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Involvement in glutamatergic nervous system in psychotropic effects of yokukansan

Zenji Kawakami

TSUMURA Research Laboratories, TSUMURA & Co.,
3586 Yoshiwara, Ami-machi, Inashiki-gun, Ibaraki 300-1192, Japan

Abstract

Yokukansan, a traditional Japanese medicine called Kampo composed of seven medicinal herbs (Atractylodis
lancea rhizome, Poria sclerotium, Cnidium rhizome, Uncaria hook: UH, Japanese Angelica root, Glycyrrhiza:
GL, and Bupleurum root), has been reported to improve behavioral and psychological symptoms of dementia
(BPSD) in dementia patients. However, the mechanism is still unclear. In various animal models used for
researches in the pathogenesis and therapy of dementia, the increase in the extracellular level of glutamate in the
brain has been reported. In order to clarify the hypothesis, the effects of yokukansan on glutamate-mediated
exitotoxicity as one of mechanism were investigated both in vivo and in vitro studies.

In vivo studies, daily oral administration of yokukansan ameliorated thiamine deficient (TD)-induced memory
disturbance, increase in aggressive behavior, decrease in social behavior, and several neurological symptoms
including opisthotonus. Histopathological examinations showed that yokukansan inhibited the degeneration of
neuronal and astroglial cells in the brain stem, hippocampus and cortex in TD rats. Microdialysis experiments
showed that yokukansan inhibited extracellular glutamate rise in the ventral posterior medial thalamus in TD rats.
These results suggest a possibility that yokukansan possesses the preventive or progress inhibitive effect against
the development of memory disturbance and BPSD-like behaviors induced by the degeneration of neuronal and
astroglial cells resulting from TD.

In vitro studies, yokukansan ameliorated TD-induced decreases in glutamate uptake and glutamate transporters
in cultured astrocytes. A similar effect of glutamate uptake was found for GL-derived glycyrrhizin (GR) and its
metabolite 18 /3 -glycyrrhetinic acid (GA), which inhibit protein kinase C activity. These results suggest that GR
and GA are likely responsible for amelioration of dysfunction of glutamate transport in astrocytes. Next, the
direct effects of yokukansan on neurons using cultured neurons and PC 12 cells were investigated. Yokukansan
inhibited glutamate-induced neuronal and PC 12 cell death. Higher potency of protection was found in four
UH-derived components (hirsutine: HIR, hirsuteine: HTE, geissoschizine methyl ether: GM, and
rhynchophylline) and four GL-derived components (glycycoumarin, isoliquiritigenin: ILQG, liquiritin, and
GA). HIR, HTE, and GM ameliorated the glutamate-induced decrease in glutathione levels in PC12 cells,
suggesting that these components have an anti-oxidative effect. ILQG bound to NMDA receptors and inhibited
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the glutamate-induced increase in receptor-linked Ca2* influx in neurons, suggesting that this component has
NMDA receptor antagonistic effect.

In conclusion, these lines of evidence suggest that yokukansan ameliorated the TD-induced BPSD-like
symptoms and memory impairment. This effect might be mediated by two types of protective effects for neurons:
an indirect effect by amelioration of dysfunction of astrocytes and a direct effect by anti-oxidative and NMDA
receptor antagonistic effects.

Key words: astrocyte, behavioral and psychological symptoms of dementia (BPSD) , glutamate transporter,

neuroprotection, yokukansan.
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Fig. 1. Effect of yokukansan (YKS) on memory disturbance, aggression and social behaviors. Memory
retention tests (A) were performed on Days 29 after TD feeding. Aggression (B) and social behaviors
(C) were examined by social interaction tests on Day 21. Value represents the mean + S.EM. (n=10
~11). Significance by Fisher’s PLSD test following one-way ANOVA is indicated as “"P<0.01 vs
Control, T P<0.05and 7" P<0.01 vs TD.
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Fig. 2. Electron micrographs of astrocytes in vestibular nucleus. Compared to a normal astrocyte (A), a
severely degenerated astrocyte that had lost most of the organelles in the cytoplasm was found in TD rat
(arrow in B). The severe degeneration in cytoplasm of the TD astrocyte was not observed in 1.0 g/kg
YKS-treated animal even on the 34th day (C). Bar=2 ym.
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Fig. 3. Extracellular concentrations of glutamate in VPM. Value represents the mean = S.E.M. Significance by
Bonferroni multiple comparison procedure following one-way ANOVA is indicated as “*P<0.001 vs
Control, 771 P<0.001 vs TD.
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Fig. 4. Effects of YKS on TD-induced decrease of glutamate uptake (A), GLAST protein (B), and GLAST
mRNA (C) in cultured astrocytes. Astrocytes were cultured in T(+): thiamine-containing normal
medium, T(-): thiamine-deficient medium, or T(-) medium containing various concentrations of
yokukansan. (A) YKS + TBHA: T(-) medium containing yokukansan (500 pg/mL) with the glutamate
transporter inhibitor TBHA (100 yM). Each value represents the mean = SSEM. (n=6). 777 P<0.001
vs. T(+), ™ P<0.001 vs. T(-), and #*P<0.001 vs. T(-) + yokukansan (500 ug/mL) : one-way
ANOVA + Dunnett’s test. (B) In Western blotting, GLAST protein (60 kd) was quantified by
normalization to actin (42 kd). Each value represents the mean = S.E.M. of 3 separate samples.
Tp<0.05 vs. T(+), and *p<0.05 vs. T(-): Student’s #-test. (C) Each value is expressed as a relative
value of the T (+) control group after the expression of mRNAs in each sample was normalized to the
Rps 29 mRNA level. Each value represents the mean = S.E.M. of 3 measurements performed in
triplicate. 7T p<0.001 vs. T(+) and “*p<0.001 vs. T(-) : one-way ANOVA + Bonferroni test.
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Fig. 5. Effects of 18 /8 -glycyrrhetinic acid on TD-induced decrease of glutamate uptake (A) and inhibition of
PKC activity (B). (A) Relative values (Glutamate [% of T(-)]) calculated as a percentage of the
extracellular glutamate concentration in the T(-) group. Each value represents the mean + S.E.M. (n =
6). "*P<0.001 vs. T(-): one-way ANOVA + Dunnett’s test. (B) PKC activity facilitates phosphorylation
of neurogranin, and induces reduction of ATP. Because the intensity of luminescence with luciferin/
luciferase activity is dependent on the amount of ATP, PKC activity decreases the intensity of
luminescence. Each value represents the mean = SEM. (n=3). 77T P<0.001 vs. control (C) and
“*P<0.001 vs. PKC: one-way ANOVA + Dunnett’s test.
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Fig. 6. Effects of YKS on glutamate-induced neuronal cell death (A) and PC12 cell death (B). Each value
calculated as a percentage of the MTT activity in control cells is represented as the mean = SEM (n=6).
77T P<0.001 vs. control (C), and ***P<0.001 vs. glutamate (G): one-way ANOVA + Scheffé's test.
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Fig.7. Effects of yokukansan and its components on glutamate-mediated excitotoxicity. Glycyrrhizin (active
component is 18 8 -glycyrrhetinic acid: GA) possesses ameliorative effect of glutamate transport.
Isoliquiritigenin (ILQG) possesses NMDA receptor antagonistic effect, and four Uncaria hook-derived
components (geissoschizine methyl ether: GM, hirsuteine: HTE, hirsutine: HIR, and rhynchophylline:
RP) and four Glycyrrhiza-derived components (ILQG, glycycoumarin: GC, liquiritin: LQ, and GA)
possess neuroprotective effect.
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