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Objective: The aim of this study was to determine the effects of nociceptin/orphanin FQ peptide receptor (N/OFQ receptor) 
antagonist on orofacial pain induced by experimental tooth movement in rats.
Methods: A total of 36 male Sprague-Dawley rats weighing 200–300 g were divided into six groups: a control group, force 
group, force+saline intraperitoneal group, force+saline periodontal group, force+UFP-101 ([Nphe1,Arg14,Lys15]N/OFQ-NH2; 
antagonist for N/OFQ receptor) intraperitoneal group, and force+UFP-101 periodontal group. Closed coil springs were ligated 
between the upper incisors and first molar to exert an orthodontic force (40 g) between the teeth. Injectable administration 
dosages were 30 µl saline or 30 µl saline containing 0.03 mg/kg UFP-101. Following the injections, orofacial pain levels were 
assessed through directed face grooming (mouth wiping). Statistical analyses were performed in SPSS 17.0 (Statistical Package 
for the Social Sciences) and p values less than 0.05 were considered as statistically significant. 
Results: Orofacial pain levels were significantly higher in the force group than in the control group. Orofacial pain levels differed 
significantly between the force group, force+saline periodontal group and force+UFP-101 periodontal group, but were similar 
between the control group, force+UFP-101 intraperitoneal group and force+saline intraperitoneal group. Moreover, orofacial 
pain levels did not differ between the force group, force+saline intraperitoneal group and force+UFP-101 intraperitoneal group.
Conclusions: Periodontal, but not intraperitoneal, administration of UFP-101 could alleviate orofacial pain induced by 
experimental tooth movement in rats, suggesting that periodontal N/OFQ receptors participate in orofacial pain induced by 
experimental tooth movement.
(Aust Orthod J 2016; 32: 206-210)
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Introduction

Orofacial pain induced by tooth movement, simply 
designated as orthodontic pain, is commonly 
encountered in daily orthodontic practice1,2 as a 
result of inflammatory responses.3-5 Although the 
exact mechanisms underlying the pain response are 
still poorly understood, it has been documented that 
many neuropeptides and pro-inflammatory mediators 
participate in the modulation of pain.6 Investigating 
the mechanisms by which these molecules generate 

orthodontic pain could help unravel intrinsically 
complex underlying mechanisms.

Nociceptin/orphanin FQ (N/OFQ), an endogenous 
opioid peptide, plays an important role in orofa-
cial pain.7 A large body of evidence indicates that  
N/OFQ produces either pro- or anti-nociceptive ef-
fects, depending on the dosage and site of administra-
tion.8,9 Its anti-nociceptive effects at the spinal level 
prevail over its pro-nociceptive effects at the supraspi-
nal level,8 which was supported by the finding that 
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N/OFQ-receptor-knockout mice displayed stronger 
nociceptive responses against inflammatory pain.10 
UFP-101, [Nphe1,Arg14,Lys15]N/OFQ-NH

2
, a potent 

and selective antagonist of N/OFQ receptors, could 
competitively inhibit various N/OFQ actions.11,12 
Therefore, it is conceivable that blocking N/OFQ  
receptors with UFP-101 could exacerbate pain. A pre-
vious study revealed that N/OFQ was upregulated in 
the trigeminal nucleus in rats following experimental 
tooth movement,7 suggesting a potential role of N/
OFQ in the perception of orthodontic pain. To date, 
however, the effects of blocking N/OFQ receptors 
(through applying UFP-101) on orofacial pain in-
duced by experimental tooth movement in rats are 
still largely unknown. Therefore, the aim of this study 
was to determine the effects of UFP-101 on orofacial 
pain following tooth movement.

Methods

Animals

In total, 36 male Sprague-Dawley rats (200–300 
g) were used in the present study. The animals 
were housed in standard transparent plastic cages 
containing soft bedding, and had free access to food 
and water. The room was kept temperature-controlled 
at 25oC and had a 12/12h light dark cycle. Measures 
were taken to minimise animal numbers and distress. 
The methods of investigating pain in animals adhered 
to the guidelines of The International Association for 
the Study of Pain.13

Fixed Ni-Ti alloy closed-coil springs were ligated 
between the left maxillary first molar and upper 
incisors, which delivered 40 g force (measured by a 
force meter) to generate mesial movement of the 
maxillary molars. 

Drug administration

Following general anaesthesia with 4% chloral hydrate 
(peritoneal injection; 3 mg/kg), force loading and 
subsequent drug administration was performed. The 
rats were randomly divided into six groups: a control 
group, a force group, a force+saline intraperitoneal 
group, a force+UFP-101 intraperitoneal group, a 
force+saline periodontal group, and a force+UFP-101 
periodontal group. The spring appliances were 
mounted in the mouths of the control group but 
inactivated so that no forces were applied. The spring 

appliances were mounted and activated in the force 
groups so that a force of 40 g was delivered. Each 
rat in the force+saline intraperitoneal group received 
an intraperitoneal injection of 30 µl saline one day 
after force loading. Each rat in the force+UFP-101 
intraperitoneal group received an intraperitoneal 
injection of 30 µl UFP-101 solution (0.03 mg/kg) 
after the force loading. Each rat in the force+saline 
periodontal group received a periodontal injection 
of 30 µl saline one day after the force loading. Each 
rat in the force+UFP-101 periodontal group received 
a periodontal injection of 30 µl UFP-101 solution 
(0.03 mg/kg) after the force loading. For each rat, the 
periodontal injections were performed at the following 
six sites with 5 µl administered at each site (totalling 
30 µl): buccal, palatal and distal sites of the incisors; 
buccal, palatal and mesial sites of the first molars.

Evaluation of pain

Orthodontic pain levels were assessed through 
directed face-grooming (mouth wiping) according to 
the protocols established in a previous study.5 Four 
hours after drug administration, the rats were placed 
into transparent plastic cages (30 cm × 30 cm × 30 
cm) with 45-dB of background noise. Face-grooming 
activities were video-taped for three sessions (10 
minutes for each). The videos were analysed by two 
authors who were blinded to the animal groups. The 
mouth wiping time was recorded and considered as 
a surrogate for orofacial pain generated following 
experimental tooth movement. 

Statistics

A Rank Sum Test was used for statistical analyses in 
SPSS 17.0 (Statistical Package for the Social Sciences). 
A p value less than 0.05 was considered as statistically 
significant.

Results

As presented in Figure 1 and Table I, the results 
showed that pain levels were significantly higher in the 
force group (median: 62.3; interquartile range: 58.5) 
than in the control group (median: 11.3; interquartile 
range: 25.7), indicating that orthodontic force could 
induce orofacial pain in rats.

As displayed in Figure 2 and Table I, it was found 
that pain levels were similar between the force group 
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(median: 62.3; interquartile range: 58.5) and both 
of the intraperitoneal groups (saline – median: 44.7; 
interquartile range: 29.7 – and UFP-101 – median: 
49.9; interquartile range: 89.4), while pain levels 
differed between the force group (median: 62.3; 
interquartile range: 58.5) and both of the periodontal 
groups (saline – median: 85.8; interquartile range: 
73.9 – and UFP-101 – median: 33.2; interquartile 
range: 29.5). In addition, pain levels did not differ 
between the force+saline intraperitoneal group 
(median: 44.7; interquartile range: 29.7) and the 
force+UFP-101 intraperitoneal group (median: 49.9; 
interquartile range: 89.4). In contrast, pain levels were 
significantly higher in the force+UFP-101 periodontal 
group (median: 33.2; interquartile range: 29.5) than 
in the force+saline periodontal group (median: 85.8; 
interquartile range: 73.9). 

Discussion

Orofacial pain is commonly encountered in patients 
during orthodontic treatment particularly after the 
placement and adjustment of appliances. It has been 
well documented that orthodontic pain is associated 

with pressure, ischaemia, inflammation and oedema.14 

It has been further shown that released molecules15 

(substance P and calcitonin-related gene peptide 
(CGRP)) are closely associated with orthodontic 
tooth movement. Clinically, the initial orthodontic 
pain and discomfort peaks during the first three 
days following appliance activation. Pain begins to 
fade after one week.16 Therefore, the present research 
chose to compare pain levels between the different 
animal groups on the first day after the application 
of force. Experiment tooth movement produced an 
obvious animal behaviour characterised by directed 
face-grooming.17 Similar directed grooming responses 
have been reported as a result of noxious stimulation 
applied to rats.18-20 A previous study found that both 
systemic and local administrations of morphine 
could relieve orthodontic pain in rats.5 Moreover, 
local administration exerts a better analgesic effect 
than systemic administration following experimental 
animal tooth movement, which supports the clinical 
use of peripheral anti-nociceptive medicine in the 
control of orthodontic pain.5 

Similar to other classical opioid ligands, N/OFQ is 
an endogenous opioid peptide whose receptor is 

Figure 1. Orofacial pain levels (mouth wiping time, seconds) in 
the force group and the control group following experimental tooth 
movement. The plus and minus error bars stand for maximal and 
minimal values, respectively. The box stands for interquartile range and 
the horizontal line through the box stands for the median value.

Figure 2. Orofacial pain levels (mouth wiping time, seconds) in saline 
periodontal group, UFP-101 periodontal group, saline intraperitoneal 
group and UFP-101 intraperitoneal group. The plus and minus error 
bars stand for maximal and minimal values, respectively. The box stands 
for interquartile range and the horizontal line through the box stands for 
the median value. 

Table I. Mouth wiping (pain level) following experimental tooth movement in rats.

i.p.: intraperitoneal
p.: periodontal

Group Control Force Saline i.p. group Saline p. group UFP-101 i.p. group UFP-101 p. group

Median 11.2900 62.2850 44.6800 85.7950 49.8500 33.1500

Interquartile range 25.685 58.505 29.655 73.9225 89.3775 29.52
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located in the central but also the peripheral nervous 
system. The peptide plays an important role in the 
modulation of pain and gastrointestinal function.9 
The effects are, however, controversial. The effects 
of N/OFQ administration could vary because of 
dosage and the site of administration. Intrathecal 
(IT) blockade of N/OFQ receptors was not shown to 
alleviate acute pain in previous rat models.18 However, 
IT injection of N/OFQ receptor antagonists was 
able to reverse the nociceptive response of electro-
acupuncture in inflammatory rat models.21 In 
addition, the use of a peripheral N/OFQ receptor 
agonist could produce an anti-nociceptive effect in 
capsaicin-induced inflammatory pain models. A 
previous study revealed that N/OFQ was upregulated 
in the trigeminal nucleus in rats following tooth 
movement.7 However, the exact role of N/OFQ in the 
regulation of orthodontic pain following experimental 
tooth movement is unknown. In the present study, 
UFP-101 was used to block N/OFQ, both locally 
and systemically. In Carvalho’s research,22 the 0.03 
mg/kg and 0.3 mg/kg administration of UFP-101 
significantly reduced mortality after surgery involving 
cecal ligation and puncture (CLP), but dosages over 
0.1 mg/kg increased the mortality of rats. Therefore, 
a dosage of 0.03 mg/kg for UFP-101 was used in the 
present study.

The present study found that the periodontal 
administration of UFP-101 relieved orthodontic pain 
in rats, indicating that peripheral N/OFQ produces 
pro-nociceptive effects. The anti-nociceptive effects 
of N/OFQ at the spinal level prevailed over its pro-
nociceptive effects at the supraspinal level.8 Therefore, 
it is conceivable that systemic blocking N/OFQ 
receptors with UFP-101 produced pro-nociceptive 
effects on orthodontic pain. However, it was found 
that the systemic administration of UFP-101 had no 
effect on orthodontic pain. This could be attributed to 
the anti-nociceptive effects of UFP-101 at periodontal 
sites, which may offset the net pro-nociceptive effects 
of UFP-101 produced at the spinal and supraspinal 
levels. This would hold provided that UFP-101 
reached periodontal, spinal and supraspinal sites 
following systemic administration. The possibility 
suggests that N/OFQ may produce local effects in 
addition to both spinal and supraspinal effects.

In conclusion, it is suggested that N/OFQ receptors 
mediate pro-nociceptive effects at periodontal sites on 
orthodontic pain and that periodontal, rather than 

systemic, blocking of N/OFQ receptors with UFP-
101 could relieve orthodontic pain in rats.

Acknowledgment

This work was supported by National Natural Science 
Foundation of China (NSFC, No. 81571004, 
81500884 and 81400549) and by Orthodontic 
National Key Clinical Specialty Construction Program 
of China, West China Hospital of Stomatology, 
Sichuan University.

Corresponding author

Prof. Wenli Lai
State Key Laboratory of Oral Diseases
Department of Orthodontics
West China Hospital of Stomatology
Sichuan University
No.14, Section 3, Ren Min Nan Road
Chengdu 610041
China

Email: wenlilai@scu.edu.cn

References
1.  Long H, Wang Y, Jian F, Liao LN, Yang X, Lai WL. Current advances 

in orthodontic pain. Int J Oral Sci 2016;8:67-75.
2.  Long H, Zhou Y, Pyakurel U, Liao L, Jian F, Xue J et al. Comparison 

of adverse effects between lingual and labial orthodontic treatment. 
Angle Orthod 2013;83:1066-73.

3.  Long H, Liao L, Gao M, Ma W, Zhou Y, Jian F et al. Periodontal 
CGRP contributes to orofacial pain following experimental tooth 
movement in rats. Neuropeptides 2015;52:31-7.

4.  Yang Z, Wang Y, Luo W, Hua X, Wamalwa P, Wang J et al. Trigeminal 
expression of N-methyl-D-aspartate receptor subunit 1 and behavior 
responses to experimental tooth movement in rats. Angle Orthod 
2009;79:951-7.

5.  Yang Z, Cao Y, Wang Y, Luo W, Hua X, Lu Y et al. Behavioural 
responses and expression of P2X3 receptor in trigeminal ganglion after 
experimental tooth movement in rats. Arch Oral Biol 2009;54:63-70.

6.  Krishnan V. Orthodontic pain: from causes to management--a review. 
Eur J Orthod 2007;29:170-9.

7.  Liao L, Hua X, Long H, Ye N, Zhou Y, Wang S et al. Expression 
patterns of nociceptin in rats following experimental tooth movement. 
Angle Orthod 2013;83:1022-6.

8.  Rizzi A, Nazzaro C, Marzola GG, Zucchini S, Trapella C, Guerrini 
R et al. Endogenous nociceptin/orphanin FQ signalling produces 
opposite spinal antinociceptive and supraspinal pronociceptive effects 
in the mouse formalin test: pharmacological and genetic evidences. 
Pain 2006;124:100-8.

9.  Agostini S, Eutamene H, Broccardo M, Improta G, Petrella C, 
Theodorou V et al. Peripheral anti-nociceptive effect of nociceptin/
orphanin FQ in inflammation and stress-induced colonic hyperalgesia 
in rats. Pain 2009;141:292-9.

10.  Depner UB, Reinscheid RK, Takeshima H, Brune K, Zeilhofer 
HU. Normal sensitivity to acute pain, but increased inflammatory 



Australian Orthodontic Journal Volume 32 No. 2  November 2016210

SHAN, HE, LONG, ZHOU, LIU, XU ET AL

hyperalgesia in mice lacking the nociceptin precursor polypeptide or 
the nociceptin receptor. Eur J Neurosci 2003;17:2381-7.

11.  Calo G, Guerrini R, Rizzi A, Salvadori S, Burmeister M, Kapusta 
DR et al. UFP-101, a peptide antagonist selective for the nociceptin/
orphanin FQ receptor. CNS Drug Rev 2005;11:97-112.

12.  Nazzaro C, Rizzi A, Salvadori S, Guerrini R, Regoli D, Zeilhofer 
HU et al. UFP-101 antagonizes the spinal antinociceptive effects of 
nociceptin/orphanin FQ: behavioral and electrophysiological studies 
in mice. Peptides 2007;28:663-9.

13.  Zimmermann M. Ethical guidelines for investigations of experimental 
pain in conscious animals. Pain 1983;16:109-10.

14.  Furstman L, Bernick S. clinical considerations of the periodontium. 
Am J Orthod 1972;61:138-55.

15.  Giannopoulou C, Dudic A, Kiliaridis S. Pain discomfort and 
crevicular fluid changes induced by orthodontic elastic separators in 
children. J Pain 2006;7:367-76.

16.  Sergl HG, Klages U, Zentner A. Pain and discomfort during 
orthodontic treatment: causative factors and effects on compliance. 
Am J Orthod Dentofacial Orthop 1998;114:684-91.

17.  Yang Z, Luo W, Hou J, Zhao Z, Jian F, Wamalwa P et al. Development 

of a behavior model of pain induced by experimental tooth movement 

in rats. Eur J Oral Sci 2009;117:380-4.

18.  Cahusac PM, Morris R, Salt TE, Hill RG. Sensory responses of caudal 

trigeminal neurons to thermal and mechanical stimuli and their 

behavioural correlates in the rat. Neuroscience 1990;36:543-51.

19.  Dallel R, Clavelou P, Woda A. Effects of tractotomy on nociceptive 

reactions induced by tooth pulp stimulation in the rat. Exp Neurol 

1989;106:78-84.

20.  Pelissier T, Pajot J, Dallel R. The orofacial capsaicin test in rats: effects 

of different capsaicin concentrations and morphine. Pain 2002;96:81-

7.

21.  Fu X, Wang YQ, Wu GC. Involvement of nociceptin/orphanin FQ 

and its receptor in electroacupuncture-produced anti-hyperalgesia in 

rats with peripheral inflammation. Brain Res 2006;1078:212-8.

22.  Carvalho D, Petronilho F, Vuolo F, Machado RA, Constantino 

L, Guerrini R et al. The nociceptin/orphanin FQ-NOP receptor 

antagonist effects on an animal model of sepsis. Intensive Care Med 

2008;34:2284-90.


