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Photodynamic Therapy
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Sonodynamic Therapy
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Bogdan, et al., Nanoscale Res. Lett., 2017, 12, 225SDT
✅ Non-invasive
✅ High permeability



Cavitation
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J, Ö., et al., Sustainable and energy efficient leaching of 
tungsten (W) by ultrasound controlled cavitation, 2017, p8



Mechanism of SDT
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Xing, X. et al., Coordination Chemistry 
Reviews, 2021, 445, 214087



Sensitizers
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Sono-photodynamic Therapy
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US
Light

sensitizer

SPDT
✅ High selectivity
✅ Low risk of side effects
✅ Low permeability
✅ High efficiency



Contents

• Introduction
• Sono-photodynamic Therapy on Cancer
• Sono-photodynamic Therapy against Bacteria
• Summary

10



Cytotoxicity of Ce6
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Light: 650 nm, 1.2 J/cm2

US: 0.36 W/cm2

Wang, P. et al., Ultrason Sonochem, 2015, 23, 116-127

PDT: light only
SDT: US only
SPDT: light → US
PSDT: US → light



Localization
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Wang, P. et al., Ultrason Sonochem, 2015, 23, 116-127



Morphological Analysis
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Wang, P. et al., Ultrason Sonochem, 2015, 23, 116-127



ROS Detection
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DCFH-DA
ROS

DCF
Black: NAC-
White: NAC+

Wang, P. et al., Ultrason Sonochem, 2015, 23, 116-127

Rescue experiment



Distribution of Ce6
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Wang, P. et al., Ultrason Sonochem, 2015, 23, 116-127



Inhibition of Tumor Growth
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650 nm
120 J/cm2

3 min

Ce6
10 mg/kg

1.6 W/cm2

3 min

2 h

Wang, P. et al., Ultrason Sonochem, 2015, 23, 116-127



Apoptosis In Vivo
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TUNEL assay

Wang, P. et al., Ultrason Sonochem, 2015, 23, 116-127



Decrease of VEGF & MMP-9
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VEGF:
⾎管新⽣促進遺伝⼦

MMP-9: 
がん転移促進遺伝⼦

Wang, P. et al., Ultrason Sonochem, 2015, 23, 116-127

IHC assay



Short Summary

• SPDT is a promising cancer therapy combining 
PDT and SDT.

• SPDT is more effective than PDT or SDT alone.
• ROS damage → mitochondria → apoptosis
• Decrease in expression level of VEGF and 

MMP-9
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Antibacterial Strategies
• Antibiotics
❌Drug resistance
⇩

• PDT
✅ High selectivity
✅ Low risk of side effects
✅ Low potential of drug resistance
⇩

• SDT/SPDT
✅ Permeability
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Nanoparticle
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Wang, Z. et al., Chem. Eng. J., 2019, 356, 811-818
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1O2 Generation
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Light: 980 nm, 1 W/cm2

US: 2 W/cm2

Wang, Z. et al., Chem. Eng. J., 2019, 356, 811-818



Bacterial Viability
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A: ESBL-producing E. coli
B: MRSA

A, B: ESBL-producing E. coli
C, D: MRSA

Wang, Z. et al., Chem. Eng. J., 2019, 356, 811-818
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Summary

• SPDT is applied to cancer and bacteria 
treatment.

• SPDT is more effective than PDT and SDT.
• Mechanism of SPDT remains unclear.
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APPENDIX
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1O2 Quantum Yield
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ACS Appl. Bio Mater. 2022, 5, 3, 1139–1150. 



Metastasis to Lung
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Imaging
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Biofilm
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Biofilm
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