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Abstract: Sansho (Japanese pepper) is a common spice widely used in Japanese cuisine. In addition, it is also an important
component in Kampo medicine, such as in Daiken Chuto, which stimulates gastrointestinal motility and improves
postoperative ileus. On the other hand, we previously reported that gravity stress loading produce negative effects on ileal
movements. In the present study, we report changes in ileal motility after gravity-stress with and without Sansho intake in male
and female rats. Ileal movements were activated by topical Acetylcholine (Ach) application, and maximum amplitudes (MA)
of the evoked contraction were compared. Clear tonic patterns were observed in the ileal motility after Ach application. After
short-term stress, there were no significant differences in MA between control and Sansho-intake groups in both sexes.
However, after long-term stress-loading, significant enhancement of MA was observed in Sansho-intake group in males, but
not in females. The present study showed that SAN affected Ach-induced ileal motility in the male, but not in the female after
long-term stress loading, indicating sex differences in effects of Sansho intake. It is suggested that Sansho is more effective in
males than in females to decrease negative stress response.
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1. Introduction
Sansho (Japanese pepper) is a common spice widely used
in Japanese cuisine [1-3]. As a special interest, bioactivity of
Japanese pepper has been found to originate from
antioxidative,
hepatic
drug-metabolizing,
tyrosinase
inhibitory, and antimicrobial compounds [2]. A suppressive
compound against trimethylamine, an amine known for the
major unpleasant odor from fish, was sought in extracts of
Japanese pepper fruit [2,3]. In addition, Japanese pepper is an
ingredient of Kampo medicine in Japan, Korea, and China,
such as “Daiken Chuto”, which stimulates gastrointestinal
motility and improves postoperative symptoms in the ileus
[4-6].
On the other hand, we previously reported that gravitystress produces negative effects on ileal movements [7,8].
There are sex differences in the functional changes of the
ileum and colon after stress loading [8]. Therefore, it is

possible that stress-induced malfunction in the gastrointestinal tract could be improved by Sansho intake. In the
present study, we examined changes in ileal motility after
gravity stress with and without Sansho intake, in male and
female rats.

2. Materials and Methods
The methods described here follow the ethical guidelines
and received approval from the Animal Welfare Committees
of Japan Women's University and Nagasaki University.
Detailed methods were described in our previous paper [7].
A total of one hundred and twenty-eight rats of both sexes
(Wistar, SPF, body weight 220–321 g) received either
standard rat chow (Oriental Yeast Co., Tokyo) or the same
chow laced with 0.5% Sansho powder (Japanese
Pharmacopoeia, 16th Ed.). Four groups were divided: 1) Cont:
no stress, no Sansho intake, 2) SAN: no stress, Sansho intake,
3) STR: stress loading, no Sansho intake, 4) STRSAN: stress
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loading, Sansho intake. Each group consisted of 32 rats, both
male and female. 3G-gravity stress (every day for 10 min)
was loaded by a centrifugal apparatus during 1 or 30 days.
Immediately after the stress loading at day 1 (short-) and
day 30 (long-term), a 1 cm-long section of the ileum was
isolated under barbiturate anesthesia (Nembutal, 20 mg/kg,
i.p.), and fixed in a Magnus-type chamber filled with Tyrode
solution. Ileal movements were activated by topical
Acetylcholine (Ach, 10-5 mg/ml) application and maximum
amplitudes (MA) of the evoked contraction were recorded.
One-way ANOVA was used to test differences in MA
induced by Ach application among the four groups. Where
significant interactions were found, post-hoc comparisons
were done by the Bonferroni method. In all tests, α < 0.05

was considered statistically significant. All data are expressed
as means ± SEM.

3. Results
3.1. Ach-induced Contraction
As shown in Fig.1, Ach application induced a clear tonic
contraction in the ileum. After Ach application, phasic or
rhythmic contractions were absent, because tonic
contractions were usually strong and long-lasting. Therefore,
we measured MAs of this tonic ileal contraction, which
showed the maximum force of the smooth muscle contraction.

Fig. 1. Typical example of ileum contraction evoked by Ach. Rhythmic, phasic movement represents spontaneous ileal contractions. Ach application is
followed by a strong, tonic contraction of the ileum.

3.2. Short-term (1 day) Stress
In Fig.2, a summary of the effects of Sansho intake and
stress loadings are shown. In A, left to right, Cont, SAN, STR

and STRSAN in male, and in B those in female are shown.
After short-term stress, there were no significant differences
in MA between all groups in both sexes.

Fig. 2. Maximum amplitudes (MA) of ileal contraction in four experimental groups at day 1 in males (left) and females (right). Columns from left to right: 1)
Cont: no stress, no Sansho intake, 2) SAN: no stress, Sansho intake, 3) STR: stress loading, no Sansho intake, and 4) STRSAN: stress loading, Sansho intake.
Note that no significant differences were found among groups in both sexes.
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3.3. Long-term (30 day) Stress
In normal chow group, 30 day-stress loading, but not
significant, seemed to inhibit ileal contraction in both sexes
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(Fig.3. First and third column). In male, Sansho intake
strongly enhanced Ach-induced contraction. In female, there
were no significant differences among the four groups.

Fig .3. Maximum amplitudes (MA) of ileal contraction in four experimental groups at day 30 in male (left) and female (right). Columns from left to right: 1)
Cont: no stress, no Sansho intake , 2) SAN: no stress, Sansho intake, 3) STR: stress loading, no Sansho intake, 4) STRSAN: stress loading, Sansho intake.
Significant differences were found between STR and STRSAN in males.

4. Discussion
In the present study, sex differences were observed in the
effects of Sansho intake under stress conditioning. In males,
stress-inhibited ileal motility after long-term conditioning
was well antagonized by Sansho intake. However, this effect
was not observed in females.
It is generally accepted that there are sex differences in a
majority of physiological or pathological phenomena, and
especially in food intake [9-11]. In human studies, strong
stress decreases body weight in both sexes; however, weak
stress may sometimes decrease or increase body weight [1214]. In rats, our previous data showed that sex differences
were observed in stress-induced ileal movements [7,8]. One
of the possible explanations for sex differences is the
endocrinological differences in the response to stress between
male and female on various physiological functions,
including digestion [12,15].
Herbal medicine is frequently used in subliminal clinical
treatment in oriental countries [16,17]. Sansho is widely used
in various herbal medicinal drugs as a principal or accessory
component [18]. Tokita et al. showed that Sanshool, a
compound extracted from Sansho seed, can elicit gut smoothmuscle contraction in 7w-old male BALB/c mice [19], which
suggests that Sansho could improve digestive function by
enhancing ileal motility. In the present study, long-term stress
(30 days) suppressed ileal movements, and this suppression
was well reversed by Sansho-intake in male rats. The
mechanism of this observation may be due to the fact that
Sansho-intake strongly activate TRPV1 and TRPA1 receptors
in the proximal colon [20,21].
In females, the present study indicated that Sansho intake

caused no clear enhancement in ileum activity. Because
short- or long-term stress did not significantly change ileal
activities, female rats had stronger stress-resistance ability
than males. Therefore, Sansho-intake effects on the ileal
movement were not clear in female, suggesting that female
rats did not need Sansho to reverse stress-induced digestive
malfunction. In conclusion, it is shown that Sansho may be
more effective in males than in females in reducing negative
stress responses.
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