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Ghrelin enhancer, rikkunshito, improves postprandial
gastric motor dysfunction in an experimental stress model

Y. HARADA, * $. RO,T,§ M. OCHIAI, T K. HAYASHI, T E. HOSOMI, T N. FUJITSUKA, * T. HATTORI* & K. YAKABIT

*Tsumura Research Laboratories, Tsumura & Co., Ibaraki, Japan

Department of Gastroenterology and Hepatology, Saitama Medical Center, Saitama Medical University, Saitama, Japan

tCentral Research Laboratories, Teikyo University Chiba Medical Center, Chiba, Japan

Key Messages

e This study aims to clarify the association between endogenous ghrelin signaling and gastric motor dysfunction
in the stressed conditions and possibility of a drug with ghrelin signal enhancing action for functional dyspepsia

treatment.

e Stress hormone urocortinl-induced gastric motility dysfunction was mediated by abnormal acylated ghrelin

levels via ap-adrenergic receptor activation in rats.

e Supplementation of exogenous acylated ghrelin or enhancement of endogenous acylated ghrelin secretion by
rikkunshito may be effective in treating functional gastrointestinal disorders.

Abstract

Background Functional dyspepsia (FD) is one of the
most common disorders of gastrointestinal (GI) dis-
eases. However, no curable treatment is available for
FD because the detailed mechanism of GI dysfunction
in stressed conditions remains unclear. We aimed to
clarify the association between endogenous acylated
ghrelin signaling and gastric motor dysfunction and
explore the possibility of a drug with ghrelin signal-
enhancing action for FD treatment. Methods Solid
gastric emptying (GE) and plasma acylated ghrelin
levels were evaluated in an urocortinl (UCNI) -
induced stress model. To clarify the role of acylated
ghrelin on GI dysfunction in the model, exogenous
acylated ghrelin, an endogenous ghrelin enhancer,
rikkunshito, or an ay-adrenergic receptor (AR) antag-
onist was administered. Postprandial motor function
was investigated using a strain gauge force transducer
in a free-moving condition. Key Results Exogenous
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acylated ghrelin supplementation restored UCNI-
induced delayed GE. Alphas,-AR antagonist and
rikkunshito inhibited the reduction in plasma acyl-
ated ghrelin and GE in the stress model. The action of
rikkunshito on delayed GE was blocked by co-admin-
istration of the ghrelin receptor antagonist. UCN1
decreased the amplitude of contraction in the antrum
while increasing it in the duodenum. The motility
index of the antrum but not the duodenum was
significantly reduced by UCNI1 treatment, which was
improved by acylated ghrelin or rikkunshito. Conclu-
sions e) Inferences The UCNI-induced gastric motil-
ity dysfunction was mediated by abnormal acylated
ghrelin dynamics. Supplementation of exogenous
acylated ghrelin or enhancement of endogenous acyl-
ated ghrelin secretion by rikkunshito may be effective
in treating functional GI disorders.

Keywords acylated ghrelin, gastric dysfunction,
stress, rikkunshito, urocortinl, ap-adrenergic receptor.

INTRODUCTION

Excessive stress in modern society is supposed to be
related to the development of functional gastrointesti-
nal disorders.! In particular, postprandial distress syn-
drome such as early satiety and postprandial fullness
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leads to a decreased quality of life in patients with
functional dyspepsia (FD). Abnormalities of gastroin-
testinal (GI) motility have also been observed in exper-
imental animal models, including restraint stress> and
water avoidance stress.®> However, the detailed mecha-
nism underlying GI dysfunctions in a stressed condition
remains unclear, and consequently, therapies which are
available are not enough to treat FD.

Corticotropin-releasing factor (CRF) plays a key role
in coordinating the stress response by mediating
hormonal and autonomic functions.*®> Enhanced CRE
synthesis in stress-related regions of the brain has been
observed in various stress models.>” Urocortin 1
(UCN1), a member of the mammalian CRF-related
peptides, is mainly localized in the Edinger-Westphal
nucleus.®® Evidence suggests that stress activates
UCNI1 neurons in the Edinger-Westphal nucleus.'®
The actions of UCNI1 are mediated by both CRF
receptor 1 (CRF;R) and CRF receptor 2 (CRF,R). It has
been well documented that UCNI injected intracere-
broventricularly (ICV) is more potent than CRF.!!!3
Previous reports also indicate that CRF;R and CRF,R
activation may result in abnormal GI function in some
experimental stress models.'*!”

Stress causes excitement of the autonomic nervous
system and modifies regulation of endocrine sys-
tems'®!?; therefore, it controls GI function and feeding
behavior. On the other hand, ghrelin, an endogenous
28-amino-acid ligand of the growth hormone secreta-
gogue receptor (GHS-R1a), was discovered in the rat
stomach.2%?! Ghrelin regulates energy intake and
consumption by positive regulation of growth hormone
release, appetite, and GI motility, and it consequently
plays an important role in physiological functions.
Previous studies have shown that peripheral ghrelin
dynamics are affected by acute/chronic stress.>?2 In an
UCNI1-induced stress model, plasma acylated ghrelin
levels and food intake were reduced, and supplemen-
tation of exogenous acylated ghrelin abolished the
decrease in food intake.>® The ghrelin deficiency
effects may be mediated by peripheral adrenergic
receptors (ARs), including o,-AR activation following
central CRF, receptor activation.?* However, whether
ap-AR and peripheral acylated ghrelin levels are
involved in delayed GE in an UCNI-induced stress
model remains unclear.

We therefore hypothesized that in a stress condition,
postprandial distress syndrome involves in the suppres-
sion of acylated ghrelin via ay-AR activation. This study
aimed to clarify the association between peripheral
acylated ghrelin levels and gastric motor dysfunction via
oy-AR activation in a UCN1-induced stress model and to
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explore the possibility of the ghrelin enhancer rikkunsh-
ito for the treatment of FD disorders.

MATERIALS AND METHODS

Experimental animals

Eight-week-old male Sprague-Dawley rats (weight, 240-280 g|
were purchased from Japan SLC, Inc. (Shizuoka, Japan). All
animals were housed in polycarbonate cages in a room with
controlled conditions of ambient temperature (23 + 3 °C), humid-
ity (50 & 20%), and lighting (12-h light : dark cycle). Animals
were maintained with water and standard laboratory food ad Iib-
itum. Access to standard laboratory food was removed 16 h before
experiments. All experimental procedures were performed accord-
ing to the Guidelines for the Care and Use of Laboratory Animals
and approved by the Laboratory Animal Committee (Permit nos.
10-113, 10-139, 11-031, 11-046, 13-080, and 14-008) of Tsumura &
Co. (Tokyo, Japan).

Surgery

Intracerebroventricular cannula Rats under sodium pentobarbital
(50 mg/kg, intraperitoneal, IP) anesthesia were placed on a stereo-
taxic apparatus (SLC, Inc., Shizuoka, Japan). A stainless steel guide
cannula (AG-8; Eicom, Kyoto, Japan) was implanted into the right
lateral ventricle using the following coordinates derived from the
rat brain atlas®®: 0.8 mm posterior and 1.4 mm lateral from the
bregma and 3.4 mm ventral from the skull surface. Coordinate
validity was confirmed by extracting and partitioning the brain
after injecting the dye and checking the distribution of the dye. Rats
were singly housed after the surgery and had a recovery period of at
least 5 days before treatment initiation.

Animal preparation for strain gauge force transducer test The
surgery was performed at least 10 days after ICV cannulation as
described previously®® in pentobarbital-anesthetized (50 mg/kg,
IP; Abbott Laboratories, North Chicago, IL, USA) rats that had
been fasted overnight. After laparotomy, a strain gauge force
transducer (F-08IS; Star Medical, Inc., Tokyo, Japan) was placed on
the serosal surface of the antrum and duodenum for measuring
circular muscle contractions. The wire of the transducer was led
out from the back of the neck via the subcutaneous part of the
back. In order to inject acylated ghrelin intravenously, a vessel
catheter was inserted into the right jugular vein and led out from
the back of the neck. The catheter was filled with heparinized
saline (100 U/mL) to avoid blood coagulation. The wire and
catheter were led through a protective coil. Measurements were
performed under free-moving conditions in individual cages after
a 5-day postoperative recovery period.

Drugs and treatments

Rat UCNI and rat acylated ghrelin were purchased from Peptide
Institute, Inc. (Osaka, Japan). Yohimbine hydrochloride, a selec-
tive a»-AR antagonist, was purchased from Sigma-Aldrich Chem-
ical Co. (St. Louis, MO, USA). The GHS-R1a antagonist, [D-Lys®]-
GHRP-6, was purchased from Bachem, Inc. (Torrance, CA, USA).
These compounds were dissolved in saline when injected by IP
and intravenous (IV) routes. Rikkunshito, a Japanese traditional
Kampo medicine, was supplied from Tsumura & Co. in the form
of a powdered extract obtained by spray-drying a hot water extract
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mixture of the following eight crude drugs: Atractylodis lanceae
rhizoma (4.0 g), Ginseng radix (4.0 g), Pinelliae tuber (4.0 g), Poria
(4.0 g), Zizyphi fructus (2.0 g), Citri unshiu pericarpium (2.0 g),
Glycyrrhizae radix (1.0 g), and Zingiberis rhizoma (0.5 g).
Rikkunshito was dissolved in distilled water when injected by
orogastric administration (PO). Other analytical reagents included
commercially available highest-purity products.

Treatments were performed on unanesthetized and lightly
hand-restrained rats using the following volumes: 10 puL/rat for
ICV injection, 1 mL/kg for IP or IV injection through the tail vein,
and 10 mL/kg for PO.

Acylated ghrelin determination

Rats were euthanized by decapitation, and trunk blood (approx-
imately 4 mL) was collected in cold polypropylene tubes contain-
ing 8.0 mg ethylenediaminetetraacetic acid and 0.8 mg aprotinin.
Samples were centrifuged at 10,000 x g at 4 °C for 3 min. The
supernatant was acidified with 1 mol/L HCI (1/10 volume) and
stored at —80 °C until the acylated ghrelin assays were performed.
Plasma acylated ghrelin levels were determined using acylated
ghrelin enzyme-linked immunoassay kits (Mitsubishi Chemical
Corp., Tokyo, Japan).

Experimental protocols

All experiments were performed using 16-h fasted rats with no
access to food before ICV injection, except otherwise mentioned.

Gastric emptying test (1): Effects of exogenous acylated ghrelin
or yohimbine on gastric emptying—Rats fasted for longer than
16 h received phosphate-buffered saline (PBS) or UCNI
(300 pmol/rat, ICV) as previously reported.>> One hour later,
all the groups were gavaged with the test meal (1 mL/rat of the
meal composed of standard powdered chow [24 g, MF; Oriental
Yeast, Tokyo, Japan] and 30 g of glass bead [0.2-mm diameter,
BZ-02; AS One, Osaka, Japan] in 60 mL of distilled water),
followed by IV injection of vehicle or rat acylated ghrelin
(3 nmol/rat). In another part of the experiment, rats fasted for
longer than 16 h received yohimbine (5 mg/kg, IP) 15 min
before ICV injection of PBS or UCNI. Following this treatment,
1 h later, all groups were gavaged with the test meal (1 mL/rat),
and 2 h thereafter, the rats were euthanized to determine the
percentage of GE.

Gastric emptying test (2): Effects of rikkunshito—Rats fasted for
longer than 16 h received an orogastric gavage (10 mL/rat) of
vehicle or rikkunshito (1000 mg/kg). Following this, 1 h later, rats
received an IV injection of either saline or [D-Lys®]-GHRP-6
(4 umol/kg), followed by ICV PBS or UCNI1 (300 pmol/rat) 1 min
later. After 1 h, all groups were gavaged with the test meal
(1 mL/rat), and 2 h thereafter, the rats were euthanized to deter-
mine the percentage of GE.

Effects of yohimbine and rikkunshito on plasma acylated ghrelin
levels—In the same sets of experiment described in above gastric
emptying tests, after euthanasia, trunk blood was collected for
analysis of acylated ghrelin plasma levels.

Measurement of gastroduodenal motility The connector of the
strain gauge force transducer placed in the fasted rats was connected
to a preamplifier, FS-04M (Star Medical, Inc.), via a bridge box FB-01
(Star Medical, Inc.) to allow measurement of antrum and duodenum
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movements. Data were recorded using an MP150 (BIOPAC Sys-
tems, Aero Camino Goleta, CA, USA). The experiment was
initiated when the fasted gastric contraction had stabilized, 3 h
after the initial measurement. The system was calibrated before
each experiment using a calibrator (Star Medical Equipment, Inc.),
and contractions were expressed in grams. The motility index (MI)
was determined as the area under the curve (AUC) in the antrum
and duodenum for a 30-min period and is shown as a percentage (%
MI = 100 x (AUC posttreatment/AUC pretreatment).

Statistical analysis

All values are presented as the mean + SEM. Statistical analyses
of the mean values of different test groups were performed using
Student’s t-test or the Aspin-Welch t-test. The mean values of
multiple groups were determined by one-way anova, followed by
the Dunnett post hoc test. For all tests, probability (p) values <0.05
were considered statistically significant.
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Figure 1 Effects of (A) intravenous (IV) administration of acylated
ghrelin (3 nmol/rat, N = 7-8/group) and (B) intraperitoneal (IP)
administration of selective o-AR antagonists (5 m/kg, N = 9/group)
on delayed gastric emptying in ICV UCNI-treated rats. All groups
were gavaged with the test meal (1 mL/rat) 1 h after ICV UCN1

(300 pmol/rat) or vehicle. Two hours thereafter, animals were
euthanized to determine the percentage of gastric emptying. IV
injections were performed immediately after ICV UCNI1 or vehicle. IP
injections were performed 15 min before ICV UCNT1 or vehicle. All
values are presented as the mean + SEM (N = 7-8/group or N = 9-10
group). Significance was identified using the Dunnett’s post hoc test
following one-way aNova. *p < 0.05, ***p < 0.001.
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RESULTS

Effects of IV injection of exogenous acylated
ghrelin or IP injection of ,-AR antagonist on
ICV UCNI1-induced delayed gastric emptying

Gastric emptying after ICV UCNI1 was significantly
delayed compared with that after ICV PBS (Control: IV
saline, ICV PBS: 60.0 &= 6.7%/2 h; IV saline, ICV UCNI1:
11.3 + 2.1%/2 h, p < 0.001; Fig. 1A; N = 7/group). The
administration of acylated ghrelin 1 h after ICV signifi-
cantly improved delayed GE (IV acylated ghrelin, ICV
UCNI1:38.6 + 9.7%/2 h,p < 0.05; Fig. 1A; N = 8/group).
In addition, IP pretreatment with the selective o;-AR
antagonist (yohimbine) 15 min before ICV UCNI,
prevents delayed GE by UCNI (IP saline, ICV UCNI1:
22.9 + 6.5%/2h, IP yohimbine, ICV UCNI:
58.5 + 7.6%/2 h, p < 0.001; Fig. 1B; N = 9/group).

Effects of rikkunshito on gastric emptying and
acylated ghrelin in ICV UCNI1-treated rats

Intracerebroventricular UCN1 induced a significant
reduction in the 2-h GE response (control: PO distilled
water (DW), ICV PBS: 55.3 + 3.8%/2 h; PO DW, ICV
UCNI: 17.5 + 2.5%/2 h, p < 0.001; Fig. 2A; N =12/
group). Oral administration of rikkunshito partially
inhibited the delayed GE by UCNI1 (PO rikkunshito,
ICV UCNIL: 282 +4.0%/2h, p<005 Fig 24,
N = 12/group). [D-Lys®]-GHRP-6 injected IV did not
influence the 2-h GE in ICV PBS-treated rats (data not
shown), and when [D-Lys®]-GHRP-6 was also added,
the effect of rikkunshito was completely abolished by
[D-Lys®-GHRP-6 (PO rikkunshito, IV [D-Lys®|-GHRP-6,
ICV UCNI: 11.8 + 1.5%/2 h; Fig. 2A, N = 12/group).

In addition, UCNI1 induced a significant reduction in
the plasma acylated ghrelin levels (control: PO DW, ICV
PBS: 89.0 #+ 8.4 fmol/mL/2 h; PO DW, ICV UCNI:
53.7 + 2.6 fmol/mL/2 h, p <0.01; Fig. 2B; N =12/
group). Oral administration of rikkunshito partially
inhibited the decreased acylated ghrelin by ICV UCNI1
(PO rikkunshito, ICV UCNI1: 67.8 + 4.5 fmol/mL/2 h,
p <0.05; Fig. 2B; N = 12/group). [D-Lys®]-GHRP-6
injected IV did not influence plasma acylated ghrelin
levels in vehicle-treated control rats (data not shown) or
the effect of rikkunshito on plasma acylated ghrelin (PO
rikkunshito, IV [D-Lys®]-GHRP-6, ICV UCNI: 66.6 +
3.5 fmol/mL/2 h; Fig. 2B; N = 11/group).

GI motility

Effect of ICV UCNI1 on gastroduodenal motil-
ity Strain gauge force transducer measurements
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Figure 2 Effects of administration of rikkunshito (N = 12/group)
alone and in combination with a ghrelin receptor antagonist on
delayed gastric emptying (A) and plasma acylated ghrelin levels (B)
in ICV UCNI1-treated rats. Distilled water (DW) or rikkunshito
was orally administered ICV 1 h before. In addition, saline or
ghrelin receptor antagonist [D-Lys®]-GHRP-6 (4 umol/mL/kg) was
intravenously administered into the tail vein 1 min after ICV
administration of PBS or UCNI (300 pmol/rat). One hour after
ICV, all groups were gavaged with the test meal (1 mL/rat), and
2 h thereafter, animals were euthanized to determine the
percentage of gastric emptying and plasma acylated ghrelin levels.
Each bar represents the mean + SEM (N = 12/group). Significance
was identified using the Student’s t-test or Aspin-Welch t-test.
**p <0.01, ***p < 0.001 compared with the PBS-treated group.
Significance of multiple groups were determined by one-way
aNova, followed by Dunnett’s post hoc test. *p < 0.05 compared
with the UCN1-treated group. RKT: rikkunshito.
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Figure 3 Effects of ICV PBS, and ICV UCNI1 alone or in combination with rikkunshito on gastroduodenal motility (A-C) and the percentual changes
in MI of the antrum (D) or the duodenum (E). A: phase III-like contractions. Each bar represents the mean + SEM (N = 7-9/group). Significance was
determined using one-way anova, followed by Dunnett’s post hoc test. *p < 0.05, **p < 0.01 compared with the UCN1/DW group.

revealed a typical type of contractions, called phase III-
like contractions, in the antrum and duodenum in
fasted rats. After feeding of 3 g standard chow, phase
II-like contractions disappeared and increased the
amplitude of contraction in the antrum. The fasted
patterns changed into the fed-like motor patterns
immediately after feeding in both the antrum and
duodenum (Fig. 3A-C). In ICV PBS control rats, post-
prandial contractions in the antrum and duodenum
continued even after treatment (Fig. 3A). However,
ICV UCNI decreased the amplitude of contraction in
the antrum while increasing the amplitude of contrac-
tion in the duodenum (Fig. 3B). The percentage
changes in MI of the antrum over 30 min were
significantly lower in the ICV UCNIl-treated group
than in the ICV PBS-treated control group (Fig. 3D).
Percentage changes in MI of the duodenum over
30 min tended to increase, albeit not significantly
(Fig. 3E).

Effect of rikkunshito on ICV UCNI1-induced change in
gastroduodenal motility The effects of rikkunshito on

© 2015 The Authors

1093

the ICV UCNI1-induced contractions in the antrum and
duodenum are shown in Fig. 3C. Rikkushito improved
the decreasing amplitude of contraction in the antrum
upon UCNI1 treatment. The percentage changes in MI
of the antrum in the rikkunshito-treated group were
significantly increased compared with those in the
group treated with ICV UCNI1 alone (Fig. 3D). The
percentage changes in MI of the duodenum were not
influenced by rikkunshito treatment (Fig. 3E).

DISCUSSION

We found that the supplementation of exogenous
acylated ghrelin or enhancement of endogenous acyl-
ated ghrelin secretion by rikkunshito improved the
reduction of GE and postprandial antrum motility in
the UCNI1-induced stress model. These findings sug-
gest that the ghrelin signal-enhancing action is effec-
tive in treating functional GI disorders.

Because early satiety and abdominal fullness after
eating are characteristics of the syndrome in FD
patients and symptoms are possibly due to a distur-
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bance in GE and postprandial antrum motility, we
investigated GE after the administration of a test meal
composed of nutritive food in an UCNI1-induced stress
model. As a result, ICV UCNI significantly reduced
GE of the test meal, which was possibly associated
with decreased plasma acylated ghrelin levels.
Acylated ghrelin promotes eating behavior by trans-
mitting signals to the brain via GHS-R expressed on
the termini of the afferent vagus nerves in the
stomach.?”?® In addition, it has been reported that
acylated ghrelin has a strong enhancing activity on GI
motility and it stimulates the actions depending on the
plasma levels.>® Our previous research indicated that
ICV UCNI significantly induced non-nutritive liquid
GE delay in fasted rats and that emptying returned to
normal levels upon administration of a CRF,R antago-
nist; therefore, we demonstrated that UCNI suppressed
GE via CRF,R.** In addition, peripheral acylated ghrelin
secretion is regulated via central CRF,R.>® These find-
ings suggest that postprandial GI dysfunction in the
UCNI1-induced stress model is involved in the suppres-
sion of the secretion of acylated ghrelin via central
CRF;R activation.

The administration of rikkunshito, a traditional
Japanese Kampo medicine, resulted in significant
inhibition of the delayed GE through an increase in
endogenous acylated ghrelin in the UCNI1-induced
stress model. It has been reported that rikkunshito
elicits a continuously increased acylated ghrelin signal
in GHS-R-expressing cells and a decreased afferent
activity of the gastric vagus nerve.2®?® Furthermore,
the study in the restraint stress model demonstrated
that supplementation of exogenous acylated ghrelin or
enhancement of endogenous ghrelin signaling by
rikkunshito improved GI dysfunction.®® These find-
ings indicate that the improvement in delayed GE by
rikkunshito is mediated by the inhibition of a decrease
in endogenous acylated ghrelin and an enhanced
acylated ghrelin signal. In addition, the administration
of exogenous acylated ghrelin could improve ICV
UCNI1-induced GE delays. Plasma acylated ghrelin
increased 2 h after the treatment (IV saline, ICV
UCNI1: 56.0 & 7.6 fmol/mL; IV acylated ghrelin, ICV
UCNI1: 85.4 £+ 7.5 fmol/mL, p < 0.05; N = 7-8/group,
data not shown in figures or tables), when feeding and
GE recovered. In our investigation, this was overall
within the physiological range (during fasting:
68.0 + 5.1 fmol/mL to 102.8 + 9.6 fmol/mL). These
findings evidence that the abnormality of acylated
ghrelin dynamics related to delayed GE in an UCNI1-
induced stress model.

Alpha,-AR mRNA has a more abundant expression
of the message in gastric mucosa.®' Shujaa et al.
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confirmed that o,-AR stimulation and, in particular,
stimulation of oys-AR, hindered gastric motility in
mice.?” In addition, we demonstrated that o,-AR
blocking accelerated GE in normal rats. UCNI acts
on central CRF,R,?? transmits signals to the periphery
via the activation of the sympathetic nervous system
efferent pathway, and negatively controls acylated
ghrelin secretion via peripheral #,-ARs.”* The admin-
istration of the a,-AR antagonist yohimbine, but not -
AR antagonist, significantly inhibits the reduction of
plasma acylated ghrelin levels induced by UCNI1 in
fasted rats.>* Our experiments in this study indicated
that UCN1-induced delayed GE was restored by the
administration of yohimbine through antagonism to
ar-AR. Simultaneously, plasma acylated ghrelin levels
were significantly increased by yohimbine, supporting
previous  results  (IP  saline, ICV ~ UCNI:
48.3 + 3.6 fmol/mL/2 h; IP yohimbine, ICV UCNI:
82.1 + 7.5 fmol/mL/2 h, p <0.01; N = 9/group, data
not shown in figures and tables). These findings
indicate that delayed GE may be mediated by a
decrease in endogenous acylated ghrelin via peripheral
o-AR activation.

The improvement in delayed GE by rikkunshito or
exogenous acylated ghrelin was only a blunted
response unlike the a;-AR antagonist yohimbine. The
plasma acylated ghrelin concentration also did not
recover sufficiently. Because the effects of rikkunshito
on GE are cancelled by concurrent administration of
ghrelin receptor antagonists, decreased acylated ghrelin
may be partially involved in delayed GE induced by
ICV UCNI. Sufficient recovery may not have been
exerted by rikkunshito because its a«y-AR antagonizing
effects are weaker than those of yohimbine. However,
GI hormones other than ghrelin such as cholecystoki-
nin (CCK), Peptide YY (PYY), and somatostatin are also
known to be involved in delayed GE.3373% Furthermore,
because it has also been reported that CCK and PYY
plasma levels are increased in FD patients,> the
influence of these also needs to be investigated in the
future.

As shown in Figure 3, the typical phase Ill-like
contractions disappeared in the antrum and duodenum
after feeding, transitioning to a postprandial pattern.
Intracerebroventricularly UCNI resulted in the disap-
pearance of antrum contractions and an increase in
continuous duodenal contractions in the postprandial
phase. This result is consistent with a previous report
by Fujimiya et al.®” Acylated ghrelin caused a transi-
tion of postprandial GI motility to a phase Ill-like
contraction®®; however, ghrelin receptor antagonist
administration resulted in the disappearance of phase
Ill-like contractions under normal conditions.*® In
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addition, in the UCNI-induced stress model, IV
administration of exogenous acylated ghrelin reversed
abnormal antrum and duodenum contractions to nor-
mal postprandial motility (Fig. S1). These results
strongly indicate that abnormality of acylated ghrelin
is linked to abnormal GI motility upon UCNI treat-
ment. The administration of rikkunshito also recov-
ered decreased gastric motility in ICV UCNI-treated
rats, suggesting the enhancement of endogenous acyl-
ated ghrelin. On the other hand, duodenal motility
showed a tendency to increase by UCNI1 treatment;
however, this was not significant. A previous study>’
has shown that UCNI administration induced
decreased gastric motility in both fed and fasting states
while displaying increased duodenal motility. This
difference between ours and previous study may
depend on differences in the UCNI1 dosage and/or
evaluation time.

Our previous report demonstrated that several com-
ponents of the ghrelin enhancer rikkunshito had o,-AR
antagonist activity,>* suggesting that the increased
plasma ghrelin level and improved gastric motility by
rikkunshito involve o,-AR blockade in the sympa-
thetic nerves of the stomach. Alpha,-AR-mediated
inhibition of ghrelin secretion plays an important role
in regulating gastric motor function. The effect of
rikkunshito on GE was blocked by the co-administra-
tion of ghrelin receptor antagonist, and supplementa-
tion of exogenous acylated ghrelin augmented GE,
which is mediated by vagal nerve activity in the brain-
gut axis. Several studies have suggested that the oral
administration of rikkunshito acts on the central

Gastrointestinal dysfunction and ghrelin dynamics

nervous system.’*** However, decreased peripheral
ghrelin levels in the UCN1-induced stress model have
been reported that involve the stimulation of periph-
eral, rather than central ,-AR.2* Accordingly, the
effects of rikkunshito in this study may be peripheral
effects. However, further investigation is required.

In conclusion, delayed GE during the postprandial
phase was observed in an UCN1-induced stress model
and was related to acylated ghrelin dynamics. Thus,
the supplementation of exogenous acylated ghrelin or
the endogenous acylated ghrelin enhancer rikkunshito
may be effective in treating postprandial distress
syndrome in stress-induced FD.
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