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Inhibition of Neuronal Damage by the Japanese Herbal Medicine

Kazuhiro GOTO0Y?, Hisashi YAMAURAY, Ryukoh SHIRASAKAY and Tsutomu OYAMA?
DBasic Labolatory Institute of Oriental Medicine, ? Tsumura Research Institute for Pharmacology

The effects of TJ-960, a Japanese Herbal medicine, were studied on neuronal damage in rat
hippocampus caused by cobalt-induced seizures or ischemia. Continuous oral administration of TJ-960
from one month prior to the cobalt application showed almost complete protection against neuron loss
in the hippocampal CA1 subfield as well as the edema induced by cobalt focus. TJ-960 also inhibited
EEG changes in the contralateral cortex following application of cobalt. Morphological and EEG
changes of the hippocampus following 10 min of forebrain ischemia were prevented by treatment with
TJ-960 from one week prior to ischemia. In rat, treated with TJ-960 only post-ischemia, inhibition of
the EEG changes were also observed. In another experiment, the effect of cycloheximide on delayed
neuronal death in the hippocampus was morphologically studied in rats subjected to 10 min ischemia.
Since it was reported that TJ-960 inhibited intracellular protein changes during pentylenetetrazol-
induced bursting activity. Neuronal damage of CAl neurons was dramatically decreased by the lasting
inhibition of protein synthesis through consective administration of cycloheximide. Cycloheximide,
which was administered once within the first 24 h of recirculation, showed protective action on
ischemic cell necrosis and its most potent effect was observed when injected at 12 h of post-ischemia.
These findings suggest that TJ-960 protects against neuronal degeneration in epileptics or ischemia
and the mechanism for the cerebral protective effect of TJ-960 may be due to its inhibitory action on
the synthesis of the abnormal protein(s) initiated by excessive excitatory amino acid.
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Fig. 1° Typical EEG changes induced by cobalt

application to the cerebral cortex and their nor-
malization by T]J-960. )
A : EEG changes in the contralateral cortex with
cobalt application. B : normalization of EEG with
one month prior administration of TJ-960. Num-
bers on the left indicate days after cobalt applica-
tion. Note the complete inhibitory effects of TJ-
960 on EEG changes. (With permission from
Sugaya et al*®)
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Fig. 2 Changes in the neuronal density of the

hippocampal CA1 subfield following cobalt appli-
cation.
Each column represents mean+S.E.M,, n=5. *p<
0.05 compared with the sham-operated group.
Numbers below columns indicate days after
cobalt application. L : left (cobalt applied side),
R: right (contralateral side to cobalt applica-
tion). (Data modified from Sugaya et al'®)

TJ-960 (1g/kg, p.o.) ® 1 H2E#HECL D,
EEMIEOHBEIL 76+ 5 glciH & h (Fig.
1B), BEMEMROENE, Bk b 2TTe I ffE
Shicns (Fig. 3, 4), REBRICE T TJ-9605°

Fig. 3 Representative histological changes in the CA1 subfield of the hippocampus 20 days
after cobalt application to the ipsilateral cortex.
A : normal hippocampus. The number of intact pyramidal cells was counted in the CA1 area
indicated between arrows. B: higher magnification of squared area of A. Arrow shows
standard cell type for counting. C: Distilled water-treated rat hippocampus. Pyramidal cells
are mostly degenerated. D: TJ-960-treated rat hippocampus. Pyramidal cells are well
preserved. Bar: 30um (Date modified from Sugaya et al'®)
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Fig. 4 Neuronal density in the CA1 subfield of the

left hippocampi 20 days after application of
cobalt and the effects of TJ-960 and phenytoin
(PHT).
TJ-960 (2g/kg/day, p.o.) or phenytoin (100mg/
kg/day, p.o.) were treated from one month prior
to cobalt application to the left cerebral cortex.
Each column represents mean®S.E.M., numbers
of animal used in each group are shown in the
columns. *p<0.05, **p<0.01 compared with the
control group. (With permission from Sugaya et
allQ))

ez b, TI960ZEEF DT A NAZE L I2MF
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10 min ischemia

Fig. 5 Representative histological changes in hippocampal CA1 subfield of the
rat 3 days after 10 min period of forebrain ischemia.
Almost all pyramidal neurons disappeared. Bars: 1,000 (top) and 50um
(Bottom).
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Fig. 6 Changes in the theta wave activity recorded from hippocampal formation of rats

subjected to 10 min forebrain ischemia.

The EEG became isoelectric within 1 min of ischemia in all animals that unresponsive and
lost their righting reflex. The EEG remained isoelectric throughout the ischemic period, but
1 day afterward no alteration in hippocampal EEG was observed. After 4 days of recircula-
tion, however, the theta wave activity was drastically reduced. Percentage theta amplitude
was calculated as the ratio of (4 days after ischemia)/(pre-ischemia). Each point represents
mean+S.EM, n=10. ***p<0.001 compared with the pre-ischemia amplitude. L : EEG from
the left hippocampi, R : EEG from the right hippocampi. (With permission from Sugimito et

a121)>
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Fig. T Protective effect of TJ-960 on ischemia-

induced delayed neuronal death in hippocampal
CA1 subfield of rats.
TJ-960 was orally administered twice a day for
11 days. On day 8, forebrain inchemia for 10 min
was produced by occlusion of 4 major arteries to
the brain. The animals were perfusion-fixed on 4
days of post-ischemic survival. Each column rep-
resents mean+S.EM., n=4~8. *p<0.05, **p<
0.01 compared with the control group. (Data
modified from Sugimoto et al?V)

Table Protection by pre-or post-treatment of T]J-
960 against changes in amplitude of hippocampal
theta waves 4 days after 10 min period of fore-

Sham operation

o] 50 100

Neuronal density (/mm)

Fig. 8 Protection by consecutive administration

of cycloheximide against hippocampal delayed
neuronal death at 3 days of post-ischemia in rats
subjected to 10 min forebrain ischemia.
Cycloheximide was subcutaneously injected just
after recirculation at a dose of 2mg/kg, followed
by Img/kg every 12 h being at 18 h of post-
ischemia. Each column represents mean=+S.E.M.,
n=9~10. **p<0.01 compared with the saline-
treated group. (With permission from Goto et
alzs))

brain ischemia in rats Control :|_4
Treatment N 6 amplitude (%) »
Sham-operation 4 110.8+14.7**
Control (pre) 4 41.3+14.3 12 hr i ]—4 *x
TJ-960 (pre) 8 112.0+11.7**
Control (post) 5 45.8+ 6.6
TJ-960 (post) 8 79.4+10.9* .
36 hr

Values are mean+S.E M.

TJ-960 (1g/kg, p.o.) was administered twice a day.
*p<0.05, **p<0.01 compared with the control group.
(Data modified from Sugimoto et al?V)
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Fig. 9 Protection by single administration of

cycloheximide (3mg/kg, s.c.) against
hippocampal delayed neuronal death at 3 days of
post-ischemia in rats subjected to 10 min fore-
brain ischemia.

Cycloheximide was administered at various
times of post-ischemia. Each column represents
mean+S.EM. n=9~11. *p<0.05 **p<0.01
compared with the saline-treated group. (With
permission from Goto et al*®)
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