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Expression patterns of nociceptin in rats following experimental

tooth movement
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ABSTRACT
Objectives: To determine the expression levels of nociceptin following experimental tooth
movement.
Materials and Methods: A total of 72 male Sprague-Dawley rats were divided into two groups:
sham and experimental groups. For the experimental group, closed coil springs were used to mimic
orthodontic force (80 g) between upper incisors and first molars, and the rats were killed at 0 hours,
4 hours, 12 hours, 1 day, 2 days, 5 days, 7 days, 10 days, and 14 days. All of these procedures
were similar for the sham group, except for that no force was applied. The four rats killed at 0 hours
without any intervention were used as the baseline control in each group. Trigeminal nucleus
caudalis from both the ipsilateral and contralateral sides of force applications were obtained for
immunostaining.
Results: Nociceptin was expressed in both the ipsilateral and contralateral sides of each group. Its
expression levels started to increase on day 2, peaked on day 7, and returned to baseline on day
10 in the experimental group, while expression levels started to decrease on day 1 and returned to
baseline on day 10 in the sham group. Moreover, the expression levels were similar between the
ipsilateral and contralateral sides in each group.
Conclusion: The expression levels of nociceptin were elevated following experimental tooth
movement. The anesthetic agent used in this study (chloral hydrate) may have an antagonism with
nociceptin. Due to bilateral innervation of anterior teeth and bilateral projection of nerve fibers, the
expression levels of nociceptin were similar between ipsilateral and contralateral sides. (Angle
Orthod. 2013;83:1022–1026.)

KEY WORDS: Expression; Immunohistochemistry; Neuropeptide; Orthodontic tooth movement;
Trigeminal nucleus caudalis

INTRODUCTION

Orthodontic pain, an inflammatory pain related to
tooth movement,1 is frequently encountered in ortho-
dontic patients.2 Its incidence has been reported to be
87%–100%.2–4 Although various approaches have
been used to relieve orthodontic pain,5,6 none of them
are truly effective. This may be attributed to yet-to-be-
elucidated exact mechanisms underlying orthodontic
pain. However, it has been established that many
neuropeptides are implicated in orthodontic pain, but
still many others are yet to be determined.1,7–9

Therefore, discovering the roles of novel neuropep-
tides can help elucidate the mechanisms underlying
orthodontic pain, thereby helping develop an effective
approach in relieving orthodontic pain.

Nociceptin, or orphanin FQ, a 17-amino-acid neuro-
peptide, is the endogenous ligand for opioid receptor-
like receptor (ORL1).10 Although it shares a strong
structural similarity with other typical opioids, it has a
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very distinct mechanism of action.11 A large body of
evidence indicates that nociceptin executes a noci-
ceptive effect at the supraspinal level but an antinoci-
ceptive effect at the spinal level,12–18 particularly in the
trigeminal system.15,19,20 The pain signals from the
orofacial region are processed through three stations
before cortical perception: they are initially received by
trigeminal neurons located at trigeminal ganglia,
replayed to the trigeminal nucleus caudalis located at
the medulla oblongata, then transmitted to the ventral
posterior nucleus of the thalamus, and last perceived
by the sensory cortex.21 Among them, the trigeminal
nucleus caudalis, located in the caudal part of the
medulla oblongata, is a very important sensory relay
for orthodontic pain.1

However, to date, nociceptin has not been investi-
gated in the trigeminal nucleus caudalis to see how it
contributes to orthodontic pain. Therefore, we con-
ducted this study to determine the expression levels of
nociceptin in the trigeminal nucleus caudalis following
experimental tooth movement.

MATERIALS AND METHODS

Animals

A total of 72 male Sprague-Dawley rats (age:
2 months; weight: 200–250 g) were used in this study.
The rats were provided by the Animal Experimental
Center, Sichuan University, Chengdu, China. This
study was approved by the Ethical Committee of West
China School of Stomatology, Sichuan University and
State Key Laboratory of Oral Diseases. They were
divided into two groups, ie, sham group (n 5 36) and
experimental group (n 5 36). For the experimental
group, closed, coiled springs were employed to mimic
the orthodontic forces (80 g) between the upper
incisors and first molars, and the rats were killed
through cervical dislocation at 0 hours, 4 hours,
12 hours, 24 hours, 2 days, 5 days, 7 days, 10 days,
and 14 days after force application (four rats for each
time point); the process was similar for the sham
group, except that no force was applied in the sham
group. In particular, the four rats killed at 0 hours
without any intervention were used as the baseline
control for each group.

Tissue Sample Preparations
and Immunohistochemistry

The trigeminal nucleus caudalis at both ipsilateral
and contralateral sides of force applications was taken,
fixed in paraformaldehyde (4%) for 30 minutes, and
embedded in paraffin. Tissue sections were cut at
10 mm and deparaffinized for immunostaining. Follow-
ing antigen retrieval (microwave oven-citrate buffer),

tissue samples were rinsed in phosphate-buffered saline
(PBS) three times, blocked with goat serum, and
incubated at 37uC for 3 hours with a specific antibody
against nociceptin (1:500; Chemicon, Temecula, CA,
USA). Then, tissue samples were washed in PBS three
times, incubated with biotin-labeled anti-rabbit (Vector,
Burlingame, CA, USA) IgG (1:200) at 37uC for 40 minutes,
rewashed in PBS three times, and incubated with alkaline
phosphatase-labeled streptavidin (Vector, Burlingame,
CA, USA) (1:200) at 37uC for 30 minutes. Alkaline
phosphatase was employed for visualization. PBS was
substituted for the primary antibody in the blank control.

Visualization and Quantification

Visualization of immunoreactive neurons was
achieved by using a microscope (Model Bx51;
Olympus, Tokyo, Japan). For each rat, the percentage
of immunoreactive neurons among all neurons was
calculated in each of six randomly consecutive fields,
and the mean percentage was used for the quantifi-
cation of expression levels.

Statistical Analyses

One-way analysis of variance was employed to
analyze the difference in nociceptin expression among
different time points in each sham and experimental
group. A paired t-test was used to compare the
difference in nociceptin expression between the
ipsilateral and contralateral sides of the force applica-
tion in each group. All the statistical analyses were
performed using SPSS 16.0 (SPSS Inc, Chicago, Ill).

RESULTS

Expression of Nociceptin in the Trigeminal
Nucleus Caudalis

Under the microscope, neurons positive for noci-
ceptin were stained with red. The results showed that
nociceptin was expressed in both the sham and
experimental groups, including the baseline control.
Moreover, both the ipsilateral and contralateral sides of
force application expressed nociceptin (Figure 1).

Chronological Changes of Nociceptin Expression

As shown in Figure 2, in the experimental group, as
compared to baseline control (0 hours, 14.93 6 2.91),
which received no intervention, the expression levels
of nociceptin remained similar at 4 hours (17.92 6

2.06, P . .05), 12 hours (15.38 6 2.89, P . .05) and
1 day (18.90 6 1.83, P . .05). As compared with
baseline control (14.93 6 2.91), the expression levels
started to increase on day 2 (21.72 6 3.88, P 5 .018 ,

.05) and day 5 (26.76 6 1.75, P 5 1.33 3 1025 , .05),
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peaked on day 7 (40.61 6 2.12, P 5 2.02 3 10212 ,

.05), and returned to baseline on day 10 (15.66 6 1.08,
P . .05) and day 14 (14.62 6 3.06, P . .05).

In the sham group, in contrast to baseline control
(14.70 6 2.82), the expression levels of nociceptin did
not differ significantly at 4 hours (15.08 6 2.05, P .

.05) and 12 hours (10.60 6 0.97, P . .05). They
started to decrease on day 1 (7.50 6 0.66, P 5 .001 ,

.05), day 2 (7.36 6 1.35, P 5 .001 , .05), day 5 (6.920
6 0.507, P 5 4.9 3 1024 , .05) and day 7 (9.480 6

1.823, P 5 .036 , .05), and then returned to baseline
on day 10 (11.10 6 4.52, P . .05) and day 14 (14.58
6 0.73, P . .05).

Comparison of Nociceptin Expression Levels
Between the Force Side and the No-Force Side

As revealed in Figure 3, the paired t-test revealed
that the expression levels of nociceptin were similar
between the force side and the no-force side in the
experimental group at baseline (0 hours, 15.46 6 1.99
vs 14.93 6 2.91), 4 hours (15.93 6 4.19 vs 17.92 6

2.06), 12 hours (16.51 6 2.55 vs 15.38 6 2.89), 1 day
(18.53 6 1.23 vs 18.90 6 1.83), 2 days (21.61 6 5.66
vs 21.72 6 3.88), 5 days (23.98 6 3.70 vs 26.76 6

1.75), 7 days (40.08 6 8.20 vs 40.61 6 2.21), 10 days
(16.33 6 3.45 vs 15.66 6 1.08), and 14 days (14.85 6

2.72 vs 14.62 6 3.06) (all P . .05).
Moreover, as shown in Figure 4, similar results were

found in the sham group at baseline (0 hours, 14.27 6

2.56 vs 14.70 6 2.82), 4 hours (13.00 6 3.28 vs 15.08
6 2.05), 12 hours (9.88 6 1.02 vs 10.60 6 0.96), 1 day
(7.09 6 0.22 vs 7.50 6 0.66), 2 dasy (6.53 6 2.28 vs
7.36 6 1.35), 5 days (6.61 6 0.63 vs 6.92 6 0.51),
7 days (8.29 6 2.38 vs 9.48 6 1.82), 10 days (10.12 6

4.60 vs 11.10 6 4.52), and 14 days (13.21 6 1.88 vs
14.58 6 0.73) (all P . .05).

DISCUSSION

We showed that nociceptin was expressed in the
trigeminal nucleus caudalis in both groups and that
both the ipsilateral and contralateral sides of force
application expressed nociceptin. Expression levels of

Figure 1. Immunostaining for nociceptin. Positive neurons were

stained in red, as indicated by the arrows. (A) Neurons positive for

nociceptin at the ipsilateral side in rats at baseline; (B) neurons

positive for nociceptin at the ipsilateral side in rats (day 7) in the

sham group; (C) neurons positive for nociceptin at the ipsilateral side

in rats (day 7) in the experimental group; (D) neurons positive for

nociceptin at the contralateral side in rats (day 7) in the

experimental group.

Figure 2. The percentage of neurons positive for nociceptin. The

expression levels of nociceptin started to increase on day 2, peaked

on day 7, and returned to baseline on day 10 in the experimental

group (*indicates P , .05). In contrast, the expression levels of

nociceptin began to decrease on day 1 and returned to baseline on

day 10 in the sham group (**indicates P , .05).

Figure 3. The comparison of expression levels of nociceptin

between the ipsilateral side (force side) and contralateral side (no-

force side) for the experimental group. The expression levels were

similar among all the time points.
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nociceptin started to increase after force application on
day 2, peaked on day 7, and then return to baseline on
day 10 in the experimental group, while in the sham
group expression decreased after force application on
day 1 and then returned to baseline on day 10.
Furthermore, the expression levels of nociceptin did
not differ between ipsilateral and contralateral sides of
force application for both groups.

Experimental tooth movement can mimic orthodon-
tic pain observed in clinical settings. Recent studies
indicate that plenty of neuropeptides (eg, CGRP,
substance P, and NMDA) are expressed in trigeminal
neurons and the nucleus during tooth movement.1

These nociceptive neuropeptides play an important
role in pain transmission and modulation. Being an
antinociceptive neuropeptide, nociceptin has been
revealed to be colocalized with those aforementioned
nociceptive neuropeptides (eg, CGRP and SP) in
trigeminal neurons and to exhibit an anti-nociceptive
effect in the trigeminal system.20 This anti-nociceptive
effect of nociceptin is achieved through inhibition of
nociceptive neuropeptides.15,20,22 In our present study,
we found that the expression levels of nociceptin
started to increase on day 2, peaked on day 7, and
returned to baseline on day 10. This finding was
inconsistent with our previous studies, in which
nociceptive neuropeptides started to increase on day
1 and returned to baseline on day 7.7,8 We attribute this
time lag of nociceptin as compared with nociceptive
neuropeptides to a potential feedback that may be
used to limit nociceptive signals. Specifically, in the
early stage, nociceptive signals dominate with elevat-
ed levels of nociceptive neuropeptides. Later on, the
increased levels of nociceptive neuropeptides induce
the expression of nociceptin, which would in turn inhibit

these nociceptive neuropeptides. However, the exact
underlying mechanisms are largely unknown.

Ironically, we found that the expression levels of
nociceptin started to decrease on day 1 and returned
to baseline on day 10 in the sham group. In the present
study, sham interventions included anesthesia, tooth
separation, and ligation of ligature wire, without spring
activation. Theoretically, the procedures other than
anesthesia were noxious stimuli and, therefore, would
induce the expression of nociceptin, since nociceptin
exerts an antinociceptive effect in the trigeminal
system.20 Thus, we can only attribute the decrease in
the expression of nociceptin in the sham group to
anesthesia, and we suggest an antagonism may exist
between the anesthetic agent (chloral hydrate) and
nociceptin, since both exert antinociceptive or analge-
sic effect.

Our results showed that the expression levels of
nociceptin were similar between the ipsilateral and
contralateral sides of force application in both groups.
This finding was in agreement with the study by Balam
et al.23 in which preproenkephain was shown to be
expressed in both ipsilateral and contralateral trigem-
inal nucleus caudalis following experimental tooth
movement. In our present study, forces were applied
between central incisors and first molars and, thus,
both central incisors and first molars received the
experimental forces. Since anterior teeth receive
nerves from both sides,24 we attribute similar expres-
sion between ipsilateral and contralateral sides to
bilateral innervation of central incisors. However, this
cannot explain similar expressions in both sides for
Balam et al.23 In this study, the experimental forces
were achieved through inserting elastic modules
between the first and second molars, so no forces
were applied on anterior teeth. It has been well
documented that nerve fibers are projected to bilateral
trigeminal nuclei after leaving the trigeminal ganglion.25

Thus, in addition to bilateral innervation of central
incisors, we suggest bilateral projections of nerve
fibers from the trigeminal ganglion can account for
similar expression levels of nociceptin in both sides.

CONCLUSIONS

N The expression of nociceptin was elevated following
experimental tooth movement, suggesting a potential
antinociceptive role of nociceptin in tooth movement.

N The anesthetic agent used in this study (chloral
hydrate) may have an antagonism with nociceptin.

N Due to bilateral innervation of anterior teeth and
bilateral projections of nerve fiber after leaving the
trigeminal ganglion, the expression levels of noci-
ceptin were similar between the ipsilateral and
contralateral sides of force application.

Figure 4. The comparison of expression levels of nociceptin

between the ipsilateral side (force side) and contralateral side (no-

force side) for the sham group. The expression levels were similar

among all the time points.
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