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A Review of Traditional Japanese Medicines and their Potential Mechanism of
Action : ’ .

Yasuhito Uezono*, Kanako Miyano, Yuka Sudo, Masami Suzuki, Seiji Shiraishi and Kiyoshi Terawaki

Division of Cancer Pathophysiology, National Cancer Center Research Institute, 1-1, Tsukiji 5-chome, Chuo-ku, Tokyo 104-0045,
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Abstract: Traditional Japanese herbal, or Kampo medicine was developed and modified from Chinese herbal medicine. After the Japa-
nese government approved Kampo for clinical use, much attention has been paid to establishing scientific evidence for the effectiveness
of these medicines. Recent progress has been made in elucidating the mechanisms of action of some types of Kampo medicine, including
rikkunshito (RKT), daikenchuto, and yokukansan. In this review, we focused on identifying the target molecules and the active ingredi-
ents of RKT.

Thus far, many target molecules have been implicated in the mechanism of action of Kampo medicines, such as ion channels, enzymes,
and receptors. In particular, G protein-coupled receptors are attractive candidates for explaining herbal medicine activity. This is particu-
larly true of RKT, which is composed of 8 independent, crude drug extracts. Recent reports have shown that RKT elicits its effects
through dual action to the G protein-coupled receptors: inhibition of serotonergic 5-HTsc and 5-HTsg receptors and activation of ghrelin
receptors via specific ingredients of RKT. ‘ .

In addition, we suggest that the identification of the effective ingredients from Kampo medicines could contribute to the discovery and

development of new drugs by means of modern high-throughput drug screening technology.

Keywords: Rikkunshito, GPCR, Kampo medicine, herbal medicine, ghrelin.

1. KAMPO MEDICINES

Chinese herbal medicine, one of the oldest forms of traditional
medicine, has been used in China and other countries for more than
3000 years. Traditional Japanese herbal, or Kampo medicine origi-
nated from its Chinese counterpart after the latter was introduced
into Japan and subsequently modified and developed to suit Japa-
nese culture and environmental factors [1]. These Kampo medi-
cines, systemically developed in the 16th century into a more spe-
cifically Japanese form, have a wide range of indications for main-
taining quality of life, rather than curing patients [2]. Kampo medi-
cine is thus intended to boost the body’s own healing power (i.e.,
immune system) and help restore its natural balance.

Since Japan’s Ministry of Health, Labour and Welfare approved
a series of approximately 130 Kampo medicines for use in clinical
practice, they have been increasingly employed to help maintain the
quality of life in patients with diseases such as gastrointestinal dis-
orders, cancer, and lifestyle-related diseases [3]. However, there is
little scientific evidence supporting the reliable clinical use of these
treatments. This is because Kampo medicines are composed of
several crude drug products, mainly extracted from plants, and it is
difficult to maintain consistent quality and quantity of these ingre-
dients. Consequently, evidence-based medicine has avoided the
field of Kampo medicine. Recently, however, Kampo medicines
have been developed in Japan through clinical and laboratory stud-
ies based 'on Western-adopted, scientific, experiment-based ap-
proaches [1, 4]. Thus, in the past decade, to support the use of
Kampo medicine, scientific evidence has been accumulated and is
continuously increasing.

In this review, we focused on the top 10 best-selling Kampo
medicines in Japan and reviewed their mechanisms of action with
laboratory-based, scientific approaches. In particular, we focused
on G protein-coupled receptors (GPCRs). These molecules

*Address correspondence to this author at the Division of Cancer Patho-
physiology, National Cancer Center Research Institute, 1-1, Tsukiji 5-
chome, Chuo-ku, Tokyo 104-0045, Japan; Tel: +81-3-3547-5248;

Fax: +81-3-3542-1886; E-mail: yuezono@ncc.go.jp

1873-4286/12 $58.00+.00

comprise the largest superfamily of cell-surface receptors, mediate |
many important physiological functions, and are considered some
of the most successful therapeutic targets for a broad spectrum of
diseases, serving as the target for more than 30 % of the current
therapeutic agents on the market [5, 6]. Even though Kampo medi-
cines are composed of many active substances, GPCR assay devel-
opment and GPCR ligand screening of the substances in Kampo
medicines appear quite successful in. identifying new bioactive
substances, as compared to ready-made, low molecule panels. We
therefore examined the cellular signaling pathways of Kampo
medicines primarily through GPCRs. In this review, we chose to
focus on a widely used Kampo medicine in Japan, namely, “rikkun-
shito (RKT),” for the analysis of RKT-mediated GPCR signaling.

2. PUBLISHED STUDIES REGARDING THE MOST COM-
MONLY USED KAMPO MEDICINES

The most frequently, clinically used Kampo medicines in Japan,
as reflected by the top 10 best-selling products, are made by Tsu-
mura Co. Ltd., and are listed in (Table 1) [7]. The table also lists the
number of relevant scientific reports found via the PubMed data-
base. We found a direct relationship between sales rank and number
of peer-reviewed research papers published on the product (Table
1). As a result, we have chosen the top 10, bestselling Kampo
medicines in Japan (and an additional 2 products with a significant
number of scientific reports) for our study. We introduced and
summarized the scientific reports for these products by elucidating
each medicine’s signaling mechanism and site of action. (Table 2)
lists the pathological symptoms currently treated by the Kampo
medicines listed in (Table 1).

3. PHARMACOLOGICAL EFFECTS AND THE MECHA-
NISMS OF ACTIONS OF THE KAMPO MEDICINES

(Table 3) shows the pharmacology and mechanisms of actions
of the 12 Kampo medicines listed in (Table 1), without listing
GPCR-mediated signaling (these pathways are explained later, in an
independent section). For each listed Kampo medicine, a variety of
cellular signaling processes related to the drug’s pharmacological
action are reported in the literature, e.g., activation of the transient

© 2012 Bentham Science Publishers
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Table1l. The Ranking of Sales and Numbers of Scientific Reports of Kampo Medicines

Kampo Sales in 2010 Numbers of Paper
The Ranking [7] (Million of Yen) 7] The Ranking ) (Searched by I’ubMed)
Daikenchuto , ] 7,960 4 59
Hochuekkito 2 6,218 12 19
Rikkunshito 3 5,288 7 46
Yokukansan 4 3,984 2 64
Kamishoyosan 5 3,653 ) 10 ) 27
Goshajinkigan 6 3,531 3 41
Bakumondouto 7 3,510 11 24
Saireito 8 3,336 1 108
Shakuyakukénzoto 9 3,309 6 51
Shouseiryuto 10 2,757 9 40
Saibokuto Qut of Top 10 3 . 60
Keishibukuryogan 5 55
Table2. Medical Claims of Kampo )
Sales Ranking (see Table 1) Medical Claims
1 Daikenchuto Sense of abdominal distension and pain by feeling cold in abdomen
2 Hochuekkito Loss of appetite, languor and enhancement of physical strength of the convalescence
3 Rikkunshito Loss of appetite, gastritis, stomach pain and dyspepsia
4 Yokukansan Neurosis, insomnia, irritability in children
5 Kamishoyosan . Climacteric disturbance, coldness of hands and legs, nervousness and menoxenia
6 Goshajinkigan Lumbago, pain of lower extremities and numbness
7 Bakumondouto Bronchitis, bronchial asthma and cough accompanying severe sputum
8 Saireito Diarthea, edema and acute gastroenteritis
9 Shakuyakukanzoto Muscle cramp, pain with muscle cramp
10 Shouseiryuto . Allergic rhinitis, rhinitis, bronchial asthma and bronchitis
Out of Top 10 Saibokuto Anxiety neurosis, bronchial asthma, bronchitis and cough .
Keishibukuryogm; - Climacteric disturbance, hot flash, menoxenia and endometritis

receptor potential channel vanilloid 1 (TRPV1) in daikenchuto
(DKT) [8], enhancement of cytokine production in hochuekkito and
induction of nitric oxide (NO) synthesis in RKT [9, 10], inhibition
of N-methyl-D-asparatic acid (NMDA) receptor [11], or activation
of v -aminobutyric acid A (GABA,) receptor [12] in yokukansan
(YKS). These findings suggest that there are numerous potential
target molecules in the cells for the pharmacological action of
Kampo medicines. This is probably because Kampo medicines are
composed of mixtures of more than 2 crude drug extracts, and thus
contain multiple substances that could activate many signaling
pathways in the cells.

4. GPCRS

GPCRs comprise the largest superfamily of cell-surface recep-
tors, accounting for 4 % of the human genome [13]. Although the
GPCR family members share a structural similarity—namely, a
characteristic, 7-transmembrane-spanning architecture linked by an
N-terminal extracellular domain, C-terminal intracellular domain, 3
extracellular loops, and 3 intracellular loops—different GPCRs
react with different types of ligands, including photons, ions, bio-
genic amines, peptide and non-peptide neurotransmitters, hor-
mones, growth factors, and lipids. Each ligand transduces its spe-
cific signal to the intracellular effectors via a conformational
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Table3. Pharmacological Actions and it’s Mechanism of Kampo: Expect for GPCRs '
Sales Ranking (see Table 1) Pharmacological Actions Mechanism of Actions References
1 Daikenchuto Enhancement of gastrointestial motility Activation of TRPV1 [8]
2 Hochuekkito Improvement of immunosuppression Enhancement of cytokine production (JFNe, IFNy, IL-12) [97, 98]
Gastric emptying effects Induction of NO synthesis [10]
Induction of NO synthesis 91
Protective effects of gastri 1 . ..
3 Rikkunshito inrj(:yc ve effects of gastric mucosa Inhibition of myeloperoxidase (MPO) activity [99]
Increase of heat-shock protein 60 (HSP60) expression [100]
Suppression of secretion of gastric acid Inhibition of activity of HY, K*-ATPase [101]
Attenuation of abnormal glutamate release [102]
. . ) Amelioration of the levels of both glutamate uptake and (103]
Suppression of calming effects expression of glutamate aspartate transporter
4 Yokukansan
Inhibition of NMDA receptor [11]
Improvement of insomnia ‘Activation of GABA 4 receptor [12]
5 Kamishoyosan | Anxiolytic effects in climacteric women | Activation of GABA4 receptor [104]
Antinociceptive effects (numbness) [53]
6 . Goshajinkigan Induction of NO synthesis
| Increase of blood flow [105]
7 Bakumondouto Antiallergic effects Suppression of degranulation [55]
Hydragogue effects Antagonistic action on the mineral corticoid receptor [106]
. Inhibition of prostaglandin E, production and cyclooxy-
8 Saireito prosegindin =2p e | 07,108
genase-2 expression
Antiinflammation effects
Production of proopiomelanocortin (POMC) [109]
9 Shakuyakukanzoto Antispasmodio effects Increase of cAMP by inhibition of phosphodiesterase III [110]
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(Table 3) Contd....
Sales Ranking (see Table 1) Pharmacological Actions Mechanism of Actions References
Suppression of cytokine production (IL-3, IL-4) [111,112]
. . i y
10 A Antiallergic e-md antiinflammatory ef-
fects on respiratory
Generation of NO in airway epithelium [113]
Suppression of cytokine production (IL-3, IL-4) [114]
ti i tii 1t -
Saibokuto Antiallergic 'c'md antiinflammatory e
fects on respiratory
5 N s e 1
Out of Generation of NO in airway epithelium [115]
Top 10
Regulation of luteinizing h L] d follicle-
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Fig. (1). G protein-coupled receptor (GPCR)-mediated signaling. Schematic representation of major pathways of GPCR signaling by different G, proteins. Red
line: activation, blue line: inhibition. AC: adenylyl cyclase, ERK1/2: extracellular signal-regulated kinase 1/2, PLC: phospholipase C, RhoGEF: Rho guanine

nucleotide exchange factor.

rearrangement linked to an increasing number of cytosolic interac-
tants [14]. When an agonist binds to its specific receptors, these
receptors catalyze the exchange of guanidine diphosphate (GDP)
for guanidine triphosphate (GTP) on the ct-subunit of heterotrimeric
G proteins that are composed of 3 independent proteins (namely o,
B-, and y-subunits), change their conformation, and cause dissocia-
tion of Go. from the dimeric Gy subunits [15]. As shown in (Fig.
1), GPCRs coupled to Gas activate adenylyl cyclase, whereas those
coupled to Goi/o inhibit this enzyme. Cyclic adenosine 3', 5'-
monophosphate (cAMP), produced by adenylyl cyclase from
adenosine 5'-triphosphate (ATP), serves as a.second messenger that

activates protein kinase A (PKA) and other downstream effectors.
In addition, GBy subunits released from Goyj,-coupled, receptor-
bound, trimeric G proteins activate Raf and extracellular signal-
regulated kinase (ERK) 1/2 pathways. GPCRs coupled to Gy,
activate phospholipase C (PLC), which catalyzes the formation of
diacylglycerol (DAG) and inositol-1,4,5-trisphosphate (IP;) from
phosphatidylinositol 4,5-biphosphate (PIP,). The IP; thus produced,
binds fo and opens the endoplasmic IP;-gated calcium channel,
releasing calcium into the cytoplasm, eventually increasing intra-
cellular Ca®* concentrations. The DAG thus produced activates
protein kinase C (PKC), which also activates Raf-mediated path-
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ways. GPCRs coupling to Goy 13 activate the Rho guanine nucleo-
tide exchange factor (RhoGEF), which in tum activates the small G
protein RhoA. Signals elicited by G proteins stimulate downstream
signaling, such as enhancement of transcription and translation,
which induce a specific GPCR-mediated cellular response [16, 17].

5. ASSAY OF GPCR-MEDIATED SIGNALING

GPCRs mediate many important physiological functions and
are considered some of the most effective therapeutic targets for a
broad spectrum of diseases. Hence, the establishment and develop-
ment of a GPCR assay for GPCR ligand screening is very impor-

tant. Receptor binding assays are used for the characterization of -

the interaction between receptors and their ligands, such as the in-
trinsic affinity of ligands for the receptor, association/dissociation
rates, and the density of receptors in tissues or cells [18]. Receptor
binding assays have been used to obtain information about agonists
and antagonists in previous experiments [18]. The availability of
labeled ligands, however, greatly limits the usefulness of this assay.
Additionally, upon ligand binding, GPCRs change their conforma-
tion and activate coupled G proteins, which subsequently promote
second-messenger production via downstream effectors, and such
cellular changes are not detected with this assay. As a result, corre-
sponding assays measuring either G protein activation or G protein-
mediated events are necessary in addition to the binding assay
(Fig. 1).

GTPyS-binding assays directly measure the guanine nucleotide
exchange of G proteins, an early and simple event following GPCR
activation, since it is not subjected to amplification or regulation by
other cellular effector systems [19]. Typwally, the accumulation of
a nonhydrolysable GTP analog, such as [**S]-GTPYS, on a plasma

membrane prepared from cells expressing GPCRs of interest is -

measured after agonist stimulation. The merit of the GTPYS-binding
assay over the ligand binding assay is that it can discriminate be-
tween full or partial agonists, neutral antagonists, inverse agonists,
and allosteric regulators [20].

Assays measuring cellular levels of cAMP are dependent on the
activity of adenylyl cyclase, which is regulated by GPCRs coupled
to Goy or Goyy, proteins. As shown in (Fig. 1), Goy stimulates the
activity of adenylyl cyclase to increase cellular cAMP levels. In
contrast, Goy, negatively regulates adenylyl cyclase to decrease
cAMP levels. The ERK1/2 assay, which measures levels of phos-
phorylated ERK1/2, could also be used to measure Goq,o-medlated
signaling.

Stimulation of Goty;-coupled-GPCRs activates PLC, which in
turn produces IP; and DAG. While DAG activates PKC, IP3 results
in an efflux of Ca®* from the endoplasmic retlculum into the cyto-
plasm eventually elevating the intracellular Ca®* concentration
([Ca*"];). Thus, measuring [Ca®™"); is 2 reliable and easy assay for
these receptors Measurement of [Ca”]; is very popular in GPCR
screemng, employmg commercially available, cell-permeable,
highly Ca *_sensitive fluorescent dyes such as Fluo-3 and Fluo-4.
Thus Ca’*assays are robust and easily amenable to high throughput
assay. One drawback of such an assay is that calcium flux occurs

-rapidly and transiently and is thus unsuitable for detecting long-
lasting cellular events. Assays of Goy3 protein-mediated signaling

face the drawback that it remains relatively difficult to measure .

their downstream second messengers [21].

6. GPCRS AS SITES OF ACTION OF KAMPO MEDICINES

Among the 12 Kampo medicines we studied, a significant num-
ber stimulate or inhibit some GPCR-mediated pathways, as shown
in (Table 4). To study these pathways, we next introduce and de-
scribe GPCR-mediated signaling using 2 particular examples, DKT
and YKS. Others are also introduced (Table 4).
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1) DKT

DKT is widely prescribed for patients with gastrointestinal
obstruction, such as postoperative ileus (POI) or postoperative in-
testinal paralysis [22-24). Studies based on several animal disease-
models have shown that DKT is therapeutically effective. POl is a -
transient bowel motor dysfunction that occurs after surgery; DKT
has been found to ameliorate delayed gastrointestinal transit in a rat
POI model, created by inducing laparotomy via intestinal manipula-
tion [25, 26] or talc-induced intestinal adhesion [27]. These results
were repeated in a hypoperistalsis model induced by chlorpromaz-
ine in mice [28]. These ameliorative effects were partially inhibited
by SB204070, a serotonergic 5-HT, receptor antagonist, and the
effects were completely abolished by atropine, a muscarinic recep-
tor antagonist [26]. These results thus demonstrate that DKT per-
formed its action via muscarinic and 5-HT, receptors.

Additional evidence further linked DKT’s effects to 5-HT,
receptors. DKT induced contractions in a dose-related manner in

the isolated guinea pig ileum, and this contraction was completely

suppressed by atropine and tetrodotoxin, an inhibitor of voltage-
gated Na' channels—and this contraction was partially suppressed
in the presence of a 5-HT, receptor antagonist [29]. Intraduodenal
and intrajejunal application of DKT induced phasic contractions in
the duodenum and proximal jejunum, respectively, which were both
inhibited by atropine [30]. These results suggest that the contractile
response induced by DKT is partially mediated by acetylcholine
released from cholinergic nerve endings and 5-HT, receptors.

In addition, tachykinins, such as substance P (SP)—which is

“also classified in the GPCR family agonist—may also be involved

in the atropine-resistant contraction induced by DKT [8]. A single
oral administration of DKT caused significant increases in plasma
levels of neurotransmitters, such as motilin [31], vasoactive intesti-
nal peptide (VIP), 5-HT [32], calcitonin gene-related peptide
(CGRP), and SP [33]—but not of gastrin or somatostatin [31]. It
has been shown that DKT induces the release of motilin and VIP
into plasma mainly through the activation of muscarinic M; recep-
tors [34]. Although intestinal motility of DKT has been suggested
as an important mechanism underlying its effective motility, in-
creased intestinal or colonic blood flow caused by DKT is another
potentially important mechanism. Administration of DXT to rats
increased blood flow in both the small and large intestine via the .
CGRP/ adrenomedullin (ADM) receptor family [24, 35-37]. The
CGRP receptor is composed of the calcitonin receptor-like receptor
(CRLR) and single transmembrane domain receptor activity modi-

" fying protein 1 (RAMP1), and ADM receptors are composed of

CRLR with RAMP2 [38, 39]. Interestingly, mRNA. expression for
CRLR and RAMP1 were upregulated by DKT in the rat colon [36],
demonstrating that increased blood flow by DKT is mainly medi-
ated by CGRP and its receptors. Collectively, DKT’s effects are
mediated, at least in part, by some GPCRs, such as 5-HT receptors,
muscarinic receptors, and CGRP/ADM receptors.

2) YKS

YXS has been reported to improve behavioral and psychologi-
cal symptoms associated with dementia (BPSD), such as hallucina-
tions, agitation, and aggressiveness in patients with Alzheimer’s
disease, dementia with Lewy bodies, and other forms of senile de-
mentia [2, 40, 41]. Research supporting these significant clinical
effects of YKS has been performed in a series of disease-related
animal models. In these studies, YKS ameliorated BPSD-like

. symptoms, such as aggressive behavior, anxiety-like behavior, and
" decreases in social behaviors in thiamine-deficient rats [42, 43],

zinc-deficient mice [44], amyloid J protein (Ap)-intracere-
broventricular (i.c.v.}-injected mice [45, 46], AB precursor protein-
transgenic mice [47], and para-chloroamphetamine (PCA)-injected
rats [48]. The mechanisms behind these ameliorative effects have
been shown to involve serotonergic function via 5-HT receptors.





