Univerzita Komenského v Bratislave
Fakulta matematiky, fyziky a informatiky

Meno a priezvisko Studenta: Mgr. Ivan Klbik, PhD.

Studijny program: fyzika kondenzovanych latok a akustika (Jednoodborové
Studium, doktorandské III. st., denna forma)

Studijny odbor: 13. fyzika

Typ zaverecnej prace: dizerta¢na

Jazyk zaverecnej prace: slovensky

Sekundarny jazyk: anglicky

Nazov: Termoanalytickda a mikroStruktirna charakterizacia fazového spravania

Abstrakt:

v systémoch kryoprotektivna zmes a lipidova dvojvrstva

Tato dizertacna praca sa zameriava na skimanie kryoprotektivnych vlastnosti
dimetylsulfoxidu (DMSO), bezne pouzivaného v procesoch kryoprezervacie
biologickych buniek. Hlavnym cielom kryoprezervacie je uchovat bunky
pri nizkych teplotach (<0°C) bez poskodenia ich funkcii a zivotaschopnosti.
Proces zmrazovania a rozmrazovania vSak predstavuje vyznamny stres pre
bunky, ¢o mdze viest' k stratdm ich zivotaschopnosti, hlavne kvoli tvorbe
ladu a zmendm v bunkovych médidch. Pridanie DMSO do bunkového média
zmieriiuje tieto negativne javy, avS§ak mechanizmy jeho pdsobenia zostavaju
do istej miery neobjasnené. Zvlast pozoruhodna je silna zavislost’ Gcinnosti
DMSO od jeho koncentracie, ktora bola identifikovana pri kryoprezervacii
Pudskych krvotvornych kmenovych buniek. V ramci tejto praci bola
formulovana hypotéza, ktord tvrdi, ze eutektické krystalizacia fyziologickych
soli mdéze byt hlavnym mechanizmom bunkového kryozranenia T'udskych
krvotvornych kmenovych buniek. Této praca sa sustred’uje na objasnenie tohto
javu prostrednictvom kombindcie experimentalnych a teoretickych metdd,
vratane termoanalytickej a mikroStrukturnej charakterizacie, doplnenych o
molekularno-dynamické simulacie. Cielom je preskimat’ vplyv DMSO na
fazové spravanie kryoprotektivnych zmesi v objemovom stave aj v uvidzneni
lipozomov, ktoré sluzia ako modelovy systém pre bunky a ich membrany.
Vysledky tychto stadii potvrdili hypotézu o eutektickej krystalizacii, pricom
bolo pozorované potlacenie eutektickej krystalizacie soli DMSO, co koreluje
s nastupom jeho kryoprotektivneho ucinku. Tieto poznatky ndm tiez umoznili
navrhnut’ novy kryoprezervacny pristup pre zmrazovanie 'udskych koznych
buniek s vyuzitim polyetylénglykolu 400 ako kryoprotektivnej latky, ktory
sme otestovali so slubnymi vysledkami. Tieto vysledky by mohli prispiet’
k lepSiemu pochopeniu mechanizmov kryoprotekcie a zjednodusit navrh
kryoprezervaénych protokolov, ktoré su v sucasnosti Casto zalozené na
empirickom pristupe.

This dissertation explores the cryoprotective properties of dimethyl sulfoxide
(DMSO), commonly used in the cryopreservation processes of biological cells.
The primary goal of cryopreservation is to preserve cells at low temperatures
(<0°C) without damaging their functions and viability. However, the freezing
and thawing process represents significant stress for the cells, which can
lead to viability losses, mainly due to ice formation and changes in cellular
media. Adding DMSO to the cell media mitigates these adverse effects, yet
the mechanisms of its action remain somewhat unclear. Particularly notable is

the strong dependence of DMSQO's effectiveness on its concentration, identified
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during the cryopreservation of human hematopoietic stem cells. Within this
work, a hypothesis was formulated stating that eutectic crystallization of
physiological salts might be the primary mechanism of cellular cryoinjury
in human hematopoietic stem cells. This work focuses on elucidating this
phenomenon through a combination of experimental and theoretical methods,
including thermoanalytic and microstructural characterization, complemented
by molecular-dynamic simulations. The objective is to investigate the effect of
DMSO on the phase behavior of the cryoprotective mixtures in the bulk state and
under the confinement of liposomes, which serve as a model system for cells and
their membranes. The results of these studies confirmed the hypothesis about
eutectic crystallization, with observations showing suppression of salt eutectic
crystallization by DMSO, correlating with the onset of its cryoprotective effect.
These insights also allowed us to design a new cryopreservation protocol for
freezing human skin cells using polyethylene glycol 400 as a cryoprotective
agent, which we tested with promising results. These findings could contribute
to a better understanding of the mechanisms of cryoprotection and simplify the
design of cryopreservation protocols, which are often based on an empirical
approach.
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