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To explore the relationship between psychological stress and masticatory muscle pain, we created a communication stress animal
model to determine whether psychological stress could induce increased mechanical sensitivity in masticatory muscles and to
study the changes of mechanical nociceptive thresholds after stress removal. Forty-eight male Sprague-Dawley rats were divided
into a control group (CON), a foot-shocked group (FS, including 3 subgroups recorded as FS-1, FS-2, and FS-3), a psychological
stress group (PS), and a drug treatment group (DT). PS and DT rats were confined in a communication box for one hour a day to
observe the psychological responses of neighboring FS rats.Measurements of the mechanical nociceptive thresholds of the bilateral
temporal and masseter muscles showed a stimulus-response relationship between psychological stress and muscle mechanical
sensitivity. The DT rats, who received a diazepam injection, showed almost the same mechanical sensitivity of the masticatory
muscles to that of the control in response to psychological stress. Fourteen days after the psychological stressor was removed,
the mechanical nociceptive thresholds returned to normal. These findings suggest that psychological stress is directly related to
masticatory muscle pain. Removal of the stressor could be a useful method for relieving mechanical sensitivity increase induced

by psychological stress.

1. Introduction

Currently, it is well accepted that stress induces analgesia.
Studies have shown that acute stress increases nociceptive
thresholds [1-4], leading to the possibility that stress, in
general, produces stress-induced analgesia (SIA). However,
more and more evidence in animal experiments suggests that
repeated or prolonged stress can decrease nociceptive thresh-
olds [1, 5-13]. For example, rats that were briefly exposed
to short, emotionally arousing nonnoxious stress, such as
holding or novel environments, displayed an immediate and
transient hyperalgesia in response to thermal and electrical
stimuli, which was followed by a longer period of analgesia
[12]. In addition, prolonged stress from repeated exposure to
a cold environment or restraint induces hyperalgesia [5, 7].
Exposure to a stressor in a laboratory generates a wide
variety of adaptive responses, producing cellular, immune,
endocrine, and behavioral effects, including changes in pain
threshold [14]. Acute stress paradigms, in particular, can

induce antinociceptive effects and produce the phenomenon
of stress-induced analgesia (SIA) [15]. Unlike SIA, the
mechanisms involved in stress-induced hyperalgesia (SIH)
are poorly understood. It was reported that chronic, repeated
stress might activate the sympathoadrenal stress axis [14, 16—
19]. The sympathoadrenal stress axis mediates vagotomy-
induced enhancement of bradykinin hyperalgesia [20].

The communication box method can produce psycho-
logical stress in animals, since they can perceive the responses
of other animals exposed to physical stress delivered through
an electric foot shock. This kind of intraspecies psychological
stress was detected in earlier studies and further confirms
that animals subjected to experimental anxiety within the
communication box have increased stress hormones (plasma
corticosterone level). Some animals also developed stomach
ulcers [21]. The present study was designed to induce
experimental psychological stress, such as anxiety, in rats
using an emotional stress paradigm called intraspecies emo-
tional communication within a communication box [22].
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The hypothesis of this study was that psychological stress
could induce changes in nociceptive thresholds, and an
additional goal of this study was to determine whether
nociceptive thresholds could return to normal after the stress
is removed.

2. Materials and Methods

2.1. Animal Preparation. 48 male Sprague-Dawley rats,
weighing from 160 to 180 g (approximately 35 days old) were
housed in 80 cm X 45cm X 40 cm cages in a temperature-
controlled room at 24°C under a 12-hour light/dark cycle
and were given free access to food and water. The rats
were randomly divided into 4 groups: control group (CON;
n = 8), foot-shocked groups (further divided into three
subgroups as FS-1, FS-2, and FS-3, with 8 rats in each
subgroup), psychological stress group (PS; n = 8), and drug
treatment group (DT; n = 8).

2.2. Communication Box. The communication box [23] was
selected as the psychological stress apparatus in this study.
It consisted of 16 compartments which were each 16 X
16cm and were separated by transparent plastic boards
with several small holes. The boards prevented each animal
from physical contact but allowed them to receive cues
such as visual, auditory, and olfactory sensations from the
neighboring animals. Each compartment was equipped with
a grid floor of stainless steel rods, 5 mm in diameter, placed
at intervals of 0.3 cm. An electric generator with 48 voltages
(made by biology medical electron department of the Fourth
Military Medical University, Xi’an, China) was connected to
the grid floor to produce an electric current and generate
an electric foot shock every 2 seconds. The grid floors
of eight compartments were covered by plastic plates to
prevent electric foot shock and served as non-foot-shock
compartments for the PS rats (Figure 1).

The whole experiment contains 3 periods: prepsycho-
logical stress period, psychological stress period and psy-
chological stress removal period. In the pre-psychological
stress period, all rats were individually confined in each
compartment of the communication box for one hour
without any electric foot shock for one week in order to adapt
them to the surroundings. This period lasted for 7 days. In
the psychological stress period, two identical communication
boxes were adopted, and the electric foot shocks were
introduced to the FS-1 and FS-2 rats (stress senders) from
8:00am to 9:00am with foot shock daily. The PS and
DT rats (stress responders) confined in the non-foot-shock
compartments were then exposed to psychological stress
cues from the neighboring FS rats, including shrieks, smells
of urine or faeces, and jumping response. Consequently,
the PS/DT rats were assumed to be in a state of fear or
anxiety [24]. At the same time, FS-3 and CON rats were in a
third communication box without foot shock delivery. This
period lasted for 14 days, from 1st day to 14th day. In the
psychological stress removal period (from 15th day to 28th
day), procedure was similar to that of psychological stress
period, but there was no foot shock delivered in all groups.

Journal of Biomedicine and Biotechnology

PS/DT FS PS/DT ES
FS PS/DT FS PS/DT

PS/DT FS PS/DT 1N
ES PS/DT ES PS/DT

(b)

FiGure 1: The communication box used in this study. (a) Photo
of the communication box with rats inside (PS refers to the grid
floors covered by the blue plastic plates). (b) Schematic diagram
of communication box (FS: foot-shocked group, PS: psychological
stress group, DT: drug treatment group).

Diazepam was chosen to assess the effect of an anxiolytic
drug on the masticatory muscle mechanical sensitivity of
PS rats. Diazepam was dissolved in saline containing 40%
propylene glycol. From Days 1 to 14, diazepam (1 mg/kg) was
injected subcutaneously into DT rats 30 min before the stress
stimulation. The rats in PS/DT/CON groups were weighed
weekly in the experiment. The behaviors were immediately
evaluated by an elevated plus-maze apparatus after stress.
The experimental procedures were reviewed and approved
by the Ethics Committee of the Fourth Military Medical
University. The FS (1, 2, and 3) rats were only used to induce
psychological stress in the neighboring PS/DT rats and were
not included in the following investigations.

2.3. Elevated Plus-Maze Tests. The elevated plus-maze (EPM)
apparatus (RD1208, Shanghai Mobiledatum Corporation,
Shanghai, China) consists of two open arms (50 X 10 cm)
and two enclosed arms (50 X 10 cm, with 50-cm high walls)
extending from a central square platform (10 X 10 cm). The
same types of arm were arranged in the opposite position.
The apparatus was elevated 50 cm above the floor in a quiet
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room with the temperature controlled at 20°C. The light in
the room was just bright enough to clearly observe the rats’
movement within a 1.5 meter range. Two of the opposing
arms (50 cm X 10 cm) were enclosed by 40 cm high side and
end walls (enclosed arms). The other two arms did not have
walls (open arms). At the beginning of the experiment, the
animals were placed in the central area (10 cm X 10cm) of
the maze facing an enclosed arm. The exposure lasted for
five minutes and certain parameters were recorded. Entry
into one arm was recorded when an animal placed all four
paws past the line dividing the central square from the open
arms. The test arena was wiped with a damp cloth after each
trial. The number of entries into the open/closed arms and
the time spent in open arms/closed arms were measured by
an observer who was blinded to the treatment conditions of
the animals. Then the percent of open arm entries (100 X
open/open + enclosed entries, OE%) and the time spent
in the open arms (100 X open/open + enclosed arm time,
OT%) of the EPM were calculated for each rat. We used OE%
and OT% to analyze the anxiety level of each animal [25-28].

2.4. Method for Assessing Mechanical Sensitivity. Instead of
standing on meshed metal or a grid surface, the rats stood
on a soft pad. Habituation required no more than petting
the rats, and it was completed within half an hour. The smell
that developed on the glove of the handler by handling the
animals appeared to facilitate the habituation [29]. This test
environment was advantageous in that the rats were not
restrained, but their movements were still restricted. The
animals were habituated prior to testing. The testing was
similar to a procedure described by Ren [29]. Von Frey fil-
aments were used to assess the muscle mechanical sensitivity.
In our research, two orofacial areas were tested: the temporal
muscle region at the central point of the line between the
orbit and the tragus and the masseter muscle belly region,
at a site 10 mm inferior to the temporal muscle testing point
(Figure 2). At these locations, muscular contractions could
be palpated during mastication. During testing, force was
applied with a probe-oriented perpendicular to the sagittal
plane.

Head flinching, characterized as sudden quick head
withdrawal, or vocalization/crying, was considered to be
positive pain responses. The response threshold was defined
as the lowest bending force of the filaments that produced at
least three positive responses in five trials with 5s interval.
An ascending stiffness series of the filaments was used for
the test. The bending force of the Von Frey filaments was
verified on a balance with a resolution up to 0.001 g before
test (Ohaus, Model GT410D) (Table 1). For this study, we
defined increased mechanical sensitivity as a statistically
significant decreased withdrawal threshold compared to
baseline, which was obtained in “pre-psychological stress
period”.

From seven days before applying the emotional stressor
to the fourteenth day after psychological stress removal, we
recorded the mechanical threshold of the masticatory mus-
cle. We used these indexes to compare changes in the degree
of mechanical pain before and after psychological stress. The

FiGUre 2: Photograph illustrating the method for assessing
mechanical nociceptive thresholds in the rat. The experimenter’s
hand provided a comfortable “rest” for the rat. Then a von Frey
monofilament was probed against the orofacial region. Note that
the rat was unrestrained and stayed in one position. The arrows
indicate where the tip of the monofilament was probing against the
rat’s skin.

rats were tested daily half an hour after psychological stress
was applied. For all of the data reported here, the observer
was blinded to the treatment conditions for the rats.

2.5. Statistical Analysis. Experimental data were analyzed by
a one-way analysis of variance (ANOVA) across the CON
group, PS group, and the DT group using SPSS, version 11.0
(SPSS Co., Chicago, Illinois). The SNK-q test was also used to
calculate any differences between the two groups. A P-value
less than .05 was considered to be statistically significant.

3. Results

The purpose of this study was to explore the effects of
psychological stress upon sensitivity of the masticatory
muscles. But the foot-shocked group rats experienced a great
part of physical stress, so we did not include this group in the
experimental evaluations.

Body weights were measured during the exposure to
psychological stress (Figure 3). Initially, the mean body
weight of rats did not differ between the PS, DT, and CON
groups (170.8 + 1.7g, 175.0 = 2.3 g, and 173 = 3.2 g, resp.,
P > .05). There was no significant difference in the body
weight gain between the PS, DT and CON groups (320.7 +
7.1,323.2 £ 5.7, and 325.2 + 4.8, resp., P > .05) during the
whole study, which contained a psychological stress period
and a removal of stress period.

The anxiety behaviors of rats were measured by OE%
and OT% in EPM. As shown in Figure 4(a), the baseline
measurements did not show significant differences among
the control (48.13 + 1.47%), DT (47.56 + 1.79%) and PS
(46.53 = 1.41%) groups (P > .05). During the psychological
stress period, on 1st day, 7th day, and 14th day, PS rats
had a smaller percentage (%) of entries into the open arms
(open arm entry, OE) (42.15+1.01%, 34.03 = 1.19%, 38.53 +
1.27%, resp.) compared to rats in the CON group (49.25 +
1.89%, 49 + 1.42%, 49.38 + 1.42%, resp.) (P < .05). The data
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TasLE 1: Forces corresponding to the Von Frey filaments used in the tests.
Calibrated force Calibrated force
Ordinal no. (mean gram = SEM) Ordinal no. (mean gram + SEM)
(8) (8)
1 136 + 0.011 9.3 79.3 + 0.93
2 3.24+0.033 9.4 83.7 = 1.05
3 4.34 +0.027 9.5 89.5+1.23
4 5.60 +0.113 9.6 95.1 +1.34
5 6.51 = 0.031 9.7 101.3 + 1.45
6 11.0 = 0.07 9.8 107.3 = 1.66
7 15.0 + 0.08 9.9 112.3 £ 1.78
8 25.6 = 0.43 10 118 =2
9 62.9 +0.71 10.1 125 £ 1.75
9.1 68.2 +0.77 10.2 130 £ 2.25
9.2 74.1 = 0.86 10.3 136 = 2.41
340 7 1.58%, 67.6 + 1.34%, resp.) rats preferred to spend a smaller
320 percentage of time in the open arms (OT%) compared to
300 the CON group rats (68.5 + 1.19%, 67.88 + 1.43%, 69.49 +
0.99%, resp.) (P < .05), and the data in DT rats were higher
&b 280 7 than those of PS rats (P < .05). The decreasing percentages of
£ 260 A OE and OT indicated that the rats in the PS and DT groups
® 240 were mentally under tension, with the PS rats experiencing
2 more severe anxiety. In the psychological stress removal
B 220 period, OE% and OT% in PS (44.02 + 2.1%, 63.18 + 1.23%)
200 - group were lower than DT (48.19 + 1.5%, 67.1 + 1.05%)
180 and CON group (48.88 + 1.74%, 67.79 + 1.17%) on 21st
day (P < .05), and they (48.55 + 1.85%, 66.65 + 1.83%)
160 returned to normal with no differences to the DT (49.33 =
o L e 3wk aweek 2.08%, 67.6 + 1.91%) and CON (49.64 + 1.36%, 68.23 +
(1wr) (2wr) 0.97%) groups on 28th day (P > .05).
Time (d) In the prepsychological stress period, the mechanical

—&— PS group
—o— DT group
—4A— CON group

FiGURe 3: Body weights of the rats. There was no significant
difference in the body weight gain between the PS, DT and CON
groups. The time point of one week after psychological stress
removal is indicated by “1week after removal of psychological stress
(1wr)” The time point two weeks after psychological stress removal
is indicated by “2 weeks after removal of psychological stress (2 wr)”.

of DT rats (46.53 + 0.71%, 46.9 + 0.66%, 47.65 + 1.06%,
resp.) were between the PS and CON group, with significant
differences compared to both of them (P < .05). As shown
in Figure 4(b), the baseline measurements did not show
significant differences among the control (67.75 + 1.29%),
DT (67.19 + 1.12%) and PS (66.53 + 1.41%) groups (P >
.05). During the psychological stress period, on 1st day, 7th
day and 14th day, the PS (62.06 + 1.40%, 55.31 + 1.48%,
58.59 + 1.24%, resp.) and DT (64.78 + 1.40%, 65.05 +

thresholds of the bilateral masseter and the temporal muscles
were assessed by Von Frey filaments. The head withdrawal
threshold gradually increased then stabilized on the 7th day
(shown as the pre-stress stage of Figures 5(a)-5(d)). It meant
that the mechanical sensitivity decreased to a stable level as
“baseline” used in psychological stress period.

Increased mechanical sensitivity was induced in both the
temporal muscles and the masseter muscles on both sides of
the head following psychological stress (shown as the on-
stress stage of Figures 5(a)-5(d)). During the psychological
stress period, increased mechanical sensitivity of the PS rats
was observed in the bilateral masseter and temporal muscles
with the peak time on the 7th day. Then the mechanical
sensitivity was alleviated during the following days till the
14th day at a pain threshold lower than the CON rats
(P < .05). There were no significant differences between
bilateral masseter muscles and temporal muscles (P > .05).
After removing the psychological stress, the mechanical pain
threshold of temporal muscles in PS group gradually elevated
and returned to normal on the 28th day (P > .05). At
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FiGUre 4: Comparison of the percentage of open arm entries (OE%) (a) and the percentage of time spent in the open arms (OT%) (b) in
the elevated plus-maze test among groups. (*P < .05, PS group versus CON group; *P < .05, PS group versus DT group; *P < .05, DT group

versus CON group).

the same time, the mechanical sensitivity of masseter muscles
in PS group was gradually alleviated and finally returned
to the baseline level on the 28th day (P > .05) (shown
as the post-stress stage of Figures 5(a)-5(d)). Through the
whole experiment, the PS group showed greater mechanical
sensitivity than the CON and DT groups (P < .05), but no
significant difference was detected between the CON group
and the DT group (P >.05).

4. Discussion

The communication box method can produce anxiety in
animals as they perceive the responses of other animals
exposed to physical stress from an electric foot shock
[23]. In the present study, the communication box was
used to simulate a psychologically stressful environment
and to determine whether anxiety would induce increased
mechanical sensitivity in the masticatory muscles. We also
examined whether the nociceptive response could return to
normal after the stressor was removed.

It is interesting that when the rats were first placed into
the narrow chart of communication box which meant new
environment to them, they were already under psychological
stress actually. So at the beginning of this period, the
increased mechanical sensitivity already existed. As the time
went on, the mechanical sensitivity decreased to a stable level
considered as “baseline,” which was used for comparison
with psychological stress period. This may indicate that the
PS group had learned to accommodate themselves to the
stressful environment of communication box without foot

shock delivered.

The stress stimulation was commenced in the psycho-
logical stress period. From the very first day with stress,
decreased head withdrawal thresholds induced by anxiety
were observed in the PS group, but not in the DT and
CON groups, which may indicate that psychological stress
stimuli upregulated the mechanical sensitivity of masticatory
muscles. Then the mechanical sensitivity was alleviated from
8 to 14 days in the PS group. This may indicate that
the PS rats had learned to accommodate to the stressful
environment. This was consistent with the results of Ye Cao’s
research [30]. They found that increased mechanical thresh-
olds (decreased head withdrawal threshold to mechanical
pressure) were induced in both the temporal muscles and the
masseter muscles on both sides of the head following occlusal
interference. The mechanical threshold decreased from the
first day and peaked on the seventh day. Besides, the present
results showed that no increased mechanical sensitivity
occurred from 0 to 14 days in the CON group, which
indicated that this group did not experience psychological
stress during the whole period. Meanwhile, there was also
no evidence of increased mechanical sensitivity in the DT
group. It might be attributed to the gradual blocking effect
of diazepam, which has the strong potency of suppressing
anxiety. In the results of OE% and OT% in EPM, we found
that the data in DT rats was lower than CON rats, but higher
than PS rats. It may be due to low doses of diazepam used
in our experiment, which could not completely block stress
stimulator. We noticed that the results of mechanical test
and EPM tests were not entirely consistent, which might
be caused by subjective error of the experimenter or some
unknown factors and still need further study.

In the psychological stress removal period, without any
foot shock, the increased mechanical sensitivity of PS rats
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F1GUre 5: The time course of changes in the head withdrawal threshold to bilateral stimulation of masseter ((a), (b)) and temporal muscles
((¢), (d)) during pre-psychological stress period, psychological stress, and psychological stress removal period. During the pre-psychological
stress period, the head withdrawal threshold gradually increased then stabilized on the 7th day (yellow-shadowed part in Figures 5(a)-5(d)).
During the psychological stress period, the mechanical nociceptive threshold started to decrease on day 1 after psychological stress, and
reached lowest on days 5-7 then started to increase again in the following days till the 14th day (pink-shadowed part in Figures 5(a)-5(d)).
After removal of psychological stress, the index of each group gradually diminished and the pain threshold returned to normal on the 28th
day. No significant difference was found between CON group and DT group (cyan-shadowed part in Figures 5(a)-5(d)). (*P < .05, PS group
versus CON group; *P < .05, PS group versus DT group; the letter “P” in the horizontal axis meant pre-psychological stress stage.)

was alleviated from the 15th day and decreased until 28th day
without any significant differences to CON rats. This trend
suggested that removing the stressor would be an effective
means for curing diseases induced by anxiety. Meanwhile,
the analgesic response to acute stress was not observed in
this study. It suggested that, in this model of chronic stress,
the reinstatement of the activity of systems involved in the
nociceptive response has different patterns, as shown by the
period of time and the types of response that were evaluated

(the basal measurement or the nociceptive response to acute
stress). Prolonged stress could lead to more lasting alterations
in the neural systems involved in nociception modulation.
Changes in the weight of the thymus, spleen and adrenal
glands are usually found when stress is induced [31].
Ishikawa [21] also observed no changes in the weight of
organs or overall body weight in rats exposed to emotional
stress. The present study showed that there was no significant
difference between the PS, DT, and CON groups, which is
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consistent with the results of Rosales’s study [23]. These
results may indicate that the effect of the anxiety induced by
the communication box was not strong enough to induce
a weight gain, but it was sufficient to induce increased
mechanical sensitivity in masticatory muscle.

Unlike stress-induced analgesia, the mechanisms in
volved in stress-induced mechanical sensitivity increase are
not well known. Satoh suggested that long-lasting mechan-
ical hyperalgesia (3 days) induced by prolonged cold stress
involved peptide-containing primary afferents (substance-P
and calcitonin-gene-related peptide) [5]. Quintero suggested
that increased thermal and chemical nociception (8-9 days)
observed after a subchronic swimming stress might be medi-
ated by changes in the activity of the central serotonergic
system [32]. Works in human showed that a reduction in
the pain threshold after long-term psychoemotional stress
was probably due to a reduction in the activity of the brain’s
opioid system [33]. Preliminary investigations have also
found that psychological stress, such as anxiety and tension,
could increase the myoelectricity [34, 35] and parafunction
activities of the masticatory muscle [23].

Stress-provoking stimuli are known to activate the
dopaminergic system [36]. According to research by Ida et al.
[37], the mesoprefrontal dopamine system plays an impor-
tant role in the control of negative states such as fear and/or
anxiety. Diazepam has been suggested to induce inhibitory
effects on the activation of mesoprefrontal dopamine neu-
rons and the hypothalamic-pituitary-adrenocortical axis
[38] The drug also has been used as an antianxiety drug in
several stress-related experiments using the communication
box [23, 37]. Throughout the experiment in the current
study, the PS group showed greater mechanical sensitivity
than the CON and DT groups, but no significant difference
was detected between the CON group and the DT group.
This result is consistent with Wood et al. [39]. They
found that the supplementation of serotonergic tone during
subchronic stress exposure appears to provide prophylaxis
for stress-induced mechanical sensitivity, but this effect does
not obviate a role for dopamine. In fact, even though there
is a disruption in both the serotonergic and dopaminergic
function that occurs within the nucleus accumbens (NAc)
following chronic stress, the impact on dopamine outlasts
the impact on serotonin (5-HT). This difference may be
responsible for the persistent expression of stress-induced
hyperalgesia after serotonergic function has been normalized
[39]. Secondly, from the therapeutic implications, benzo-
diazepines (e.g., diazepam as used in the present experi-
ment) are pharmacologically linked to GABAergic (gamma
aminobutyric acid) neurotransmission. On administering
diazepam, the benzodiazepine receptors are activated and,
since they are allosterically linked to GABA-A receptors, they
modulate the chloride channel opening indirectly and induce
inhibition of that neuronal function [23].

5. Conclusions

The experiments in this study indicated that anxiety could
induce increased mechanical sensitivity through exposure to

repeated stress in rats. We also demonstrated that changes
in withdrawal thresholds to mechanical pressure could
be blocked by diazepam in repeatedly stressed rats. Fur-
ther studies concerning the mechanisms of stress-induced
mechanical sensitivity would be relevant to studies of the
etiology of chronic pain disorders.
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