Studies on So-called Redistribution Phenomenon
of Cerebral Blood Flow Imaging
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Fig.1. A photograph of a high-power view
through the operating microscope after
exposure of a middle cerebral artery (arrow)
of rat based on the Tamura’s model.

Fig. 2. A photograph of a high-power view
through the operating microscope after
occulding a middle cerebral artery using a
small Zen clip (arrow).
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Fig.3. Procedure of triple radionuclide autoradiographic techniques. The upper
and lower procedure indicate the technique for comparing IMP redistribution
with protein synthesis and glucose metabolism, respectively.
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Fig. 4. Relationship between washing time
(X-axis) by 10% trichloroacetic acid and
residual I radioactivity (Y-axis) of brain
slices.
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which is a correction factor for removing an
influence of "I-IMP originally included in
= IMP, and relative radioactivity (X-axis).
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Fig.6. Relationship between redistribution
index (Y-axis) and relative protein synthesis
(X-axis) obtained from ten sections on a
pixel-by-pixel comparison with approximately
180,000 points (top, A). Brightness of a point
indicates the number of times of occurence.
The mean values (red points) are plotted for
eight animals, with | s. d. s indicated by the
blue and green points (bottom, B).

Fig.7. Representative autoradiograms of an
early IMP image (left upper, A), a late image
(right upper, B), a redistribution index image
(left lower, C), and a protein synthesis image
(right lower, D).

Fig.8. Relationship between redistribution
index (Y-axis) and glucose metabolism (X-ax-
is) obtained from seven sections on a pixel-
by-pixel comparison with approximately
120,000 points (top, A). Brightness of a point
indicates the number of times of occurence.
The mean values (red points) are plotted for
five animals, with 1 s. d. s indicated by the
blue and green points (bottom, B).

Fig.9. Representative autoradiograms of an
early IMP image (left upper, A), a late image
(right upper, B), a redistribution index image
(left lower, C), and a glucose metabolism
image (right lower, D).

Fig.10. Relationship between redistribution
index (Y-axis) and flow (X-axis) obtained from
seventeen sections on a pixel-by-pixel compa-
rison with approximately 300,000 points (left,
A).  Brightness of a point indicates the
number of times of occurence. The mean
values (red points) are plotted for thirteen
animals, with 1 s. d. s indicated by the blue
and green points (right, B).
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Fig.1ll. Thin layer chromatograms for IMP
control (top) and brain tissue homogenate of
affected (middle) and nonaffected (bottom)
hemisphere cortex. Values are expressed as
relative front (Rf).
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Fig.12. In vitro autoradiograms for evaluating binding ability of IMP to brain
tissue in unilateral experimental ischemia.
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Fig.13. Computer-simulation of time-course till 10 min. (left, A) and 150 min. (right, B)
of brain activity for different flow values under the fixed partition coefficient value

of 15.
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Abstract

So-called redistribution phenomenon of N-isopropyl-p-['*IJiodoamphetamine (*I-IMP)
indicates that focal decreased activities in early images 20 to 30 min. after injection are
filled-in in late images at 3 to 5 hours later. To elucidate the hitherto unclear relationship
between this phenomenon and metabolism or viability of brain tissue, a new quantitative
triple-radionuclide autoradiography was developed, which made it possible to directly
compare late images and redistribution of IMP with cerebral metabolism in unilateral
experimental brain ischemia in rats of Tamura’s model. The tracers of '“[-IMP, #I-IMP,
and ‘H-amino acid mixture or ’H-2-deoxyglucose were used to obtain early and late
images of IMP, and protein synthesis or glucose metabolism images, respectively. To
obtain an independent image of each radionuclide or each tracer, combinations of multiple
radionuclide techniques were used which depend different half-lives of the radionuclides,
different energies of the radionuclide emission, or chemical differences between the tracers.
Pure late images were obtained using a subtraction method alter digital processing of
autoradiograms to remove the influence of "I-IMP originally included in "I-IMP.
Furthermore, a functional image of redistribution index was established. A soltware
program was newly developed for statistically analyzing the relationship between
redistribution index and protein synthesis or glucose metabolism. There was no significant

relationship between them. Protein synthesis was remarkably decreased in the affected
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hemisphere regardless of redistribution index values. Although the redistribution indexes
showed a gentle peak at approximately 344 mol/100g/min of glucose metabolism, there
was no obvious relationship between late images or redistribution index images and glucose
metabolism images. On the other hand, redistribution indexes showed a maximum value
at approximately 40 to50ml/100g/min of cerebral blood flow. Reverse redistribution was
observed above approximately 160mi/100g/min of flow. Thin layer chromatography using
brain tissue homogenate revealed similar chromatograms in the affected and nonaffected
hemispheres. This suggested that a lipophilic IMP metabolite of p-iodoamphetamine was
redistributed in the affected hemisphere. In vitro autoradiography for evaluating binding
of IMP to brain tissue disclosed no significant reduction of binding ability in the affected
ischemic cortex. In a computer simulation study of brain time activity curve, brain activity
at 150min postinjection showed almost the same values above 25ml/100g/min of flow in
the condition of the fixed brain to blood partition coefficient. The results suggest that
redistribution phenomenon of IMP has no significant relation to brain metabolism and
brain function. Kinetics of IMP in brain could be determined by two independent factors
of the brain to blood partition coefficient and flow. Binding ability of IMP to brain tissue
is considered to be not vulnerable even in the severe ischemic condition.




