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Sonodynamic therapy has attracted widespread attention for cancer treatment because of its noninvasiveness and high tissue-
penetration ability.  Generally,  ultrasound irradiation of  sonosensitizers produces separated electrons (e−)  and holes (h+),  which
inhibits cancer by producing reactive oxygen species (ROS). However, the separated electrons (e−) and holes (h+) could easily
recombine, lowering the yield of ROS and hindering the application of sonodynamic therapy (SDT). Herein, we present a highly
efficient sonosensitizer system for enhanced sonodynamic therapy built on reduced graphene oxide (rGO) nanosheets, bridged
ZnO and  Au  nanoparticles,  coated  with  polyvinyl  pyrrolidone  (PVP).  The  ultrasound  irradiation  activates  ZnO nanoparticles  to
generate separated electron–hole (e−–h+) pairs, and the rGO nanosheets facilitate electron transfer from ZnO to Au nanoparticles
because of the narrow band gap of rGO, which could efficiently restrain the recombination of the e−–h+ pairs, thereby significantly
augmenting  the  production  of  ROS to  kill  cancer  cells,  such  as  U373MG,  HeLa,  and  CT26  cells.  Moreover,  rGO nanosheets
integrated  with  Au  nanoparticles  could  catalyze  the  endogenous  decomposition  of  H2O2 into  O2,  which  can  alleviate  hypoxic
tumor  microenvironment  (TME).  Therefore,  the  rational  design  of  Au-rGO-ZnO@PVP nanomaterials  can  not  only  improve  the
efficiency  of  sonodynamic  therapy,  but  also  mitigate  the  hypoxic  tumor  microenvironment,  which  would  provide  a  new
perspective in the development of efficient sonosensitizers.
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2.8    ROS generation under US irradiation
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2.16     In vivo toxicity assessment
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3.1    Synthesis and characterization of Au-rGO-ZnO@PVP
nanomaterials
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3.2    Sonodynamic  performance  of  Au-rGO-ZnO@PVP
nanomaterials
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3.3    Oxygen  production,  extracellular  and  intracellular
ROS production, and hypoxia mitigation
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3.4    In vitro sonodynamic therapy against tumor cells
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3.5     In vivo sonodynamic therapy on tumor cells by Au-
rGO-ZnO@PVP
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