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Abstract

Sonodynamic therapy (SDT), presenting spatial and temporal control of ROS generation triggered by ultrasound field,
has attracted considerable attention in tumor treatment. However, its therapeutic efficacy is severely hindered by the
intrinsic hypoxia of solid tumor and the lack of smart design in material band structure. Here in study, fine a-Fe, O,
nanoparticles armored with Pt nanocrystals (a-Fe,O;@Pt) was investigated as an alternative SDT agent with ingenious
bandgap and structural design. The Schottky barrier, due to its unique heterostructure, suppresses the recombination
of sono-induced electrons and holes, enabling superior ROS generation. More importantly, the composite nanopar-
ticles may effectively trigger a reoxygenation phenomenon to supply sufficient content of oxygen, favoring the ROS
induction under the hypoxic condition and its extra role played for ultrasound imaging. In consequence, a-Fe,O;@Pt
appears to enable effective tumor inhibition with imaging guidance, both in vitro and in vivo. This study has therefore
demonstrated a highly potential platform for ultrasound-driven tumor theranostic, which may spark a series of further
explorations in therapeutic systems with more rational material design.

Keywords: Heterostructure, Sonodynamic therapy, Self-supplied oxygen, Tumor theranostic

*Correspondence: xiang.li@zju.edu.cn

Tian Zhang, Qiang Zheng and Yike Fu are contributed equally to this
study

! State Key Laboratory of Silicon Materials, School of Materials Science
and Engineering, Zhejiang University, Hangzhou 310027, Zhejiang, P. R.
China

Full list of author information is available at the end of the article

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12951-021-01105-x&domain=pdf
Administrator
高亮

Administrator
新图章

Administrator
矩形

Administrator
新图章


	α-Fe2O3@Pt heterostructure particles to enable sonodynamic therapy with self-supplied O2 and imaging-guidance
	Abstract 
	Introduction
	Materials and methods
	Chemicals and agents
	Characterization
	Synthesis of α-Fe2O3@Pt heterostructure particles
	Functional characteristics of α-Fe2O3@Pt
	In vitro study
	In vivo study
	Biosafety assessment

	Results and discussion
	Synthesis and characterization of α-Fe2O3@Pt
	Oxygen production and US-triggered ROS induction
	In vitro study
	In vivo antitumor efficacy and ultrasound imaging

	Conclusions
	Acknowledgements
	References


