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ABSTRACT
We determined if Japanese Rice Wine (Sake) had inhibitory effects on stress-induced
enhancement of masseter muscle (MM) nociception in the rats. Male rats were subjected to
the repeated forced swim stress (FS) or sham conditionings from Day −3 to −1. Daily
administration of Sake or saline was conducted after each stress conditioning. At Day 0 the
number of Fos positive cells, a marker for neural activity, was quantified at the trigeminal
subnucleus caudalis (Vc) region by MM injury with formalin. FS increased MM-evoked Fos
expression in the Vc region, which was inhibited by Sake compared to saline administration.
Sake did not alter the number of Fos positive cells under sham conditions, indicating that
inhibitory roles of Sake on neural activity in the Vc region were seen under FS conditions.
These findings indicated that Sake had inhibitory roles on stress-induced MM nociception at
the Vc region in our experimental conditions.
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Chronic stress is often causes psychological distress such
as anxiety and depression, which lowered our quality of
life. Thus, we need to have better ways to go out and cope
with adverse stress responses on the daily basis, because
stress is unavoidable factors in our life. So called, life style
medicine approach is documented to promote healthier
lives through salutary environments and healthier life
choices such as nutritional interventions [1], and could
be reasonable ways to prevent stress-related negative
body reactions in terms of medical care and economical
issues [2]. Alcohol intake as a recreational substance is
known to reduce stress responses, when it is used with an
appropriate dose anddisplayed varieties of health benefits
including relaxation and pain relief. In human research,
the mortality rate was lower in men who had moderate
alcohol intake than in either abstainers or heavier drin-
kers in western countries [3] and in Japan [4]. Moderate,
but not heavy alcohol intake was associated with lower
risk of incident of depression [5] and dementia [6].

Ample studies have provided the evidence on cri-
tical roles of chronic stress in the etiology of depres-
sion that is found to increase susceptibility to develop
pain response and exacerbate existing pain, referred
to as stress-induced hyperalgesia [7–10]. These find-
ings indicated a linkage of brain circuits to induce
depression and pain. Several reports showed that
increases in neural activities at the level of second

order neurons including the spinal dorsal horn and
trigeminal subnucleus caudalis (Vc) regions could be
essential to induce stress-induced hyperalgesia under
stress conditions [10–14]. Recently we reported that
preventing psychological distress by antidepressant
drug inhibited jaw muscle nociception indicated by
Fos protein expression in the Vc and cervical spinal
cord regions [15]. These findings suggested that reg-
ulation of neural excitability in the second order
neurons could be important to prevent facilitatory
effects of stress on nociception. However, it is not
fully understood if consumption of alcohol beverage
has modulatory roles on neural dysfunction that
could inhibit stress-induced hyperalgesia.

Among various alcohol beverages in the world,
Japanese Rice Wine, Sake, is a traditional alcohol
drink in Japan, and it is known that Sake could
contribute to the health promotion including reduc-
tion of stress responses. Sake derives from fermented
rice and generally contains an ethanol content of
approximately 15 percent and non-ethanol contents,
and both contents have potentials to modulate and/or
improve physiological function under stress condi-
tions. For example, Sake showed hepatoprotective
[16,17], anti-depressive [18], and anti-inflammatory
[19] effects, while Sake contains gamma-aminobuty-
ric acid (GABA), which has inhibitory roles on neural
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activity [20,21]. These findings indicated that various
contents in Sake could have potential to improve
impaired neural functions under chronic stress con-
ditions; however, it remains unclear the modulatory
roles of Sake on deep craniofacial nociception.

The aim of this study was thus to determine (1)
whether ethanol and Sake intake affected depression-
like behaviors, and (2) whether ethanol and Sake dis-
played inhibitory effects on increases in masseter muscle
nociception indicated by Fos expression [22] at the Vc
region after repeated psychophysical stress conditioning.

Materials and methods

Animals

Experiments were conducted in accordance with
International Association for the Study of Pain [23] and
approved by the Institutional Animal Care and Use
Committee. All efforts were made to minimize the num-
ber of animals used for experiments and their suffering.
Adult male Sprague-Dawley rats (250–300 g, SLC Japan,
Shizuoka, Japan) were used. Animals were housed in
plastic cages (two rats per cage), with free access to food
and water for at least 7 days before the start of stress
conditioning. Cages remained in temperatures of 25 ± 2°
C andwere light-controlled protected units (12:12 h light:
dark cycle with light at 7:00 a.m.).

Repeated forced swim stress (FS) treatment
(Figure 1(A))

Repeated FS treatment protocol involved placing a rat
in a plastic cylinder (diameter 30 cm, height 50 cm)
containing 30 cm water (25–27°C) for 30 min/day
between 09:00 and 11:00 am for 3 days (Days −3, −2,
and −1) as described previously [13,24]. Fresh water
was used in each session. Sham rats served as controls
and were placed in an empty swim chamber using the
same schedule. During the FS conditioning “immo-
bility” times were recorded. Immobility was defined
as the time spent in minimum body movement to
keep the head above water, while struggling was
defined as active diving, jumping or moving of the
limbs to break the surface of the water and attempt-
ing to escape the cylinder. Rats were dried in a warm
environment after each FS conditioning. The number
of rats for measurements of immobility time was as
follows: vehicle (n = 10), ethanol (n = 7), Sake A
(n = 5), and Sake B (n = 5).

Effects of alcohol or Japanese Rice Wine (sake) on
fos expression under repeated FS conditions

Systemic intraperiotoneal (i.p.) administration of alcohol
(15% ethanol) and 2 different Sake (Sake A and B), was
performed daily 30 min after each FS and sham

Figure 1. Experimental designs and repeated forced swim stress. (A). Experimental design. Rats were subjected to daily sessions
of forced swim stress (FS) or sham conditioning from Day −3 to Day −1 (10 min/day). Vehicle (saline) or 15% ethanol or Sake A,
B was administered intraperiotoneally 30 min after FS and sham conditionings. On Day 0, rats were euthanized 2 h after
unilateral masseter muscle injection of 5% formalin to examine the Fos expression in the Vc region. In separate sets of rats for
Fos experiments, blood samples were collected to measure the concentration of ethanol. (B). The effects of ethanol and Sake A,
B on immobility time (IT) during FS for 10 min. IT was significantly increased in vehicle-treated rats at Day −1 compared to Day
−3. IT in ethanol-, Sake A or B-treated group was significantly shorter than that in vehicle-treated rats. **P < 0.01 vs. Day −3. §
P < 0.05 vs. vehicle-treated rats.
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conditionings on Day −3, −2 and −1. These beverages of
Sake were produced at the different Company in Niigata
Prefecture, Japan, and are categorized Junmai Dai-
Ginjyo-Shu. The type of Junmai Dai-Ginjyo-Shu is
made with rice that is polished extensively and is added
no ingredients such as ethanol during a ferment process.
Generally, it is well accepted that Junmai Dai-Ginjyo-Shu
is well known to be premium Sake. Although it is docu-
mented that alcohol intake showed biphasic effects on
nociception in human study [25], a previous report
revealed that drinking 9-34g/man (approximately
150–560 mg/kg) of ethanol showed beneficial effects to
lower mortality [3]. Accordingly, we set the dose of Sake
at 300 mg/kg as ethanol concentration for the current
preclinical experiments. For example, we made i.p. injec-
tion of Sake at the dose of 100 mg/rat (Body weight:
~300g) ethanol. This value (300 mg/kg) appeared to be
equal to 18-21g/60–70 kg in a body weight of average
men in Japan. For ethanol alone-treated group, we
employed 15% ethanol, which is contained in Sake.
Saline (i.p. 2.5 ml/kg) injections served as vehicle con-
trols. Fos immunoreactivity was induced by the unilateral
masseter muscle injection of 5% formalin (0.02 ml). The
number of rats for Fos experimentwas as follows: ethanol
(n = 5), SakeA (n = 5), Sake B (n = 5) and vehicle (n = 10)
+ FST +massetermuscle injury, and ethanol (n = 5), Sake
A (n = 5), Sake B (n = 5) and vehicle (n = 5) + sham
+ masseter muscle injury.

Masseter muscle injury

On Day 0 (Figure 1(A)), masseter muscle injury was
induced by 5% formalin (0.02 ml) injection into the
central portion of the left masseter muscle under
general anesthesia with pentobarbital sodium
(60 mg/kg ip). The plane of anesthesia left the rat
areflex to noxious pinch stimulation to the hind paw
until animals were euthanized. All rats were allowed
to survive for 2 hours after the formalin injection.

Tissue preparation and Fos
immunohistochemistry

Rats were deeply anesthetized with pentobarbital
sodium (70mg/kg i.p) 2 hours after masseter muscle
injury, and perfused through heart with 200 ml cold
saline, followed by 400 ml cold fixative (4% parafor-
maldehyde in 0.01 M phosphate buffer saline (PBS),
pH = 7.4, 4°C). The caudal brainstem and upper
cervical spinal cord were removed and postfixed
overnight, and placed in 30% sucrose in PBS for
two days at 4°C. Transverse frozen sections (50 µm-
thick) were cut using a freezing microtome and trans-
ferred serially to multiwell tissue culture plates that
contained cold 0.01 M PBS. Every other section was
used for Fos immunohistochemical study. Sections
were incubated successively in normal goat serum

(NGS, 5%) for 1.5 hours, affinity purified rabbit
c-fos polyclonal antibody (Santa Cruz
Biotechnology, 1:1000) for 40 hours in 0.01 M PBS
containing Triton-X (0.3%) and NGS (5%) at 4°C,
biotinylated goat anti-rabbit IgG antibody (Vector
1:200) for 1.5 hours at room temperature, and avi-
din-biotin-peroxidase complex (Vector) for 1 hour.
Fos-positive nuclei were visualized by incubation in
diaminobenzidine-nickel solution activated by 0.01%
peroxidase. After washing in tris-buffered saline
(TBS), sections were mounted on untreated glass
slides and air-dried. Sections were dehydrated in a
graded ethanol series, cleared in xylene and cover-
slipped. Under bright-field illumination, Fos-positive
cells were distinguished as homogenous black-gray
elements with well-defined borders. Specific staining
was abolished by omission of primary antiserum.

Data analysis-Fos immunohistochemistry

Sections were categorized in accordance with the
rostral-caudal level at 1-mm intervals from 1 mm
rostral to 6 mm caudal to the obex. The obex is a
surface landmark defined by the caudal end of the
4th ventricle approximately 0.5 mm rostral to the
most caudal tip of the trigeminal subnucleus inter-
poralis (Vi) [26]. Typically, 70–80 sections were
obtained from a rat and there were 8–10 sections
in 1-mm intervals. Sections were identified by the
landmark structures at each level using an atlas
[27] and several reports [28–30]. The average
number of Fos-positive cells was calculated in
each area from 4 to 5 sections. Sections of indivi-
dual rats were observed at a magnification of x
100 and the examiners were blinded to the treat-
ment groups. To facilitate statistical analysis
across multiple treatments, the average number
of Fos-positive cells/section was compared for the
following the brainstem portions. (Figure 2(A)):
(1) the ventrolateral pole (vl) or the dorsal area
(dr) of the trigeminal subnucleus interpolaris (Vi)
and caudalis (Vc) transition (vl-Vi/Vc, dr-Vi/Vc,
+ 1 to −1 mm); dorsal paratrigeminal nucleus
(dPa5, +1 to −1 mm), located along the dorsolat-
eral edge of the main body of the trigeminal spinal
nucleus and within the trigeminal spinal tract; the
Vc and upper cervical spinal cord junction region
(caudal-Vc, −4 to −6 mm, Figure 3). Separate cell
counts were performed at the caudal-Vc regions
for superficial (laminae I-II) and deep (laminae
III-V) laminae [28].

Measurement of ethanol concentration in blood
serum

We assessed the concentration of ethanol in blood
serum to determine (1) the time course effect of
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ethanol concentration after Sake administration and
(2) if daily administration of Sake for 3 days increases
in ethanol level at Day 0, which might affect Fos
expression by masseter muscle injury in sham and
FS rats (n = 4 each). Blood samples were collected to
assess the time course effects on the ethanol concen-
tration before, 30 min and 60 min after Sake B
administration (n = 4). Further, in separate experi-
ments, blood samples were collected from repeated FS
and sham rats 24 hours after the last Sake administra-
tion at Day 0 and just before rats were sacrificed
(Figure 1(A)). The samples were centrifuged at 1,200
x g for 15min at 4°C after coagulation, and then serums
were collected. The concentration of ethanol in serum
wasmeasured by using enzymatic ethanol assay (Roche,
Basel, Switzerland).

Statistical analysis

Variables are expressed as the mean ± standard
error of the mean (SEM) and statistical analysis
was performed using SPSS statistic (version 21.0;
IBM, Armonk, NY, USA). The repeated forced
swim stress test data for the immobility time (%)
and ethanol concentration of blood serum were
assessed using analysis of variance (ANOVA) and
post hoc analysis comprised individual compari-
sons made using Bonferroni tests. For Fos immu-
nohistochemistry, the number of Fos-positive cells
was compared across treatment groups were made
using ANOVA followed by Bonferroni tests. A
probability level less than 0.05 was considered
significant.

Figure 3. Photomicrographs of Fos-positive cells in vl-Vi/Vc (A). and caudal-Vc (B). region ipsilateral to masseter muscle injury
with 5% formalin injection from FS rats. Scale bar = 0.2 mm.

Figure 2. An example of the expression pattern of Fos-positive cells in vehicle (A). 15% ethanol (B). and Sake A (C). Treated FS
rats drawn onto a series of camera lucida outlines. One dot = 5 Fos-positive cells. The boxed areas indicate the region with a
high density of Fos expression being analyzed. Numbers to the right of the outline refer to the distance from the obex in mm.
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Results

Sake and ethanol effects on depression-like
behavior

Rats were subjected to either FS (n = 27) or sham
(n = 20) conditionings, and FS rats were employed to
quantify FS-induced behavioral activity. The effects of
ethanol and Sake A, B on immobility time expressed
as a percentage of FS conditioning for 10 min were
compared between Day −3 and Day −1. Two-way
ANOVA revealed that ethanol and Sake had modu-
latory effects on the immobility time (F (3, 36) = 3.9,
P < 0.05). In accordance with previous reports
[15,31], post hoc analysis revealed that repeated FS
significantly increased immobility time on Day −3
compared to Day −1 in vehicle-treated rats
(P < 0.05, Figure 1(B)), indicating that psychophysical
stress increases depression-like behaviors. Next, the
effects of Sake and ethanol (given daily, at 30 min
after each FS) on immobility time were compared
between Day −3 and Day −1 (Figure 1(B)). Ethanol,
Sake A and Sake B (P < 0.05, Figure 1(B)) prevented
increases in immobility time during FS conditioning
compared to vehicle treatment (vehicle ip: n = 10,
ethanol; n = 7, Sake A: n = 5, Sake B: n = 5). These
results indicated that FS-induced depression-like
behavioral activity was reduced by daily administra-
tion of Sake in our experimental conditions.

Fos immunohistochemistry

FS effects on fos expression in the Vc region
Figure 2 shows an example of the Fos expression
pattern evoked by masseter muscle injury with 5%
formalin injection between treatment groups for FS
rats. Fos expression appeared to be varied in number
between treatments, but high density of Fos expres-
sion was seen mainly in the five spatially discrete
regions within the Vc region including the vl-ViVc,
dr-Vi/Vc, dPa5, superficial and deep laminae at the
caudal-Vc regions as reported previously [15,32,33].
Thus, we focused on these areas in which a substan-
tial level of Fos positive cells (> 5 cells) was seen on
the side ipsilateral to masseter muscle injury. Figure 3
demonstrated the micrographic examples for Fos
expression evoked in the vl-Vi/Vc and caudal-Vc
regions ipsilateral to formalin injection in FS rats.
First, we determined the effect of FS on the number
of Fos positive cells at the rostral-Vc region including
the vl-Vi/Vc, dr-Vi/Vc, and dPa5 regions in vehicle-
treated rats shown in Figure 4. Fos expression evoked
by formalin injection was significantly increased in all
areas at the rostral-Vc region bilaterally in vehicle-
treated FS rats compared to vehicle-treated sham rats
(Figure 4). Next, we analyzed FS effects on Fos
expression in the caudal-Vc region in vehicle-treated
rats. In both superficial and deep laminae at the

caudal-Vc region, the number of Fos positive cells
was significantly increased bilaterally in vehicle-trea-
ted FS rats compared to vehicle-treated sham rats
(Figure 5).

Ethanol and sake effects on Fos expression
We analyzed ethanol and Sake effects on Fos expres-
sion in each area in sham and FS rats. Two way-
ANOVA revealed that ethanol and Sake had modu-
latory effects on the number of Fos positive cells
significantly in the rostral Vc regions such as vl-Vi/
Vc (F (3, 32) = 8.3, P < 0.001, Figure 4(A)), dr-Vi/Vc
(F (3, 32) = 5.3, P < 0.01, Figure 4(B)) and dPa5 (F (3,
32) = 3.8, P < 0.05, Figure 4(C)), superficial (F
(3,32) = 11.4, P < 0.001, Figure 5(A)) and deep (F
(3, 32) = 7.4, P < 0.01, Figure 5(B)) laminae at the
caudal-Vc ipsilateral to formalin injection in FS rats.
Post hoc analysis revealed that Fos expression under
FS condition was significantly decreased after ethanol
administration in the vl-Vi/Vc (P < 0.001, Figure 4
(A)), dr-Vi/Vc (P < 0.01, Figure 4(B)) and dPa5
(P < 0.05, Figure 4(C)) in comparison to vehicle
treatment. However, ethanol did not affect Fos
expression in the caudal-Vc region in FS rats
(Figure 5). These findings indicated that rostral-Vc
region could be more sensitive to ethanol than cau-
dal-Vc region in FS rats. In sham rats, ethanol had no
effects on Fos expression evoked by masseter muscle
injury in all areas (Figures 4, 5). Next, we determined
the effect of Sake on the number of Fos-positive cells
in the caudal-Vc region between sham and FS rats.
Post hoc analysis revealed that the number of Fos
positive cells was significantly decreased after Sake
administration in the vl-Vi/Vc (P < 0.001, Figure 4
(A)), dr-Vi/Vc (P < 0.001, Figure 4(B)) and dPa5
(Sake A; P < 0.01, Figure 4(C)), superficial
(P < 0.001, Figure 5(A)) and deep (Sake A;
P < 0.001, Sake B; P < 0.01, Figure 5(B)) laminae at
the caudal-Vc region ipsilateral to formalin injection
compared to vehicle-treated rats.

On the contralateral side of formalin injection, two-
way ANOVA revealed that sham and FS rats treated with
ethanol and Sake exhibited significant effects of Fos
expression in the vl-Vi/Vc (F (3, 32) = 9.8, P < 0.001,
Figure 4(A)), dr-Vi/Vc (F (3, 32) = 6.1, P < 0.01, Figure 4
(B)), deep laminae at the caudal-Vc regions (F (3,
32) =4.0,P<0.05, Figure 5(B)). Post hoc analysis revealed
that Fos expression was significantly decreased after Sake
A, B administration in each area. In the rostral-Vc areas
contralateral tomassetermuscle injury, Sake significantly
decreased Fos expression in the vl-Vi/Vc (Sake A:
P < 0.01, Sake B: P < 0.001, Figure 4(A)) and dr-Vi/Vc
(Sake A, B: P < 0.001, Figure 4(B)) regions compared to
vehicle-treated FS rats. In the caudal-Vc areas contralat-
eral to masseter muscle injury, Sake significantly
decreased Fos expression in deep (Sake A: P < 0.01,
Sake B: P < 0.05, Figure 5(B)), but not in superficial
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laminae, indicating that that modulatory roles of Sake on
neural activity in deep laminae seemed to be different
from those in superficial laminae at the caudal-Vc region.
In sham rats, Sake did not affect the number of Fos-
positive cells in each area bilaterally (Figures 4, 5).
These findings indicated that effect of daily administra-
tion of Sake on Fos expression seemed not to be carried
over at Day 0.

Blood ethanol levels

First, we determined the time course effects of etha-
nol concentration for 60 min after Sake B adminis-
tration in naive rats (Figure 6(A)). One way-ANOVA
revealed that Sake B had significant modulatory roles
on ethanol concentration in blood serum after Sake B
administration (F (2, 10) = 4.7, P < 0.05, Figure 6(A)).
Post hoc analysis revealed that Sake B significantly
increased the concentration of ethanol in blood

serum at 30 min (95 ± 41 mg/L, P < 0.05) but not
60 min (39 ± 27 mg/L) compared to 0 min
(0.1 ± 0.02 mg/L) in naive condition (Figure 6(A)).
A greater concentration of ethanol at 30 min com-
pared to 60 min indicated that ethanol level could
reach at the maximum around 30 min.

Next, we determined the ethanol concentration
in blood serum after repeated Sake B administra-
tion for 3 days in sham and FS rats (Figures 1(A), 6
(B)). One-way ANOVA revealed that repeated
Sham and FS rats with Sake B administration had
significant influences on ethanol concentration (F
(2, 10) = 5.1, P < 0.05, Figure 6(B)). Post hoc
analysis revealed that the ethanol concentration
measured 24 hours after the last Sake administra-
tion at Day 0 in FS rats (0.9 ± 0.7 mg/L, P < 0.05)
and Sham rats (0.4 ± 0.4 mg/L, P < 0.05) were
significantly greater than those in naive rats treated
with saline (0.1 ± 0.02 mg/L). Collectively, repeated

Figure 4. Effects of repeated FS on Fos expression in the rostral Vc regions including vl-Vi/Vc (A). dr-Vi/Vc (B). and dPa5 (C).
regions after masseter muscle injection of 5% formalin in comparison to sham rats. The average number of Fos-positive neurons
in the three areas of the Vc regions is shown. *P < 0.05, **P < 0.01, ***P < 0.001 vs. sham rats in each treatment groups. a
P < 0.05, b P < 0.01, c P < 0.001 vs. vehicle-treated in FS rats. § P < 0.05, §§§ P < 0.001 vs. ethanol-treated in FS rats.
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Sake-treated rats regardless of FS conditionings
showed small but significant increases in ethanol
concentration compared to saline-treated naive
rats.

Discussion

For centuries, alcohol beverages have been consumed
around the world. Researchers have attempted to

Figure 5. Effects of repeated FS on Fos expression in superficial and deep laminae at the caudal-Vc region after masseter muscle
injection of 5% formalin in comparison to sham rats. The average number of Fos-positive neurons in each laminae of the Vc
regions is shown. *P < 0.05, **P < 0.01, ***P < 0.001 vs. sham rats in each treatment groups. a P < 0.05, b P < 0.01, c P < 0.001
vs. vehicle-treated in FS rats. § P < 0.05, §§§ P < 0.001 vs. ethanol-treated in FS rats.

Figure 6. Ethanol concentration. (A). Time course effects of ethanol concentration after systemic administration of Japanese Rice
Wine (Sake B) in naive rats. *P < 0.05 versus 0 min. (B). Comparisons of ethanol concentration in blood serum at Day 0 between
naive rats without Sake B, sham and FS rats with daily administration of Sake B from Day −3 to −1 immediately after sham or FS
conditioning. *P < 0.05 versus naive rats without Sake B.
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assess the effects of alcohol intake on stress reduction
as well as its adverse effect. Accordingly, clinical
studies revealed that stress conditionings can induce
biological responses including psychophysical reac-
tions, changes in skin conductance, muscle tension,
cardiovascular responses and brain functions, while
alcohol consumption could decrease magnitudes of
such organ responses to various stress conditionings
[34,35]. Preclinical studies revealed that intakes of
alcohol beverages reduced conflict-induced stress
reactions in cats [36] and anxiolytic effects in rats
[37]. Our current results, in general, supported the
hypothesis that daily administration of Japanese Rice
Wine, Sake, had inhibitory roles on depression-like
behaviors and enhanced masseter muscle nociception
under psychophysical stress conditions.

Enhancement of masseter muscle nociception
under FS condition

It is well documented that chronic stress as critical
factors in the vulnerability to psychological distress
could result in enhanced pain sensitivity due to dys-
function of the central nervous system [7,38,39].
Evidence supported the idea that dysfunction of the
central nervous system contributes to enhance pain
responses under chronic stress conditions, so called
stress-induced hyperalgesia [7,39]. Among various
areas in the central nervous system, increases in
neural activities at the spinal cord have been docu-
mented to play critical roles in stress-induced hyper-
algesia in the hind paw using chronic restrain and
repeated forced swim stress models [10,40,41], while
our previous and current studies revealed that
repeated psychophysical stress were sufficient to
amplify nociceptive responses in the trigeminal sub-
nucleus caudalis (Vc) region, which is widely known
to play critical roles in deep craniofacial nociception
by masseter muscle [15] and TMJ stimulation [12–
14]. These findings indicated that neural signals
induced by psychophysical stress and nociceptive
processing to the deep craniofacial tissues were inte-
grated by the central nervous system mechanisms
that included the Vc region, and preexisting psycho-
logical distress had facilitatory roles on deep cranio-
facial nociception at the Vc region.

Recently, we determined if antidepressant drug,
the selective serotonin-reuptake inhibitor (SSRI),
which was administered daily just after each repeated
FS for 3 days [15], could prevent enhanced masseter
muscle nociception indicated by Fos expression
evoked by masseter muscle injury in the Vc region.
Results revealed that SSRI decreased FS-enhanced Fos
expression in the Vc region, indicating that regula-
tion of psychophysical stress responses by antidepres-
sant drug could be linked to the reduction of FS-
enhanced masseter muscle nociception. These results

clearly motivated us to investigate the beneficial
effects of alcohol beverage consumption on stress-
related enhanced MM nociception.

Roles of Japanese Rice Wine on enhanced
masseter muscle nociception in the Vc region

In this study, we assessed the beneficial roles of
Japanese Rice Wine, Sake, on decreases in negative
reactions in the body like stress reactions. In Japan,
Sake has traditionally played important roles in the
life and culture of Japanese people. The unique and
complex brewing processes that employed two differ-
ent types of microbes, Aspergillus oryzae and yeast
can produce ethanol and variety of non-ethanol con-
stituents such as glucose, varieties of amino acid, and
peptides [42]. Although biochemical studies demon-
strated that Sake also contained various constituents
including ethanol and non-ethanol substances such as
peptides, ion and glucose, which could regulate sev-
eral physiological activities [34], it remains unclear
that Sake could reduce stress-evoked physiological
responses including enhanced nociception.

We assessed if systemic administration of ethanol
and Sake for 3 days just after each FS conditioning
altered depression-like behaviors and masseter mus-
cle nociception indicated by Fos expression. Ethanol
and Sake A, B had inhibitory effects on depression-
like behaviors. On the other hand, consistent with
previous reports [13,15], our current results revealed
that FS conditionings enhanced Fos expression in the
Vc region, while Sake administered for 3 days
decreased Fos expression by formalin injection at
the Vc region. In sham rats, both Sake and ethanol
had no modulatory effects on Fos expression in the
Vc region. These findings, collectively, indicated that
daily administration of Sake and ethanol had less
modulatory effects of masseter muscle nociception
in the absence of psychophysical stress. Despite a
small, but significant inhibitory effect of ethanol
alone on Fos expression in the vl-Vi/Vc, dr-Vi/Vc
and dPa5 regions, a noteworthy finding indicated
that inhibitory roles of Sake on Fos expression
appeared to be greater than those of ethanol alone
especially in the caudal-Vc region. These findings
clearly indicated that non-ethanol constituents in
Sake had significant roles to prevent enhanced mass-
eter muscle nociceptive responses in the Vc region
under FS conditions.

It has been demonstrated that Sake contained sev-
eral non-ethanol constituents that could influence
physical reactions. For example, pyroglutamyl pep-
tides were identified in commercially available Sake,
while wheat-derived pyroglutamyl peptides in wheat
gluten hydrolysates exert biological activities such as
hepatoprotective [17], anti-inflammatory [19] and
anti-depressant effects after FS [18]. At this point, it
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remains unclear if Sake-, but not wheat-derived pyr-
oglutamyl peptides could exert modulatory roles on
stress-related reactions; however, these finding sug-
gested that inhibitory effects of pyroglutamyl peptides
in Sake on depression-like responses could prevent
increases in masseter muscle nociception after FS. At
this point, it remains unclear how much doses of
pyroglutamyl peptides appeared to be included in
the Sake. Further, besides pyroglutamyl peptides, evi-
dence demonstrated that gamma-aminobutyric acid
(GABA), which plays critical roles in human health
promotion, has been identified in Sake [20,43].
GABA is particularly known as a major inhibitory
transmitter in mammalian brain tissues [44]. Animal
studies revealed that FS conditionings decreased
GABA release in the spinal dorsal horn with increases
in nociceptive behaviors [10], while peripheral
administration of GABA showed inhibitory effects
on deep craniofacial nociception [45]. The precise
mechanism underlying GABAergic inhibitory effects
on Fos expression in the Vc region remains unclear,
but one might consider that peripheral rather than
central effects of GABA derived form Sake reduced
masseter muscle nociceptive responses that were
enhanced under stress conditions [46,47], because
GABA, in general, had less permeability of blood
brain barrier. Although those findings shown above
do not provide precise mechanisms for decreases in
masseter muscle nociception, inhibitory effects of
Sake on stress responses in the brain would be crucial
factors to inhibit stress-induced increases in
nociception.

One might consider that inhibitory roles of ethanol
on masseter muscle nociception under FS conditions
could be less, since inhibitory effects of ethanol alone
were seen only in rostral-Vc (Figure 4(A–C)). Previous
reports revealed that caudal- rather than rostral-Vc
region play critical roles on nociception [13–15].
However, ample evidence has indicated antinociceptive
roles of ethanol. For example, acute and chronic
administration of ethanol produced anti-nociceptive
effects in the hindpaw [48], and those in the tempor-
omandibular joint region [49], and these findings, espe-
cially the latter one, indicated the inhibitory roles of
ethanol on trigeminal nociception. Although precise
mechanisms underlying the inhibitory effects of etha-
nol on nociception remains unclear, ethanol had mod-
ulatory roles on brain activity via several molecular
functions. For example, several receptors like puriner-
gic [50], potassium [51], GABA [52], and NMDA [53]
receptors have been known to play critical roles of
ethanol on stress and nociceptive responses. However,
these reports shown above investigated the effect of
ethanol on nociception in acute pain models, but not
in repeated-FS-induced pain models. Further, a low
concentration of ethanol in blood serum at Day 0
(~ 1.5 mg/L, Figure 6(B)) after repeated administration

of Sake indicated that direct effects of ethanol on Fos
expression could be excluded, since ethanol has phy-
siological effects on the brain system at blood concen-
tration as low as 90 mg/L [54].

Clinical relevance

It is documented that excessive consumptions of
alcohol beverage could be linked to various health
problems [6,55], while the appropriate quantity of
ethanol consumption could be crucial to induce
either positive or negative effects on health promo-
tion [3,56]. In a large prospective study in Japan,
current drinkers who consumed moderate dose of
alcohol beverage displayed a significant reduction of
all-cause mortality rate, whereas heavy drinker was
associated with increases in mortality risk in men [4].
Similar results can be found in Western countries
that moderate alcohol drinker showed the lowest
mortality [3]. In terms of Sake consumption,
Miyazaki and Une [56] reported that Sake appeared
to be associated with a low risk of all cause mortality
in comparison to beer drinker, while the relative risks
increased with amount of alcohol intake regardless of
type of alcohol beverage [57]. In our current study,
daily administration of ethanol (300 mg/kg/day) had
small but significant inhibitory effects on depression-
like behaviors and masseter muscle nociception, and
this dose of ethanol appeared to have a lower mor-
tality rate than heavy drinkers or abstainers in human
study [3,4,57]. These results indicated that inhibitory
roles of Sake on adverse stress responses in the body
could be due to the effect of ethanol and non-ethanol
constituents in Sake in our experimental conditions.
It is, therefore, reasonable to mention that an appro-
priate consumption of Sake could contribute to
reduce pain responses under psychophysical stress
conditions. However, emphasis should be directed
on the beneficial roles of Sake on the health promo-
tion being restrictive, since drinking alcohol beverage
independent of the quantity could induce health dis-
turbance under various psychophysical conditions.

Conclusions

Repeated exposures to FS induced depression-like
behaviors and enhanced masseter muscle nocicep-
tion, which could be inhibited by daily administration
of Sake just after each stress condition. These findings
supported the idea that a certain dose of Sake con-
sumption could have preventive roles on enhanced
pain responses related to psychological distress.
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