Histological and Biochemical Study of Delayed
Cerebral Necrosis after Irradiation with reference
to the Endothelial Injuries
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Fig.1. A number of phagocytic cells are seen within the necrotic foci developing in the
frontal white matter with marked spongy degeneration.
9 months after irradiation. H & E stain X 90.

Fig.3. Demyelination extends from the necrotic area to the whole white matter.
15 months after irradiation. LFB stain X 60.
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Fig.2. Blood vessels around the necrotic foci show hyperplasia of plumped endothelial
nuclei (A : 6 months after irradiation. H & E stain X 250), endothelial proliferation with
a resultant luminal narrowing (B: 15 months after irradiation H & E stain x250) and

perivascular infiltration of lymphocytic cells (C: 15 months after irradiation. H & E
stain X 350).
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Fig.4. Endothelial nuclei with an increase of infoldings and euchromatin show marked
swelling which results in luminal narrowing.
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Fig.5. The endothelial cytoplasm contains numerous intermediate filaments, micro-

pinocytotic vesicles and Weibel-Palade bodies.

9 months after irradiation. EM X 18,000.
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Table1l. The DNA distribution in endothelial
cells in different periods after irradiation

survival :
period 1 Cells in S+G:+M (%)
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the value showing the smallest deviation.
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Fig.6. The endothelial cytoplasm has abundant free ribosomes and microvillous projec-
tions into the lumen.
9 months after irradiation. EM X 12,000.
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Fig.7. Regenerating capillaries are surrounded by multilayered basal lamina and a number
of collagen fibrils.
9 months after irradiation. EM X 18,000.
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Chromatin Stainability

Fig. 8. Stainability of nuclear chromatin by
Feulgen hydrolysis.
Computer-drawn scattergrams of endothelial
cells following the acridine orange staining are
shown in the left, while single parameter frequen-
cy histograms of red fluorescence are shown in
the right.
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Abstract

The pathophysiogenesis of delayed cerebral necrosis after irradiation was studied histoliogically
and biochemically in 25 dogs with special attention to the vascular endothelial injuries. The
animals were sacrificed 3, 6, 9, 12, 15 and 30 months after the single irradiation of 15Gy X-ray at
the hemisphere. Specimens of the irradiated brain were resected for the light and electron
microscopic investigation, and vascular endothelial cells were prepared for the flow cytometry.
The cell ratio in the growth (S+G, +M) phase was calculated to assay the transfer of cell cycles.
Furthermore, the relative amount of apurinic acid was measured to assay qualitative changes of
DNA. Microscopically, no marked change was noted 3 months after irradiation. After 6
months, spongy changes were observed especially in the frontal white matter. After 9 months,
spongy changes developed with resultant necrotic foci, and blood vessels showed endothelial
proliferation with a lymphocytic infiltration. These changes developed until 15 months, but fresh
necrotic foci were no more observed 30 months after irradiation. By electron microscopy,
capillaries and venules showed increased pinocytosis of endothelial cells 6 months after irradiation
and marked luminal narrowing due to the swollen nuclei 9 months after irradiation. Endothelial
nuclei showed an increase of infoldings and euchromatin, while the cytoplasm had a number of
intermediate filaments, free ribosomes, Weibel-Palade bodies and microvillous projections. The
endothels were surrounded by multilayered basal lamina and a number of collagen fibrils. The
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vessels showed these ultrastructural changes until 15 months after irradiation, but became almost
normal 30 months after irradiation. The cell ratio in the growth phase was 15.0% (3 months), 14.
7% (6 months), 23.3% (9 months), 14.5% (12 months) 15.7% (15 months) and 20.1% (30 months),
respectively, all of which were higher than 6.4% of the control. The rate constant of apurinic acid
formation (K,) was minimum 3 months after irradiation while it was maximum after 9 months.
The rate contsant of apurinic acid destruction (K,) was minimum 6 months after irradiation while
it was maximum after 12 months. Furthermore, the maximal yield of apurinic acid was in inverse
proportion to K,. It is suggested from these data that vascular endothelial injuries due to the
impairment of cell cycles and DNA following irradiation contribute to the delayed occurrence of
cerebral necrosis.




