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Abstract

Effects of Kampo medicines with 52 formulas on choline acetyltransferase (ChAT) activity of rat

embryo septal cultures were investigated in this study. Yoku-kan-san-ka-chimpi-hange, Kihi-to and
Kami-untan-to remarkably increased ChAT activity of septal cultures. At maximum effective dose,
Kami-untan-to (250 xg/ml) and Yoku-kan-san-ka-chimpi-hange (250 xg/ml) increased about 85 9 and
63 9 of the ChAT activity induced by the maximum effective dose of nerve growth factor (50 ng/ml),

respectively. The memory deficit rats induced by scopolamine significantly increased latency on passive

avoidance test of step through type by oral administration of one dose of Kami-untan-to (200 mg/kg

b.w.).

These results suggested that Kami-untan-to may be available as a potential therapeutic formula for

treating dementia such as Alzheimer disease.

Key words ChAT, septal culture, passive avoidance behavior, Kami-untan-to.
Abbreviations ChAT, choline acetyltransferase ; CNS, central nervous system ; NGF, nerve

growth factor.

Introduction

Basal forebrain contains abundant cholinergic
neurons which belong to the medial septal nucleus and
the diagonal band of Broca. Cholinergic neurons in
this area may involve deeply with the cognitive func-
tion. Therefore neuronal degeneration in this area has
been considered to be responsible for several types of
dementia including Alzheimer disease. The neurotran-
smitter, acetylcholine is synthesized from acetyl coen-
zyme A and choline by the action of choline
acetyltransferase (ChAT ; EC2.3.1.6). Consequently
ChAT has been considered as a specific maker for the
activity of cholinergic neurons. Alzheimer disease
significantly decreases the ChAT activity in the cere-
bral cortex and hippocampuS.I'Z) Therefore induction
of ChAT activity in cholinergic neuron may improve
the damaged cognitive function in Alzheimer disease.

Recently, some Kampo medicines have been

demonstrated to improve the damaged cognitive func-
tion of animal model for dementia.” ~ These findings
suggest that some Kampo medicines may be useful for
the treatment of dementia.

In the present paper, we screened 52 kinds of
Kampo formulas on ChAT activity in rat septal cul-
tured cells in order to find effective formulas for
dementia due to cholinergic deficits.

Materials and Methods

Materials : Fetal bovine serum (FBS) was pur-
chased from Bioserum., Australia, horse serum from
Cell Culture Laboratories, U.S.A., [1-*C] Acetyl CoA
(0.15 GBg / mmol) from NEN, U.S.A., and nerve
growth factor 2.5S from Biomedical Technologies
Inc. U.S.A.. All medicinal herbs were obtained from
Uchida Wakan-Yaku Co. Ltd. (Tokyo, Japan).

Preparation of Kampo medicines : Fifty two kinds
of Kampo formulas were examined in this study.
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Forty six formulas which are not available as pharma-
ceutical extract prepartion covered by national health
insurance were selected from the prescription book of
the pharmacy in Oriental Medicine Research Center
of the Kitasato Institute. The other 6 formulas were
selected from the prescriptions which have been
expected to have the efficacy for several types of
dementia by the animal experiments and clinical
studies. Each Kampo medicine was prepared accord-
ing to above prescription book. Certain amounts of
component herbs for each prescription were mixed
with 600 ml of distilled water, and decocted to half
volume. Then the decoction was centrifuged at 7,000
rpm for 30 min, and the supernatant was lyophilized.
For the in wvitro assay, each lyophilized extract of
Kampo medicine (2 mg) was dissolved in distilled
water (2 ml), and the solution or suspension was pas-
sed through cellulose acetate membrane (0.2 ym,
DISMIC-25 cs, Toyo Roshi Kaisya, Ltd.). Then the
sterilized filtrate was used for the assay.

Preparvation of primary cultured cells : Septal cells
were cultured by the modified method of Muramoto ¢t
al.” The septal area of rat embryos (17-19 days old)
was removed and dissected into small pieces with
scissors under sterile conditions. The dissected tissue
was then digested at 37°C for 30 min in a solution of
phosphate buffered saline (pH 7.4) containing 180 U of
papain, 0.02 9% L-cystein-HCI, 0.02 9§ bovine serum
albumin, and 0.5 9% glucose. The precipitate of the
digest was obtained by centrifugation at 900 rpm for
5 min and washed with 1 : 1 mixture of Dulbecco’s
modified Eagle’s medium and Ham’s F12 medium (DF
medium). Washed precipitate was resuspended in DF
medium containing 5 % fetal bovine serum and 5 %
horse serum. After gently pipetting through a plastic
tip, the dissociated cells were plated in the same
medium at a density of 1Xx10°% cells/well in 24-well
plates (Primaria, Becton Dickinson, U.S.A.). After
preincubating for 7 days, the septal cells were cultured
for 3 days further in the presence of sterilized extract
of Kampo medicines and then measured for ChAT
activity.

Determination of ChAT activity : Rat embryo
septal cells in the primary culture were washed with
phosphate buffered saline (PBS) and then solubilized
in 210 x1 of 50 mm Tris buffer (pH6.8) containing 1 %

Triton X-100. The solubilizate was taken for the
determination of ChAT activity according to the
method of Fonnum.”

Passive avoidance test (step through bype) for
scopolamine treated rats . Male Wistar rats weighing
150-180 g were used in this experiments. Once each rat
entered from a small light room (11 X26 X 29 cm) into
a large dark room (31 X31X34 cm), he would receive
an electric shock (5 mA) for 3 sec. After only one
acquisition trial of learning, the animals were retur-
ned to their own cage. Twenty four hrs after the
acquisition test, the retention trial was performed
again. Each rat was placed in the light room and was
left there for 300 sec. The latency and the number of
rat which did not enter the dark room were recorded.
Rats were treated with scopolamine (6 mg/kg)
intraperitoneally 30 min before the beginning of the
test trial. Kami-untan-to (200 or 400 mg/kg) was
orally administered 2 hr before the test session.

Statistics : For analyzing in vitro data, ANOVA
followed by Dunnett’s post hoc procedure was em-
ployed. The step through latencies were analyzed
with the Kruskal-Wallis test follwed by Scheffe’s F
test.

Results

Six kinds of Kampo formulas (Choto-san, Yoku-
kan-san, Yoku-kan-san-ka-chimpi-hange, Kihi-to,
Toki-shakuyaku-san and Oren-gedoku-to), which
have been expected to have the efficacy for several
types of dementia from the results of animal expert
ments’ ' and clinical effects,"” "' were tested on ChAT
activity in septal cultures. When the septal cells were
cultured for 3 days in the presence of each Kampo
formula at the concentrations ranging from 50 to 200
or 250 ug/ml after 7 days of preincubation, Yoku-kan-
san-ka-chimpi-hange and Kihi-to showed increased
ChAT activity of septal cultured neurons (Fig. 1).
However, Oren-gedoku-to decreased ChAT activity
at the range of 50-200 xg/ml! due to death of neuronal
cells observed microscopically (data not shown).

In order to find another newly available Kampo
formula for the treatment of dementia, the other 46
kinds of Kampo formulas, which are not available as
pharmaceutical extract preparation covered by
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Fig. 1 Effects of 6 kinds of Kampo formulas on ChAT
activity in rat embryo septal cells in eitro. Septal cells
were treated for 3 davs in the presence of Kampo for-
mulas [ ; Oren-gedoku to (&R dpss . Huang Lian-
Jie Du-Tang), B ; Choto-san (YT ; Diao-Teng San),

Y Yoku kan-san (Ui ; Yi-Gan San), @5 Yoku kan-
san ka chimpi hange (FUFEMB0E 140 Yi-Gan San-
Jia Chen Pi-Ban -Xia), N ; Kihi to (il o Gui -Pi-
Tang), A ; Toki-shakuyaku-san (Mt 453 Dang-Gui-
Shao Yao San)] . Values are expressed as % of control
and represent the means of 2 culture wells.
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Fig. 3 Effect of Kami-untan to on the passive avoidance
test in scopolamine treated rats. Rats were treated with
scopolamine (6 mg/kg) iniraperitoneally 30 min before the
beginning of test trial. Kami-untan-to was orally adminis-
tered 2 hr before test trial. The latency periods were
measured for control group, scopolamine treated group
and Kami-untan-to (200 or 400 mg/kg) plus scopolamine
treated groups (n=10 each). Values are expressed as mean
latency £S.1..
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Fig. 2 Effects of Kami untan-to and Yoku-kan-san ka
chimpi-hange on ChAT activity in rat embryo septal
cells. (A) Dose response (0500 gg/mb) of Kami untan to
(M) and Yoku kan-san ka chimpi bhange (@). (B) Com-
parison of effects of NGF (50 ng/ml) with Kami-untan-to
or Yoku-kan san ka-chimpi hange (250 pug/mlby on ChA'T
activity in septal cells. Values are expressed as % of
controls and represent the means of 3 culture wells £
S.D. *p<0.01 versus control.

national health insurance and have not been tried to
treat on any types of dementia, on ChAT activity in
septal cells were examined. Then septal cells were
incubated for 3 days in the presence of 200 ug/ml of
each Kampo formula, only Kami-untan-to remark-
ably increased the ChAT activity, and the increment
was 158 % of control (Table. ). However, some of
Kampo formulas decreased ChAT activity.

From above results, Kami-untan-to and Yoku-
kan - san - ka - chimpi - hange (Table 1I) exhibited a
stimulatery effect on ChAT activity in septal cells, the
dose response effects of these two formulas on ChAT



Kampo medicines and ChAT activity

Table I Effects of 46 Kampo medicines which are not covered by national health

insurance on ChAT activity in septal cultured neuron.

o7

Kampo formula (Japancse ; Chinese) ChAT activity*| % of control**
Bakumondo inshi (A1"24k - ; Mai-Men Dong Yin- Zi) 4.92 110
Bushi richu to (i r-# ; Fu-Zi Li-Zhong-Tang) 4.53 101
Chu-kenchu to (P4 ; Zhong Jian-Zhong-Tang) 3.34 101
Ennen hange-to (L4150 ; Yan-Nian-Ban-Xia-Tang) 5.60 109
Goko nichin to (1i)8. Mg ; Wu-1Hu Er- Chen-Tang) 5.20 101
Hachimotsu koka-to UUPkR M ; Ba-Wu Jiang Xia-Tang) 0.79 18
Hovo- kango to (it 114 ; Bu-Yang-1Tuan-Wu Tang) 3.86 50
Ifu-to (MM ; Wei-Feng-Tang) 5.43 106
Isho-ho (01} : Wei Zheng Fang) 1.00 19 o
Jijin -tsuji-to GEYFGL  Z1 Shen Tong-Er Tang) 0.15 2
Jinrel byakujutsu-san (Z45VDiL% ; Shen Ling Bai Zhu-San) 3.80 115
Jurokumi ryuki in ¢ {-/NBRAUK ;- Shi Lin-Wel Liu-Gi Yin) 7.70 89
Kakkon koka-to (35Hi%I(Ed5 ; Ge Gen Hong-Tlua-Tang) 0.13 3
Kami hassen to (A4l ; Jia-Wei Ba-Xian Tang) 7.53 87
Kami untan-to (ki ¢ Jia Wei Wen-Dan Tang) 13.66 158
Kanzo-shashin- to (1 g0 Gan-Cao Xie- Xin Tang) 0.16 2
Karo-gaihaku hakusyu to ORI YS 5 Gua-Lu Jiu Bai Bai Jiu-Tang) 6.02 79
Kagai san ({6 ; Hua Gai San) 5.91 115
Kei kyo so-s0-0 sin-bu to (b L4800l b ; Gui Jiang Zao Cao-Huang Xin-Fu Tang) 6.49 85
Keishi ka ogi-to (Fod €4y : Gui Zhi -Jia Huang Gi-Tang) 5.69 74
Keishi ka-ryo jutsu-bu-to (A2 mAFIEBH% ; Gui Zhi-Jia Ling Shu-Fu Tang) 3.68 111
Keishi- mao-kakuhan to (FiROf 0 51505 ; Gui Zhi-Ma - Huang-Ge -Bang Tang) 3. 86 116
Keishi shakuyaku chimo-to (FEF/ARESS 5 Gui Zhi-Shao-Yao-Zhi Mu-Tang) 3.35 101
Kenchu to (84 5 Jian-Zhong-Tang) 3.19 96
Keppu-chikuo to (i %555 © Xue Fu Zhu-Yu Tang) 3.58 108
Kigi kenchu to (hi &4Ehd) ; Gui Gi-Jian Zhoug Tang) 7.83 91
Kosha rikkunshi to (b5 4% 1% ; Xiang-Sha -Livjun-Zi-Tang) 7.37 85
Kumi binro-to (JUWAHEE; ; Jia Wei-Bing-Lang - Tang) 7.87 91
Mibaku-ekki-to (W4 4%l ; Wei-Mai-Yi Qi-Tang) 5.74 112
Oren akyo-to (IR ; [Tuang-Lian A-Jiao Tang) 0.11 1
Renju-in G4LEEfK ; Lian Zhu-Yin) 5.70 111
Ryo- kan- kyo-mi shin-ge to (511 kM v: 40485 ; Ling Gan-Jiang Wei Xia-Ren-Tang) 6.49 127
Saiko sokan-to***  (UEMEINSS ; Chai-TIu-Shu Gam-Tang) 8.11 94
Saiko sokan to**** (52WsiH s ; Chai-Hu Shu Gam-Tang) 8.31 96
Sai shaku rikkunshi-to (575541 1-t% ; Chai-Shao - Liu-Jun Zi-Tang) 1.99 111
Seijo kentsu- to (it @i ;. Qing Shang Jian Tong-Tang) 3.51 78
Senkan meimoku-to (EIFWIHES ; Xi-Gan Ming Mu-Tang) 0.23 5
Sessho in (Frffjfk ; Zhe- Heng-Yin) 3.86 116
Shaku-kan o-shin bu-to (/4 1 V:ifi% ; Shao-Gan-Huang-Xin Fu-Tang) 4.14 92
Sho-joki-to (/Iwk%GY ; Xia Cheng-Tang) 4.84 103
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Kampo formula (Japanese ; Chinese) ChAT activity* | 9% of control**
Sho-zokumei-to (/Misnids o Xia-Xu-Ming- Tang) 3.50 78
Toki-nentsu-to (Vs ; Dang-Gui Zhu-Yu Tang) 2.94 86
Toki shigyaku-to CHaiUUiEs ; Dang-Gui-Si-Ni-Tang) 3.58 108
Untan-to GhlHds ; Wendan-Tang) 5.82 113
Uyaku junki-to (Y5315 ; Wu-Yao-Shun-Gi- Tang) 6.05 118
Zen-shikunshi-to (HgPU#% 7% ; Chuan-Si-Jun-Zi-Tang) 5.70 74

Septal cells were treated for 3 days in the presence of Kampo formulas (200 zg/ml) and then measured the ChAT activity.
*  The data are expressed in terms of pmols of ['"C] acetylcholine/well/min. Each ChAT activity can not compare each other

because several 24 well plates were used for the assay.

** Values are expressed as % of control of each plate and represent the means of 2 wells.
*** The formula was prescribed according to Kampo-ikkando -igaku (i) - ¥iepeoy).

****The formula was prescribed according to Igaku-tosi (D377 F).

Table II Composition of Kami-untan to and Yoku-kan-san-ka chimpi-hange.

Kampo formula

Herbs (g)

Kami-untan to

Hange ; 124 ; tuber of Pinellic ternata Brel (5.0 g)

Chikujo ; 1  stalk of Phyllostachys wnigra MUNRO. (3.0 g)

Kijitsu ; #12% ; immature fruit of Citrus awrantiion 1. (3.0 g)

Bukuryo ; (k75 ; fungus of Poria cocos WoLE. (3.0 g)
Chimpi ; B} ; peel of Citrus unshin MALKov. (3.0 g)

Kanzo ; 1140 ; root of Glyevrrhiza glabra 1. (2.0 g)

Onji ; 1adi; root of Polvgala tenwifolic Wilb (2.0 g)

Genjin ; %% ; root of Scrophularia ningpoensis HEMSLEY (2.0 g)

Ninjin ; A% ; root of Panax ginseng C.A. MEYER (2.0 g)

Jio: Ml ; root of Relumannia glutinosa 1LiB. (2.0 g)

Sansonin ; B4 -

s seed of Zizyphus jujuba MiLLER (2.0 g)

Taiso ; K48 fruit of Zizvphus jajuba MiLLER. var (2.0 g)

Shokyo ; 4 % ; rhizome of Zingiver officinale Roscoe. (0.5 g)

Yoku-kan san ka-
chimpi-hange

(Total 31.5g)

Toki ; Mt 5 root of Angelica acutiloba KITAGAWA (3.0 g)

Chotoko ; 8 ; thorn of Uncaria rhynchoplyvlle Niq. (3.0 g)
Senkyu ; H#% ; rhizome of Cuidium officinale MakiNo (3.0 g)

Bukuryo ; {475 ; fungus of Poria cocos WOLF. (4.0 g)

Sojutsu ; #5IL ; rhizome of Atractylodes lancea De. (4.0 g)
Saiko ; %28 ; root of Bupleuron falcatim L. (2.0 g)
Kanzo ; H0 : vroot of Glveyrrhiza glabra L.var. (1.5 g)
Chimpi ; Bi¥ ; peel of Citrus unshiu MArkov. (3.0 g)

Hange ; 114 ; tuber of Pinellia ternate Brerr. (3.0 g)

(Total 26.5g)

activity were examined. Fig 2A shows that Kami-
untan - to to the septal cells caused a significant
increase in ChAT activity at the range of 50-500 xg/
ml and Yoku-kan-san-ka-chimpi-hange increased
significantly at the range of 125-250 xg/ml. However

500 xg/ml of Yoku-kan-san-ka-chimpi-hange reduced
ChAT activity to 60.021.75 9% of control because of
cell death. The most effective concentration of Kami-
untan-to (250 ug/ml) on ChAT activity increased
about 85 9% of the response obtained by a maximum
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dose of NGF (50 ng/ml), and that of Yoku kan-san
ka-chimpi-hange (250 gg/ml)induced about 63 % (Fig.
2B).

In order to examine the effect of Kami untan to
i vivo, the single trial passive avoidance test was
performed. Scopolamine showed a significant
decrease both in the mean latency and the number of
animals staying (data not shown). Kami-untan-to
administered orally improved this disruption of learn-
ing ability at a dose of 200 mg/kg b.w. (Fig. 3).

Discussion

Alzheimer disease is the most popular dementia
in the elderly people and is characterized by memory
loss and a progressive global impairment of intellect.
Nerve growh factor (NGF) is a target -derived neur-
otrophic factor (NTF) which affects the survival and
function of septal cholinergic neurons.” Therefore, it
has been suggested that the administration of NGF
improves some of the biological abnormalities that
occur in the dementia due to cholinergic deficits and
the associated sympt()ms.I ”Howevcr, the oral admin-
istration of NGF has no effect on the central nervous
system (CNS) neuron, because NGF is a large molecu-
lar weight protein that can not pass through the
gastro-intestinal tract and even the blood-brain bar
rier.” Recently it has been known that some Kampo
medicines are useful for the treatment of dementia.
Therefore, we screened neurotrophic activity of 46
kinds of Kampo formulas which have not been sug-
gested the efficacy for dementia by the effect on
ChAT activity of septal cultured neurons. As a result,
Kami- untan to was found to have a remarkable
increase in ChAT activity and negligible cell toxicity
(50- 500 pg/ml). Although Kami-untan-to has been
used clinically as CNS effective drug for insomnia and
neurosis efc., no clinical study of this formula for the
treatment of dementia has been reported up to now.
Present results suggested that Kami-untan-to is use-
ful as a potential therapeutic formula to diseases
exhibiting cholinergic deficits such as Alzheimer
disease.

Of another 6 kinds of Kampo formulas (Choto
san, Yoku-kan-san, Yoku- kan -san-ka - chimpi

hange, Kihi-to, Toki-shakuyaku san and Oren gedo-

ku-to), which have been expected the efficacy for
several types of dementia from the results of animal
experiments “ " and clinical studies,m " Yoku kan-
san-ka-chimpi-hange and Kihi-to showed a signifi-
cant increase of ChAT activity, but other formulas did
not induce ChAT activity. Choto-san and Oren gedo-
ku-to have been mainly expected the clinical efficacy
for the dementia of cerebrovascular type, but not
Alzheimer type. Therefore effects of these formulas
on septal cells seemed to confirm clinical studies.
Because of Yoku -kan-san had no stimulatory effect
on ChAT activity, it was expected that the effect of
Yoku-kan-san-ka-chimpi-hange was due to that of
chimpi (Bi}% ; the ripe fruit of Citrus unshint MARKOV'.)
and/or hange (-} & : tuber of Pinellia fernafa BREIT.).
However, hot water extracts of chimpi and hange did
not alter the effect on ChAT activity (data not shown).
Some additive effects of the component herbs may be
involved in the action of Yoku-kan-san-ka-chimpi-
hange. Isho-ho, Jijin-tsuji-to, Kanzo- shashin-to, Kak-
kon koka-to, IHachimotsu-koka-to, Oren-akyo-to,
Senkan-meimoku-to and Oren-gedoku-to showed a
considerable decrease of ChAT activity in septal cells.
As a result of morphological study using microscope,
cell death was apparently observed in these formulas
treated cells (data not shown). These formulas include
Oren (#i ; rhizome of Coptis japonica MAKINO) or
Obaku (841 ; bark of Phellodendron amurense RUPRE-
CHT) which are known to contain a large amount of
berberine. Therefore, it was suggested that alkaloids
such as berberine may have strong toxicity for
cholinergic neuron.

Oral administration of Kami-untan-to demon-
strated to improve passive avoidance behavior of
scopolamine treated rats. However the effect was not
in a dose dependent manner and an optimal effective
dose may be existed. In the present study, other
Kampo formulas were not examined passive avoid-
ance test. However, Egashira e/ «l. have reported that
Yoku-kan- san ka chimpi -hange improved scopola-
mine - induced cognitive deficit.”" Oren - gedoku to
improves the disruption of spatial cognition induced
by cerebral ischaemia rather than scopolamine-in-
duced disruption.m These observations seemed to
agree with our screening results.

Toki-shakuyaku-san has been reported to increase
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ChAT activity in cerebral cortex of aged rats'’ and to
recover scopolamine-induced deficit of spatial cogni
tion” and cognitive function of patients of senile
dementia of Alzheimer type.m However, present
results showed that Toki-shakuyaku-san did not
induce ChAT activity in septal cells. This observation
suggested that in vivo effect of Toki-shakuyaku-san
on CNS may be not due to direct effects for choliner-
gic neuron. A further study is needed required to
prove this hypothesis.

The present results suggested that ChAT activity
in embryo septal culture is a good target for the
screening of therapeutic drugs which affect to the

cholinergic neurons directly.
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