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Abstract: Ginger is widely used as a spice and also an effective herbal medicine to treat gastrointestinal disorders. On the other
hand, stress can induce various modulation of digestive motility. Here, we investigated ginger effects on stress-induced motility
of the isolated ileum in male and female rats, in vitro. Rats (Wistar, SPF, 7-12 weeks of age, 148-393 g BW) were divided into
Control (1G) and 3G groups. 3G stress (every day for 10 min) was loaded by centrifugal apparatus for 1, 3, 15 and 30 days.
After the stress loading at each day, a 1 cm-long section of the ileum was isolated under barbiturate anesthesia and fixed to a
Magnus-type chamber filled with Tyrode solution. Ileal movements were observed for 60 s following application of zingerone,
which is also called vanillylacetone and a key component of the pungency of ginger (0.1-10 µM). Spontaneous motility
movements with phasic and tonic patterns were observed in the ileum. The former was a peristalsis-like movement and the
latter was a slow fluctuation of the baseline. Ginger induced enhanced effects on the rhythmic phasic motility in relation to
amplitude. In the female, 3G gravity loading had no effects on the ginger-induced motility, however, suppressive effect of the
ginger-induced phasic movements was clearly observed at day 15 in the male. The present study showed that gravity stress
changed ginger-induced effects on phasic ileal motility in the male, but not in the female, indicating that sex differences were
observed in the ginger effects modulated by stress loading.
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1. Introduction
Ginger, the root of Zingiber officinale, is widely used as a
spice and an effective herbal remedy for various symptoms
[1]. As a traditional herbal plant, ginger has been used for
4000 years in various manipulations, such as fresh ginger,
dried ginger or roasted ginger [2,3]. For example, ginger can
alleviate the aches and pains of anticancer chemotherapy
treatment [3,4], or act as an anti-inflammatory agent, easing
the symptoms of arthritis and other joint conditions [5].
Furthermore, ginger has a powerful antiviral action and is a
great remedy for colds [6].
In Japan, ginger is prescribed as a Kampo medicine to treat
mild digestive complaints [7]. It can help to treat
gastrointestinal diseases, including nausea and vomiting from
motion sickness, diarrhea, loss of appetite, and dry mouth

[8,9].
In animal studies using rats, Borrelli et al. [10] reported
using an in vitro preparation, that ginger possess inhibitory
effects on ileal motility evoked by electrical and
acetylcholine stimuli. Interestingly, the inhibitory effect of
ginger on ileum contractions was reduced by the vanilloid
receptor antagonist capsazepine [10]. By contrast, other
reports show that ginger enhances electrically evoked ileal
motility in guinea pigs [11] and natural ileal motility in mice
[12]. Therefore, effects of ginger on the ileal motility are still
controversial.
Stress, on the other hand, has a strong negative effects on
the digestive function in humans and animals [13]. In rats,
the severity of the stressor may critically influence the
pattern of feeding behavior. For example, chronic and strong
stress induced decrease of food intake and loss of body
weight [14], whereas mild stress increased food intake,
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especially that of highly palatable foods [15-18]. It is also
reported that stress strongly modified ileal motility and that
there were sex differences in the effects of stress-loading
[19,20].
However, it is not known whether ginger has significant
effects on the stress-loading changes of the ileal movement.
In the present study, we evaluated in vitro the effects of
ginger application on the stress-modified ileal movements of
rats. Sex differences were examined by using separate groups
of male and female rats.

2. Methods
The methods described here follow the ethical guidelines
and received approval by the Animal Welfare Committee of
Japan Women's University. Detailed methods are reported in
our previous paper [21].
A total of 128 rats of both sexes (Wistar, SPF, 7-12 w. of age,
148-393 g BW) were divided into Control (1G) and 3G groups.
3G stress (every day for 10 min) was loaded by a centrifugal
apparatus for 1, 3, 15 and 30 days.
For the in vitro preparation, a 1 cm-long portion of the
ileum was isolated under barbiturate anesthesia (Nembutal, 20
mg/kg, i.p.). The inner contents of the isolated ileum were
washed away with Tyrode solution. After that, the isolated
ileum was fixed into a Magnus-type chamber filled with
Tyrode solution (temperature: 37° C) as reported elsewhere
[22]. The proximal end of the preparation was set upward and
connected to a strain gauge through a cotton thread (Daruma
#30, Yokoi, Osaka, Japan). The distal end of the preparation
was fixed to the bottom of the chamber. Ileal movements were
amplified by a strain-gauge amplifier (x100) and recorded
continuously on a pen-recorder (SS259F2, SEKONIK, Tokyo,
Japan). Ileal movements were observed for 60 s following
application of zingerone (1 µM), a phenolic substance isolated
from the rhizome of ginger and obtained from Wako Pure
Chemical Industries (Osaka, Japan).
In this study, spontaneous peristaltic movements were
obtained in all preparations, therefore, electrical or chemical
(acetylcholine) stimulation were not need to evoke ileal
movement. Zingerone solution (0.3 ml) was topically applied
onto the ileum preparation using an injection syringe. Ileal
movements were estimated using the magnitudes of the
peak-to-peak amplitudes of the phasic contraction. Relative
amplitudes of the ileal contraction were calculated by
normalizing the amplitudes of just before zingerone
application to the value of 1.0. 3G stress was loaded by a
centrifugal apparatus (H26-F, Kokusan, Tokyo, Japan) every
day at 10:00 AM for 10 min during 30 days, as described
elsewhere [22]. During loading, rats were placed in the mesh
case of the centrifuge with tail-central orientation. In the
control (1G) group, the rats were placed in the centrifuge but
no gravity-loading was applied.
Significant differences were determined by using unpaired
t-test. P values of less than 0.05 were considered statistically
significant. All data are expressed as means ± SEM.

3. Results
Zingerone modified spontaneous peristaltic movements of
rats after 15 days of stress conditioning. Typical exemples are
shown in Figures 1 and 2. Zingerone was applied at the time of
upward arrows. In the case of males (Fig. 1), zingerone
gradually enhanced phasic ileal movements in control (upper
trace), but in 3G-loading rats, the movement-enhancing effect
of zingerone was suppressed (lower trace). By contrast, in
female rats (Fig. 2), zingerone clearly enhanced spontaneous
peristalsis movements in control, the same as in the male rat;
however, there were no significant changes in the phasic
amplitudes of peristalsis after 3G loading.

Figure 1. Typical example of the effects of zingerone on the ileum movements
under stress-free (A) and 3G-stress loadings (B) in male rat.

Figure 2. Typical example of the effects of zingerone on the ileum
movements under stress-free (A) and 3G-stress loadings (B) in female rat.

Figures 3 and 4 summarize the zingerone effects on the
stress-modified peristalsis movements in male (Fig. 3) and
female (Fig. 4) at day 15 of stress conditioning.
Zingerone-induced phasic contraction was suppressed after
3G loading in male but not in female rats.
At 1, 3 and 30 days of stress conditioning, significant
differences of zingerone effects on the ileal movements
between control and 3G groups were not observed in either
male or female rats.
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Figure 3. Changes in relative amplitudes of the ileum contraction 20, 40 and
60 s after zingerone application in male rats. Amplitudes are calculated as
(amplitudes at 20,40, 60 s) / (amplitude just before zingerone application).
Significant difference (P<0.05) between control (stress-free) and 3G-stress
loading groups was observed at 60 s.
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physiological functions, including digestion [20,25].
On the other hand, herbal medicine is frequently used in
subliminal clinical treatment [28,29]. In digestive system,
ginger is reported to have a good facilitatory effects on the
digestive problems in human [8].
Basic animal studies showed that intestinal travel of
charcoal meal was enhanced in mice and in guinea pigs,
indicating that ginger enhanced ileal motility [11]. Our study
also showed that zingerone, a ginger extract, enhanced ileal
motility. By contrast, Borrelli et al. [10] reported the
Inhibitory effect of ginger on rat ileal motility in vitro. These
discrepancies may be due to differences of methods, that is,
they induced ileal motility by electrical or acetylcholine
stimuli, whereas such stimuli was not used in our study. We
analyzed ginger effects on spontaneous ileal movements only.
The mechanisms of the inhibitory effects observed after
stress loadings in the male rats were unclear; however, one of
possible explanation is due to a decrease in acetylcholine
transmission after stress. We observed inhibitory effects only
at 15 days after stress loading, and not at 1, 3 or 30 days.
This may be due to slow changes in neuronal plasticity, and
adaptation against stress. Indeed, stress-induced mechanisms
for neuronal plasticity on several receptors, such as 5-HT,
histamine, TRPV1, TRPM1 and opioids needed to be
clarified by further experiments [30-33].
In conclusion, the present study showed that gravity stress
changed ginger-induced facilitation on phasic ileal motility in
the male, but not in the female, indicating that sex differences
may be present in the ginger effects modulated by stress
loading.

Figure 4. Changes in relative amplitudes of the ileum contraction 20, 40 and
60 s after zingerone application in female rats. There were no significant
differences between control (stress-free) and 3G-stress loading groups.
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Various herbal vegetables and spices are quite useful for
cooking in the world [23]. In addition, these materials are
also useful in traditional medicine in Asian countries. Indeed,
ginger is the most popular one, and therefore it is important
from a nutritional perspective to clarify the effects of ginger
on the digestive function [24].
In this study, we showed that ginger enhanced ileum
motility in both sexes and that this enhancement was
weakened after stress loading in males. This suggests that
zingerone sensitivity may decrease after stress loading in
males, but not in females.
There are increasing data about sex differences in the
stress response on the various physiological functions.
Special attention has been paid on the feeding behavior after
various stress loadings. In human studies, strong stress
decreases body weight in both sexes; however, weak stress
may sometimes decrease or increase body weight [25-27].
In animal studies using rats, our previous data showed that
sex differences can be observed in stress-induced ileal
movements [21,22] One of the possible explanations for sex
differences is the critical endocrinological differences in
response to stress between male and female on various
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