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Abstract

The neuroprotective properties of the Chinese herbal medicine, Toki-shakuyaku-san, and its
comprised six Chinese herbs (indicated as concentrations), Toki (Angelicae sinensis Radix) 12.5 %,
Shakuyaku (Paeoniae Radix) 25.0%, Bukuryo (Hoelen) 16.7 %, Sojutsu (Atractylodis lanceae
Rhizoma) 16.7 %, Takusha (Alismatis Rhizoma) 16.7 %, and Senkyu (Ligustici wallichii Rhizoma)
12.5 9%, were investigated in cultured cerebellar granule cells. Measurement of the lactate dehy-
drogenase (LDH) activity was used as an index to assess the survival of neurons after exposure to
glutamate (Glu). Exposure of 1 mM Glu to the 6 days iz vitro neural cultures for 6 hours led to a 7-fold
increase in released LDH activity. These increases in released LDH activity were significantly reduced
by treatment with the examined extracts of Chinese medicine and its comprised six herbs. In order to
evaluate the protective mechanism of these extracts, the mobilization of intracellular free calcium ion
([Ca®*]1) in cultured cerebellar granular cells was examined by means of the fura-2 method. Fifty
millimoler KCl increased the [Ca?*]i levels up to 8-fold higher than the steady state levels (1008 nM).
The extracts of Toki-shakuyaku-san and its six herbs, except Shakuyaku, blocked such increases in a
dose-dependent manner from dosages of 10 xg/ml to 1 mg/ml. Twenty five micromoler Gly, in the
absence of Mg?*, enhanced the [Ca?*]i levels to 400 nM, and the tested extracts also inhibited the Glu
increased [Ca?*]i levels in a dose-dependent manner. In conclusion, the protection of extracts of Chinese
herbs on the neural dysfunction induced by excessive amounts of Glu might be related to their inhibitory
effects on inordinate increases of cytosolic Ca®* levels.

Key words Chinese herbal medicine, cultured cerebellar granule cells, cytosolic calcium ion levels,
Ca?* channel inhibition, glutamate, lactate dehydrogenase (LDH) activity.
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Introduction

The Chinese prescription of Toki-shakuyaku-san
had been mainly applied for women with menoxenia
and disorders caused by pregnancy, childbirth, or abor-
tion. In the last several decades, it has been widely
used as a tonic for both men and women to improve
anemia, fatigability, and poor circulation, etc.”

Recent clinical reports showed that Toki-shakuyaku-
san can cause improvements in neural dysfunctions,
such as Alzheimer’s disease, senile dementia and
mernory—loss.l' “In support of these clinical effects of
this Chinese medicine, pre-clinical studies including
both i vivo and in vitro experiments have indicated
the improvement of learning and memory functions by
using Toki—shakuyakufsan,3 ® as well as its neuro-
protective properties in glutamate (Glu) induced neu-
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ral death.” However, the mechanisms of this Chinese
medicine on the effects in the central nervous system,
especially its protective effects against neural dysfun-
ction, have not been well evaluated. An evaluation of
these mechanisms might find a key to the usefulness
of Chinese herbal medicine for the treatments of
neurological disorders.

In this paper, we studied the protective qualities
of each extract of Toki-shakuyaku-san and its six
components, Toki (Angelicae sinensis Radix), Sha-
kuyaku (Paeoniae Radix), Bukuryo (Hoelen), Sojut-
su (Atractylodis lanceae Rhizoma), Takusha (Alis-
matis Rhizoma) and Senkyu (Ligustici wallichii
Rhizoma), on the neural dysfunction induced by a
large dosage of Glu (1 mM) in cultured cerebellar
granule cells, using LDH activity assay.ﬁ We also
examined the inhibitory effects of these extracts on
the amounts of cytosolic Ca?* ([Ca®*]i) increased by
excessive dosage of Glu using the fura-2 method.” In
the case in which both results can be correlated, the
possible protective mechanism of these Chinese herbs
in the central nervous system can be discussed. It may
be useful to examine the protective effects demon-
strated by the aforementioned Chinese herbs in the
presence of the mechanism of neural dysfunction due
to the cytotoxicity of Glu and the subsequent exces-

. . .9 15)
sive accumulation of [Ca?*]i.

Materials and Methods

Materials . The aqueous extracts of Toki-sha-
kuyaku - san and its six composed Chinese herbs,
which are massproduced as for clinical use, were
kindly supplied by the Kanebo Chinese Traditional
Medicine Research Institute (Osaka, Japan). Trypsin,
tyrosin inhibitor, DNAase, glutamine, gentamycin,
polylysine and cytosine arabinoside were obtained
from Sigma Chemical Corp. (St. Louis, MO, U.S.A.).
Basal Medium Eagle solution (BME) was purchased
every four weeks from Kyokuto Pharm. Ind. Corp.
(Tokyo, Japan). Fetal bovine serum was obtained
from Bockneck Laboratories (Toronto, Canada). And
the other chemicals were purchased from Wako Pure
Chemical Corp. (Tokyo, Japan). Glass coverslips
(thickness 0.12 to 0.17 mm) were obtained from
Matsunami Inc. Corp. (Tokyo, Japan). The thirty-

five millimeter pre - coated culture dishes were
obtained from Nunc Corp. (Roskilde, Denmark).

Cell cultures : Cultures of cerebellar granule cells
were prepared using our previously reported method.”
Briefly, ten cerebella of 8-day-old Wistar rats were
chopped bi-directionally into 400-gm blocks, then
incubated at 37°C for 13 min in calcium-free Krebs-
Ringer buffer solution containing 0.025% trypsin. The
tissue blocks were collected by centrifugation and
triturated in the presence of 0.004 9% trypsin inhibitor
and 0.008 96 DN Aase. Finally, the collected cells were
suspended in BME supplemented with 10 9 fetal
bovine serum, 5 mm glutamine, 25 mM KCI and 180 um
gentamycin. Then a 2-ml aliquot of the cell suspension
was seeded into each 35 mm pre-coated culture dish at
a concentration of 1.25x10°% cells/ml. Cells used for
the measurement of [Ca?*]i levels were applied onto
the polylysine pre-coated 25 mm glass coverslips. Ten
micromol of cytosine arabinoside (final concentra-
tion) was added to each dish at 16 hr after suspension
to inhibit the proliferation of glia cells.

Assessment of neural damage using LDH activity
assay : The Glu-induced neural toxicity was induced
by adding a 1mM Gly (final concentration) to the
culture medium.'” The exposure of Glu for either 15
min, 6 hr or 24 hr was terminated by removal of the
incubation medium. Five hundred microliters of the
media was assayed for extracellular LDH activity.
The remaining media and cells after treatment of two
freezings were assayed for the total LDH activity.
LDH activity was measured spectrophotometrically
by following NADH - oxidation at 340 nm."” LDH
activity in International Unit (IU) of each aliquot was
determined by Wroblewski - La Due method using
COBAS/FARA II (Roche, Switzerland). The released
LDH ratio was recorded as a percentage of extracel-
lular LDH activity to total LDH activity.

Measurement of [ Ca**]i levels : The measurement
of [Ca*]i in cultured cerebellar granule cells using
the fura-2 method and the effects of either KCl or Glu
on [Ca?*]i levels were described in our previously
published paper.w)Briefly, the coverslip glass contain-
ing neurons was washed twice with Krebs” HEPES
(KH) buffered solution (136 mM NaCl, 5.4 mM KCl,
1.2 mMm CaCl,, 1.3 mm MgCl,, 10 mM glucose and 20
mM HEPES, pH 7.4). Then cells were incubated with



Journal of Traditional Medicines (Vol. 12 No.2 1995) 95

5 M fura 2-aM in KH at 37°C {or 45 min. Loaded cells
were then transferred into the measuring chamber of
the fluorimeter (CAF 100, Jasco, Tokyo) and were
superfused with KII (1 ml/min at 37°C). A group of
cells was alternately illuminated with 340/ 380 nm
excitation. Emitted light was collected at 500 nm and
the fluorescences were monitored and recorded by
means of computer. The value of [Ca®*]i was deter-
mined by the method as described by Grynkiewicz ¢f
al” The resting [Ca®*]i level in the cultured cells
was 100+8.6 nM. The superfusion of 50 mxt KCl and 25
wM Glu in Mgt omitted KII, for 90 sec, maximally
enhanced the [Ca?']i levels to about 800 nat and 400
nM, respectively. These maximum levels were discus-
sed for the pharmacological effects of the examined
herbs, since 50 mM KCI and 29 M Glu were chosen as
the stimulating agents in this experiment.
Application of Chinese herbs on cells with Gl
nduced newral loxicily : To examine how the Chinese
medicine affects the 6 hr exposure of Glu-induced
neural toxicity, the treatment of neural cultures with
sterilized aqueous exiracts was required. The steril-
ized Chinese herb extract solutions were prepared by
the following procedures : each 2-mg/ml of extract
was dissolved in BME, and sonicated for 10 min by a
ultrasonic machine (Bronson. Seattle, U.S.A.}, then
the solution was filtered with a 22 xm filter (Millipor-
e, MA, U.S.A)). Each filtered solution was applied at
2 and 0.5 hr prior to Glu treatment by the replacement
of 1 ml from the incubation medium. Others were also
applied at 0.5 hr after Glu exposure, and then incubat-
ed for 5.5 hr. In this case the Chinese herb extract was
dissolved in BME containing 1 mM Glu. To determine
whether each filtered extract effects either the
extracellular or total LDII activity, the dosage of 1
mg/ml of each extract was incubated for 8 hr in sister
cultures. The obtained results showed no effects on
either LD release or total LDII activity.
Constderation of  sell - fluovescence measured by
Chinese medicines © The extracts used in the Ca®*
measurements were dissolved at the concentration of
10 mg/ml in K1l and incubated at 60°C for 1 hr. Then
the solution was centrifuged at 3,000 g for 15 min. The
supernatant was filtered with Advantec-2 filter paper
(Toyo, Tokyo, Japan) and stocked at 4°C for later

assay.

The examined aqueous extracts showed self-fluo-
rescence at excitation wavelengths of 340 and 380 nm.
These self-fluorescent intensities were examined in
both fura 2-aAM loaded and unloaded cells. The fluores-
cent intensity of the unloaded cell was increased at
both wavelengths under the superfusion of Chinese
medicines, although cells without Chinese medicines
did not display any selffluorescence. Such fluores-
cence disappeared when the Chinese medicines were
washed out of the cells with KI1. The ratio of 340/380
was not remarkably changed throughout this process.
Similar phenomena were seen in the case when
Chinese medicines were exposed to fura 2 -AM loaded
cells. Furthermore, we examined whether the Chinese
medicines affect the resting [Ca®*]i or not. The prein-
cubated cells with Chinese medicines were washed and
subsequently loaded with 5 gM fura 2- AM for 45 min
as described in “Measurement of |Ca*7]i levels”.
Compared to the resting fura-2 fluorescence in the
non-treated cultures, none of the examined Chinese
medicines had any effects on the resting fura-2 fluor-
esence.

Application of Chinese medicines on the 6DIV
cells with [Ca**1i measurement : In experiments on
the inhibitory effects of Chinese medicines on the
stimulating agents which increase [Ca®* i, the [Ca?']i
levels were determined by the calculated fura-2 ratio
which was the subtraction of both background (neur-
on-free condition) and self-fluorescence of the tested
aqueous extracts from the fluorescence obtained at
340 nm and 380 nm.

The application of Chinese medicines onto a fura
2 loaded cell was carried out by the following five
steps : 1) 90-sec perfusion with each stimulating agent
with no Chinese medicine present, 2) 5-min perfusion
with each concentration of Chinese medicine without
any stimulating agent, 3) 90-sec perfusion with both
Chinese medicine and the stimulating agent, 4) 5-min
perfusion with KH containing neither Chinese medi-
cine nor stimulating agent, and 5) repeat of step 1).
The inhibitory potentiation of the examined Chinese
medicine on the stimulating agents which increased

[Ca?*]i was determined by comparing to the results
of 1) and 3). The percentage of inhibition was calcu-
lated by dividing the results of 3) by the results of 1).
Furthermore, the magnitude of [Ca®>*]i increase by
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either 50 mM KCI or 25 uM Glu was almost the same
as that seen in step 1) and in step 5). This means that
the influence of Chinese medicine could be abolished
by washing.

Statistical analysis : The statistical significance
was established as follows. The ANOVA one-way
analysis of variance followed by pairwise compari-
sons using the Scheff test was used for the multigroup
comparisons. The statistical analysis between two
groups was evaluated by the F-t test. A probability
value of 59 or less was considered indicative of a
significant effect.

Results

Neural toxicity induced by 1 mm Glu

To determine the suitable experimental condi-
tions of Glu-induced neural toxicity in cultured cer-
ebellar granule cells, we examined the extracellular
LDH activity (Fig. 1A) and released LDH ratio (Fig.
1B) using 3, 6 and 10 DIV cultures with three different
exposure times to 1 mM Glu (15 min, 6 hr and 24 hr as
shown in Fig.1). The extracellular LDH activity in
the non-treated culture was 4.3+0.9 (IU, mean=S.E.
M., n=7). In the case of 3 DIV cultures, exposure to 1
mM Glu for 15 min did not increase the extracellular
LDH activity significantly. However, 6 and 24 hr
exposures to 1 mM Glu did enhance the extracellular
LDH activity compared to the magnitude of the non-
treated cell. In 6 DIV cultures, a 15 min exposure to 1
mM Glu elevated the extracellular LDH activity sig-
nificantly. The extracellular LDH activities of six and
twenty four hour exposures to 1 mMm Glu were 7-fold
higher than each control value. In 10 DIV cultures, the
enhanced extracellular LDH levels were significant
and these values were the same as those seen in the 6
DIV cultures. Furthermore, we compared the released
LDIH ratio (Fig. 1B) of each culture in order to iden-
tify the actual damage to the cultured cells. As shown
in Fig.1B, the highest ratio was seen at 6 hrs exposure
to 1 mM Glu in 6 DIV cultures. This result was chosen
as the most appropriate experimental condition for
examining the protective effects of Chinese medicine
on Glu-induced neural toxicity.
Protective effects of Chinese medicine on LDH release
induced by 1 mm Glu
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Fig. 1 A) The extracellular LDH activity enhanced by
exposure to 1 mM Glu for 15 min {(open bar), 6 hr (oblique
bar) and 24 hr (closed bar) in 3 DIV, 6 DIV and 10 DIV
cultured cerebellar granule cells. Each data represents the
mean+S.E.M. of 6 to 8 experiments. B) The percentage of
extracellular LDH to total LDH in each examined 3 DIV
(m—wm) 6DIV (n—5) and 10 DIV (@ — @) sample. Six
hours exposure to 1 mM Glu of 6 DIV cultures shows the
highest ratio.

Protective effects of the extracts against 1 mMm
Glu-induced neural toxicity are shown in Table I
Data represent the released LDH ratio as the mean=
S.EM. of 4~8 separate experiments. One mg/ml
(final concentration) of Chinese medicine reduced the
Glu-induced LDH release in all treated cultures. The
cultures treated with the Chinese medicine prior to
Glu exposure showed a significant inhibition of Glu-
induced LDH release. Whereas the inhibition of Sha-
kuyaku, Bukuryo and Sojutsu were slightly weaker in
the case of 30 min prior to Glu treatment than those
seen in the 2 hr pretreated cultures, there were no
significant differences between the 2 hr and 30 min
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Table 1 Inhibition by the Chinese herbs on 1 mM Glu induced LDH release
in cultured cerebellar granule cells.

2 hr before 30 min before 30 min after
Vehicle/1 mm Glu 51.0%2.1 (%) 48.6+3.3 (%) 46.9+5.8 (%)
Sra(r’]lj‘lfr]fjké‘lyuak” 27.6+1.7" 25.2+1.6** 27.3+1.8*
Toki/1 mv Glu 23.2+1.6** 26.0£1.5*" 34.9+2.5
Shakuyaku/1 mMm Glu 26.0x£1.7** 34.1+1.7* 44.6+5.9
Bukuryo/1 mm Glu 24.6+3.1** 30.7+1.4* 37.2+3.5
Sojutsu/1 mM Glu 25.611.8** 30.5+4.7* 38.4+6.1
Takusha/1 mm Glu 24.4£1.1** 21.1+0.9** 24.3+2.6*
Senkyu/1 mMm Glu 36.81+1.8*" 26.7+1.6** 24.2+2 4%

Data represent the percentage of extracellular LDH activity/total LDH activity (mean®S.E.M. of
4 to 8 experiments). The application of Chinese herb extract was described in “Material and
Methods”. The exposure to 1 mM Glu to sister cultures, as a control, was replaced with half of the
BME incubation medium in the same process as the Chinese herb treated cultures were done.
Significant difference were obtained to compare the “Vehicle/1 mm Glu” v.s. “each Chinese herb/

1mm Glu”; **p <0.01, *p <0.05.

Chinese herb preincubation groups. In the application
of Chinese medicine at 30 min after Glu treatment,
Toki, Shakuyaku, Bukuryo and Sojutsu did not show
any significant inhibition. However, the treatments of
Toki-shakuyaku-san, Takusha and Senkyu showed
significant inhibition of Glu induced LDH release in
three different application periods.
Ca** antagonistic effects of Toki-shaluyaku-san and
its components

The inhibition curves of Toki-shakuyaku-san to
the 50 mM KCl and 25 M Glu-induced [Ca?*]i increase
are shown in Fig. 2A and Fig. 2B, respectively. In Fig.
2A, the dose of 10 xg/ml Toki-shakuyaku-san showed
about 10 9 inhibition to the 50 mM KCl induced[Ca?*]i
increase, and 1 mg/m! Toki-shakuyaku-san com-
pletely blocked such [Ca?*]i increase. In the case of
the 25uM Glu enhanced [Ca?*]i increase, 200 yxg/ml
Toki-shakuyaku-san showed about 10 9§ inhibition of
such a [Ca®*]i increase, and 1 mg/ml of this medicine
inhibited more than 90 % of the [Ca?']i levels in-
creased by Glu (Fig. 2B). Fig. 3 shows the inhibitory
potency of the six components, Toki, Shakuyaku,
Senkyu, Bukuryo, Sojutsu and Takusha, to the 50 mm
KCl (solid bars) or 25 uM Glu (closed bars) induced
[Ca?*]i increase. The six components, except Sha-
kuyaku, inhibited the 50 mM KCIl enhanced [Ca**]i
increase in a dose-dependent manner from 100 zg/ml
to 1 mg/ml. And inhibition of all six components by
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Fig. 2 A) The inhibitory effects of Toki-shakuyaku-san
on 50 mm KCl induced [Ca®*]i levels increase. B) The
inhibitory effects of Toki-shakuyaku-san on 25 M Glu-
induced [Ca?*]i levels increase. Each data represents mean
+S.EM. of 3 to 6 experiments.
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Fig. 3 Inhibitory effects of the six components in Toki shakuyaku-san on either 50 my KCl
(dark dar) or 253 Glu (open bar) increased [Ca® i levels in cultured cerebellar granule cells.
Each data represents the mean S E.M. of 3 to 6 experiments.

Tahle 11 Fifty percent inhibition concentration (1C;,) by
Toki shakuyaku-san and its six components on 50 mM
KCI and 25 gy Glu induced {Ca® |i increase in
cultured cerebellar granule cells.

50 mar KCl 25 un Glu
Toki-shakuyaku san | 30014 gg/ml | 530 45 gg/ml

Toki 230=10 361+ 41
Shakuyaku >2000 291+ 14
Bukuryo 279227 41149
Sojutsu 308+19 410 =51
Takusha 231+21 326 £33
Senkyu 349+31 238 +38

Each data represents mean+S.E.M. of 6 experiments.

the 25 uM Glu increased [Ca®*]i levels were seen in a
corresponding manner. The fifty percent inhibition
values (ICs,, mean*+S.E.M., n=3~6) of the examined
Chinese medicines are shown in TableIl. The 1C;,
value of Shakuyaku to the 50 mM KCl induced [Ca®*]i
increase was above 2 mg/ml, and this value was signifi-
cantly larger than those of the other components. In
the inhibition of the 25 uM Glu induced [Ca®*]i
increase, Toki-shakuyaku-san was weaker than its

components, but this was of no significance.
Discussion

In general, the prescription of Chinese herbal
medicine has often been prepared with the mixture of
several Chinese herbs as empirical knowledge. And
such a “cocktail” of Chinese herbal medicines appear-
ed to be much more potent in the treatment of dis-
eases than each isolated chemical composition of
those Chinese herbs. Therefore, it might be important
to examine the pharmacological properties of this
Chinese herbal medicine using the entire “cocktail”.

In the goal of preventing inconsistent results due
to the extraction of Chinese herbs, we used the
extracts of one Chinese herbal medicine and its six
comprised herbs which are routinely prepared in the
pharmaceutical company as medicine on the market.

The experiments presented in this article
identified : 1) Pre-treatments of Toki-shakuyaku-san
and its six components inhibited 1 mM Glu-induced
neural damage in cultured cerebellar granule cells,
and post-treatments of Toki shakuyaku-san, Taku-
sha and Senkyu also blocked these neural damages. 2)
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Toki-shakuyaku-san and five of its components in-
hibited both the 50 mM KCl and 25 gM Glu-induced

[Ca?*]i increases in a dose - dependent manner,
although the inhibition of Shakuyaku on the 50 mMm
KCl induced [Ca?*]i increase much weaker than that
on the 25 uM Glu increased [Ca?*]i.

In experiments of Glu-induced neural toxicity
(Fig. 1A), our results were slightly different from the
data of others.” 17)They observed that immature neur-
ons in cortical cultures were apparently resistant to
the Glu neural toxicity, and the basis for the resis-
tance of immature neurons to excitotoxin was ex-
plained by reasoning that the immature neurons have
fewer membrane receptors for Glu than the mature
neurons. In our experiments, exposure of 3 DIV cul-
tures to 1 mM Glu for 6 and 24 hrs did significantly
increase the extracellular LDH activity, although the
LDH activity was not apparently changed in 3 DIV
cultures which were exposed to 1 mM Glu for 15 min.
The discrepancies between our results and the others
can be explained by the different ontogenetic develop-
ment of Glu receptors in cerebellar granule cell cul-
tures as opposed to cortical cultures.” *"'For instance,
our data obtained from the experiment of Glu-induced

[Ca®*]i increases in cultured cerebellar granule cells
showed that the responses of such [Ca?*]i increases
induced in 3 and 5 DIV cultures were as good as those
obtained in 10 to 14 DIV cultures. Furthermore, the
maximum response of [Ca®*]i obtained by larger
dosages than 25 4M Glu was of similar levels, although
the dose of more than 25 uM Glu prolonged the recov-
ery time of the [Ca?*]i levels to their unstimulated
level. " Therefore the inhibition of the initial increase
of [Ca®*]i might be significant in protecting the vul-
nerability of neural systems.

Exposure of 1 mM Glu to 6 and 10 DIV cultures
induced significant neural toxicity. Six and twenty-
four hour exposures of 1 mM Glu showed similar
extracellular LDH activity in both cultures. In the 6
DIV culture, and this ratio was the hightest value in
the examined cultures, the LDH release ratio in the 6
hr exposed cultures was higher than that seen in the 24
hr exposed cultures. This difference might be ex-
plained as an increase of total LDH activity due to the
proliferation of glia in the extra 18 hr incubation with
1 mm Glu.™'In particular, we have previously reported

that the growth of glial cells stained by GFAP in the
6 DIV cultuures could be much faster than those in the
3 and 10 DIV cultures."” The increased LDH release
ratio was related to the magnitude of neural damages
in cultured cells, because the study of trypan blue dye
in the sister cultures identified the number of stained
cells (data are not shown).

In 6 DIV cultures which were exposed to 1 mM
Glu for 6 hrs, the pre-treatment of one mg/ml of Toki-~
shakuyaku-san and its components protected against
the Glu-induced neural damages indicated by LDH
release ratio (Table I). This examined dosage of each
extract was seen to block the increase of Glu-induced

[Ca®*]i levels completely (Fig.2B, Fig.3). In this
blocking effect, Toki-shakuyaku-san and Shakuya-
ku, but not others, demonstrated different phar-
macological properties with respect to the inhibition
of [Ca*']i increased by 50 mM KCl and as to the
inhibition of [Ca®*]i increased by 25 uM Glu. The IC,,
values of Toki-shakuyaku-san to high-K-and Glu-
increased cytosolic Ca?* levels were about 10 and 200
ug/ml, respectively (Fig. 2), although the IC;, values
of this Chinese medicine to both channels were about
1.8 - fold different. Furthermore, the 1C;, value of
Shakuyaku to high-K-increased [Ca?*]i levels was
more than 2000 gg/ml, but the 1Cs, value to Glu-in-
creased [Ca?*]i levels was about 300 xg/ml. At pres-
ent, it is difficult to explain the exact reason why
Shakuyaku showed the different effects between Glu
and high-K increased [Ca®*]i levels. But the antago-
nistic action of Chinese herbs on the voltage-depen-
dent and/or receptor-operated Ca?* channels has been
reported in several papers.% “ And these papers dis-
cussed that their antagonistic actions might be due to
their membrane stabilizing effects. The phar-
macological mechanisms of Chinese herbs on neural
cells can be discussed in regards to several possibil-
ities because of their “natural” elements. In the pres-
ent paper, 1Cs, values of examined medicinal herbs,
except for Shakuyaku, in respect to 50 mM KCl in-
creased [Ca?*]i, were similar. These results document
that a low dose of Toki-shakuyaku - san readily
blocks voltage - dependent calcium channel (VOC)
activities, and higher dosages completely inhibit both
VOC and the Glu related Ca®* channels (e,g., NMDA
receptor operated Ca** channel and/or the subsequent
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increased activities of VOC), although the phar-
macological effects of Shakuyaku mainly appeared
through the inhibition of the Glu related Ca?* channel
activity. These antagonistic effects on VOC and the
Glu related Ca?* channel might be related to the
blocking effects of pre-treatments of Chinese medi-
cine on Glu induced neural toxicity.

In addition, as in our previously reported paper,m
the organic Ca*" antagonists, flunarizine, SM6586,
SM12565 and nifedipine, also blocked the Glu in-
creased [Ca?*]i levels, and the IC;,, values were 3 to
35 ug/ml. Furthermore, these antagonists can block
the Glu induced neural toxicities. Although the
examined Chinese medicines were much weaker in-
hibitors in the case of the Glu related Ca** channels
than these Ca?" antagonists, as shown in Table II
These extracts of herbs appeared to exhibit the same
pharmacological properties in relation to the excito-
toxicities (see Table I).

Given the calcium hypothesis on Glu neural tox-
icity,m an excessive [Ca®*]i increase induced by Glu
might be an important factor in Glu neural toxicity.
Specifically, the inhibition of Ca?" influx through
either N -methyl-D-aspartate (NMDA) receptors,
some of the non-NMDA receptors, or VOC by the
antagonists could improve the neural dysfunction and

7.23 25) .
In our experiments,

protect against neural death.
Toki-shakuyaku-san and its six components are con-
sidered to have blocking effects on both VOC and the
receptor operated calcium channels (Fig.2, Fig.3).
Additionally, Toki-shakuyaku-san inhibited 100 xM
NMDA induced [Ca®*]i increases in the same manner
as seen in the inhibition of the 25 gM Glu induced
[Ca?*]i increase (data are not shown).

Some of the examined Chinese medicine, Toki-
shakuyaku-san, and two of its’ components, Takusha
and Senkyu, blocked the increase of LDH induced by
Glu even though they were applied at 30 min after Glu
treatment of the cell. These results appear to be
unclear, since it can not be deduced by only their Ca**
antagonistic actions. In the recent decade, it has not
been clearly proven that the NMDA antagonists and
Ca?* antagonists can be useful for the treatment of
apoplepsy. However, in our most recent results, some
modulators of immuno-active substances blocked the
hippocampul neural cell death in the hypoglycemia

two vessel occulusion model, in spite of the fact that
these were treated at 30 min after occlusion. It has
been well-discussed that the Chinese herbal medicines
have immuno-active or suppressive actions.” There-
fore Toki-shakuyaku-san, Takusha and Senkyu may
modulate the immuno-active substances which regu-
late the cellular functions, and these herbs appear to
exhibit protective effects on Glu-increased excessive
LDH release.

In conclusion, it might be suggested that one of
the mechanisms of Toki-shakuyaku-san in blocking
excessive amounts of Glu induced neural toxicity is
the inhibition of a sustained increase of [Ca®']i in-
duced by Glu. Therefore, Toki-shakuyaku-san may
be useful in prophylasis and/or in emergency therapy
involving neural damage induced by Glu and this
property might more specifically related to the phar-
macological action of Takusha and Senkyu.
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AR MR 2 T o b 52/ B0 A % A
WKL 7o, RIEEEE & L T4 (Angelicae scinensis
Radix) 13 9%, #j # (Paeoniae Radix) 25 9%, fX3F

(Hoelen) 18 %, #l (Atractylodis Lanceae) 18 %,
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UF 30 S AijALE % L 72 0 2 S R OF 6 D o R A1
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