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Technology 
Inflammation has a key role in most pathologies. Early detection of the inflammatory process can help in efficient 
targeting of therapies. Magnetic Resonance Imaging (MRI) is a non-invasive imaging modality that is capable of 
providing detailed information of tissues and diseases environments.  The quality and information of a MRI image 
is typically enhanced using contrast agents (CA). CA can be used to affect either T1 or T2 relaxivity of water 
molecules. We developed a MRI nanoprobe for imaging hydrogen peroxide (H2O2), a molecule attributed with 
inflammation. The nanoprobe combines ultra-small super paramagnetic iron oxide nanoparticles (USPIONs) with 
a peroxide sensitive nanoparticle (NP) scaffold. Using this NP probe, a concentration dependent change in 
transverse relaxation time (T2) is achieved, enabling the detection of hydrogen peroxide in concentrations 
typically observed in tumor environments. This peroxide-sensitive nanoprobe is a first of its kind in the detection of 
inflammatory molecules using MRI and can function as contrast agent in MRI for sensitive hydrogen peroxide 
imaging. 

 

Innovation 

 NP obtaining USPIONs and a H2O2 reactive site 
 Polymer system that can be functionalized with a fluorescent dye for 

multimodal imaging purposes (MRI/Radiological/Optical) 
 Continuous monitoring of changes in H2O2 concentration. 
 T2 relaxation based on changes to accessibility of water molecules to 

encapsulated USPIO due to polymeric scaffold. 

Application 

 Early detection of inflammation in cancers and inflammation-triggered 
pathologies such as arthritis, Crohn’s disease, and vascular pathologies. 

Developmental Status 

 NPs have been manufactured and validated ex vivo over a range of 
H2O2 concentrations as low 0.2 m in a 7.4 Tesla magnetic field. 
Repeated use of the same NPs for continuous monitoring has been 
shown. 
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Introduction 
Magnetic resonance imaging (MRI) is an important non-invasive 

medical imaging technique to visualize internal structures of the body. 

MRI uses differences in the relaxation behavior of 1H nuclei of water 

within distinct tissue to generate contrast. Understanding disease 

progression requires knowledge about changes in proteolytic activity 

and inflammatory processes. Reactive oxygen species (ROS) are 

inflammation-associated markers which refer collectively to hydrogen 

 

peroxide (H2O2) that cause oxidative damage leading to various 

diseases. There is a need to develop MRI contrast agents that impact 

proton relaxation in response to tissue-specific H2O2 concentrations. We 

have developed a system that contains a responsive element, which 

when exposed to H2O2 undergoes structural changes resulting in 

predictable variation of T2 relaxation values. With electron paramagnetic 

resonance (EPR) the amount of degradation of the polymer matrix 

containing iron oxide nanoparticles was quantified. 

Concept 

After the reaction of the ROS sensitive site with H2O2 the polymer 

decomposes and therefore changes the diffusion properties of the 

surrounding water. This causes hydrophobic coated ultra-small 

superparamagneitc iron oxide nanoparticles (USPIONs) to form aggregates 

which change T2 relaxation times. 

Experimental Part 

USPIONs were synthesized using a modified protocol[1] and characterized 

by transmission electron microscopy (TEM). Their superparamagnetic 

behaviour was monitored with superconducting quantum interference device 

(SQUID) magnetometry and nuclear magnetic resonance spectroscopy 

(NMR). 

Peroxalate polymer, which consists of the H2O2 sensitive element and forms 

the matrix of the sensitive NPs were synthesized following a protocol 

discribed by Lee et al.[2] The USPIONs were encapsulated in the peroxalate 

polymer matrix using a single step nanoprecipitation process to yield 

polymeric H2O2 sensitive nanoparticle probes.[3] The polymer with 0.1 

mmol/L of USPIONs were dissolved in THF and precipitated with H2O. The 

organic phase was removed via dialysis against water. 

 

Conclusion 

We have developed a H2O2 sensitive MRI probe consisting of a 

polymer with a peroxide-sensitive backbone containing USPIONs. 

The experiments show a change in T2 values after adding H2O2 to 

the NP solution. The functionalization of the polymer with a 

fluerescence tag was also achieved which makes the probe 

multimodal for both, MRI and fluorescence mediated tomography 

(FMT). With EPR we can follow the degree of decomposition very 

accurately. This sensitive probe has great potential to be used as a 

contrast agent for monitoring ROS activity in MRI. 
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Results 
The USPIONs were obtained with a narrow monomodal size distribution 

with an average diameter of 7 nm. The polymer was synthesized with 

molecular weights up to 8200 g/mol and a PDI of 1.8 (Fig. 1). The sensitive 

nanoparticles have a diameter of 150 nm (Fig. 2) 

 

 

 

 

 

The relaxation behaviour of water in presence of 

peroxide-sensitive NP probes was followed 

while H2O2 was added into the system. A 

decrease was detected correlating to the amount 

of H2O2 added (Fig. 4). With EPR we were able 

to follow the degree of decomposition. (Fig 5).  

 

 

 

 

 

 

 

 

 
Fig. 2. Stucture of the per oxalate polymer . 

USPIONs 

Peroxalate scaffold 

Fig. 3. TEM image of SPIO encapsulated in per oxalate polymer .  

Figure 1. Mechanism of H2O2 detection by the functional nanoprobe. 

Fig. 5. EPR signal of the radical tr ap DMPO after  exposure of sensitive NPs 

to H2O2. 

Fig. 4. Change in T2 values of NPs after the addition of H2O2. 
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