
 

 

Design, synthesis and cytotoxicity evaluation of novel glucose-6-phosphate 

dehydrogenase inhibitors as a molecular target in tumor radiotherapy 

 

The present study assumes that oxidative-reducing equilibrium is key in maintaining basic 

cell functions, including proliferation and cell death. It can therefore be assumed that the 

chemical weakening  of oxidative-reducing equilibrium will reduce cancer cell resistance to 

oxidative stress induced by  ionizing radiation in tumor therapy. The molecular target was the 

glucose 6-phosphate dehydrogenase (G6PDH), a key enzyme for synthesis of cell NADPH 

(essential for cellular antioxidative processes), and a key enzyme for the production of 

pentoses - essential for DNA synthesis, especially in rapidly proliferating tumor cells.  

 

Therefore, in this study, an attempt was made to synthesize new G6PDH inhibitors based on 

in silico analysis. Chosen candidates were spatial compounds composed of carbon and boron 

(carboranes). Those that showed optimum performance in computer models, where 

synthesized.  

In this dissertation, a thesis has been made to verify that G6PDH inhibitors will sensitize 

tumor cells to X-rays. All tumor lines (malignant melanoma, gastric and hepatocellular 

cancer) are characterised by G6PDH overexpression. Additionally,  radiation X is used in the 

treatment of these tumors. 

 

In order to select concentrations of newly synthesized carboranes, studies have been 

performed on cells such as erythrocytes and cardiomyocytes, that are highly susceptible to 

redox disorders. Based on the research, the following conclusions have been drawn: 

 

The molecular modeling experiments demonstrated that the carboranal moiety itself and its 

amide derivatives dock at the active site of the enzyme, and most of them are likely to act as 

inhibitors of G6PDH because of their position. 27 purified compounds were able to be 

synthesized out of 40 computer-designed  structures; Three amide derivatives, out of all tested 

compounds, showed the strongest effect on all cancer cell lines. Their IC50 values have been 

shown to be very close, which is probably due to their homologous structure differing from 

one another in a presence of one  additional carbon in the side chain; Two compounds 



affecting cell NADPH2 turnover: primaquine and 6-aminonikotinamide showed a weaker 

cytotoxic effect than compounds M01, M02, M03 from carborane group; No toxic effects of 

the compounds, on normal cardiomyocytes and blood cells, were observed at concentrations 

cytotoxic and cytostatic for all examined tumor cell lines. As a result of the aplication of the 

three most active compounds at concentrations corresponding to IC50 and incubation time 

correspondingly long for each cell line, it was observed that all examined tumor cells were 

sensitized for radiation (2Gy or 10Gy), what was confirmed by microscopic examination, cell 

cycle and apoptosis. 

 


