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was also reported to potentiate the responses stimulated by a f3-
adrenergic receptor agonist [56].

Keishibukuryogan, which is prescribed for climacteric distur-
bance or hot flashes, restored ovariectomy-induced effects—
causing both a decrease in plasma concentration of CGRP and an
increase in the number of CGRP receptors [63].

Taken together, these findings suggest that each Kampo medi-
cine elicits its functions via certain GPCRs, contributing to the ame-
lioration of the respective disease. Although further study is needed,
we believe that Kampo medicines may cause their effects at least in
part through GPCR-mediated signaling pathways.

7. GPCR-RELATED PHARMACOLOGICAL ACTIONS AND
SITES OF ACTION OF RKT

RKT, ranked third among Kampo medicines sold in Japan, is
prescribed clinically for gastrointestinal disorders such as nausea,
vomiting, functional dyspepsia [64], cisplatin-induced anorexia
[65], as well as proton pump inhibitor-refractory and gastroe-
sophageal reflex disease [66]. In this section, the effects of RKT are
presented, with a focus on the action of RKT through GPCR, in
particular the growth hormone secretagogue receptors (ghrelin re-
ceptors).

RKT is composed of 8 herbal medicines, as shown in (Table 5):
Atractvlodis Lanceae Rhizoma, Ginseng Radix, Pinelliae Tuber,
Hoelen, Zizyphi Fructus, Aurantii Nobilis Pericarpium, Glycyrrhi-
zae Radix, and Zingiberis Rhizoma. These are mixed according to
the ratio in (Table 5) and prescribed at a dosage of 4 g/day during
treatment.

Studies using animal models have shown that RKT administra-
tion causes enhanced gastric emptying and confers a protective
effect against gastric mucosa injury [4]. Although the medicine is
believed to be effective in treating such diseases, the mechanism by
which it improves gastrointestinal functions remained to be eluci-
dated.

Yakabi er al., recently has shown that RKT ameliorates cis-
platin-induced anorexia by causing an increase in circulating ghre-
lin concentration [67]. Ghrelin was first identified in 1999 as a 28
amino acid peptide found in rat stomach extracts [68]. Since then,
extensive studies have demonstrated that, due to a variety of proper-
ties, ghrelin can stimulate growth hormone secretion, regulate en-
ergy metabolism by stimulating food intake, promote adiposity via
a growth hormone-independent mechanism, and inhibit the produc-
tion of anorectic proinflammatory cytokines (see review [69, 70]).
The ghrelin receptors were identified before its discovery, by Smith
et al. (1997) [71], as typical, G protein-coupled, growth hormone
secretagogue receptors. The search for an endogenous ligand for
this receptor was then undertaken and discovered by Kojima et al.
(1999) [68], as mentioned above. The ghrelin receptors belong to
the family of Ca’'-mobilizing, Gog-coupled receptors [69]. Since
ghrelin is the only orexigenic peptide located in the peripheral tis-
sues, most researchers have focused on its orexigenic signaling
pathways, as have Yakabi et al. [67]. Additionally, Fujitsuka er al.
(2009) found that decreased contractions of the antrum and duode-
num in rats treated with a selective serotonin reuptake inhibitor
(SSRI) were reversed by RKT via enhancement of the circulating
ghrelin concentration [72]. Because RKT activated the orexigenic
ghrelin-mediated pathways, this Kampo medicine was considered
to be useful in the treatment of gastrointestinal dysfunction as well
as improvement of anorexia—probably by increasing ghrelin con-
centrations in plasma.

8. SPECIFIC GPCR TARGETS FOR RKT ACTION

1) Serotonin Receptors (5-HT;c Receptor, 5-HT;g Receptor)

5-HT is a multifunctional, endogenous monoamine that regu-
lates and causes depression, anxiety-related eating disorders, vomit-
ing, and irritable bowel syndrome [73]. It is also a key factor in
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adverse reactions to some widely used drugs, namely SSRIs and the
anticancer agent cisplatin. Both drugs increase 5-HT levels by in-
hibiting its reuptake and promoting its secretion from enterochro-
maffin cells [4]. Recent studies have also shown that serotonergic
5-HT, receptors are involved in appetite control [74] and some
studies have explored the mechanisms behind these effects associ-
ated with 5-HT receptors. When cisplatin or SSRIs are used in
treatment, circulating 5-HT has been shown to increase; subse-
quently, the activation of 5-HT,p receptors in gastric smooth mus-
cles and 5-HT,¢ receptors in the central nervous system (CNS) is
promoted [56]. Some studies [75-77] have suggested that activation
of both 5-HT receptors leads to decreased ghrelin levels, conse-
quently inhibiting appetite and the motility of gastrointestinal tracts.

Takeda et al. (2008) [3] demonstrated that hesperidin, isoliquir-
itigenin, and heptamethoxyflavone—ingredients of Auratii Nobilis
Pericarpium (see Table 5) in RKT—antagonized 5-HTs¢ and 5-
HT;p activities. Thus, these ingredients are thought to play impor-
tant roles in the improvement of appetite caused by RKT. Admini-
stration of hesperidin reverses the decrease in plasma ghrelin in
cisplatin-treated rats and shifts the fed-like motor pattern induced
by SSRI administration to a fasted pattern [3]. Thus, 5-HT;c an-
tagonism by active components in RKT may lead to the improve-
ment of anorexia. Fujitsuka et al. (2009) showed that oral admini-
stration of RKT restores disturbed motor activity in the gastrointes-
tinal tract and improves anorexia in rats treated with SSRIs [72].
Intraperitoneal administration of fenfluramine or fluvoxamine
shifted fasted rats from a fasted-like motor pattern in the antrum
and duodenum to fed-like motor activities similar to those seen
after feeding. A significant decrease in the plasma concentration of
acylated ghrelin, delayed gastric emptying, and decreased food
intake were also observed after SSRI administration. Concomitant
oral administration of RKT with an SSRI suppressed the decrease
in plasma acylated-ghrelin, changed the fed-like motor activity to
fasted activity, improved anorexia, and enhanced gastric emptying.
These effects were abolished by coadministration of a ghrelin re-
ceptor antagonist with RKT.

2) Growth Hormone-secretagogue Receptor, Ghrelin Receptor

As mentioned above, RKT has been shown to increase plasma
ghrelin levels by inhibition of serotonergic 5-HT;g and 5-HT,c
activities in the stomach and CNS [3, 4, 72]. Recently, Fujitsuka et
al. (2011) demonstrated that RKT enhanced ghrclm -mediated s1 -
naling by augmenting ghrelin receptor-mediated i increases in [Ca™"};
[78]. In the study, ghrelin elicited an increase in [Ca®"}; in ghrelin
rece tor-expressmg COS7 cells. Although RKT had no effect on
[Ca®™]; in these cells, the ghrelin-induced [Ca®"); increase was en-
hanced by pretreatment with RKT in a concentration-dependent
manner. The study’s authors thought that some components of RKT
might enhance the binding affinity of ghrelin to its receptor. Con-
firming this hypothesis, it was found that RKT enhanced the bind-
ing activity of [mI]ghrelm to the ghrelin receptor [78]. The re-
searchers then screened 43 compounds present in RKT, finding that
2 of these compounds—atractylodin and atractylodinol, which are
present in Atractylodis Lanceae Rhizoma in RKT (Table 4)—
showed a marked increase in ghrelin/ghrelin receptor binding activ-
ity. As expected, one of these 2 compounds enhanced the ghrelin-
induced increases in [Ca’’); in ghrelin receptor-expressing cells
[78].

In another effect, ghrelin is reported to increase [Ca’']; in neu-
ropeptide Y (NPY) neurons of the hypothalamic arcuate nucleus
(ARC) [79], an area linked to the stimulation of feeding [80]. Fu-
jitsuka et al. [78] also showed that ghrelin increased [Ca™]; in
acutely isolated fura-2-loaded rat ARC neurons and that pretreat-
ment with RKT enhanced the ghrelin-induced increase in [Ca’'];.
These findings mdlcate that RKT potentiates ghrelin’s ability to
increase the [Ca’*]; in NPY neurons in the ARC.
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Table S.  The Constituent Medicinal Herbs of Rikkunshito

Medical herbs

Total (4 g/day)

Atractylodis Lanceae

Rhizoma Rl
Ginseng Radix 0.74 g
Pinelliae Tuber 0.74 g

Hoelen 0.74 g
Zizyphi Fructus 0.37 g
Aupraff'rif f’V('Jbiﬁs 037 g

ericarpium
Glyeyrrhizae Radix 0.20 g
Zingiberis Rhizoma 0.10g




4848 Current Pharmaceutical Design, 2012, Vol. 18, No. 31

Collectively, these findings suggest that the physiological func-
tions of endogenous ghrelin are enhanced by the dual actions of
RKT, namely the stimulation of ghrelin secretion (by inhibition of
5-HT;¢ and 5-HT,p receptors) and the activation of ghrelin receptor
activity possibly due to allosteric changes in the receptor [78] (see
Table 6).

3) Others
Inhibition of Ghrelin Deacylating Enzyme Activity

A recent report showed that 10-gingerol, a component of
Zingiberis Rhizoma in RKT (see Table 4), improved cisplatin-
induced anorexia by inhibiting acylated ghrelin degradation [81].
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The researchers found that RKT inhibited decreases in plasma ghre-
lin levels by inhibiting the rate of degradation of acyl ghrelin (ac-
tive form) to desacyl ghrelin (inactive form). Detailed investiga-
tions revealed that 10-gingerol inhibited the activity of ghrelin dea-
cylating enzymes, which consequently kept active forms of acyl
ghrelin at high levels in the plasma [81], as shown in (Fig. 2).
Inhibition of Phosphodiesterase IT1

Intracellular cAMP levels are related to functions of appetite
such as leptin-induced anorexia [82, 83]. Concentrations of intracel-
lular cAMP levels are balanced by the opposing activities of the
cAMP-synthesizing enzyme adenylyl cyclase and the degrading
enzyme phosphodiesterases. The latter are subdivided into 11 broad
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Fig. (2). Schematic diagram of mechanisms of action for the signaling pathways induced by each ingredient of rikkunshito, as related to effects on appetite.
Hesperidin inhibits 5-HT,5 receptors both in the stomach and the hypothalamus. Atractylodin activates ghrelin receptors in the stomach and in the hypothala-
mus. Gingerol inhibits ghrelin deacylating enzymes in various tissues, including the stomach. POMC: proopiomelanocortin, GHSR: ghrelin receptor, NST:

nucleus tractus solitarii, NPY: neuropeptide Y, AgRP: agouti-related peptide.
Table 6.

Effects of Rikkunshito on GPCRs and it’s Pharmacological Actions.

Target GPCRs of Rikkunshito Pharmacological Actions Mechanism of Actions References
5-HT;s receptor IR el Enhancement of acylated-ghrelin release by inhibition of 3]
the receptor
froreueitif rigred Increasement of g?ll‘e?l]‘.l :secrcnon from the hypothalamus (67
by inhibition of the receptor
5-HT;c receptor Improvement of gastrointestinal (72, 78]
dysmotility Inhibition of the receptor activity ;
Decrease of anxiety-related behavior (78]
Enhancement of ghrelin receptor signaling [78]
Improvement of anorexia Recovery of decreased hypothalamic ghrelin receptor la (123]
mRNA expression
Growth hormone secretagogue Prolonged_survw?al AT il Activation of ghrelin receptors [78]
) patients with cancer
receptor (Ghrelin receptor) 1
Inhibition of ghrelin degrading enzyme from acyl ghrelin (81]
to desacyl ghrelin
Improvement of anorexia
Amelioration of ghrelin receptor activity via phosphodi- (85]
esterase 11 inhibition
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families based on their distribution in tissues, biochemical proper-
ties, and sensitivity to chemical inhibitors [84]. In particular, phos-
phodiesterase III is activated by the anorexigenic peptide leptin [82,
83]. Kohno ef al. (2007) [80] found that leptin suppressed ghrelin-
stimulated food intake and that this effect was abolished by admini-
stration of inhibitors of phosphodiesterase I111. Takeda et al. (2010)
[85] reported that food intake in aged mice was significantly lower
than in young mice. In these older mice, researchers found that
RKT ameliorated aging-associated anorexia, although ghrelin ad-
ministration failed to recover normal food intake levels. This find-
ing suggests that ghrelin caused resistance to appetite control in
aged mice. The researchers also found that application of a phos-
phodiesterase III inhibitor increased food intake in such mice. Some
components of RKT—namely, nobiletin, isoliquiritigenin, and hep-
tamethoxyflavone, which are present in Aurantii Nobilis Pericar-
pium in RKT (Table 4)—indeed inhibited anorexic effects and in-
creased food intake in aged mice. From these “results”, the re-
searchers concluded that ghrelin resistance in the appetite-control
system occurred in aged mice and that RKT ameliorated aging-

A

Current Pharmaceutical Design, 2012, Vol. 18, No. 31 4849

associated anorexia via phosphodiesterase 111 inhibition (see Table
6).

9. NEW ASSAY METHOD FOR DETECTING GPCR TAR-
GETS OF KAMPO EXTRACTS

Electrical biosensors, also known as impedance-based biosen-
sors, consist of a substrate, an electrode, and a cell layer in close
contact with the electrode (Fig. 3A). Giaever and Keese of General
Electric first reported the use of impedance to measure cellular
processes [86]. In their early studies, fibroblasts cultured on thin-
film, gold electrodes were found to impede the flow of a very weak
alternating current. The resulting change in impedance could be
monitored in real-time, and the fluctuation of impedance depended
on ATP concentration and actin polymerization, thus linking this
change to cellular motion [87]. Since then, electrical-based detec-
tions have been applied to study a wide variety of cellular events,
including cell adhesion and movement [88], cell morphological
changes [89], and cell death [90]. It is now generally accepted that
the impedance value corresponds to the sum of cellular events,
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Fig. (3). A: Photograph of the label-free assay system CellKey™ equipped with operation machine and controlling computer. B: Principles of Cell Key™
impedance assay. C: Schematic diagram of impedance assay with cells and representative waves mediated by typical Got,-, GOtiy-, and Goy ii-coupled recep-

tors. iec: induced extracellular currents, itc: induced transcellular currents.
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including the relative density of cells over the electrode surface and
the relative adherence of these cells.

A high-throughput system, CellKey™, developed by MDS
Analytical Technologies, was designed to detect acute cellular re-
sponscs in 96- and 384-well formats (Fig. 3A). Based on the
CellKey™ system, others and we have observed distinct response
profiles depending on the G-protein pathway that is activated [91-
93]. Many studies with GPCR-ligand sets have demonstrated simi-
lar rank-order potency values between CellKey™ impedance and
traditional cAMP or Ca’* assays [94-96]. A schematic diagram of
the measurement of several types GPCR-mediated signaling is
shown in (Figs. 3B and 3C).

Our preliminary results us:ng COS7 cells stably expressing rat
ghrelin receptors are shown in (Fig. 4), along with the CellKey™
assay system. As shown, varying concentrations of ghrelin were
applied to 96-well plates seeding the COS7 cells; their cellular-
impedance changes were then measured with the assay system.
Impedance currents were increased in a concentration-dependent
manner, with proportional changes of notch (within the purple dash
line), which have a shape typical of the Goy;;-coupled, Ca®'-
mobilizing receptors [94-96). The shape of concentration-response
curves are almost the same if data are taken from the “Notch” por-
tions or the next-peak portions (within the orange dash line) (Fig.
4). Cells stably expressing Go-coupled human p-opioid receptors
and cells expressing Gog-coupled human adrenergic B, receptors
were also tested. The expected pattemns of impedance waves were
obtained when the appropriate concentrations of (10® M each) -
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opioid receptor-specific agonist [D-Ala’, N-MePhe®, Gly-ol]-
enkephalin (DAMGO) and adrenergic B receptor-specific agonist
isoproterenol (data not shown) were applied.

When RKT (100 pg/ml) is sxmuhaneous]x added together with
varying concentrations of ghrelin (10"'-10"M), robust enhance-
ment of the impedance was observed (unpublished data), although
RKT by itself did not cause any impedance-based currents (unpub-
lished data), demonstrating that RKT actually modified and en-
hanced the ghrelin-induced receptor activation. We are now testing
a series of ingredients in RKT with the same system. Likewise,
using the Cclchym assay system, the actual ingredients that mimic
Kampo medicines and affect cellular signaling can be identified in
the future.

10. PERSPECTIVES

Data about the pharmacological actions and detailed signaling
pathways of the Kampo medicines continue to accumulate. Recent
progress in the use of fine assays for detecting and scrcemng GPCR
signals, i.e., with the recently developed CellKey™ system, contin-
ues to aid in the accumulation of more data. It is becoming apparent
that identification of specific ingredients of the Kampo medicines is
very important for understanding the medicines’ actual mechanisms
of action and in the further development of useful drugs based on
these identified ingredients. Thus, it is important to identify the
pure formulae of such compounds. To identify such substances
from mixtures of Kampo medicines, rapid and high-throughput
assay systems, such as the CellKey™ system, are needed.
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In conclusion, although herbal medicines, including Kampo,
have been gradually recognized as a beneficial form of treatment,
further scientific evidence and certification of Kampo’s effective-
ness is warranted to encourage its worldwide use.
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( Abstract

palliative care units (PCUs).

Background: Kampo medicines are traditional Japanese medicines produced from medicinal plants and herbs.
Even though the efficacy of Kampo medicines for controlling cancer-related symptoms is being reported, their
actual nationwide clinical use has not been comprehensively investigated. We aimed to investigate physicians’
recognition of Kampo medicines and their clinical use for cancer patients in the field of palliative care.

Methods: A cross-sectional self-administered anonymous questionnaire was distributed to 549 physicians working
in palliative care teams at 388 core cancer treatment hospitals and 161 certified medical institutions that have

Results: Valid responses were obtained from 311 physicians (response rate, 56.7%) who were evenly distributed
throughout the country without significant geographical biases. Ksmpo medicines were prescribed for controlling
cancer-related symptoms by 64.3% of the physicians. The symptoms treated with Kampo medicines were
numbness/hypoesthesia (n = 99, 49.5%), constipation (n = 76, 38.0%), anorexia/weight loss (n =72, 36%), muscle
cramps (n =71, 35.5%) and languor/fatigue (n =64, 32.0%). Regarding open issues about prescription, 60.7%
(n=173) of the physicians raised the issue that the dosage forms need to be better devised.

Conclusions: To increase the clinical use of Kampo medicines, more evidence from clinical studies is necessary. In
addition, their mechanisms of action should be clarified through laboratory studies.

Keywords: Kampo, Kampo medicine, Palliative care, Symptom management, Survey

Background

History of kampo medicine

Kampo medicines are traditional Japanese medicines
produced from medicinal plants and herbs. Kampo origi-
nates from China and has been adapted to the Japanese
culture [1]. Chinese herbal medicine was imported to
Japan in 552 AD, after which it was uniquely developed
into Japanese Kampo [2]. Traditional Chinese Medicine
is deeply philosophical and ideological, while Japanese
Kampo tends to be more practical and simplified, and
relies little on Taoist or other Chinese philosophy [2].
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Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
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Kampo medicines are currently of great interest to pal-
liative care physicians because of their potential to allevi-
ate the adverse side effects of cancer treatment and
improve patients’ quality of life.

Use of Kampo and CAM in Japan

In the past few decades, Kampo has reintegrated into
modern medical practice, accompanied by a scientific
reevaluation and critical examination of its relevance in
conventional medicine [2,3]. Kampo has been used in
addition or alternatively to conventional medicines [4].
Currently more than 70% of Japanese physicians pre-
scribe Kampo medicines in daily clinical practices [5].
Previous survey research has reported that 76% of the
general population in Japan and 50% of outpatients in

D 2012 Iwase et al; licensee BioMed Central Ltd. This is an Open Access article distnbuted under the terms of the Cieative
Commons Attribution License (hrtp.//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited
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Tokyo have used some form of CAM and that 10% of
the general population and 19% of outpatients in Tokyo
had used Kampo medicine prescribed by physicians
within the last 12 months [6,7]. In addition, the preva-
lence of use of CAM by cancer patients was 44.6% in
Japan [8]. Internationally, the estimates of CAM use are
higher in East Asia and highest in Japan compared to
the USA and European countries [9,10]. CAM is often
used in palliative care settings where the goal is not cure
but rather improvement in QOL [10].

To date, the Ministry of Health, Labour and Welfare
(MHLW) has approved the use of 148 Kampo medi-
cines, and the prescription of Kampo medicines is within
the national health insurance system [3,11]. Although
Kampo can be seen as orthodox from a historical Japanese
perspective, it tends to be classified as Complementary
and Alternative Medicine (CAM) according to Western
conventions. The main reason for this is the lack of sci-
entific evidence of its efficacy and the limited knowledge
and spread of this therapy in other regions, especially
outside of East Asia.

However, clinical studies of Kampo have been con-
ducted in Japan, and its efficacy has been reported in re-
search papers. For example, a randomized control trial
demonstrated that the Kampo medicine Rikkunshito ex-
erted greater effects in alleviating gastrointestinal symp-
toms than cisapride (a gastroprokinetic agent) [12]. The
efficacy of Rikkunshito against non-ulcer dyspepsia (NUD)
[13,14], gastrointestinal symptoms after gastrectomy (sur-
gical NUD) [15], functional dyspepsia [16,17], and nausea
and vomiting caused by selective serotonin reuptake
inhibitors [18] has also been reported. Also, the Japanese
Society for Oriental Medicine has compiled comprehen-
sive data on randomized controlled trials of Kampo
medicine in Japan, published as “Evidence Reports of
Kampo Treatment” (EKAT) [19]. In addition to clinical
trials, the potential mechanisms of action of Kampo
medicines are also starting to be reported [20].

As described above, there is increasing evidence of the
efficacy of Kampo medicines and increasing attention
has been given to their clinical application. However,
there has been no comprehensive investigation of the
use of Kampo medicines in cancer treatment. Therefore,
we conducted a nationwide survey of the current use of
Kampo medicines for cancer-related treatment and of
physicians’ attitudes toward using Kampo medicines in
Japan.

Methods

Study sample and data collection

The survey was carried out between January and March
of 2011, by mailing a self-administered anonymous ques-
tionnaire to 549 palliative care physicians who adminis-
ter chemotherapy to cancer patients or who are involved
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in their terminal care. The palliative care teams in 388
core cancer treatment hospitals and 161 palliative care
units (PCUs) within medical institutions were selected
because they represent palliative care practice in Japan.
This included all core cancer treatment hospitals and
PCUs in Japan as of February 2011. Core cancer treat-
ment hospitals are the medical facilities specified by the
MHLW to provide high-quality expert care for cancer
patients. These facilities are established within each pre-
fecture in Japan, according to the principles set forth in
the Cancer Control Act promulgated in April 2007. The
contact information of subjects was obtained from a web
site of the Cancer Control Information Center, National
Cancer Center [21]. )
We did not specifically include general internists or
surgeons who are not in charge of palliative care as sub-
jects of the survey. This is because the certification sys-
tem for the palliative care specialist is still immature in
Japan and the attending physicians of palliative care
teams and PCUs are often internists or surgeons.

Questionnaire development

An eight-page, 18-item questionnaire was designed in
Japanese. It covered four categories: (1) status of cancer
treatment and use of Kampo medicines, (2) cancer cach-
exia and utilization of Kampo medicines (data not
shown), (3) adverse side effects of anti-cancer drugs and
utilization of Kampo medicines, and (4) background
variables. Although the questionnaire was not formally
validated, the questionnaire and its items were designed
and formulated based upon the expert opinions of spe-
cialists from palliative care, medical oncology, Kampo
medicine, and biological statistics, and also from literature
reviews. It was finalized after testing several samples.

Ethical considerations
We conducted this research in compliance with the
Helsinki Declaration. We had requested an ethical re-
view of this research from the ethical review committee
of the National Cancer Center prior to commencement.
However, since this research involves neither patients’
data nor intervention, the committee judged that this re-
search should not be subjected to any Japanese medical
research guidelines. Accordingly, the research was ex-
empt from the requirement for formal ethical approval.
To ensure that informed consent was obtained, the
questionnaire was sent to the physicians with a leaflet
explaining the survey’s objectives and that (1) each sub-
ject was free to decide whether or not to answer the
questions; (2) the collected data will be processed and
analyzed anonymously; and (3) the data will be securely
archived by the Research Secretariat. Consent was im-
plied through the return of a completed questionnaire.
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Data analysis

The collected data were entered into an electronic
database and analyzed using SPSS (IBM, New York,
USA). Chi-squared tests (p value <0.050) were con-
ducted to compare the frequency distributions of two
cross-tabulations. The first was physicians in the pallia-
tive care teams at the core cancer treatment hospitals
compared with physicians in the PCUs. The second
was the palliative care specialists certified by the Japan
Society of Palliative Medicine (JSPM) compared with
non-specialists.

Results and discussion

Of the 549 questionnaires distributed, 311 valid responses
were collected for analysis (response rate, 56.7%). Re-
sponses were obtained from 226 physicians (response

rate, 58.2%) at core cancer treatment hospitals (palliative

care team physicians) and 79 physicians (response rate,
49.1%) from PCUs (PCU physicians). With the moderate
rate of valid responses (56.7%), the respondents were
well-distributed throughout the country, without sig-
nificant geographical biases. Table 1 shows the response

Table 1 Respondents’ background characteristics

Page 3 0of 9

rates and the respondents’ background characteristics.
Two hundred thirty seven respondents (77.9%) were aged
between 40 and 59 years. Two hundred seventy three
respondents (90.1%) were male, and 128 respondents
(41.2%) were JSPM-authorized palliative care specialists
(including provisional medical advisors).

Difficult to treat cancer-related symptoms

Physicians were asked to identify which of the 23 common
cancer-related symptoms that they find difficult to treat
(Table 2). More than 50% of the physicians identified
numbness/hypoesthesia (n =240, 77.2%), languor/fatigue
(n =225, 72.3%), delirium (N =170, 54.7%), and taste al-
teration (n =166, 53.4%). In comparison with the PCU
physicians, more palliative care team physicians identi-
fied taste alteration (p = 0.029), nausea/vomiting (during
chemotherapy) (p =0.000), and constipation (caused by
opioid use) (p =0.038). More of the PCU physicians, on
the other hand, reported having difficulty treating adjust-
ment disorder (p =0.014). In addition, the symptoms of
taste alteration (p=0.050), dysphagia/deglutition dis-
order (p =0.036) and muscle weakness (p=0.047) were

Respondents (n=311)

Average+SD  Minimum Maximum

value value
Age 49+8 28 75
Years of experience 23+8 4 50
Responses %
Institution (n = 549) *
Core cancer treatment hospital (n=388) 226 582
Palliative Care Unit in medical institution (n = 161) 79 49.1
n %
Age group
20-29 years 1 03
30-39 years 39 128
40-49 years 119 39.1
50-59 years 118 388
2 60 years 27 89
Sex
Male 273 90.1
Female 30 9.9
Palliative Care Specialists certified by JSPM**
Specialists (including provisional medical advisors) 128 412
Non-specialists 183 588
Region*** Hokkaido-Tohoku  Kanto Chubu Kinki Chugoku  Shikoku  Kyushu-Okinawa
Number of questionnaires distributed 79 116 92 91 47 27 97
Number of responses 26 43 41 33 25 1 37
Response rate (%) 329 371 446 363 532 40.7 381

*Six responses had missing institution data, and ***95 responses had missing region data.

** JSPM: Japan Society for Palliative Medicine.
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Table 2 Difficult to treat cancer-related symptoms identified by physicians

Symptoms All physicians  Palliative care PCUs p-value  Specialists Non-specialists p-value
(n=311) teams (n = 226) (n=79) (n=128) (n=183)

frequency % frequency % frequency % frequency % frequency %
Numbness/Hypesthesia 240 772 180 796 55 696 0.165 99 773 141 770 1.000
Languor/Fatigue 225 723 161 71.2 61 772 0276 99 77.3 126 689 0.122
Delirium 170 547 119 527 48 608 0447 73 570 97 530 049
Taste alteration 166 534 124 54.9 42 532 0029 77 60.2 89 486 0050
Edema (Local edema/Anasarca) 150 482 109 482 39 424 0821 59 46.1 9 497 0565
Pain 146 46.9 13 500 31 392 0226 55 430 91 49.7 0250
Anorexia/Weight loss 140 450 109 482 30 380 0.108 64 500 76 415 0165
Abdominal discomfort 131 42.1 98 434 31 392 0735 55 430 76 415 0816
Stomatitis/Xerostomia 122 392 89 394 33 418 0141 54 422 68 372 0409
Depression 116 373 86 38.1 30 380 0175 41 320 75 410 0122
Adjustment disorder 113 363 73 323 39 494 0014 47 36.7 66 361 1.000
Dyspnea/Breathlessness 113 363 77 341 35 443 0162 48 375 65 355 0811
Nausea/NVomiting (other) 101 325 75 332 24 304 0893 38 297 63 344 0392
Dysphagia/Deglutition disorder 100 322 68 301 31 392 0281 50 39.1 50 273 0036
Sleep disorder/Insomnia 93 299 69 305 23 291 07% 42 328 51 279 0379
Constipation (caused by opioid use) 84 270 69 305 15 190 0038 34 266 50 273 0898
Nausea/Vomiting 76 244 71 314 5 63 0000 27 211 49 268 0284
(during chemotherapy)
Muscle weakness 65 209 46 204 19 240 0346 34 266 31 169 0047
Nausea/Vomiting 61 196 51 226 10 127 0690 24 188 37 202 0774
(caused by opioid use)
Constipation 59 190 47 208 1 139 0377 28 219 31 169 0305
(not caused by opioid use)
Muscle cramp 42 135 31 137 " 139 0741 23 180 19 104 0064
Diarrhea 40 129 34 15.0 6 76 0136 16 125 24 131 1000
Anemia 29 93 24 106 5 63 0344 16 125 13 7. 0177
Others 1M 35 6 27 5 63 0325 4 31 7 38 0770

Multiple answers allowed, p-value based on Chi-square test.

identified as being difficult to treat more often by the pal-
liative care specialists than the non-specialists.

Numbness is a neuropathic symptom that frequently
occurs as an adverse side effect of chemotherapy. It has
been reported to account for 58% of all neurological symp-
toms experienced by cancer patients [22]. Fatigue- is the
most common cancer symptom [23], and was reported by
66% of patients in a previous study [22]. The prevalence of
delirium is 25-40% (85-88% in the terminal stage of can-
cer) [24-26], and the prevalence of taste alteration is
36-75% among patients receiving chemotherapy [27].
Thus, it was shown in the present survey that the symip-
toms palliative care physicians have difficulty managing in
Japan are those frequently seen in cancer patients.

We also found that the palliative care team physicians
confront taste alteration (p = 0.029), nausea/vomiting dur-
ing chemotherapy (p = 0.000) and constipation during opioid
use (0.038) more often than the PCU physicians (Table 2).
These facts suggest that the palliative care teams are often

in charge of patients receiving chemotherapy, while PCUs
are more frequently dealing with psychiatric symptoms
than the adverse side effects of chemotherapy.

Prescription of Kampo medicines

Kampo medicines were being prescribed by 64.3% (n = 200)
of the physicians to alleviate the cancer patients’ symptoms.
Kampo medicines were prescribed to control mumbness/
hypoesthesia (n=99, 49.5%), constipation (not caused by
opioid use) (n =76, 38%), anorexia/weight loss (n =72, 36%),
muscle cramps (n =71, 35.5%), and languor/fatigue (n = 64,
32%) by more than 30% of the physicians (Table 3). The
palliative care team physicians prescribed Kampo medicines
for numbness/hypoesthesia (p = 0.000), anorexia/weight loss
(p=0.046), pain (p=0.020), and nausea/vomiting during
chemotherapy (p = 0.016), more frequently than the PCU
physicians. This difference may arise because the palliative
care teams more often examine patients who are under
chemotherapy than the PCUs, and thus they pay more
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Table 3 Symptoms for which Kampo medicines were prescribed

Symptoms All physicians Palliative care teams PCUs p-value
(n=200) (n=149) (n =46)
frequency % frequency % frequency "%
Numbness/Hypesthesia 99 495 86 57.7 12 26.1 0.000
Constipation (not caused by opioid use) 76 38 56 376 20 435 0.182
Anorexia/Weight loss 72 36 60 403 12 26.1 0046
Muscle cramp a 355 54 36.2 17 370 0279
Languor/Fatigue 64 32 49 329 14 304 0818
Constipation (caused by opioid use) 48 24 37 248 11 239 0490
Abdominal discomfort 46 23 29 195 16 348 0.088
Diarrhea 45 225 39 26.2 5 109 0.090
Delirium 40 20 27 181 13 283 0.155
Pain 38 19 35 235 3 6.5 0.020
Edema (Local edema/Anasarca) 3] 155 25 16.8 6 13.0 0.546
Nausea/Vomiting (other) 27 135 22 148 5 109 0.566
Nausea/Vomiting (during chemotherapy) 22 il 22 14.8 0 0.0 0016
Stomatitis/Xerostomia 21 105 19 12.8 2 43 0216
Taste alteration B 20 10 17 114 3 65 0409
Depression 20 10 17 114 3 6.5 0409
Nausea/Nomiting {caused by opioid use) 17 85 16 10.7 1 2.2 0.129
Adjustment disorder 15 75 12 8.1 3 65 0846
Sleep disorder/Insomnia 14 7 10 6.7 4 87 0823
Others 13 65 6 40 6 130 0.055
Anemia M 55 9 6.0 2 43 0.805
Dysphagia/Deglutition disorder 10 5 9 6.0 1 22 0581
Dyspnea/Breathlessness 6 3 5 34 1 2.2 1.000
Muscle weakness 3 15 3 20 0 0.0 0614

Multiple answers allowed, p-value based on Chai-square test.

attention than the PCUs to the necessity of controlling the
adverse side effects of chemotherapy. Also, PCU patients
have more difficulty taking Kampo medicines than the gen-
eral hospital patients under the palliative care teams. The
frequency of prescribing Kampo medicines did not vary sig-
nificantly across the symptoms between the palliative care
specialists and non-specialists.

Reasons for prescription

More than 60% of the physicians prescribed Kampo med-
icines for the following reasons: ‘the drug therapy options
are greater’ (n = 144, 72%), ‘ineffectiveness of other treat-
ments’ (n =129, 64.5%), and ‘unavailability of other ap-
propriate treatments’ (n =127, 63.5%). Although ‘patient
demand’ was the least frequent reason (n =46, 23%), pal-
liative care specialists were more attentive to patients’
demands than non-specialists (n = 28, 37.3%, p = 0.000).

Variety and frequency of prescriptions

Eight Kampo medicines were selected from the literature
reviews to investigate frequency of prescription. Table 4
shows the composition of each Kampo medicine [28-30].

Daikenchuto was the most frequently prescribed (n = 140,
70%) among eight major Kampo medicines (Table 5).
This is probably because the efficacy of Daikenchuto for
the treatment of gastrointestinal symptoms is currently
being tested in clinical trials in Japan and the United
States. A tolerability and efficacy phase 1I study of
Daikenchuto for the treatment of postoperative ileus has
been already completed in the United States [31]. This
might encourage its prescription by physicians. The
palliative care team physicans prescribed Goshajinkigan
{p = 0.000), Rikkunshito (p = 0.001), Hochuekkito (p = 0.011),
Juzentaihoto (p = 0.001), and Hangeshashinto (p = 0.000)
more frequently than PCU physicians, while there were no
significant differences in the medicines prescribed between
the palliative care specialists and non-specialists.

Physician-recognized effectiveness

We investigated the physician-recognized effectiveness of
eight Kampo medicines. Two symptoms from each Kampo
medicine’s package insert were listed and the physicians
were asked to indicate whether they believed the medicine
effectively treated them (Table 6). More than 50% of the



Table 4 Composition of Kampo medicines

Kampo Medicine

Ingredients (crude drugs)

Hangeshashinto Scutellariae Zingiberis Glycyrrhizae Zizyphi Ginseng Coptidis
Radix Processum Rhizoma  Radix Fructus Radix Rhizoma
Hochuekkito Atractylodis Ginseng Angelicae Bupleuri Zizyphi Aurantii Nobilis ~ Glycyrrhizae Cimicifugae  Zingiberis
lanceae Rhizoma  Radix Radix Radix Fructus Pericarpium Radix Rhizoma Rhizoma
Rikkunshito Ginseng Radix Pinelliae Poria Zizyphi Aurantii Nobilis  Glycyrrhizae Zingiberis
lanceae Rhizoma Tuber Fructus Pericarpium Radix Rhizoma
Juzentaihoto Cinnamomi Rehmanniae Paeoniae Radix  Cnidii Atractylodis Angelicae Ginseng Radix  Poria Glycyrrhizae
Cortex Radix Rhizoma lanceae Rhizoma  Radix Radix
Yokukansan Poria Chidii Uncariae Uncis  Angelicae  Bupleuri Radix Glycyrrhizae
lanceae Rhizoma Rhizoma cum Ramulus  Radix Radix
Shakuyakukanzoto Paeoniae Radix
Daikenchuto Ginseng Radix Zanthoxyli
Processum Rhizoma Fructus
Goshajinkigan Achyranthis Corni Dioscoreae Plantaginis ~ Alismatis Poria Moutan Cinnamomi  Processi
Radix Fructus Rhizoma Semen Rhizoma Cortex Cortex Aconiti Radix

Ingredients of each Kampo medicine were based on the package inserts of Tsumura products [28].
Scientific names of ingredients were based on Metabolomics jp [29] and The Japanese Pharmacopeia Fifteenth edition [30].
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Kampo medicine All physicians Palliative care teams PCUs p-value
{n=200) (n=149) (n=46)
frequency % frequency % frequency %
Daikenchuto 140 70.0 109 . 732 29 63.0 0.124
Goshajinkigan 100 500 89 59.7 i 239 0.000
Rikkunshito 97 485 82 55.0 15 326 0.001
Shakuyakukanzoto 96 480 76 51.0 20 435 0.069
Hochuekkito 20 450 76 51.0 13 283 0011
Juzentaihoto 84 420 73 49.0 1 239 0.001
Yokukansan 61 305 45 302 16 348 0.253
Hangeshashinto . 54 27.0 51 342 3 6.5 0.000
Others 24 120 20 134 4 8.7 0457

Muitiple answers allowed, p-value based on Chi-square test.

physicians recognized the effectiveness of Hangeshashinto
against diarrhea caused by chemotherapy (n =31, 53.4%), of
Hochuekkito and Juzentaihoto against fatigue (n = 54, 56.3%
and n=50, 56.8% respectively), of Rilkunshito against
anorexia (n =46, 50%), of Yokukansan against delirium
(n=38, 63.3%), of Shakuyakukanzoto against leg cramps
(n=79, 82.3%), and of Daikenchuto against ileus (n=101,
78.9%) and opioid-caused constipation and abdominal pain
(n =62, 53.9%). There was no significant difference in the
medicines recognized as effective between the palliative care
teamn and PCU physicians, while the palliative care specia-
lists seemed to be more aware of the effectiveness of
Rikkunshito against nausea than non-specialists (p = 0.012)

(Table 6). These results suggest that there is consensus
among palliative care physicians regarding the effectiveness
of particular Kampo medicines against particular symptoms.

Prescription considerations

In the questionnaire, the physicians were asked, “What
are the important considerations when selecting a
Kampo medicine for prescription?”. More than 80% of
the physicians recognized the importance of ‘symptom-
alleviating effects (alleviation of adverse side effects)
(n =173, 93%), ‘alleviation of symptoms that reduce QOL
in the terminal stage of cancer’ (n = 162, 87.6%), low inci-
dence of adverse side effects’ (n=157, 84.9%) and ‘easy

Table 6 Physician-recognized effectiveness of Kampo medicines

Kampo medicine  Symptoms ‘Recognized as effective
All physicians Specialists Non-specialists p-value
‘ frequency/total %  frequency/total %  frequency/total %

Hangeshashinto Diarrhea caused by chemotherapy 31/58 534 10/22 455 21/36 583 0420
Nausea 10/45 222 3/21 143 7/24 29.2 0.296

Hochuekkito Anorexia 44/90 489 14/36 389 30/54 556 0.137
Fatigue 54/96 563 19/39 487 35/57 614 0295

Rikkunshito Nausea 36/82 439 9/34 265 27/48 563 0012
Anorexia 46/92 500 18/40 450 28/52 538 0528

Juzentaihoto Fatigue 50/88 56.8 17/33 515 33/55 600 0508
AE caused by chemotheraby 27/58 46,6 7/22 318 20/36 556 0.106
or radiotherapy

Yokukansan Delirium 38/60 63.3 18/26 69.2 20/34 588 0433

" Anxiety 15/50 300 6/23 26 9/27 333 - 0758

Shakuyakukanzoto  Leg cramps 79/96 823 36/43 83.7 43/53 81.1 0.794
Abdominal pain 20/57 351 11/25 44.0 9/32 28.1 0.268

Daikenchuto lleus 101/128 789 35/48 729 66/80 825 0263
Opioid-caused constipation 62/115 539 22/47 46.8 40/68 588 0.254
and abdominal pain .

Goshajinkigan Numbness of hands and feet 47/107 439 18/39 46.2 29/68 426 0840
Nocturia 13/60 217 4/26 154 9/34 265 0.358

Multiple answers allowed, p-value based on Chi-square test,
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Table 7 Open issues about prescribing Kampo medicine (n = 285)

Issue frequency %

The dose and dosage forms need to be better devised for simpler application’ 173 60.7
No evidence of efficacy from placebo-controlled studies 109 382
Action mechanism of Kampo medicine is not yet elucidated 97 340
No opportunity to learn about Kampo medicines 90 316
Relatively weak effect 79 27.7
Drug interaction is uncertain 66 o 232
Production of effect is slow 56 196
Others 25 88

12 4.2

There are no issues

Multiple answers allowed.

to combine with other drugs’ (n = 149, 80.5%). The pallia-
tive care specialists tended to place more importance than
the non-specialists on ‘patient demand’ (p = 0.050).

Open issues for prescription

The questionnaire also asked the physicians to identify
any open issues regarding the prescription of Kampo
medicines (Table 7), revealing that 60.7% (n = 173) of the
physicians were concerned that the dose and dosage
forms need to be better devised for simpler administra-
tion. Kampo medicines are commonly prepared in gran-
ule form or as decoctions, and their administration
method is nauseating for some patients. This issue may
be related to the observation that “patiént demand” was
chosen least frequently as the reason for prescription. In
the clinical field of palliative care, Kampo medicines are
often mixed in a jelly for patients who have dysphagia.
For future prescriptions, the administration forms need
to be better devised from an adherence perspective. The
second most frequently identified issue was the lack of
scientific evidence for their efficacy, with 38.2% (n = 109)
of the physicians highlighting the absence of evidence
from placebo-controlled trails. Watanabe et al. [3] re-
cently reported a summary of 135 peer-reviewed Kampo
trials published between 1988 and 2007. According to
their report, 106 trials were RCTs, and only 22 were
placebo-controlled trials. In two-thirds of the trials, the
sample size was less than 100 patients, and only 35 trials
were published in English and the rest were in Japanese.
Watanabe et al. [3] concluded that the overall quality of
the research was low.

Conclusions ,

We conducted a nationwide survey of 311 physicians
working in palliative care teams at core cancer treatment
hospitals and PCUs within medical facilities. Kampo
medicines were prescribed by a high proportion (n = 200,
64.3%) of the palliative care physicians and were expected
to provide valid means of controlling the cancer patients’

symptoms or the adverse side effects of chemotherapy.
Palliative care physicians appear to be aware of the effect-
iveness of Kampo medicines. However, they prescribe
Kampo medicines only to a limited extent because of the
lack of evidence for their efficacy. Hence, we believe that
the collection of more evidence from clinical studies is
desirable in Japan.
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Abstract The exact mechanisms of action behind anesthetics
and analgesics are still unclear. Much attention was focused on
ion channels in the central nervous system as targets for anes-
thetics and analgesics in the 1980s. During the 1990s, major
advances were made in our understanding of the physiology
and pharmacology of G protein coupled receptor (GPCR) sig-
naling. Thus, several lines of studies have shown that G protein
coupled receptors (GPCRs) are one of the targets for anesthetics
and analgesics and especially, that some of them inhibit the
functions of GPCRs, i.e,, muscarinic receptors and substance P
receptors. However, these studies had been focused on only G
coupled receptors. There has been little work on Gs- and G;-
coupled receptors. In the last decade, a new assay system, using
chimera Gy,-coupled receptor fused to Gq;s, has been estab-
lished and the effects of anesthetics and analgesics on the
function of G;-coupled receptors is now more easily studied.
This review highlights the recent progress of the studies
regarding the effects of anesthetics and analgesics on GPCRs.
Keywords Anesthetics - Analgesics - G protein-coupled
receptor

Introduction

In the 1990s, the effects of anesthetics on voltage- and
ligand-gated ion channels have been the focus of several
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studies [1-4]. However, the mechanisms of anesthetics and
analgesics actions are still not known well. The G protein
coupled receptors (GPCRs) are not only the largest protein
family in the human genome but are also the single biggest
target for many drugs (Fig. 1; Table 1). Recent research
about GPCRs is therefore growing at a fast pace and the
range of techniques that can be applied to GPCRs is vast
and continues to grow in our understanding of the physi-
ology and pharmacology of G protein coupled receptor
(GPCR) signaling. Further studies have shown that GPCRs
are targets for anesthetics [5]. As compared with ion
ligand-gated ion channels, less is known about the mech-
anisms of action of anesthetics on GPCRs. In this review,
we present the recent progress of the research on the effects
of anesthetics and analgesics on GPCRs.

The effect of anesthetics and analgesics on G, protein
coupled receptors

The main focus of GPCR anesthetics and analgesics
research has often been concentrated on Gg-coupled
receptors (Tables 2, 3). Because G4 coupled receptors leads
to intracellular Ca”>* elevation, the effects of anesthetics
and analgesics on Gy coupled receptors have been well
studied using the Xenopus oocyte expression system
(Fig. 2). The Xenopus oocyte expression system has been
used to study a multiplicity of brain receptors with phar-
macological properties that mimic those of native brain
receptors [2]. Stimulation of G4 coupled receptors results in
activation of Ca®*-activated Cl~ currents in Xenopus
oocytes [6-9]; stimulation of G, coupled receptors leads to
G protein-dependent activation of phospholipase C,
resulting in the formation of IP; and diacylglycerol. The
IP; causes the release of Ca’" from the endoplasmic
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Agonist

Effecter

Second messenger
Cyclic AMP, Ca®* etc

Several classes of G protein
Gy G G, G; Gigpg

Intracellular signaling of G protein coupled receptor

Fig. 1

Table 1 Signaling of G protein coupled receptor

G protein Gq Giso G,
Effecter PLC? Adenylate Adenylate
cyclase] cyclase
Second 1Ps 1 cAMP| cAMPT
messenger DAG?
Intracellar PKCT PKA| PKAT
reaction Ca’*1
Receptor M, M, f-Adrenergic
M; u Opioid
Substance
P
Orexin 1
SHT24
mGluR1
mGluR1

Table 2 The effects of volatile anesthetics on Gq coupled receptor
function

Halothane  Isoflurane  Enflurane  Desflurane  Sevofiurane
M; ! > A !
Ms 1! 1 - 1
5HT2a 1
SHT:c l i
mGIuR]1 =
mGIluRS 1
Substance P | 1 1 l
Orexin 1 ¥ 1 1]
reticulum, which in turn triggers the opening of

Ca**-activated Cl~ channels in Xenopus oocytes. This
system has been well characterized, and has proven useful
for studying the effects of anesthetics and analgesics on Gq
coupled receptors.

Muscarinic acetylcholine receptors

In G, coupled receptors, muscarinic acetylcholine recep-
tors (MRs) have been paid much attention to as the target
of the anesthetics and analgesics. This is because MRs are
involved in various neuronal functions in the central

nervous system (CNS) and the autonomic nervous system
[10]. Cholinergic antagonism interferes with learning
behavior, whereas cholinesterase inhibitors enhance
learning [11]. Furthermore, the inhibition of MRs lead to
sedation or non-rapid eye movement sleep [12]. The ther-
apeutic potential of muscarinic antagonists is compromised
by several effects on the autonomic nervous system,
including dry mouth, tachycardia, constipation, urinary
retention, and pupillary dilation [13]. Recent molecular
cloning studies have revealed the existence of five subtypes
of MRs (MIR-M5R) [14, 15]. Using pharmacological
techniques, many of the muscarinic responses in peripheral
tissues have been studied thoroughly. However, relatively
little is known about the functional roles of individual
subtypes of MRs in the CNS. Recent studies of their ana-
tomic distribution have been used to predict their functions
in the CNS. For example, cortical and hippocampal MIR
are involved in memory and learning [16].

To date, several investigators have studied the effects of
anesthetics on MRs. Anthony et al. [17] reported that
chloroform, enflurane, isoflurane and halothane increased
the affinity of [*H]methylscopolamine([*’H]MS) binding,
but did not affect the number of [PH]MS binding sites in
the rat brainstem. Isoflurane inhibits muscarinic receptor-
evoked cyclic GMP production in cultured bovine adrenal
medullary cells, suggesting that isoflurane inhibits M1R
[18]. Lin et al. [19] showed that enflurane inhibits the
function of mouse and human brain phosphatidylinositol-
linked MRs expressed in Xenopus oocytes.

There have been several reports on the effects of volatile
anesthetics on recombinant MRs using the Xenopus oocyte
expression system. Halothane inhibits signaling via MIR
expressed in Xenopus oocytes [6-12]. Desflurane has a
biphasic effect on MIR signaling, enhancing it at lower
concentrations, but depressing it at higher concentrations
and a similar, although not significant, trend was observed
with M3R signaling [20]. Isoflurane has no effect on M1R
signaling, but inhibits M3R signaling [20, 21]. Sevoflurane
depresses the function of MIR and M3R signaling in a
dose-dependent manner [22]. Similar to its known effect on
MIR signaling, halothane also depresses M3R function
dose-dependently [22].

There are several reports on the inhibitory effects of
intravenous anesthetics, ketamine, propofol, thiopental,
alphaxalone and an o-adrenoceptor agonist, dexmede-
tomidine. Durieux [23] reported that ketamine profoundly
inhibits muscarinic signaling. Nagase et al. [24] reported
that propofol inhibits M1R-mediated signal transduction at
the receptor site or the site of interaction between the
receptor and associated G proteins. Shiraishi et al. [25]
recently reported the inhibitory effects of alphaxalone on
MIR and M3R expressed in Xenopus oocytes. Dexmede-
tomidine has little effect on the M1R function expressing in
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pentobarbiturate, Alph. Substance P - - i} - 1
alfaxalone, ODT O-desmethyl Ofexiiiil 5 l !
tramadol
in two different systems, a Xenopus oocyte expression
% o system and on cultured bovine adrenal medullary cells.
GRCR (Gq compled) 5 Tramadol competitively inhibited acetylcholine (ACh)-
Agonst — = induced currents in Xenopus oocytes expressing the M1R

Ca* induced
CI current

Fig. 2 Intracellular signaling of Gq coupled receptor expressing in
Xenopus oocytes. Stimulation of Gg coupled receptors results in
activation of Ca’'-activated CI~ currents in Xenopus oocytes;
stimulation of G, coupled receptors leads to G protein-dependent
activation of phospholipase C, resulting in the formation of IP;
and diacylglycerol. The IP; causes the release of Ca®' from the
endoplasmic reticulum, which in turn triggers the opening of
Ca**-activated Cl~ channels in Xenopus oocytes

Xenopus oocytes expressing M1Rs. In contrast, dexmede-
tomidine inhibited the ACh-induced currents in Xenopus
oocytes expressing M3Rs [26].

Local anesthetics also inhibit MRs. Clinically relevant
concentrations of lidocaine inhibit M1R signaling [27-29].
Hollmann et al. [27-30] suggested that the major site of
action is an extracellular domain of the muscarinic recep-
tor; the N-terminus and third extracellular loop of the MIR
molecule were identified as necessary for extracellular
inhibition by charged LA, and the intracellular effect of LA
most likely takes place at the G,q-subunit.

There have been several reports with evidence that
showed the effects of analgesics. The effects of tramadol
on MRs have been well studied. Information on the effects
of tramadol on MRs is scarce. In a rat brain binding
experiment, Frink et al. [31] showed that tramadol and its
metabolite, O-desmethyl tramadol (ODT), have no affinity
for M1R. We investigated the effects of tramadol on M1R
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[32]. In cultured bovine adrenal medullary cells, tramadol
suppressed muscarine-induced cyclic GMP accumulation
and inhibited the specific binding of [3H]-quinuc]1’diny]
benzilate (QNB) [32]. These findings suggest that tramadol
inhibits MR function via QNB-binding sites. We also
investigated the effects of tramadol on M3R using the
Xenopus oocytes expression system [33]. Tramadol inhib-
ited ACh-induced currents in oocytes expressing the M3R
and the specific binding of [*H]-QNB, suggesting that
tramadol inhibits M3R function via QNB-binding sites.
This may explain the modulation of neuronal function and
the anticholinergic effects of tramadol in clinical situations.
To confirm the anticholinergic action of tramadol, we
investigated the effects of tramadol on the pH of gastric
juices during anesthesia in order to determine whether
tramadol inhibits the secretion of gastric juices from gastric
glands [34]. After anesthesia was induced, the gastric pH
was measured using pH test paper; then tramadol
(100 mg), famotidine (20 mg), or saline was injected into
the deltoid muscle. The gastric pH was increased by the
same amount in both the tramadol and famotidine groups at
3 h after drug administration, suggesting that tramadol
inhibits the secretion of gastric acid. The effects of the
metabolite ODT on MIR and M3R functions in the
Xenopus oocytes expression system have been reported
[35]; the inhibitory effects of ODT on muscarinic receptors
are different from those of tramadol. ODT inhibits MIR
function but has little effect on M3R function [35].

As mentioned above, there is much evidence that MRs
are the targets of anesthetics and analgesics. By contrast, a
recent report pointed out that MRs do not seem to mediate
the immobilization caused by inhaled anesthetics [36].
Previous studies have focused on Gg-coupled receptors
(M1R and M3R), although, there has been little informa-
tion on the other MRs, such as M2R. More studies are
necessary to reveal the roles of individual MRs in the
mechanisms of anesthetics and analgesics.



