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Pagrindinis mokslinio tyrimo tikslas — istirti jonizuojancios spinduliuotés saveikos su
molekulinémis fotosensibilizuojan¢iomis sistemomis fizikinius mechanizmus ir pritaikyti gautas
zinias radiacinés terapijos efektyvinimui bei naujiems molekulinés dozimetrijos sprendimams
biomedicinoje. Tyrimuose bus nagrin€¢jami spinduliuotés energijos sugerties, pernasos ir lokalios
koncentracijos procesai molekuliniuose radiacijos surinkimo centruose, akcentuojant spinduliuotés
sukelty radikaly formavimasi ir jy sgveikg su spinduliuotei jautriomis molekulinémis strukttromis.

Pagrindinés tyrimy kryptys apima tetrapiroly ir policikliniy kvinony pagrindu sukurtas
molekulines sistemas, kurios bus kombinuojamos su radikalams jautriais luminoforais (pvz.,
luminoliu) bei modifikuojamos jonizuojanciai spinduliuotei jautriais elementais, tokiais kaip boras ar
kadmis. Tokios sistemos sudaro prielaidas tirti spinduliuotés sukelto atsako formavimasi, energijos
perdavimo ir lokalizacijos procesus bei jy priklausomybe¢ nuo molekulinés struktiiros, kas yra esmine
naujos kartos molekulinés dozimetrijos ir radiacijos surinkimo centry kiirimo dalis.

Eksperimentiniai tyrimai bus papildyti iSsamiais in silico skai¢iavimais, taikant tankio funkcionalo
teorija (DFT) energiniy lygiy struktiiry, kriivio pernasos ir suzadinimo biiseny analizei. Skai¢iavimai
bus atlieckami naudojant ,,Gaussian“, ,,ORCA®, , Turbomole“ ir ,,ADF*“ programinius paketus,
pasitelkiant VU atviros prieigos skaic¢iavimy klasterio infrastruktiirg. Kvinony pagrindu sudaryty
molekuliniy kompleksy formavimasis ir savybés jau yra patvirtintos spektrofotometriniais, BMR ir
EPR tyrimais, o tolesnéje darbo eigoje $ie rezultatai bus papildyti teoriniais in silico pagrindimais.

Terapinés pakraipos eksperimentuose bus tiriamas policikliniy kvinony poveikis kalio kanalams,
naudojant prostatos vézio modeling sistema, siekiant jvertinti lasteliy i1Sgyvenamuma po
jonizuojancios spinduliuotés poveikio, inkubavus su pasirinkty junginiy kombinacijomis.

Siy tyrimy rémuose bus jsitraukta j vadovo vadovaujamo LMT mokslininky grupiy projekto
»Naujos kartos dozimetrijos platforma, skirta efektyviam molekuliniy radiacijos surinkimo centry
pritaikymui biomedicinos srityje veiklas.

Novel molecular structure sensitizers for radiation therapy

The main objective of the research is to investigate the physical mechanisms of ionizing radiation
interactions with molecular photosensitizing systems and to apply the resulting knowledge to enhance
radiotherapy efficiency and develop new molecular dosimetry solutions in biomedicine. The study
will focus on processes of radiation energy absorption, transfer, and local accumulation within
molecular radiation collection centers, with particular emphasis on the formation of radiation-induced
radicals and their interactions with radiation-sensitive molecular structures.

The primary research directions include molecular systems based on tetrapyrroles and polycyclic
quinones, which will be combined with radical-sensitive luminophores (e.g., luminol) and modified
with elements sensitive to ionizing radiation, such as boron or cadmium. These systems provide a
framework for studying the formation of radiation responses, energy transfer, and localization
processes, and their dependence on molecular structure, which is essential for the development of
next-generation molecular dosimetry and radiation collection centers.



Experimental investigations will be complemented by extensive in silico calculations using density
functional theory (DFT) to analyze energy level structures, charge transfer, and excited states.
Calculations will be performed using the Gaussian, ORCA, Turbomole, and ADF software packages,
utilizing the Vilnius University open-access computational cluster infrastructure. The formation and
properties of quinone-based molecular complexes have already been confirmed by
spectrophotometric, NMR, and EPR studies, and these results will be further supported by theoretical
in silico analysis.

Therapeutically oriented experiments will examine the effects of polycyclic quinones on
potassium channels using a prostate cancer model system, assessing cell survival after ionizing
radiation exposure in the presence of specific compound combinations.

These studies will be conducted within the framework of the supervisor-led Lithuanian Research
Council research group project, “Next-Generation Dosimetry Platform for the Efficient Application
of Molecular Radiation Collection Centers in Biomedicine.”



