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Hypoxia is a common and major obstacle to radiotherapy outcome in human tumours, because tumour cells in hypoxic conditions 

are more resistant to treatment than normal oxygenated tumour cells. Tumour hypoxia is caused by a disbalance of O2-demand 

and supply in rapidly proliferating tumours. Strategies in the past have focussed on increasing the supply of oxygen to tumours to 

decrease tumour hypoxia. However, this approach is limited because of the restricted functionality of the tumour vasculature. In 

the study by Benej et al., the researchers aim instead to decrease the oxygen demand of tumours to reduce hypoxia. To do this 

they use the FDA-approved drug papaverine (PPV); a vasodilator that was recently found to slow the growth of tumour cells grown 

in media that contained only galactose as a carbon source indicating that papaverine also inhibited mitochondrial function. This 

paper found that PPV inhibited mitochondrial complex I. By measuring the partial pressure of oxygen (pO2) in real time using 

frequency domain near-infrared optical spectrometry, they found that PPV administration significantly increased the pO2 in both 

breast and lung tumour models. This was confirmed through use of the hypoxia marker pimonidazole, which was reduced by 72% 

in the treated tumours. PPV treatment 30 minutes before radiation treatment produced a two- to four-fold enhancement of delay 

in tumour growth over radiation alone. Normal tissue toxicity was measured using the GI crypt assay, and PPV was found to have 

no negative effects on radiation-induced death of normal crypt cells; indeed, it may have had a radioprotective effect. PPV 

radiosensitisation was then shown to work through complex I inhibition by using a knockout model of the essential complex I 

protein NDUFV1, which was then rescued through the introduction of the yeast I paralogue NDI1, which is PPV resistant. Tumours 

grown from this cell line showed no decrease in hypoxia or radiosensitisation when treated with PPV. Finally, they re-engineered 

PPV to remove the vasodilatory function and only retain the complex I inhibitory function. This compound SMV-32 decreased 

tumour hypoxia and showed comparable radiosensitisation to PPV.  

This work shows the possibility that tumour hypoxia can be reduced, and effectiveness of radiotherapy can be increased through 

the inhibition of mitochondrial function while little effect is produced at clinical concentrations of treatment on normal tissue. The 

transient alteration of tumour hypoxia offers a clinically manageable clinical window to deliver more effective radiotherapy. As PPV 

is already approved and the dosing has been refined over many years, PPV appears to be an ideal candidate for treatment in 

combination with radiotherapy. 
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