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Background: Reactive Oxygen Species (ROS) 
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Hydrogen peroxide 
contents in tumors might be 
up to 100 times higher than 
in normal tissues due to the 
abnormal metabolism of the 
cancer cells. 

Therefore, ROS is an important 
biomarker for bioimaging 
and drug delivery.
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Background: Visualization of ROS



Li, A., Luo, X., Li, L., Chen, D., Liu, X., Yang, Z., Yang, L., Gao, J., & Lin, H. (2021). Activatable multiplexed 19F magnetic resonance imaging visualizes reactive oxygen and nitrogen species in 

drug-induced acute kidney injury. Analytical Chemistry, 93(49), 16552–16561. https://doi.org/10.1021/acs.analchem.1c03744  

Background: Switching 19F MRI imaging
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Background: Peroxyoxalate chemiluminescence

5



• Performing DFT calculations for the 
estimation of the reactivity and stability of 
the fluorinated oxalate compound.

• Synthesis of the hydrogen peroxide-
sensitive fluorinated oxalate 
compound (FOC).

Background: Aims 
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Schematic illustration ROS mediated  theranostic nanoparticles. 

• Engineering reactive oxygen 
species-mediated theranostic
nanocarriers to realize: 

- Chemiluminescence 
imaging;

- 19F MRI contrast;

- ROS-stimulated drug 
delivery.



Methods
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Results: Electrostatic potential surface. 
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❖ Carbonyl group in FOC is highly electro-deficient for efficient nucleophilic attack. 

FOC CPPO

ESP surface value: 0.0028ESP surface value: 0.04



Results: DFT calculations
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❖ However, the activation energy of perhydrolysis of FOC is higher than CPPO, which is 

well correlated with experimental results. 

Total energy for the reaction of FOC and CPPO with hydrogen peroxide. 



Results: Synthesis of FOC

13 C NMR spectra 19F NMR spectra
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1H NMR spectra
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Results: Chemiluminescence of FOC-

Rubrene

Chemiluminescence spectra of 10 mg FOC and 0.2 mg Rubrene after the addition of 1 M H2O2 in THF.
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Results: Characterization of Nanoparticles
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TEM image of nanoparticles

Dynamic light scattering size distribution



Results: ROS-induced Degradation of Nanoparticle

13-H2O2 +H2O2

Dynamic light scattering results after adding 
hydrogen peroxide 

Average size ± standard error before 
and after adding hydrogen peroxide

❖ Successful demonstration of ROS triggered particle 
degradation.



Results: 19F NMR spectra of nanoparticles
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after H2O2before H2O2

The ratiometric signal intensity of 19F NMR spectra of nanoparticles before and after the addition of 
hydrogen peroxide. “Turn off” and “turn on” signals for FOC and 1,1,1,3,3,3-hexafluoro-2-propanol.

❖ Promising contrast for 19F MRI imaging application. 

19F NMR of 

nanoparticles

19F NMR of 

nanoparticles 

immediately after 

addition of H2O2

19F NMR of 

nanoparticles 

30 min after 

addition of H2O2

0.45 0.42

0.35 0.50

0.05 0.95
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Results: Chemiluminescence spectra of 

nanoparticles
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Chemiluminescence spectra of the 
nanoparticles with time. 

Chemiluminescence of the nanoparticles at 10-5 M hydrogen 
peroxide visualized and quantified using IVIS Spectrum CT. 

❖ Promising contrast for CL imaging application. 



Results: In vitro Material Toxicity
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Cell viability falls below 50% at 
concentration 44.4 mg/ml. 

11.1 mg/ml material toxicity is almost 
negligible.

❖ Concentration – dependent toxicity 
of the material was observed.



Results: ROS-Responsive Drug Release
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PpIX - photoluminescent 
photodynamic therapy 

drug

ROS triggered PpIX drug release from nanoparticles

Fluorescent cell images 

❖ Successful demonstration of ROS triggered 
drug release.



Conclusion
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• Hydrogen peroxide responsive theranostic nanoplatform with tunable emission wavelength 
accompanied by a “turn on” 19F MRI, chemiluminescence signal and drugs release was 
developed. 

• The nanoparticle exhibited 560-fold chemiluminescence signal enhancement within 0.1 
minutes after addition of hydrogen peroxide. 

• Ratiometric imaging of 19F NMR was also realized with 19-fold signal enhancement, which 
shows strong potential for 19F MRI imaging.

• Further optimizations will be explored to reveal the ultrasound imaging potential of the 
nanoparticles. 
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