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of about 100 min. Phase I is a quiescent period; phase
II is intermittent contractions; phase III involves intense,
rhythmic contractions that begin in the gastric body and
propagate to the small intestine; and phase IV consists
of intermittent contractions following phase III. It is
thought that the physiological role of the IMC is to
expel undigested food particles, mucus, and sloughed
epithelial cells from the stomach and/or small intestine.
Motilin is an important factor in the initiation of the
regular occurrence of IMC of the stomach.” A meal
interrupts this well-defined pattern and triggers phasic
contractions of variable intensity that occur almost con-
tinuously. However, the gastric fundus relaxes after a
meal, and gastric accommodation in response to gastric
distension is mediated by the stimulation of gastric
mechanoreceptors.

Daikenchuto

Daikenchuto (DKT) is the most frequently prescribed
traditional medicine in Japan. Daikenchuto consists of
three different herbs: 50% dried ginger rhizome, 30%
ginseng root, and 20% zanthoxylum fruit. Daikenchuto
has been used for the treatment of abdominal obstruc-
tion, including bowel obstruction, and a feeling of cold-
ness in the abdomen. Since the first report on the use
of DKT for intestinal obstruction was published in 1987,
DXT has often been used in the treatment of postopera-
tive ileus after gastrointestinal surgery. Daikenchuto,
which has been on the Japanese market for several
decades, has been shown to be effective for bowel
disorders and to cause very few side effects.” Table 1
summarizes the effects of DKT on gastrointestinal
function.

Effect of DKT on Gastrointestinal Motor Activity

Daikenchuto has been found to significantly increase
gastrointestinal motility. Intragastric DKT induced
phasic contractions in the pylorus, duodenum, jejunum,
and ileum in conscious dogs (Fig. 1A). A burst of con-
tractions of an intensity similar to that of IMC occurred
at the stomach, and these contractions synchronistically
or rapidly migrated aborally. Shibata et al. reported that
DKT-induced contractions in the gastric antrum were
found to be caused mainly by the dried ginger rhizome,
whereas those in the duodenum and jejunum were
caused mainly by the zanthoxylum fruit.’ Concerning
the mechanism responsible for these contractile effects,
DKT in the gastric lumen stimulates enteric neurons to
release acetylcholine (ACh) as the effective neurotrans-
mitter in the gastric antrum and duodenum through a
neural reflex involving presynaptic cholinergic and the
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5-hydroxytryptamine (serotonin) 5-HT3 receptors.’
However, it was reported that the contractions induced
by DKT were not suppressed by a 5-HT3 receptor
antagonist in isolated guinea-pig ileum.®

Kawasaki et al. reported that the prokinetic effects of
DKT were evident at the stomach, jejunum, and proxi-
mal colon only during the fasting state.” However, with
mtracolonic administration, a contraction similar to the
giant migrating contraction was induced during both
the fasting and fed states, and defecation occurred. The
reason for this difference could be that the colon is
continuously filled with fecal clumps, and thus is not
greatly atfected by changes in the internal environment
resulting from dietary intake, unlike the upper gastro-
intestinal tract, which empties completely during fasting.
In a human study, DKT stimulated colonic motility
immediately after administration into the ascending
colon.® Daikenchuto in the colonic lumen stimulates
enteric neurons, and intestinal contraction may be
induced by the local nervous system in the colonic wall.

There have been several interesting reports concern-
ing the pharmacological action of DK'T. In experiments
on isolated intestines, studies showed that DKT induced
contraction and ACh release in the guinea pig distal
colon’ and increased contraction in the rabbit jejunum.’
In these reports, it was concluded that the zanthoxylum
fruit acts as a stimulant in DKT-induced intestinal
motility. Furthermore, DKT-induced contraction was
accompanied by autonomous contraction at a concen-
tration of more than 3 x 10 g/ml in a dose-dependent
manner in the isolated guinea-pig ileum.® The contrac-
tion induced by DKT was inhibited by atropine, tetro-
dotoxin, and norepinephrine, but not by the ganglion
blocker, hexamethonium. This effect was partially sup-
pressed in the presence of high concentrations of
ICS205-930, a 5-HT4 receptor antagonist. In addition,
DKT showed ACh-releasing action in the smooth
muscle tissues of the ileum. These results suggest that
the contractile response induced by DKT is partially
mediated by the ACh released from the cholinergic
nerve endings, and that 5-HT4 receptors are involved
in the effect of DKT.* Tachykinins from sensory neurons
other than ACh released from the cholinergic neuron
are also involved in the contraction induced by zan-
thoxylum fruit and in atropine-resistant contraction
induced by DKT"

Effect of DKT on Gastrointestinal Hormones

Daikenchuto caused significant increases in the plasma
levels of motilin,* vasoactive intestinal peptide
(VIP), 5-HT® calcitonin gene-related peptide
(CGRP), and substance P Sato et al. reported that
DKT may stimulate motilin and VIP release via M1
muscarinic receptors, and that CGRP and substance P
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Table 1. Effects of Daikenchuto and Rikkunshito on gastrointestinal function
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Daikenchuto

Stimulation of gastrointestinal motility

Improvement of post-operative bowel motility

Increase in intestinal and colonic blood flow

Stimulation of motilin, VIP, CGRP, and substance P release
Improvement of postoperative ileus

Improvement of morphine-induced disorder of gastrointestinal transit
Prevention of bacterial translocation

Improvement of stasis after total gastrectomy

Rikkunshito

Stimulation of gastrointestinal motility

Facilitation of gastric emptying

Improvement of gastroesophageal reflux

Improvement of FD symptoms

Stimulation of ghrelin secretion

Improvement of cisplatin-induced anorexia and vomiting

VIP, vasoactive intestinal peptide; CGRP, calcitonin gene-related peptide; FD, functional dyspepsia
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Fig. 1. A Gastrointestinal motor activity
measured using a strain-gauge force
transducer in conscious dogs. During the
mterdigestive state the gastrointestinal
tract exhibited a characteristic motor
pattern called interdigestive migration
motor contraction, which began in the
stomach and progressed to the small
intestine. Intragastric administration of
Daikenchuto induced phasic contractions
in the pylorus, duodenum, and jejunum.
B During the interdigestive state, the
intragastric administration of Rikkun-
shito induced a burst of contractions
similar to postprandial contractions
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release may be related, in part, to M1 muscarinic recep-
tors.” In fact, muscarinic receptors are present on the
membrane of motilin cells, and ACh is a major regula-
tor of motilin release by acting on M1 or M3 muscarinic
receptors.” However, to conclusively prove the effect
of DKT on gastrointestinal hormones, more detailed
studies must be conducted.

Effect of DKT on Intestinal Blood Flow

Murata et al. reported that DKT produced an increase
in intestinal blood flow in rats." However, DKT did not
affect the mean arterial pressure, even when adminis-
tered at the highest dose, which suggests that the
increase in intestinal blood flow by DKT results from a
local vasodilator effect in intestinal vessels rather than
secondary changes in systemic blood pressure. In con-
trast, cisapride, a prokinetic agent that has been used in
the treatment of intestinal obstruction, failed to increase
intestinal blood flow.** Concerning colonic blood flow,
Kono et al. reported that intracolonic administration of
DKT increased colonic vascular conductance in rats."”
The CGRP receptor antagonist, CGRP(8-37), com-
pletely abolished DK T-induced hyperemia, whereas the
VIP receptor antagonist, [4-C1-DPhe6,Leul7]-VIP, and
an SP receptor antagonist did not attenuate the hyper-
emic response.”’

Calcitonin gene-related peptide is a powerful vasoac-
tive substance that is released from the sensory afferent
nerve endings. Calcitonin gene-related peptide increases
gastric mucosal blood flow as a gastroprotective factor,
which suggests that the hyperemic response to DKT
results primarily from the upregulation of CGRP release
and/or the upregulation of the CGRP receptor.” Fur-
thermore, it has been reported that DKT can activate
CGRP secretion from mucosal sensory nerve endings
and adrenomedullin release from mucosal epithelial
cells! In our clinic, patients have reported feeling a
warm sensation in the abdomen when given DKT.

Effect of DKT on Postoperative Ileus

In Japan, DKT has been used to treat adhesive bowel
obstruction after surgery.”® Postoperative ileus remains
the most common complication after abdominal surgery,
and delayed return of gastrointestinal function and
resumption of oral intake are major causes for pro-
longed hospitalization. Daikenchuto shortens the time
period until the first defecation and the duration of
hospital stay of patients with adhesive bowel obstruc-
tion.” The pathogenesis of postoperative ileus is multi-
factorial, and is thought to be mainly a neural reflex
associated with inflammatory responses, intestinal
replacement, and dryness.”” Uemura et al. reported that
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the incision of the abdominal wall causes postoperative
ileus, and that additional intestinal manipulation further
promotes postoperative ileus.” Treatment of DKT
has been shown to improve delayed intestinal transit
and intestinal adhesion after laparotomy in rats?
Stimulation of gastrointestinal contractions and anti-
inflammatory action may be responsible for the improve-
ment of postoperative ileus by DKT.* Furthermore,
Fukuda et al. reported that DKT improved the postop-
erative hypoperistalsis via cholinergic nerves and 5-HT3
and 5-HT4 receptors.” It has been suggested that the
stimulatory effect of DKT on gastrointestinal motility
is mediated via serotonergic pathways as well as cholin-
ergic pathways in vivo. The stimulatory effect of DKT
is abolished in rats treated with atropine and vagot-
omy.” These findings suggest that an intact vagal cho-
linergic pathway is needed to promote the prokinetic
effect of DKT in postoperative ileus.

Postoperative ileus is often exacerbated by opiate
analgesic use during and after surgery. Morphine slows
gastrointestinal transit by inhibiting the relaxation of
circular muscle and the contraction of longitudinal
muscles.”” Daikenchuto is thought to have a restora-
tive effect on delayed gastrointestinal transit
induced by intestinal manipulation and morphine
administration.”*

Although a total gastrectomy is widely performed for
the treatment of gastric carcinoma, there is no general
agreement about ideal reconstruction. To provide res-
ervoir function and to improve nutritional conditions,
many types of jejunal pouch reconstruction have been
described and evaluated.> Some patients, however,
remained symptomatic after pouch addition, and most
had abnormal or disturbed intestinal motility.” Endo
et al. reported that DKT increased pouch contractions,
accelerated the emptying of liquid and solid materials
from the pouch, and decreased postoperative stasis-
related symptoms.”

Rikkunshito

Rikkunshito (RKT. 7.5 g), a traditional herbal medi-
cine, is a mixture of dried Atractylodis lanceae rhizoma
(0.75 g), ginseng radix (0.74 g), pinelliae tuber (0.74 g),
hoelen (0.74 g), Zizyphi fructus (0.37 g), Aurantii
nobilis pericarpium (0.37 g), Glycyrrhizae radix (0.20 g),
Zingiberis rhizome (0.10 g), and spray-dried aqueous
extract (4.0 g). This is a fixed-ratio formulation of eight
medicinal herbs and roots, and the quality and volume
of ingredients are uniform. Rikkunshito is widely pre-
scribed in Japan for patients with a variety of gastroin-
testinal symptoms, including anorexia, nausea, and
vomiting.” The effects of RKT on gastrointestinal func-
tion are summarized in Table 1.
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Effect of RKT on Gastrointestinal Motor Activity and
Gastric Emptying

Data on the effectiveness of RKT on gastrointestinal
motor activity are limited in the English-language lit-
erature. The results of our preliminary study showed
that RKT stimulates gastrointestinal motility (Fig. 1B).
Intragastric RKT induced a burst of contractions similar
to the postprandial contractions at the antrum, pylorus,
jejunum, and ileum, and did not inhibit the occurrence
of the next phase II1. Rikkunshito is a mixture of several
crude extracts, and is reported to have dual actions on
the stomach: relaxation of the proximal stomach
and increased contractions of the distal stomach.”®*
However, RKT has not yet been evaluated regarding its
influence on gastrointestinal motor activity.

In Japan, RKT is widely prescribed for patients
with chronic hypofunction of the gastrointestinal tract,
including gastric flatulence, anorexia, nausea, and vom-
iting. Tatsuta and Iishi reported that oral administration
of RKT to patients significantly reduced chronic dys-
pepsia and produced significantly better gastric empty-
ing than did the administration of a placebo.” In
addition, Kido et al. reported that RKT was shown to
ameliorate the delay in gastric emptying induced by
N®nitro-L-arginine, and that its main active ingredient
for improving motility disorders of the stomach was
likely hesperidin, identified from its methanol {raction
by highly porous polymer chromatography.”

The mechanism of action responsible for the effects
of RKT on gastric emptying may be related to the nitric
oxide pathway. L-Arginine (a substrate for nitric oxide
production) is contained in RKT at a concentration of
0.9% (4.5 mg/500 mg of RKT). Tominaga et al. showed
that RKT could improve the 5-HT-induced delay in
gastric emptying in rats, the mechanism of which appears
to involve the antagonistic action of the 5-HT3 receptor
pathway.” Several studies have shown that RKT has
clinical efficacy for functional dyspepsia (FD) via the
improvement of gastrointestinal motility disorders.
Rikkunshito is thought to improve FD by reversing
the existing impaired adaptive relaxation, leading to an
improvement in delayed gastric emptying.”*”*"** Func-
tional dyspepsia patients have been shown to exhibit
impaired reservoir function, including gastric adaptive
relaxation.™ The results of an in vitro study showed that
RKT evoked relaxation with two components, an initial
fast component, followed by a second component with
a slower time course, in isolated rat fundus smooth
muscle® These results suggest that RKT promotes
gastric adaptive relaxation and relieves symptoms in
patients with FD. Furthermore, it has been reported
that RKT relieves stasis-related symptoms of patients
following pylorus-preserving gastrectomy and acceler-
ates emptying of solids from the remnant stomach.”
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Effect of RKT on Gastroesophageal Reflux

In recent years, RK'T has been used to treat symptoms
of gastroesophageal reflux disease (GERD), and reports
of its efficacy have been published.**” In children
with symptomatic GERD, RKT relieved symptoms
and reduced distal esophageal acid exposure through
improved esophageal acid clearance.®® Rikkunshito
did not change the number of acid reflux events,
but did reduce the esophageal acid clearance time.
However, the mechanism underlying the improved
esophageal clearance capacity with RKT remains
unknown.

Effect of RKT on a Gastrointestinal Hormone (Ghrelin)

Ghrelin, an endogenous ligand for the growth hormone
secretagogue receptor, was originally isolated from
human and rat stomachs.® Ghrelin is known to have an
intense appetite-enhancing effect, in addition to its
growth hormone secretion-promoting effect, and it also
stimulates gastric motility and gastric acid secretion.
However, Ohno et al. reported that ghrelin did not
stimulate gastrointestinal motility in dogs.” Takeda et
al. reported that the cisplatin-induced decreases of
plasma ghrelin levels were suppressed by RKT in rats.”
In healthy human volunteers, RK T increased the plasma
acylated ghrelin level, but the level of plasma deacyl-
ated ghrelin did not change” This effect was main-
tained for at least 4 weeks after the end of RKT
administration. Furthermore, in mice the mRNA
expression level of ghrelin in gastric tissue was upregu-
lated after 2 weeks’ administration of RKT* RKT
stimulates endogenous ghrelin secretion from the
stomach via 5-HT2B and 5-HT2C receptor antago-
nism.** The 5-HT system in the gastrointestinal tract
has an important role in the regulation of gastrointesti-
nal motor activities. Selective serotonin reuptake inhibi-
tors (SSRIs) changed the phase I1I-like contractions to
fed-like motor activities.™ Fujitsuka et al. reported that
the fed-like motor activities induced by the intravenous
administration of SSRIs were replaced by fasted motor
activities after RKT administration. This motor effect
of RKT is blocked by the intravenous administration of
a growth hormone secretagogue receptor antagonist
(ghrelin receptor antagonist), which suggests that RKT
stimulates ghrelin secretion.

Takeda et al. reported that the plasma level of ghrelin
m fasted aged mice was significantly decreased com-
pared with that in young mice.” In aged mice, RKT
increased the reactivity of ghrelin and ameliorated
aging-associated anorexia.® The results of this study
suggest the possibility of using RKT to treat aging-
associated anorexia.
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Effect of RKT on Chemotherapy-Induced Nausea and
Appetite Loss

Cisplatin is widely used in chemotherapy to treat various
types of cancer. However, it has gastrointestinal side
effects such as nausea, vomiting, and anorexia, which
markedly affect the quality of life of patients. Cisplatin-
treated rats show acute decreases in the concentration
of circulating ghrelin and appetite loss.” In 2006,
Tomono et al. reported that RKT with antiemetics is
more effective than antiemetics alone against anorexia
during chemotherapy in patients with advanced breast
cancer.” This finding suggests that RKT may be a good
antiemetic agent. One possible mechanism by which
RKT exerts this effect is via the enhancement of the
circulating ghrelin concentration. Cisplatin-induced
decreases in the plasma acylated ghrelin level and food
intake are mediated by 5-HT2B/2C receptors and sup-
pressed by flavonoids in RKT.** In addition, Yakabi et
al. demonstrated that RKT and the 5-HT2C receptor
antagonist may improve cisplatin-induced anorexia by
inhibiting decreased hypothalamic growth hormone
secretagogue receptor la (GHS-R1a) signal transduc-
tion.” Hence, RKT may be an orexigenic preparation
that prevents cisplatin-induced anorexia and vomiting.

Conclusion

This review of traditional Japanese medicine illustrates
the effect of two major herbal preparations on gastro-
intestinal function. Traditional Japanese medicine has
-the potential to successfully treat gastrointestinal disor-
ders. However, further examinations of the physiologi-
cal and clinical effects of traditional Japanese medicine
through rigorous scientific research will be necessary
before it can become more widely accepted, especially
in the Western world.
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