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Gtowne zainteresowania naukowe grupy:
v Synteza nosnikow dla lekow i zwigzkéw pochodzenia

v Otrzymywanie i charakterystyka membran
biomimetycznych - analogow naturalnych bton

v/ Badanie wptywu lekow oraz ich nosnikdw na sposob
organizacji lipidow w membranach biomimetycznych

Synteza nosnikow dla kannabinoidow

ograniczajgce negatywny wptyw

Choroby nowotworowe charakteryzujg sie szybkim i niekontrolowanym wzrostem komorek w organizmie. Ze
wzgledu na ich duze zroznicowanie ciggle poszukiwane sg nowe, skuteczne metody leczenia o dobrze
zdefiniowanej charakterystyce bezpieczenstwa. Nosniki lekow od wielu lat stosowane sg jako srodki
lekow w tym chemioterapeutykdbw na organizmy zywe. W toku
przeprowadzonych badan eksperymentalnych udowodniono, ze pozwalajg one nie tylko obnizaC ich
toksycznosc, ale rowniez poprzez ich odpowiednig modyfikacje umozliwiajg dostarczanie lekow w scisle
okreslone miejsce w organizmie. W ostatnich latach coraz wiekszg uwage zwraca sie na farmaceutyczne
zastosowanie sktadnikdw konopi — kannabinoidow. Badania naukowe potwierdzajg ich przeciwnowotworowe
witasciwosci w tym: wywotywanie apoptozy komorek zmienionych chorobowo, zapobieganie podziatowi tych
komorek 1 przerzutom, hamowanie rozwoju nowych naczyn krwionosnych w obrebie guza czy dziatania
antyproliferacyjne. Duza hydrofobowos¢ kannabinoidoéw utrudnia ich biodystrybucje w organizmie stad
konieczne jest zastosowanie nosnika dla tej klasy zwigzkow.

Koniugaty na bazie nanoczastek tlenku zelaza
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Nanoczgstki tlenku zelaza ze wzgledu na swoje wtasciwosci superparamagnetyczne mogg byc¢
stosowane w terapiach celowanych. Ze wzgledu na hydrofobowos¢ kannabinoidu,
powierzchnia SPIONOw zostata zmodyfikowana, tworzgc
dwuwarstwe na powierzchni struktury. Jak wida¢ na zdjeciach TEM, nanoczgstki majg
regularng morfologie Mozemy wnioskowac¢, ze organiczna warstwa podwodjna jest w stanie
uwiezi¢ wewnagtrz kilka matych nanoczgsteczek. Koniugat zostat zmodyfikowany dwoma
roznymi kannabinoidami (CBD i CBG) oraz lekiem epirubicyng. Otrzymane nosniki zostaty
przeanalizowane pod wzgledem jakosciowym oraz ilosciowym. Udane przytaczenie sie
kannabinoidu potwierdzono przy pomocy techniki XPS oraz spektroskopii w podczerwieni.

hydrofilowo-hydrofobowg

Do analizy ilosciowe;j | | Analizowana rowniez
wykorzystano dwie techniki. || zostata zdolnosc¢
Przy pomocy DSC wyznaczono || otrzymanych koniugatow
ilos¢ przytgczonego || do indukcji ciepta przy
kannabinoidu do koniugatu. Na || pomocy hipertermii
podstawie  wartosci  entalpii || magnetyczne,. Probki
czystych kannabinoidow | || nanoczgstek  poddano
termogramow DSC dla || dziataniu zmiennym

koniugatow, zawartos¢ CBD i||wartosciom  natezenia
CBG w nosnikach oszacowano || oraz czestotliwosci pola
ilosci kannabinoidu W || magnetycznego | 0w
strukturach. Do wyznaczenia || takich

ilosci epirubicyny w koniugacie || warunkach rejestrowano
wykorzystano technike || zmiany temperatury
woltamperometrii cykliczne,.

Wyniki cytotoksycznosci otrzymanych koniugatow wykazaty
przeciwnowotworowe wtasciwosci nosnikow. Zwiekszona
cytotoksycznos¢ obserwowana w przypadku leczenia
skojarzonego podkresla znaczenie tego podejscia, w
ktorym kannabinoidy nie tylko zwiekszajg skutecznosc¢
epirubicyny, ale takze potencjalnie zmniejszajg ryzyko
nawrotu nowotworu, oddziatujgc na wiele aspektow biologii
komorek nowotworowych.
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Koniugaty na bazie hydroksyapatytu
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Jednym z przyktadowych zwigzkdéw, ktory moze zostac
zastosowany jako nosnik dla kannabinoidow i lekow jest
hydroksyapatyt. Na zdjeciach SEM widac¢, ze materiat ten
wystepuje w postaci dtugich pretow o réznorodnej dtugosci,
szerokosci oraz nieregularnym ksztatcie. HAp zostat
zmodyfikowany dwoma rodzajami kannabinoidow (CBN i
CBC) oraz lekiem mitoksantron. Szereg technik
wykorzystanych do charakterystyki modyfikowanego
nosnika umozliwit analize ilosciowg oraz jakosciowg
zaadsorbowanych substancji. Udany proces modyfikacji
nosnika kannabinoidami potwierdzita miedzy innymi
roznicowa kalorymetria skaningowa. Na krzywej DSC
(wykres po lewej stronie) obecny jest sygnat
charakterystyczny dla kannabinoidu CBN zwigzany z jego
przejsciem fazowym.

Do analizy ilosciowej wykorzystano dwie techniki. Za
pomocg spektroskopii UV VIS mozliwe byto okreslenie
ilosci mitoksantronu zaadsorbowanego w nosniku, gdzie
lek stanowit ok 5,5 % masowych. Oszacowanie zawartosci
kannabinoidow w strukturze hydroksyapatytu wykonano na
podstawie czasOw retencji z pomiaru wysokosprawnej
chromatografii cieczowej. Analizujgc wyniki HPLC okazato
sie, ze ilos¢ CBN oraz CBC wynosi ok 14 %.

Analiza izoterm Langmuira oraz modutow scisliwosci
umozliwita zbadanie wptywu koniugatu oraz jego
sktadnikéw na monowarstwy lipidowe. Otrzymane izotermy
wskazujg na brak wptywu Hap na monowarstwy lipidowe,
niezaleznie od zastosowanego stezenia. Jest to zjawisko
korzystne, ktore wskazuje na mozliwos¢ zastosowania tego
zwigzku jako nosnika leku przeciwnowotworowego.
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Jednym z  najwazniejszych
wnioskow ptyngcych z badan
eksperymentalnych wykonanych
tg technikg jest fakt, ze dodatek
kannabinoidow powoduje
zwiekszenie ich ptynnosci
membran co moze sSwiadczyC o
zwiekszeniu cytotoksycznosci w
obecnosci substancji
terapeutycznych.

Badania przenikania modelowych neurotransmiterow przez biony

biomimetyczne

ta

W wyniku osadzenia na powierzchni elektrodowej czgsteczek tioli lub tiolipidow
uzyskiwane sg uklady biomimetyczne o charakterze bton biologicznych. Roézne
depolaryzatory mogg ulegac¢ w ich obrebie reakcjom redoks, ktore bedg ograniczone
poprzez szybkosc¢ przeniesienia elektronu. W wyniku badan mozliwe jest skorelowanie
wtasnosci czgsteczki neurotransmitera oraz monowarstwy osadzonej na elektrodzie, ze
zdolnoscig czgsteczki do penetrowania uktadow biomimetycznych. Co wiecej, zdolnosc¢
systematycznie maleje wraz 2z wydluzaniem sie dlugosci tancuchow
weglowodorowych tioli.
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Physicochemical characterization
and potential cancer therapy
applications of hydrogel beads
loaded with doxorubicin
and GaOOH nanoparticles

Aleksandra Zmuda?, Weronika Kaminska?, Marta Bartel®, Karolina Gtowacka?,
Maciej Chotkowski', Katarzyna Medyriska'?, Katarzyna Wiktorska? & Maciej Mazur'”

A new type of hybrid polymer particles capable of carrying the cytostatic drug doxorubicin and
labeled with a gallivm compound was prepared. These microparticles consist of a core and a hydrogel
shell, which serves as the structural matrix. The shell can be employed to immobilize gallium oxide
hydroxide (GaOOH) nanoparticles and the drug, resulting in hybrid beads with sizes of approximately
3.81 +0.09 pm. The microparticles exhibit the ability to incorporate a remarkably large amount

of doxorubicin, approximately 0.96 mg per 1 mg of the polymeric carrier. Additionally, GaOOH
nanoparticles can be deposited within the hydrogel layer at an amount of 0.64 mg per 1 mg of the
carrier. These nanoparticles, resembling rice grains with an average size of 593 nm by 155 nm, are
located on the surface of the polymer carrier. In vitro studies on breast and colon cancer cell lines
revealed a pronounced cytotoxic effect of the hybrid polymer particles loaded with doxorubicin,
indicating their potential for cancer therapies. Furthermore, investigations on doping the hybrid
particles with the Ga-68 radioisotope demonstrated their potential application in positron emission
tomography (PET) imaging. The proposed structures present a promising theranostic platform, where
particles could be employed in anticancer therapies while monitoring their accumulation in the body
using PET.
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(a) Fluorescence microscopy image of hydrogel particles with incorporated doxorubicin (PSS/Dox),
(b) emission spectrum of an individual PSS/Dox particle (excitation 532 nm)
(c) SEM image of PSS/GaOOH/Dox particles, (d) gamma-ray spectrum of PSS/**GaOOH/Dox particles.
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Antitumor and antimetastatic
effects of dietary sulforaphane

In a triple-negative breast cancer
models

A. Pogorzelska®'™, M. Switalska®?, J. Wietrzyk®?2, M. Mazur3?, M. Milczarek®?,
K. Medynska* & K. Wiktorska®*~

Triple-negative breast cancer (TNBC) represents aggressive phenotype with limited treatment options
due to the lack of drug targets. Natural compounds are extensively studied regarding their potential
to alter the efficacy of cancer treatment Among them sulforaphane - an isothiocyanate of natural
origin, was shown to be a hormetic compound, that may exert divergent effects: cytoprotective or
cytotoxic depending on its concentrations. Thus, the aim of this study was to determine the effect

of its low, dietary concentrations on the proliferation and migration of the TNBC cells in the in vivo
and in vitro 2D and 3D model. Results of the in vivo experiment showed up to 31% tumor growth
inhibition after sulforaphane treatment associated with lowered proliferating potential of cancer cells,
reduced areas of necrosis, and changed immune cell type infiltration, showing less malignant type of
tumor in contrast to the non-treated group. Also, the study revealed that sulforaphane decreased the
number of lung metastases. The in vitro study confirmed that SFN inhibited cell migration, but only

in cells derived from 3D spheroids, not from 2D in vitro cultures. The results show a specific role of
sulforaphane in the case of cells released from the TNBC primary tumor and its environment.
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The cytotoxic activity of SEN in vitro. The survival curves of MDA-MB-231 cells from (A) 2D

culture and (B) 3D spheroid culture after treatment with SEN (A) (0.06-250 uM) and (B) (0.5-250 uM),
(C) microscopic images of the live/dead staining of MDA-MB-231 3D spheroid culture after SEN treatment
(0.5-250 uM), where green—live cells (FDA), red—dead cells (PI). Scale bar 200 pm.
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Post-mortem recrystallization

of biogenic amorphous calcium
carbonate guided by the inherited
macromolecular framework

Jarostaw Stolarski'*’, Ismael Coronado?, Marta Potocka?, Katarzyna Janiszewska’?,
Maciej Mazur*, Alain Baronnet®, Juncal A. Cruz?, Olivier Grauby® & Anders Meibom®’

In contrast to abiotically formed carbonates, biogenetic carbonates have been observed to be
nanocomposite, organo-mineral structures, the basic build-blocks of which are particles of quasi-
uniform size (10-100 nm) organized into complex higher-order hierarchical structures, typically with
highly controlled crystal-axis alignments. Some of these characteristics serve as criteria for inferring a
biological origin and the state of preservation of fossil carbonate materials, and to determine whether
the biomineralization process was biologically induced or controlled. Here we show that a calcium
storage structure formed by the American lobster, a gastrolith initially consisting of amorphous
calcium carbonate (ACC) and amorphous calcium phosphate (ACP), post-mortem can crystallize into
(thus secondary) calcite with structural properties strongly influenced by the inherited organic matrix.
This secondary calcite meets many structural criteria for biominerals (thus called the biomorphic
calcite), but differs in trace element distributions (e.g., P and Mg). Such observations refine the
capability to determine whether a fossil carbonates can be attributed to biogenic processes, with
implications for the record of life on Earth and other terrestrial planets.

Gastrolith morphology. (A) Well-developed gastrolith in dissected American lobster (Homarus
americanus). (B) The cardiac stomach wall in discoid areas of the monolayered epithelium where the growth of
gastrolith columnar units take place; calcification occurs in polygonal compartments (here empty; transmitted
light). (C) Longitudinally broken mature gastrolith to show arrangement of columnar units. (D) Diverse shapes
of columnar units after bleaching and natural disassembly of the gastrolith. ZPAL V.31/14.
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Mineralogic and selected crystallographic features of pristine amorphous phases and secondary biomorphic calcite.

Transmitted optical light image of thin-sectioned gastrolith columnar unit (A) with a distinct border between amorphous (bottom)
and crystalline (top) regions. (B) Micro-Raman map of pristine (bottom, composed of disordered carbonate, ACC) and altered (top,
composed of calcite) gastrolith regions. (C) Angular positions of selected X-ray diffraction reflections (104, left plot) and (216, right
plot) in biogenic (Pinna and Pecten bivalve shells), abiotic Iceland spar calcite, and gastrolith biomorphic calcite. Note the characteristic
shifts between abiotic Iceland Spar and biogenic/biomorphic calcites to higher reflection angles and the broadening of the peak in
biomorphic calcite in comparison with other samples.

Eumelanin-Enhanced Photothermal Disinfection of Contact
Lenses Using a Sustainable Marine Nanoplatform
Engineered with Electrospun Nanofibers

Magdalena Bartolewska, Alicja Kosik-Koziot, Zbigniew Korwek, Zuzanna Krysiak,
Devis Montroni, Maciej Mazur, Giuseppe Falini, and Filippo Pierini*

Adv. Healthcare Mater. 2024, 2402431

Bacterial keratitis (BK) is a severe eye infection commonly associated with
Staphylococcus aureus (S. aureus), posing a significant risk to vision,
especially among contact lens wearers. This research introduces a novel
smart nanoplatform (deMS@cNF), developed from demineralized mussel
shells (deMS) and reinforced with chitin (CT) nanofibrils, specifically designed
for portable photothermal disinfection of contact lenses. The nanoplatform
leverages the photothermal properties of eumelanin in mussel shells (MS),
which, when activated by a simple bike flashlight, rapidly heats to
temperatures up to 95 °C, effectively destroying bacterial contamination. In
vitro tests demonstrate that the nanoplatform is biocompatible and non-toxic,
mabking it suitable for medical applications. This study highlights an
innovative approach to converting marine biowaste into a safe, effective, and
low-cost portable method for disinfecting contact lenses, showcasing the
potential of the deMS@cNF platform for broader antimicrobial applications.
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Preclinical evaluation of ['®F]SYN1 and
['SFISYN2, novel radiotracers for PET
myocardial perfusion imaging

Seweryn Krajewski' ®, Lukasz Steczek', Karina Gotowicz"%, Urszula Karczmarczyk®, Joanna Towpik',
Fwa Witkowska-Patena®”, Krzysztof kyczko®, Maciej Mazur?, Przemystaw Kozanecki', Joanna Whostowska',
Juhani Knuuti’® Mirostaw Dziuk*®, Piotr Garnuszek® and Cezary Kozanecki'

Abstract

Background Positron emission tomography (PET) is now an established diagnostic method for myocardial perfusion
imaging (MPI) in coronary artery disease, which is the main cause of death globally. The available tracers show several
limitations, therefore, the '®F-labelled tracer is in high demand nowadays. The preclinical studies on normal Wistar
rats aimed to characterise two potential, novel radiotracers, ['®FISYN1 and ['®F]SYN2, to evaluate which is a better
candidate for PET MPI cardiotracer.

Results The dynamic microPET images showed rapid myocardial uptake for both tracers. However, the uptake was
higher and also stable for ['®F]SYN2, with an average standardized uptake value of 3.8. The biodistribution studies
confirmed that ['®F]SYN2 uptake in the cardiac muscle was high and stable (3.02%ID/g at 15 min and 2.79%ID/g at

6 h) compared to ["®FISYN1 (1.84%ID/g at 15 min and 0.32%ID/q at 6 h). The critical organs determined in dosimetry
studies were the small intestine and the kidneys. The estimated effective dose for humans was 0.00714 mSv/MBq for
['®FISYN1 and 0.0109 mSv/MBq for ['8F]SYN2. The tested dose level of 2 mg/kg was considered to be the No Observed
Adverse Effect Level (NOAEL) for both candidates. The better results were achieved for ['®FISYN2, therefore, further
preclinical studies were conducted only for this tracer. Radioligand binding assays showed significant responses in

3 from 68 assays: muscarinic acetylcholine M, and M, receptors and potassium channel hERG. The compound was
mostly metabolised via an oxidative N-dealkylation, while the fluor substituent was not separated from the molecule.

Conclusion ["®F]SYN2 showed a favourable pharmacodynamic and pharmacokinetic profile, which enabled a clear
visualization of the heart in microPET. The compound was well-tolerated in studies in normal rats with moderate
radiation exposure. The results encourage further exploration of ['8F]SYN2 in clinical studies.

‘ Keywords Cardiotracer, Dosimetry, Fluorine-18, PET MPI, Preclinical studies
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Representative microPET images of ['®F]SYN2: slice (top) in the coronal plane and maximum intensity projection (bottom).

A Novel Tetrahydroacridine Derivative with Potent
Acetylcholinesterase Inhibitory Properties and Dissociative
Capability against A342 Fibrils Confirmed by In Vitro Studies

Ilona Mojzych 1, Anna Zawadzka 10, Kryspin Andrzejewski 2(*), Monika Jampolska 2, Zuzana Bednarikova 3{,
Miroslav Gancar 3(%, Zuzana Gazova 37, Maciej Mazur ¥ and Katarzyna Kaczynska >*

Int. J. Mol. Sci. 2024, 25, 10072.

Abstract: Alzheimer’s disease (AD) is one of the most common causes of dementia, accounting
for more than 60% of all cases. It is a neurodegenerative disease in which symptoms such as a
decline in memory, thinking, learning, and organizing skills develop gradually over many years and
eventually become more severe. To date, there is no effective treatment for the cause of Alzheimer’s
disease, and the existing pharmacological options primarily help manage symptoms. Treatment
is mainly based on acetylcholinesterase (AChE) inhibitors such as donepezil, rivastigmine, and
galantamine, which exhibit numerous adverse cardiovascular and gastrointestinal effects due to
excessive stimulation of peripheral cholinergic activity involving muscarinic receptors. Therefore,
in addition to the obvious drugs that act on the cause of the disease, new drugs based on AChE
inhibition that show the fewest side effects are needed. One potential drug could be a new compound
under study, tetrahydroacridine derivative (CHDA), which showed significant potential to inhibit the
AChE enzyme in previous in vitro studies. The present study shows that while having very potent
AChE inhibitory properties, CHDA is a compound with low toxicity to nerve cell culture and living
organisms. In addition, it exhibits dissociative activity against amyloid 3 fibrils, which is extremely
important for applications in Alzheimer’s disease therapy.
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Acetylcholinesterase activity in the hippocampus of rats that received intraperitoneal injection

of Na(l, rivastigmine, CHDA, and liposomal CHDA. Data are expressed in mU min—! mg_1 and

presented as mean £ SD, * p < 0.05, (n = 4 in each group).




