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Fig. 1. Block diagram of our rapid scan ESR imaging system.
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Fig. 2. Schematic diagram of three-dimensional zeugmatography.
(from ref. 28 with slight modification).
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11 min

28 min 40 min

25 min

14 min

17 min

43 min 47 min

Fig. 3. Temporal ESR-CT images in z-x plane (10 mm anterior to interaural line) of the rat
head after injection of carbamoyl-PROXYL. The number at the bottom of each slice image indi-
cates the time after injection. Spatial resolution is 2.3 mm FWHM. (from ref. 22 with slight

modification).
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Fig. 4. A picture obtained by superimposing
the brain-atlas of rat, corresponding to the
brain-area for the example of the ESR-CT im-
age (Fig. 3, 21 min), to assign the anatomical
position. (from ref. 22 with slight modification).
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20 min

15 min

25 min

30 min

Fig. 5. Temporal ESR-CT images in the z-x plane for a rat’s head after injection of PCAM. The
number at the bottom of each slice image indicates the distance from the center of the loop-gap
resonator (=9 mm anterior to interaural line) in the direction of the nasal side. The number at
the top of the images is the time after injection. Spatial resolution was 2.6 mm FWHM. (from

ref. 23 with slight modification).
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Fig. 6. (a) : A picture obtained by superimposing the brain-atlas of a
rat, corresponding to the brain-area for the example of the ESR-CT im-
age at the center of the loop-gap resonator (Fig. 5, 0.0 mm, 10 min), to
assign the anatomical position. Image areas were divided into 3 parts :
cortex, striatum, and extracranial region. (b) : An example of plots of
averages of signal intensities in each area against time after injection of
PCAM. (c¢) : The half-life of PCAM in the cortex, striatum, and ex-
tracranium of rats. Values are mean + standard error. *p<0.05;
Student’s t-test : n=4. (from ref. 23 with slight modification).
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In vivo Temporal ESR Imaging

Hidekatsu YOKOYAMA

Institute for Life Support Technology, Yamagata Technopolis Foundation
2-2-1 Matsuei, Yamagata 990-2473

ESR imaging systems operating in lower frequency bands (less than 1 GHz), where the dielectric
losses are lower, were developed to observe the distribution of exogenous free radicals. In general,
the time required for the ESR imaging depends on the speed of the magnetic field scan because ESR
measurements are performed by the continuous wave method. In this review, we presented an in
vivo temporal ESR imaging technique by a rapid scan ESR system which equipped with air-cored
coils as an electromagnet. The field scan speed of this system is more than twentyfold compared
with that of a former ESR system which equipped with iron-cored coils as an electromagnet : so, tem-
poral multiple sets of ESR-CT images of an exogenously given nitroxide radical in the rat’s head
could be obtained within the period in which one set of them had been obtained by the former sys-
tem. Furthermore, a combination of this temporal ESR imaging technique and blood-brain barrier-
permeable nitroxide radical made it possible to observe changes of the distribution of the radical in
the brain. As a result, it was found that different regions of the brain showed differences in the rate
of decay of the free radical. We believe that the temporal ESR imaging technique by a rapid scan
ESR system is useful for investigating the dynamics of the distribution of exogenous free radicals,
which functions as a model of free radical generation.
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