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Summary : Transient forebrain ischemia in gerbils was produced by a 5-minute
occlusion of the bilateral carotid arteries. This model produces selective delayed neuronal
death (SDND) in the hippocampus CAl sector with high reproducibility. Changes in the
hippocampal and cortical astrocytes and neurons at 1, 2, 3, 6, 12, 24, 48, 96 hours after
ischemia were evaluated by electron microscopy, and quantitative estimations of increases
in cytoplasmic area and the number of mitochondrial profile were performed.

In areas of the hippocampus with SDND, cytoplasm-soma ratio increased 32.8 % in
control to 49.1 % at 1 hour after ischemia (p<0.01) and 42.2 % at 96 hours (p<0.05). The
number of mitochondrial profiles in astrocytic perikarya rose significantly at 48 hours (p<
0.05) and 96 hours (p<0.01) postischemia. Paired nuclei which are regarded as a reactive
change of astrocyte were observed at 12 hours postischemia.

In the area of the parietal cortex, no significant morphological change was observed in
either neurons or astrocytes. Even in the final evaluation (at 96 hours), neurons, astrocytes
and the surrounding neuropils were morphologically intact.

In the early phase (<6 hours), the cytoplasmic swelling of astrocytes suggests the
protective activity for hyperexciting neurons. But in the late phase (>6 hours), the
configurational change of the nucleus, paired nuclei and swelling of astrocytes suggest
increased metabolic acivity in the renovation of brain tissue.
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The sequential change of cytoplasm-soma ratio and mitochondrial counts in astrocyte of the

hippocampus CA1 sector. Values are mean+SD. There were four animals in each group; 5 to 6

astrocytes were photographed in each animal

Control 1 Hr 2 Hr 3 Hr
Cytoplasm-Soma ratio 32.848.1 49.1+11.8 42.3+8.7 38.7+7.2
(%)
Numbers of mitochondrial 11.5+3.2 13.1+1.7 8.2+1.8 9.9+3.3
profiles per perikaryon
6 Hr 12 Hr 24 Hr 48 Hr 96 Hr
35.7+£3.8 34.1+5.3 35.9+6.0 38.8+6.6 42.2+£75
10.3+3.8 13.0+4.3 141431 16.3+4.9 48.0+134
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Explanation of photographies

Photo 1. a. Photomicrograph of normal gerbil’s hippocampus in coronal section. Subdivision
of conus ammonius (CA) is indicated by its abbreviation. (Hematoxylin-Eosin
stain X30)

b. Photomicrograph of hippocampus 96 hours after transient forebrain ischemia.
Note the pyknotic necrosis of pyramidal cells in the CAl sector. (Hematoxylin-
Eosin stain X30)

Photo 2. CAl pyramidal cells (neurons) of the control animal have an oval nucleus with
homogeneously dispersed karyoplasm. The cytoplasm contains a few rough endo-
plasmic reticulum and other organella. Bar=5 ym.

Photo 3. CA1l astrocyte of the control animal has an oval nucleus with finely dispersed
chromatin and a thin rim of condensed chromatin at the nuclear membrane. The
cytoplasm is scant and relatively electron lucent. Bar=2 gm.

Photo 4. CAl pyramidal cell 1 hour after ischemia shows dispersed free monoribosomes
rather than polyribosomes. Bar=1 gm.

Photo 5. CA1 astrocyte 1 hour after ischemia. Remarkable cytoplasmic swelling is observed.
Bar=1 gm.

Photo 6. CA1 astrocytes 2 hours after ischemia. Widenings of perinuclear space and cistern
of rough endoplasmic reticulum are still seen, but cytoplasmic swelling is relatively
decreased. Bar=2 um. ‘

Photo 7. CAl astrocyte 3 hours after ischemia. Swelling of the mitochondria and the
widening of its intercristal space is noted. Bar=1 uym.

Photo 8. CAl pyramidal cell 3 hours after ischemia shows moderate increase of rough
endoplasmic reticulum and then its electron density of cytoplasm. Bar=2 ym.

Photo 9. Membranous “whorl” structure that contains mitochondria-like substance is seen
within the astrocytic end-foot 6 hours after ischemia. Bar=2 ym. )

Photo 10. CA1 astrocyte 12 hours after ischemia shows a marked configurational change of
the nucleus. Bar=2 um. )

Photo 11. CAl pyramidal cell 24 hours after ischemia. A parallel stack of the granular
endoplasmic reticulum occupies the perikarya. Bar=5 gm.

Photo 12. CA1 astrocyte 24 hours after ischemia demonstrating the “paired nuclei” pattern.
Bar=1 um.

Photo 13. CA1 astrocyte 48 hours after ischemia revealing moderate cytoplasmic swelling
and the increase of the number of mitochondria. Bar=5 ym.

Photo 14. CA1 sector 96 hours after ischemia. Although the pyramidal cell (N) shows almost
entire destruction of its structure, the astrocyte (A) is still intact. Bar=2 ym.

Photo 15. Parietal cortex 96 hours after ischemia. Both the neuron (N) and the astrocyte
(A) preserve their structures. Bar=5 xm.
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Photo 1a.

Photo 1b.
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Photo 2.
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Photo 11.




(564)

Photo 13.
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Photo 14.

Photo 15.






