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Introduction: The search for non-invasive and selective approaches for the treatment of deeply-seated cancers has led to 
the development of novel treatment paradigms such as sonodynamic therapy (SDT). This is an innovative approach that 
combines the application of low-intensity ultrasound (US) with a chemical/drug (sonosensitiser) to achieve a therapeutic effect. 
The approach is somewhat similar to that of photodynamic therapy (PDT), but US has the advantage of enhanced tissue 
penetration compared to light. However, the mechanism by which the sensitiser at a non-cytotoxic concentration is activated by 
US is less clear. It is generally accepted that site-specific toxicity results from reactive oxygen species (ROS) generation under US 
exposure and a number of hypotheses have been suggested, all of which involve events that derive from US-induced cavitation. 
It has been suggested that doxorubicin (Doxo), an anthracycline antibiotic widely used in chemotherapeutic cancer treatments, 
might act as a sensitiser since light-induced ROS formation has been reported. Despite the efficiency against several types of 
cancer, the use of Doxo remains limited due to several side effects, especially cardiotoxicity. Therefore, there is great interest in 
searching for new strategies to increase efficacy whilst reducing side effects.

Materials and methods: The effects of sonodynamic treatment with Doxo has been studied in vitro on two different human 
ovarian cancer cell lines, i.e. A2780 wt that is sensitive to Doxo and A2780 ADR that is resistant to Doxo. Moreover, effects of 
light exposure of the same Doxo concentration were evaluated on both cell lines, as a reference. To assess a synergistic effect 
between Doxo and US, effects of sonodynamic treatment on both cell lines have been evaluated on ROS production, cell 
growth, cell death mechanism, cell cycle distribution, mitochondrial membrane potential, lipid peroxidation and DNA damage. 

Results: In order to select the proper non-cytotoxic Doxo concentration and incubation time for the sonodynamic treatment, 
Doxo cytotoxicity and cellular uptake have been evaluated resulting 0.05µM for 24hours on A2780 wt cells and 0.50 µM 
for 1hour on A2780 ADR cells. Interestingly, Doxo under US exposure showed intense generation of singlet oxygen in an ex 
cellulo system by electron paramagnetic resonance (EPR) spectroscopy. The sonodynamic treatment on A2780 wt cells caused 
the highest significant reduction (p ≤ 0.001) in cell proliferation, similar to what happened on A2780 ADR (p ≤ 0.001) after 
72hours compared to untreated cells. It is noteworthy that the in vitro sonodynamic treatment with Doxo was able to revert 
the P-glycoprotein-mediated resistance to Doxo. Moreover, it was possible to recognise significant induction of apoptosis and 
cell cycle arrest in the G2/M phase on both cell lines. US-mediated effects on ROS generation, mitochondrial membrane 
potential, lipid peroxidation and DNA damage resulted differently in the two cell lines, maybe in relation to distinct intracellular 
localisation of Doxo during US exposure as shown by confocal imaging. 

Discussion and conclusion: In conclusion, data demonstrated that Doxo can behave as a sonosensitiser and that its synergistic 
effect, when combined to US, is also able to revert P- glycoprotein mediated resistance to Doxo. The cell damages induced 
by the US-mediated Doxo activation can be different according to the Doxo intracellular localisation as it can drive the ROS-
mediated damage leading to cancer cell death.


