované z krvi
predovsSetkym do pec€ene a sleziny. Obal nanoCastice do zna¢nej miery ovplyviioval tuto
distribaciu u mensich 10 nm, ale nie u vacsich 20 nm AuNPs. Zasadné rozdiely vSak boli
zaznamenané pri dlhodobej akumulacii, kde boli AUNPs s obalom PEG eliminované zo
sledovanych tkaniv ovela rychlejSie, ako AuNPs s obalom BSA. Po 120 drioch bolo v
cielovych organoch pritomné menej ako polovicné mnozstvo AuNPs s obalom PEG v
porovnani s prvym dniom. Naopak, mnozstvo AuNPs s obalom BSA v peceni kleslo len
nepatrne v priebehu celého experimentu a v ostatnych sledovanych organoch dokonca
stuplo. Tato perzistentna dlhodoba pritomnost AuNPs v organoch bola spojena s miernymi
zapalovymi odpovedami a zaCinajucim poskodenim tkaniv, ¢o sa najviac prejavilo u tkaniv
exponovanych 20 nm AuNPs s BSA obalom. Po 120 driovej expozicii AuNPs BSA bolo
zaznamenané zhorSenie stavu peCene na zaklade hodn6t NAFLD activity score spojené so
Strukturnymi zmenami v tkanive a zvySenim zapalovych markerov ako TNFa, MMP9, ¢i
F4/80. Prekvapivo doslo k zvySeniu hladiny albuminu v moci zvierat indikujucom poSkodenie
filtracnej funkcie obli¢iek, hoci v oblickach sa nachadzalo len minimalne mnozstvo AuNPs
oproti pec€eni. Identifikovali sme mozné mechanizmy podmienujuce tieto uc€inky, ako
infiltraciu mononuklrearnych buniek do tkaniv a s tym spojeny vznikajuci zapal a aktivaciu
cytochrému P450 spojeného s poSkodenim mitochondrii v tkanivach dlhodobo vystavenych
u€inku AuNPs s BSA obalom. UrcCité zapalové faktory boli zvySené aj v tkanivach
exponovanych AuNPs s PEG obalom, aviak nedoslo ku zmenam v Strukture, alebo funkcii
tychto tkaniv. Zavery Studie poukazuju na vySSie riziko AuUNPs s obalom BSA v ich vyuziti v
nanomedicine a zaroven potvrdzuju, Ze aj nanomaterialy na baze zlata mézu pri dlhodobom
perzistovani v organoch vyvolat' toxické odpovede buniek a viest’ k poSkodeniu tkaniv.
NavySe podcCiarkuju vyznam poznania dlhodobych interakcii nano€astic v Zzivom organizme
pre vyvoj biokompatibilnych nanomaterialov pre medicinu. VVSetky deklarované ciele projektu
boli Uspesne spinené a vysledky projektu prispievaju ku prehibeniu poznatkov v tejto oblasti,
¢o vyznamnou mierou prispeje k priprave bezpecnejSich a efektivnejSich nanoterapeutik.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)
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Gold nanomaterials are recognized as promising therapeutic tools for modern applications in
nanomedicine. Targeted drug delivery is one of the main medical fields where
nanotechnology can substantially contribute to the breakthrough in treatment efficacy of
various diseases. Development of highly-selective, tissue-specific nanoparticles designated
for diagnostic and therapeutic purposes requires biocompatible and non-toxic material with
well-defined destiny in vivo. Up to date, the information concerning gold nanoparticle
(AuNPs) long-term toxicity and immunogenicity as well as bio-safety remain insufficiently
explored. These are mainly their interactions with cells on the molecular level, mechanism of
distribution, accumulation, and elimination from the body, as well as their possible biological
adverse effects emerging from a long-term exposure. The main focus of the project was to
estimate the parameters responsible for AuNPs distribution and accumulation in the
selected organs (liver, kidney, spleen, lung) in the living mouse and evaluate their toxicity in
a short- and long- term perspective with the respect to their physicochemical properties.
C57BL/6 mice were given intravenously a single dose of AuNPs (1000 pg/kg) with core size
of 10 nm and 20 nm and with PEG (polyethylene glycol) or BSA (bovine serum albumin)
coatings. A short-term (24 hours) and long-term (30, 60, and 120 days) toxicity induced by
these nanomaterials was investigated. Amount of AuNPs in the murine organs was
quantified by AAS (atomic absorption spectrometry), which allowed determination of AUNPs
distribution in the mouse body. AuNPs were distributed rapidly from the blood circulation
and during 24 hours they accumulated in their target organs liver and spleen. This
distribution was affected by coating in smaller 10 nm but not larger 20 nm AuNPs. Apparent
differences were, however, detected after long-term accumulation as AUNPs with PEG
coating were eliminated from the selected tissues faster than AuNPs with BSA. 120 days
after exposure, less than half amount of AuNPs with PEG coating was detected in the target
organs compared to the day one. On the contrary, amount of AuNPs with BSA coating
decreased minimally in the liver in the course of the whole experiment and actually showed
increased accumulation in the other tested organs. Such persistent long-term presence of
AuNPs in the murine organs was associated with modest inflammatory response and early
signs of tissue injury, which was mostly manifested in the tissues exposed to 20 nm AuNPs
with BSA coating. Also, worsening of the liver condition was recognized based on the
NAFLD activity score after 120-day exposure that has been underlined by structural
changes of the liver tissue and elevated levels of inflammatory markers like TNFa, MMP9, or
F4/80. Surprisingly, elevated urinary albumin indicated damage of the kidney filtration unit,
despite the negligible amount of AuNPs found in this organ compared to the liver. Potential
mechanisms underlying these effects were identified as infiltration of mononuclear cells into
the tissue and subsequent incipient inflammation, as well as activation of cytochrome P450
associated with mitochondria damage in the tissues exposed to long-term accumulation of
AuNPs BSA. Certain inflammatory mediators were found elevated also in the tissues after
AuNPs PEG exposure, however, no structural or functional changes were detected. Study
outcomes point at higher risk of using AUNPs with BSA coating in the nanomedicine and at
the same time confirm that gold nanomaterials may induce toxic cellular responses and
subsequent tissue injury when persisting in the organs on a long-term basis. Moreover, they
underline the necessity of understanding the long-term interactions of nanoparticles and
living organism for development of biocompatible nanomaterials for medicine. All declared
project aims were successfully completed and results of the study contribute to deeper
knowledge in this research area that will significantly contribute to development of safer and
more effective nanotherapeutics.
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