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Abstract

Background A traditional Japanese medicine, rikkunshi-

to, has been reported to relieve dyspepsia symptoms. We

investigated the effect of rikkunshito on RE-induced

abdominal dyspepsia, and performed experiments to elu-

cidate the mechanism of that effect.

Methods RE model rats were prepared using 8-week-old

male Wistar rats, and rikkunshito was administered in

drinking water. Voluntary movement was used as an index

of RE-induced abdominal dyspepsia, which was monitored

by an infrared sensor. On the tenth day after surgery, the

total area of esophageal erosion was measured, and samples

of nonerosive mucosa were collected. Using those samples,

intercellular spaces of epithelial mucosa were examined by

transmission electron microscopy, and the NP-40-soluble

and -insoluble levels of the tight junction proteins claudin-

1, -3 and -4 and their mRNAs were determined.

Results Rikkunshito did not reduce the average total area

of erosive lesions in the esophageal mucosa of RE model

rats. On day 10, voluntary movement was significantly

decreased in the RE model rats and rikkunshito significantly

increased it. Nonerosive esophageal mucosa from RE rats

showed dilation of intercellular spaces in epithelium, and

significantly decreased claudin-3 mRNA and protein levels.

Rikkunshito significantly suppressed intercellular space

dilation and significantly increased the level of NP-40-

insoluble claudin-3, but it did not affect the mRNA level,

suggesting that it promoted tight junction formation by

facilitating the translocation of proteins.

Conclusion Rikkunshito increased voluntary movement

in RE model rats. This may have been because rikkunshito

ameliorated the symptoms of RE by improving the barrier

function of esophageal mucosa.
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Introduction

Gastroesophageal reflux disease (GERD) is a condition that

develops when the reflux of stomach contents causes trou-

blesome symptoms and/or complications [1]. It can have a

considerable negative impact on the patient’s quality of life

[2, 3]. The mechanism of GERD symptom manifestation is

complicated. Although mucosal damage in GERD increases

in proportion to the extent of reflux of gastric acid, the

severity of GERD symptoms is not related to the extent of

esophageal mucosa damage [4]. GERD symptoms are

thought to be caused by the complex interaction of a variety

of factors, including reflux of gastric contents, esophageal

motility dysfunction, impaired esophageal epithelial resis-

tance, and hypersensitivity [5]. This suggests that the

symptoms of GERD may not be relieved by treatment with

inhibitors of gastric acid secretion only, and it has been
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reported that proton pump inhibitors are less effective in

nonerosive reflux disease (NERD) than in reflux esophagitis

(RE) [6, 7].

In recent years, the herbal medicine rikkunshito has been

used to treat symptoms of GERD, and reports that it is effi-

cacious have been appearing [8, 9]. However, its mechanism

of action is not well understood. Therefore, in this study, we

used a rat model of RE to investigate the effect of rikkunshito

on GERD and the mechanism of action of that effect. In these

experiments, the effect of rikkunshito on symptoms was

evaluated by using the amount of voluntary movement by the

rats as an index of symptoms, and the mechanism of symp-

tom reduction was investigated by focusing on the intercel-

lular spaces in epithelium of esophageal mucosa, and on tight

junctions of the esophageal epithelium.

Materials and methods

Experimental animals

Male Wistar rats aged 6–7 weeks were purchased from

Clea Japan Inc. (Tokyo, Japan). After the rats had been

acclimatized for 1–2 weeks, they were used in the exper-

iments at 8 weeks of age. During the experiments, the rats

were subjected to an artificial light–dark cycle with light

from 7:00 a.m. to 7:00 p.m., were provided with food and

water ad libitum, and were housed at 24 ± 2�C and

55 ± 10% relative humidity. All of the experiments were

performed in accordance with the guidelines of the animal

welfare committee of Tsumura & Co. (Tokyo, Japan), and

were performed between the hours of 9 a.m. and 6 p.m.

Drugs

Rikkunshito, which was obtained from Tsumura and Co., is a

powder prepared by extracting a mixture of Glycyrrhizae

radix, Zingiberis rhizoma, Atractylodis lanceae rhizoma,

Zizyphi fructus, Aurantii nobilis pericarpium, Ginseng radix,

Pinelliae tuber, and Hoelen in hot water and then spray drying

the resulting extract. Suspensions (0.3 and 0.6% w v-1) of

rikkunshito in purified water were administered as drinking

water daily for 10 days, beginning on the day after surgery.

Preparation of the rat chronic acid reflux

esophagitis model

The chronic acid RE model was prepared based on the

method of Omura et al. [10]. Rats were fasted for 24 h and

then anesthetized with ether, the abdomen of each rat was

opened with a midline epigastric incision; the stomach and

duodenum were exteriorized, and the transitional region

between the forestomach and the glandular stomach (the

limiting ridge) was ligated with 1–0 silk thread (Natsume

Seisakusho Co., Tokyo, Japan). Next, the duodenum was

wrapped near the pylorus with a 2-mm-wide piece of an

18-Fr Nélaton catheter (Terumo Corporation, Tokyo,

Japan), and the catheter was immobilized by suturing it to

the serosa of the pylorus with 5-0 nylon thread (Natsume);

see Fig. 1. After confirming that hemorrhage was absent, the

abdomen was closed by suturing the abdominal wall with

2-0 silk thread (Natsume) and the skin with an automatic

suturing device. The sham operations were identical except

that the transitional region between the forestomach and the

glandular stomach was not ligated, and a piece of catheter

was not placed around the duodenum. Instead, the exteri-

orized stomach and duodenum were left outside the body for

approximately 1 min and then returned to the abdominal

cavity. After surgery, the rats were fasted for another 24 h.

Measurement of voluntary movement

The rats were housed at 2 animals per cage and acclima-

tized for 1 week before measuring voluntary movement.

Limiting  ridge

Esophagus Forestomach

Stomach

Duodenum

Pyloric ring

Ligation

Covering

18Fr Nelaton catheter
(width: 2 mm)

Fig. 1 Preparation of the rat

model of reflux esophagitis.

Duodenal stenosis was created

by wrapping the duodenum near

the pylorus with a piece of 18-Fr

Nélaton catheter (width: 2 mm).

To prevent catheter

dislodgement, the edge of the

catheter was sutured to the

serosa of the pylorus using a 5-0

nylon thread. The transitional

region between the forestomach

and the glandular portion (the

limiting ridge) was ligated with

1-0 silk thread
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Beginning on the day after surgery, the amount of volun-

tary movement in each cage was measured for 12 h per day

(from 7 p.m. to 7 a.m. the next day) with an infrared sensor

(NS-AS01; Neuroscience Inc., Tokyo, Japan). The infrared

sensor (placed on the top of the cage) counted the move-

ments of the rats, the movement from initiation to com-

pletion was regarded as one count, and the sensor was

adjusted to ignore grooming or standing up [11].

Measurement of gross esophageal lesions

and investigation of intercellular spaces

in esophageal epithelium

On the tenth day after preparation of the RE model (day

10), each rat was laparotomized under ether anesthesia, the

abdominal vena cava was severed, and the animal was

exsanguinated. Then the esophagus was removed, opened

with a longitudinal incision, and immobilized on a rubber

plate with insect pins. The entire esophagus was photo-

graphed with a digital camera (E5700; Nikon Corporation,

Tokyo, Japan), the image was imported into image analysis

software (WinROOF; Mitani Corporation, Tokyo, Japan),

sites of esophageal mucosal erosion were identified, and

the total area of those sites was measured.

Esophageal mucosal tissue from randomly selected

nonerosive sites located at least 2 mm from erosive sites

was collected for examination by transmission electron

microscopy from rats euthanized on day 10. In this animal

model, erosions were mainly seen in the middle of the

esophagus. The tissue was cut into squares of approxi-

mately 5 mm, which were fixed in 2.5% glutaraldehyde

and postfixed in 1% osmium tetroxide. Those specimens

were treated with ethanol and n-butyl glycidyl ether

(QY-1), and then embedded in Epon 812 Resin (TAAB

Laboratories Equipment Ltd., Aldermaston, UK). The

intercellular spaces in esophageal epithelium in 5 randomly

selected visual fields per specimen were examined with a

transmission electron microscope (JEM-1010; JEOL Ltd.,

Tokyo, Japan) at a magnification of 20,000.

RNA isolation and reverse transcription

On day 10, the esophagus was removed as described above.

Mucosal tissue was obtained from sites that were superior

to the gastroesophageal junction and within 3 cm of it, and

that appeared nonulcerated on the basis of macroscopic

examination. At such sites, 0.5 mL of ice-cold physiolog-

ical saline was injected in the submucosa with a 27 G

needle, and the mucosa was detached from the muscular

layer in 3- to 4-mm squares.

Total RNA was isolated from the esophageal mucosa

samples with a Qiagen RNeasy Mini Kit (Qiagen, Valen-

cia, CA, USA) according to the product protocol, and the

concentration of each total RNA sample was determined

with a NanoDrop 1000 system (Thermo Scientific).

Reverse transcription reactions were carried out with

TaqMan reagents (Applied Biosystems) in a thermal cycler

(Applied Biosystems) at 25�C for 5 min, 48�C for 30 min,

and 95�C for 5 min.

Quantification of claudin mRNA using real-time PCR

Real-time polymerase chain reactions (PCRs) were per-

formed using TaqMan 29 PCR Master Mix (Applied

Biosystems) and a 7900HT Fast Real-Time PCR System

(Applied Biosystems). The primers provided with TaqMan

Gene Expression Assays (claudin-1, Rn00581740m1;

claudin-3, Rn00581751s1; claudin-4, Rn01196224s1;

b-actin: Rn00667869m1) (Applied Biosystems) were used

as the claudin and b-actin primers. All of the real-time

PCRs were run under the following thermal cycling con-

ditions: hold at 50�C for 2 min and then 95�C for 10 min,

followed by 40 cycles of 95�C for 15 s and 60�C for 1 min.

The amount of each claudin mRNA was normalized to the

amount of b-actin.

Assessment of protein levels by western blot analysis

On day 10, samples (3- to 4-mm squares) of detached

esophageal mucosa were obtained as described above for

RNA isolation and reverse transcription. Those samples

were divided into NP-40-soluble and -insoluble fractions by

the method of Sakakibara et al. [12]. Each sample was

immersed in 200 lL of ice-cold NP-40 lysis buffer

[25 mM HEPES/NaOH pH 7.4, 150 mM NaCl, 4 mM

ethylenediaminetetraacetic acid (EDTA), 25 mM NaF, 1%

NP-40, 1 mM Na3VO4, protease inhibitor cocktail (Sigma–

Aldrich Corporation, St. Louis, MO, USA)] and then

homogenized. The homogenized sample was mixed gently

on a rotary shaker for 30 min at 4�C, and then centrifuged at

10,000g for 30 min at 4�C. The resulting supernatant was

collected as the NP-40-soluble fraction. The sediment was

homogenized again in 40 lL of sodium dodecyl sulfate

(SDS) lysis buffer (25 mM HEPES/NaOH pH 7.5, 4 mM

EDTA, 25 mM NaF, 1% SDS, 1 mM Na3VO4), and then

mixed with 160 lL of NP-40 lysis buffer. Next, each sample

was mixed gently on a rotary shaker for 30 min at 4�C, and

was then centrifuged at 10,000g for 30 min at 4�C. The

resulting supernatant was collected as the NP-40-insoluble

fraction. Protein concentrations were measured with a pro-

tein assay kit (Bio-Rad Laboratories Inc., Hercules, CA,

USA) using bovine serum albumin as the standard.

The NP-40-soluble and -insoluble fractions from each

sample were loaded on a 12.5% polyacrylamide gel (Atto

Corporation, Tokyo, Japan) at 0.6 lg of protein per

well and electrophoresed at 0.3 mA cm-2 for 60 min in

480 J Gastroenterol (2010) 45:478–487

123



SDS-polyacrylamide gel electrophoresis buffer (25 mM

Tris-base, 19 mM glycine, 0.1% SDS). After electropho-

resis, the proteins were transferred to polyvinylidene

difluoride membranes (GE Healthcare UK Ltd., Little

Chalfont, UK) by a current of 1.75 mA cm-2 for 45 min

using the semidry method. Next, blocking was performed

by placing each membrane in TBS-T buffer (0.1% Tween

20) containing 5% skim milk for 60 min at room temper-

ature. After blocking, the membranes were washed once

with TBS-T buffer, and then were exposed to rabbit anti-

claudin-1 antibody (50 ng mL-1; Zymed Laboratories, San

Francisco, CA, USA), rabbit anti-claudin-3 antibody

(500 ng mL-1; Zymed Laboratories), or rabbit anti-clau-

din-4 antibody (50 ng mL-1; Zymed Laboratories) over-

night in a refrigerator. The membranes were then washed

with TBS-T buffer 3 times for 10 min each, after which

they were exposed for 60 min at room temperature to

horseradish peroxidase-labeled goat anti-rabbit IgG anti-

body (GE Healthcare UK Ltd.) diluted 5000-fold. Each

antibody was diluted to the specified concentration with

TBS-T buffer (0.1% Tween 20) containing 1% skim milk.

The membranes were again washed with TBS-T buffer 3

times for 10 min each and then were treated with western

blotting detection reagent (ECL Plus; GE Healthcare UK

Ltd.) at room temperature for 5 min. The fluorescence

intensity of each band was scanned with a variable-mode

imager (Typhoon 9410; GE Healthcare UK Ltd.) and

quantified with image processing software (ImageQuant

TL; GE Healthcare UK Ltd.). Claudin-1, -3, and -4 were

detected as a 22 kD band. The quantity of each protein in

each fraction was calculated relative to the average inten-

sity of the soluble fraction band for that protein in the

sham-operated animals, which was assigned a value of 1.

Statistical analysis

Measured values are shown as mean ± standard error (SE).

For each parameter, the difference between the sham group

and the vehicle control group was tested for significance by

Student’s t test, and if the t test showed a significant dif-

ference, the difference between the vehicle control group

and each treatment group was tested for significance by

Dunnett’s multiple comparison test. The significance level

was 5% on both sides.

Results

Effect of rikkunshito on the total area

of erosive lesions in esophageal mucosa

On day 10, mucosal erosion was not observed in the

esophagus of sham-operated rats, but was obvious in the

esophagus of RE model rats treated with vehicle (Fig. 2a).

Rikkunshito (0.3 and 0.6% w v-1) did not suppress the

average total area of erosive lesions in the esophageal

mucosa of RE model rats (Fig. 2b).
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Fig. 2 Effect of rikkunshito on the average total area of erosive

lesions in the esophageal mucosa of each RE model rat. a Mucosal

erosion is not seen in the esophagus of a sham-operated rat (a), but it

is obvious in the esophagus of an RE model rat on day 10 (b), while

treatment with rikkunshito (0.6% w v-1) did not suppress mucosal

erosion in the esophagus of an RE model rat (c). Bar 10 mm.

b Rikkunshito did not reduce the average total area of erosive lesions

in the esophageal mucosa of RE model rats. Results are expressed as

the mean ± SE of 18–21 animals
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Effect of rikkunshito on voluntary

movement of RE model rats

Table 1 shows the amount of voluntary movement on day

10 in sham-operated rats and RE model rats. Treatment of

sham-operated rats with rikkunshito (0.6% w v-1) did not

result in significantly greater voluntary movement than that

observed in sham-operated rats treated with vehicle.

RE model rats treated with vehicle showed significantly

less voluntary movement than did sham-operated rats

(P \ 0.01), and treatment of RE model rats with rikkunshito

(0.3% and 0.6% w v-1) resulted in significantly more

voluntary movement (P \ 0.05) than was observed in RE

model rats treated with vehicle.

Effect of rikkunshito on intercellular spaces

in epithelium from nonerosive areas

of esophageal mucosa

On day 10, intercellular spaces in epithelium from esopha-

geal mucosa of sham-operated rats and RE model rats that

was free of macroscopically detectable erosive lesions were

examined by electron microscopy. The spaces in epithelium

from RE model rats treated with vehicle were significantly

dilated from the stratum spinosum to the stratum basale

compared to the spaces in epithelium from sham-operated

rats (P \ 0.05). Rikkunshito (0.6% w v-1) significantly

suppressed this dilation (P \ 0.05) (Fig. 3a, b).

Effect of rikkunshito on levels of tight junction

protein mRNAs in epithelial cells from nonerosive

areas of esophageal mucosa

On day 10, esophageal mucosa that was free of macro-

scopically detectable erosive lesions was collected from

sham-operated rats and RE model rats, and levels of tight

junction protein mRNAs in the mucosal tissue were mea-

sured. The claudin-3 mRNA level was 25% lower in RE

model rats treated with vehicle than in sham-operated rats

(P \ 0.01). Rikkunshito (0.3 and 0.6% w v-1) did not

affect the claudin-3 mRNA level (Fig. 4b).

Effect of rikkunshito on the levels of tight

junction proteins in epithelial cells

from nonerosive areas of esophageal mucosa

On day 10, esophageal mucosa that was free of macro-

scopically detectable erosive lesions was collected from

sham-operated rats and RE model rats, and the protein in

that tissue was divided into detergent (1% NP-40)-soluble

and -insoluble fractions.

Levels of NP-40-soluble claudin-1, -3 and -4 protein

were decreased by 25, 30 and 22%, respectively, in RE

model rats treated with vehicle compared to sham-operated

rats (P \ 0.01). Rikkunshito (0.6% w v-1) significantly

decreased levels of NP-40-soluble claudin-1, -3 and -4

protein (Fig. 5a–c).

The level of NP-40-insoluble claudin-3 protein was

decreased by 36% in RE model rats treated with vehicle

compared to sham-operated rats (P \ 0.01). Rikkunshito

(0.6% w v-1) significantly increased the level of NP-40-

insoluble claudin-3 protein (Fig. 5b). Namely, regarding

claudin-3, the proportions of the NP-40-insoluble and

-soluble fractions were changed, though the total protein

level in rikkunshito-treated rats was unchanged compared

to that in rats treated with vehicle (data not shown).

Levels of NP-40-insoluble claudin-1 and -4 protein did not

show a statistically significant difference between RE

model rats treated with vehicle and sham-operated rats, but

rikkunshito (0.6% w v-1) showed a tendency to increase

levels of NP-40-insoluble claudin-1 and -4 proteins

(Fig. 4a, c).

Discussion

Rikkunshito is a traditional Japanese medicine that is

widely used to treat a variety of gastrointestinal conditions,

including indigestion, anorexia, distention, nausea, and

vomiting [13–15]. In animal studies, rikkunshito has been

shown to promote adaptive gastric relaxation [16], facili-

tate gastric emptying [17], suppress cisplatin-induced

anorexia [18], and favorably affect the selective serotonin

reuptake inhibitor-induced gastrointestinal motility reduc-

tion model [19]. Recently, rikkunshito has been reported to

ameliorate symptoms of patients with GERD and patients

with NERD [8, 9, 20], but the mechanism of this effect

is not well understood. Therefore, in this study, we

Table 1 Effect of rikkunshito on voluntary movement of RE model

rats

Group Counts (9103 12 h-1)

Sham 14.1 ± 0.5

Sham ? rikkunshito (0.6% w v-1) 15.1 ± 0.9 NS

Sham 13.2 ± 0.8

RE ? vehicle 4.1 ± 0.3##

RE ? rikkunshito (0.3% w v-1) 5.4 ± 0.4*

RE ? rikkunshito (0.6% w v-1) 5.5 ± 0.3*

Treatment of sham-operated rats with rikkunshito did not significantly

increase voluntary movement on day 10. Voluntary movement of RE

model rats (RE ? vehicle) on day 10 was significantly lower than that

of sham-operated rats on day 10, and rikkunshito increased the vol-

untary movement of RE model rats. Results are expressed as the

mean ± SE of 6–21 animals

NS, not significant
## P \ 0.01 versus sham. *P \ 0.05 versus vehicle
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investigated the effect of rikkunshito on experimental RE

in rats and the mechanism of that effect.

In a previous study, we showed that decreases in vol-

untary movement may be able to serve as an index of

gastrointestinal symptoms in RE model rats [11]. There-

fore, in the present study, we first evaluated GERD

symptoms in the RE rats by measuring their voluntary

movement with an infrared monitoring system. Then, to

reconfirm the improvement of symptoms and investigate

the mechanism responsible for any such improvement, we

investigated the effect of rikkunshito on intercellular

spaces and tight junctions in epithelium of esophageal

mucosa. Dilation of intercellular spaces in esophageal

epithelium is seen in GERD and NERD patients with

heartburn [21, 22] and is considered to be a marker of

GERD symptoms. Tight junctions are structures that seal

neighboring cells together; they have a barrier role and/or

regulate permeability to ions. Evidence, including experi-

ments using animals deficient in tight junction proteins and

experiments using downregulation caused by acid and

oxidative stress, has shown that tight junctions play an

important role in supporting the barrier function of the

esophagus [23–25].

Increased expression of neurotransmitters in the spinal

chord, dorsal root ganglia, and nodose ganglia has been

reported in studies using in vivo models of acute and

chronic pain [26, 27] and is recognized as an index of pain.

Increased expression of substance P was also observed in

the rat model of RE, and omeprazole suppressed such

increased expression [28]. In the present study, rikkunshito

significantly increased voluntary movement in RE model

rats. Because omeprazole inhibited decreases in voluntary
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intercellular spaces of
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movement in RE model rats in a previous study [11], and

rikkunshito did not affect the voluntary movement of

sham-operated rats in the present study, we attributed the

increased voluntary movement of the RE model rats treated

with rikkunshito in the present study to amelioration of

visceral symptoms, including pain, by rikkunshito. In the

present study, rikkunshito also suppressed the dilation of

intercellular spaces in epithelial cells from nonerosive sites

in esophageal mucosa, a finding which suggests that

rikkunshito might ameliorate symptoms of GERD. The

total area of erosive lesions in esophageal mucosa can

serve as an index of damage to the esophagus [29]. In our

previous study, the proton pump inhibitor omeprazole

reduced this area in RE model rats [11], but in the present

study, rikkunshito did not reduce it at all. Furthermore,

we have obtained preliminary results indicating that

rikkunshito does not inhibit the secretion of gastric acid

(data not shown). These results indicate that this drug had

no or little effect on acid secretion and/or reflux in this

study. This suggests that the effect of rikkunshito on the

voluntary movement of RE model rats may have a mech-

anism that is different from that of proton pump inhibitors.

It has been hypothesized that noxious stimuli, including

acid, penetrate deep into esophageal mucosa and cause

symptoms by stimulating nociceptive receptors such as

TRPV1 [30]. Namely, abnormal barrier function in the

mucosal epithelium may cause GERD symptoms [30].

Tight junctions are structures that play a major role in

maintaining the barrier function of epithelial cells. The

tight junction proteins that actually form the junctions, as

well as related proteins, are crucial to the barrier function

of epithelial cells, including squamous epithelial cells [23–

25]. Decreased levels of the tight junction protein claudin-

3 in the esophageal mucosa of RE model rats have been

reported [11, 31]. Therefore, in the present study, we

examined the effect of rikkunshito on claudins. It has been

reported that functional tight junction proteins are insolu-

ble in nonionic detergent [12, 32], and it is generally

thought that the claudins in the detergent-insoluble fraction

are functionally important. Therefore, in the present study,

we divided proteins from esophageal mucosa into nonionic

detergent (NP-40)-soluble and -insoluble fractions, and

measured the levels of claudin-1, -3 and -4 in each frac-

tion. The level of NP-40-insoluble claudins was decreased

in RE model rats compared with sham-operated rats, and

rikkunshito inhibited this decrease. In particular, the

insoluble claudin-3 protein level was significantly

decreased in RE model rats, and rikkunshito significantly

inhibited that decrease. We also measured the level of

claudin-3 mRNA in esophageal mucosa, and found that it

was significantly decreased in RE model rats; rikkunshito,

however, had no effect on this decrease. As shown in

Fig. 5, both the soluble and the insoluble claudin-3 protein

levels were significantly decreased in RE model rats.

Addition of rikkunshito (0.6% w v-1) decreased the level

of NP-40-soluble claudin-3 but significantly increased the

level of NP-40-insoluble claudin-3. Furthermore, as shown

in Fig. 4, the level of claudin-3 mRNA in the esophageal
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Fig. 4 Effect of rikkunshito on levels of claudin-1, -3 and -4 mRNAs

in epithelium from the esophageal mucosa of RE model rats. On day

10, the claudin-1 (a) and claudin-4 (c) mRNA levels in epithelium

from the esophageal mucosa of RE model rats (Vehicle) were not

decreased compared with the levels from sham-operated rats (Sham).

b Only the claudin-3 mRNA level was significantly lower in RE

model rats (Vehicle) than in sham-operated rats (Sham) on day 10. In

the RE model rats, rikkunshito at 0.3 and 0.6% w v-1 did not increase

the claudin-3 mRNA level. Results are expressed as the mean ± SE

of 8–9 animals. ##P \ 0.01 versus sham
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mucosa of RE model rats was not affected by this drug.

These findings suggest the possibility that rikkunshito may

affect the localization of claudins in inflamed tissue. In

other words, rikkunshito may improve the barrier function

of esophageal mucosa by facilitating the translocation of

the tight junction proteins from the soluble to the insoluble

fraction, which is thought to be more functional.

Based on the results of the present study, we hypothe-

size that rikkunshito acts as follows. Exposure of esopha-

geal mucosa to gastric contents causes changes in the levels

of tight junction proteins in the mucosa, and those changes

impair the barrier function of the mucosa, which leads to

reflux-associated symptoms [30]. By promoting the for-

mation of tight junctions mediated by the localization of

claudins, rikkunshito improves the barrier function of the

esophageal mucosa and prevents the diffusion of gastric

acid into the tissues.

Because intercellular spaces in esophageal epithelium

are regarded as an index of junctional damage, which

relates to GERD symptoms [30], the fact that rikkunshito

narrows such spaces supports the view that rikkunshito

ameliorates RE symptoms in rats. By decreasing the

diffusion of gastric acid through damaged epithelium,

rikkunshito may inhibit the activation of transient receptor

potential vanilloid receptor 1 (TRPV-1) and other chemo-

sensitive nociceptors [30]. However, the effect of this drug

on voluntary movement may possibly be explained by

other mechanisms than strengthened barrier function. In

fact, our previous study demonstrated that the proton pump

inhibitor omeprazole increased the voluntary movement,

which may be largely due to a reduced amount of acid

reflux [11]. In addition, other pharmacological properties

of rikkunshito have been reported, including reducing

distal esophageal acid exposure by improving esophageal

acid clearance [33, 34], accelerated gastric emptying [34,

35] or promoting adaptive relaxation [34, 36]. These

effects of this drug may also help to ameliorate RE

symptoms.

Thus, while clinical evidence is still insufficient,

rikkunshito shows promise for the alleviation of symptoms

of GERD patients. To demonstrate this effect conclusively,

well-designed clinical research is needed. Furthermore,

rikkunshito is a crude drug that contains 8 herbal ingredi-

ents. It is not known which of these herbs—and the com-

pounds in them—are involved in local changes in claudins,

or the mechanisms of any such involvement. Such ques-

tions should be investigated in future studies.
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rats. a The claudin-1 level in the NP-40-soluble fraction was

significantly lower in RE model rats (Vehicle) than in sham-

operated rats (Sham) on day 10. In RE model rats, rikkushito at

0.6% w v-1 significantly reduced the NP-40-soluble claudin-1 level.
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