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Tumor oxygenation and redox status are important determinants of the malignant 

behavior of cancers and their response to radiation therapy.  Concentration of molecular 

oxygen is directly related to the generation of non-restorable DNA damage. Tissue redox 

status indicates catalytic cellular activities to scavenge free radicals that initiate a chain of 

events for DNA damage by an ionizing radiation. Thus a non-invasive system that 

obtains this information on relevant time scales with anatomical context could facilitate 

longitudinal studies of the multi-faceted tumor environment.   

 

Changes in the resonant properties of exogenous narrow-line electron spin (free radical) 

probes in presence of oxygen can be sensed by electron paramagnetic resonance as well 

as Overhauser-enhanced magnetic resonance (OMR).  In OMR, the dipolar interaction 

between protons and the unpaired electron of the spin probe results in strong increase of 

the proton MR signal. The enhancement depends on several factors such as spin probe 

and oxygen concentration, longitudinal relaxation times, and the magnitude of the 

radiofrequency magnetic field that manipulates the electron spins. Specific imaging 

sequences decoupling these factors in spatially encoded manner can generate quantitative 

spatial maps not only of tumor oxygenation but also micro-vascular parameters. 

Furthermore, these physiological maps can be natively fused with anatomical MR images 

generated with the same hardware in the same imaging session. This information can be 

acquired repeatedly for quantitative longitudinal imaging experiments to explore both 

oxygenation and redox status in small animals as prognostic factors for radiation therapy.  

 

Learning objectives: 

 

1. Understand the basic physics behind the Overhauser enhancement and enumerate the 

factors that determine its magnitude. 

2. Recognize the main hardware components of an Overhauser oxygenation imager and 

understand the operating parameters of the imaging system in contrast to these of 

high-field diagnostic MR scanner. 

3. Understand a typical OMR imaging sequence and subsequent image analysis to 

derive oxygenation maps. 

4. Understand typical OMRI applications in cancer-related studies. 


