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Target audience  Researchers of electron paramagnetic resonance (EPR) spectroscopy and imaging as well as 
biomedical scientists who are interested in in vivo visualization of free radical molecules in small animals. 
 
Purpose  The purpose of this study was to improve the signal-to-noise ratio (SNR) in the parallel EPR 
detection scheme using multiple channels and to demonstrate the feasibility of in vivo parallel EPR detection. 
 
Methods  Parallel detection for CW-EPR was performed with a surface coil array and multiple RF bridges 
corresponding to individual coils. This is because parallel detection in CW-EPR was based on the multiplexing 
of EPR detection in the frequency domain. Figure 1 provides an overview of a laboratory-built 750-MHz 
CW-EPR imager for parallel detection using a surface coil array and a photograph of the surface coil array used 
in our experiments (1). Although the reflection waves from an element of the surface coil array were amplified 
by two amplifiers in each bridge, we previously observed saturation of the signal intensity for the second 
amplifier. Thus, in the present study, the second RF amplifier was removed to prevent this saturation of the 
signal intensity and to improve the sensitivity of EPR signal detection (the details of the RF bridge was reported 
elsewhere (2)). To verify the influence of the second amplifier on saturation of the EPR signal intensity, we 
determined the relation between the EPR signal intensity and the incident RF power. In in vitro and in vivo 
experiments, we used a quartz glass cell filled with 2 mM Tempone aqueous solution and C3H mice with the 
imaging agent (3-CP). 
 
Results  Figure 2 shows the relation between the EPR signal intensity and the square root of RF input power 
with and without the second amplifier. As shown in Fig. 2a, when the second amplifier was placed in the RF 
bridge, the EPR signal intensity was proportional to the square root of the RF input power when a single 
resonator was fed, whereas the EPR signal intensity did not increase when the incident RF power was more than 
around 0.4 mW when both resonators were fed simultaneously. In contrast, when the second amplifier was 
removed from the RF bridge, the signal intensity was not saturated with an increase in the incident RF power 
regardless of simultaneous feeding (Fig. 2b).  
 Figure 3 shows the temporal change in the distribution of 3-CP on NMR images of the subject mouse. The 
EPR signal intensities were normalized by the maximum value of all EPR images. The depth of the visualized 
area of EPR signals from 3-CP was approximately 4.5 mm in the subject mouse.  
 

Discussion  Due to the improvement in the SNR with parallel detection, the 
acquisition time was shortened because the measured EPR signals did not require 
averaging. As shown in Fig. 3, the temporal change in the distribution of 3-CP in 
the subject mouse could be visualized in vivo. This result suggests that the 

method of parallel detection could be useful for observing the pharmacokinetics of exogenously injected imaging agents over a broader area of small animals. 
 
Conclusion  The SNR of measured EPR spectra was improved by suppressing the saturation of the EPR signal intensity under simultaneous feeding for two channels. 
Although there are still technical issues, such as the homogeneity of the EPR signal intensity, the parallel detection scheme can be used for the visualization of a broader 
region in small animals. 
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Fig. 1. Overview of the experimental setup for 
CW-EPR imaging with the multiplexing of 
EPR detection in the frequency domain. (a) The 
EPR imager using the parallel detection 
scheme. (b) The two-channel surface coil array. 

 
Fig. 2. EPR signal amplitudes as a function of the RF power applied to the 
resonator(s). The relation between the EPR signal amplitude and the incident 
RF power was measured under signal-resonator feeding and simultaneous 
feeding with (a) and without (b) a second amplifier. 

 
Fig. 3. Time-course of EPR/NMR co-registration images of 3-CP in a subject 
mouse. The times above the images are the starting times of the 
measurements after the injection of 3-CP imaging agent. 
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