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Abstract
OBJECTIVES—To develop a translational mouse model for the study and measurement of non-
evoked pain in the orofacial region by establishing markers of nociceptive-specific grooming
behaviors in the mouse.

BACKGROUND—Some of the most prevalent and debilitating conditions involve pain in the
trigeminal distribution. Although there are current therapies for these pain conditions, for many
patients they are far from optimal. Understanding the pathophysiology of pain disorders arising
from structures innervated by the trigeminal nerve is still limited and most animal behavioral
models focus on the measurement of evoked pain. In patients, spontaneous (non-evoked) pain
responses provide a more accurate representation of the pain experience than do responses that are
evoked by an artificial stimulus. Therefore, the development of animal models that measure
spontaneous nociceptive behaviors may provide a significant translational tool for a better
understanding of pain neurobiology.

METHODS—C57BL/6 mice received either an injection of 0.9% Saline solution or complete
Freund’s adjuvant (CFA) into the right masseter muscle. Animals were video recorded and then
analyzed by an observer blind to the experiment group. The duration of different facial grooming
patterns performed in the area of injection were measured. After 2 hrs, mice were euthanized,
perfused and the brainstem was removed. Fos protein expression in the trigeminal nucleus
caudalis was quantified using immunohistochemistry to investigate nociceptive-specific neuronal
activation. A separate group of animals was treated with morphine sulfate, to determine the
nociceptive-specific nature of their behaviors.

RESULTS—We characterized and quantified 3 distinct patterns of acute grooming behaviors:
fore-paw rubbing, lower lip skin/cheek rubbing against enclosure floor and hind paw scratching.
These behaviors occurred with a reproducible frequency and time course, and were inhibited by

*Corresponding Author: Marcela Romero-Reyes, DDS, PhD, Department of Oral & Maxillofacial, Pathology, Radiology & Medicine,
New York University College of Dentistry, 345 East, 24rd street. Room #827, New York, NY 10010, marcela.romero@nyu.edu, tel:
212-992-7132, fax: 212 995-4654.

CONFLICT OF INTEREST: There are no conflicts of interest to report for any of the authors.

NIH Public Access
Author Manuscript
Headache. Author manuscript; available in PMC 2014 January 01.

Published in final edited form as:
Headache. 2013 January ; 53(1): 137–151. doi:10.1111/j.1526-4610.2012.02226.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the analgesic morphine. CFA-injected animals also showed Fos labeling consistent with neuronal
activation in nociceptive-specific pathways of the trigeminal nucleus after two hours.

CONCLUSIONS—These behaviors and their correlated cellular responses represent a model of
trigeminal pain that can be used to better understand basic mechanisms of orofacial pain and
identify new therapeutic approaches to this common and challenging condition.
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1. INTRODUCTION
Pain in the orofacial region is a common and disabling problem that may have substantial
effects on a patient’s quality of life. Although there are current therapies for these pain
conditions, for many patients they are far from optimal. This is in part due to the limited
understanding of the pathophysiology of pain disorders that arise from structures that are
innervated by the trigeminal nerve. The paucity of animal models and reliable methods of
measuring pain behaviors that translate to the clinic has been a significant obstacle to a
better understanding of orofacial pain. The development of animal models, or the refinement
of existing methods, may provide critical new insight into the complex neurobiology that
underlies trigeminal nerve related pain. This may ultimately help in the development of
novel therapeutic approaches for orofacial pain disorders.

Several existing methods to studying orofacial pain have been developed in rodents using
inflammatory and nociceptive agents such as complete Freund’s adjuvant (CFA) 1–5,
carrageenan 6–8, capsaicin 9, 10 and formalin 11. Other models induce neuropathic pain with
a constriction injury of the infraorbital nerve 12–15. The quantification of pain in rodent
models, be it neuropathic or inflammatory, has traditionally used evoked responses, where
the animal withdraws from or avoids a painful stimulus and the threshold stimulus amplitude
to evoke the withdrawal or the time to withdrawal is quantified. This approach
predominantly measures hypersensitivity (hyperalgesia and allodynia) which accompanies
pain 16. The limitation of this method is that quantification of hypersensitivity provides only
an indirect measure of the subjective experience of pain, and it has been demonstrated in
patients with neuropathic and inflammatory pain that sensory hypersensitivity (hyperalgesia
and allodynia) does not consistently occur with the continuous, unavoidable pain associated
with these conditions. 17–20 Spontaneous pain is also thought to be a much better predictor
as a pain rating 17, and likely has a distinct pathophysiology. Additionally the measurement
of evoked pain may require significant habituation and training of the animal, and skill on
the part of the investigator 15, 21.

Since most pain conditions involve ongoing discomfort that does not require an inducing
sensory stimulus, measures of spontaneous behaviors in response to ongoing pain in the
orofacial region may more accurately represent the response to typical pain. Spontaneous
(non-evoked) behaviors are considered ones that are non-provoked, in which the animal will
do freely in the absence of any direct stimuli such as the application of heat or von-frey
pressure (experimenter-evoked pain), and in which the animal responds to pain that it cannot
control or avoid. Previous examples include facial grimace or grooming in response to an
inflammatory stimuli22–24.Therefore the development of models that measure spontaneous
nociceptive (non-evoked) behaviors, or the refinement of existing models may have greater
translational validity. Assessment of spontaneous (non-evoked) behaviors in animals
represents a significant challenge since the measurement of their frequency and the
practicability in data collection and analysis can be problematic 25. More importantly, it can
be challenging to measure the specificity of the behavior as a response to pain rather than an
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indication of anxiety, stress or other behavioral components that could appear as pain
behaviors 25, 26. In freely moving rodents, it is known that injury in the facial region results
in alteration in the facial grooming patterns. Some spontaneous behaviors become more
persistent, and directed to the area of injury 11, 15, 27–29, whereas unilateral non-nociceptive
facial stimuli do not produce this change in facial grooming 15, 24, 28., Characterizing and
cataloguing markers of nociceptive-specific grooming behaviors in the mouse, related to
pain in the orofacial region, would serve as a great tool for recognizing spontaneous
responses after nociceptive stimulation in regions innervated by the trigeminal nerve.

In this study, we examined the response to CFA, a commonly used trigger of a local
inflammatory response. Although the response to CFA is typically studied over an extended
time course (up to days after exposure), it has also been reported to have multiple acute
effects (minutes to hours after exposure) 30, in the same time frame as those that we report
here. We chose this agent in preference to other commonly used noxious agents (such as
mustard oil or capscaicin) because it will also allow us to also observe in the future whether
the spontaneous nociceptive specific behaviors described parallel those observed in the
chronic states.

The present study had two main aims: first, to characterize markers of nociceptive-specific
grooming behaviors in the orofacial region using observation of acute grooming patterns as
a marker of spontaneous pain in response to injection of CFA into the masseter muscle. We
identified 3 distinct patterns of acute grooming behavior that could be quantified, and we
found that these behaviors occurred with a reproducible frequency and time course. The
second aim, having characterized the behaviors, was to define them as nociceptive by the
effects of the analgesic morphine, and to demonstrate an association of these nociceptive
responses to neuronal activation in pain processing areas in the trigeminal nucleus. We
found that alterations in grooming behaviors were inhibited by morphine, and were
associated with neuronal activation in nociceptive specific laminae of the trigeminal
nucleus. These behaviors and their correlated cellular responses represent a model of
trigeminal pain that can be used to better understand basic mechanisms of orofacial pain as
well as to study new therapeutic approaches to this common and challenging condition.

2. MATERIALS AND METHODS
2.1 Animals

C57Bl/6J female mice (The Jackson Laboratory, Bar Harbor, Maine, USA), aged 5–8 weeks
and weighing 20–27 g were used for all experiments. The mice were housed individually
and maintained in a 12:12 light/dark cycle with ad libitum access to food and water. All
studies were performed using University of California, Los Angeles Chancellor’s Animal
Research Committee (ARC) and NYU IACUC approved procedures.

2.2 Injections
All injections were performed under light isoflurane anesthesia (0.8–2%). The lightly
anesthetized mice received either an injection of 15 μl of 0.9% NaCl solution or 15 μl of
complete Freund’s adjuvant (CFA, 0.5mg heat killed mycobacterium/ml, cappel, MP
Biomedicals, LLC). The injection was performed in the right masseter muscle of the mice
with a sterile 1cc insulin syringe (U-100 27g 5/8 with permanently attached needle). In the
second study the injection of morphine sulfate (5 mg/kg in a volume of 25 μl, Sigma-
Aldrich, Inc) was performed subcutaneously in the scruff of the neck with a sterile 1cc
insulin syringe, 5 minutes prior to the masseter injection. This dose has been used previously
to produce analgesia, and does not affect motor activity in mice 23, 31. A summary of the
animal groupings is below.
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Study 1
Group 1 Mice receiving CFA injection in masseter (n=8).

Group 2 Mice receiving saline injection in masseter (n=8).

Study 2
Group 1 Mice receiving CFA injection in masseter + morphine injection (sc, n=4)

Group 2 Mice receiving saline solution in masseter + morphine injection (sc, n=4)

2.3 Behavioral assay and analysis
All test sessions took place at approximately 10:00 am. The observation chamber consisted
of a mouse basic husbandry box, 78 square inches, with a thin layer of wood chip bedding.
Mice were placed in the observation chamber and allowed to habituate for 15 minutes before
the masseter and scruff injections were performed, to minimize stress. The habituation was
performed without access to food or water. After the 15 minute habituation period, animals
were injected under light isoflurane anesthesia. Mice were then placed in the observation
chamber and were allowed 10 minutes recuperation after the anesthesia. At this point all the
animals were fully awake and the video recording and assessment of nociceptive behaviors
were performed. The assay involved the observation and the video recording of the duration
of specific facial grooming patterns performed by the animal in the area of injection.

These grooming patterns were video recorded for a 60 minute period. The recording time
was divided into 10 blocks of 6 min and a score was determined for each block by
measuring the duration of time they spent grooming the injected area. The videotaped
observations were analyzed by an observer blinded to the experimental condition. For each
observation session of grooming behavior a tabular record of the sequence of observed
actions was generated by entering identified actions (forepaw facial rubbing, lower lip skin/
cheek rubbing or hindpaw facial scratching) and the time that they occurred (as determined
by a calibrated video recorder clock) into a spreadsheet using the Etholog software 32.
Values were expressed as mean ± SEM. The data were analysed using a repeated measures
ANOVA of mixed design with between subject’s factors of CFA vs saline, CFA-morphine
vs saline-morphine, and CFA vs CFA-morphine. If there was significance between groups
we conducted an independent t-test for different time points to compare between groups. P <
0.05 was considered significant.

2.4 Slice preparation and Immunohistochemistry
Two hrs after the masseter injection, mice were overdosed with halothane and perfused
transcardially with 0.9% saline followed by 4% paraformaldehyde in phosphate buffered
saline (pH 7.4). Production and the detection of Fos protein in cells, using
immunohistochemical techniques, after a noxious stimulus occurs up to 60 mins after the
stimulus 33. Given that without further stimulus Fos protein disappears with a half-life of
approximately a further 2 hrs, perfusing the animals 2 hrs after the initial stimulus was
chosen as the optimal time to detect neuronal activity using Fos detection 33. After
perfusion, brain and brainstem was removed, post-fixed in 4% paraformaldehyde for 24hrs
at 4°C and then stored in a solution of 20% sucrose and 0.02M potassium phosphate buffer
saline (KPBS, pH 7.4) at 4°C until used for slice preparation. For slice preparation, coronal
sections (25μm thick) were cut on a cryostat at −20 °C and collected. The trigeminal
nucleus caudalis (Sp5C) region was identified from atlas plates 94–98 34. Four consecutive
sections were placed in one well of a 24 well plate, and then the next four sections in the
adjacent well, and this process continued until all sections were collected in this region for
each animal. We would then choose one section from each well randomly, so in essence
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only every 4th slice taken was processed for Fos protein expression to verify neuronal
activation.

The Fos protein immunohistochemistry procedure is based on previous studies35, briefly
sections were first rinsed 3 times with KPBS and incubated with 0.3% hydrogen peroxide in
KPBS for 10 minutes at room temperature. The sections were blocked with 10% milk, 5%
bovine serum albumin (BSA, Sigma, St. Louis, MO) and 0.5% TritonX (TX, Sigma, St.
Louis, MO) for 1 hr to avoid non-specific binding. The sections were processed with a
polyclonal rabbit anti-Fos antibody (anti-c-Fos Ab-5, 1:104 dilution, Calbiochem/EMD
biochemicals, Gibbstown, NJ) in 2% normal goat serum (NGS), 5% BSA and 0.5% TX in
KPBS for 48hrs at 4°C with gentle agitation. After washing several times, a first round of
biotinylated anti-rabbit IG (H+L) made in goat (Vector, Burlingame, CA) was applied, and
sections were incubated for 1 hr at room temperature. Sections were then incubated using
avidin-biotinylated-horseradish peroxidase (ABC Kit, Vector Burlingame, CA) reagent for 1
hr at room temperature. To enhance detection of Fos, a second round of the biotinylated
anti-rabbit IG incubation was performed, followed by a second round of the ABC kit, with
each incubation lasting 30 minutes at room temperature. The reaction product was visualized
by a diaminobenzidine tetrahydrochloride (DAB, Sigma) with Nickel intensification (0.05%
DAB, 0.3% Ni, 0.005% H2O2 and 0.02M KPBS). The sections were serially mounted on
gelatin coated slides, dehydrated in serial ethyl alcohol, cleared in xyline and coverslipped.

2.5 Fos quantification
Coronal sections were examined with a light microscope (Carl Zeiss) and slices containing
the Sp5C region. For a Fos cell to be considered positive it had must be visible at
magnifications x5, x10 and x20 objective, plus x10 eyepiece. Laminae I, II, V and X were
examined for Fos positive nuclei, and the nuclear and laminae boundaries were based on the
Paxinos and Franklin brain atlas plates 34, for the region depicting Sp5C. An observer blind
to the experimental conditions was trained to visually identify and count the DAB stained
Fos nuclei within the specified region. At least 20 hemi sections were analyzed per treatment
group (CFA group and Saline group), and at least 4 slices/animal. Each section was treated
individually from each animal for performing statistical analysis and presented as mean ±
standard error of the mean (SEM) of Fos-postive cells in each region. The data were tested
for normality using the Kolomogorov-Smirnov test and considered normal, therefore
parametric statistics were performed. Comparisons of Fos expression between groups was
made using independent t-test and when Levene’s test for Equality of variance was violated
we used the ‘not assumed’ statistic. A probability of P < 0.05 at the two-tailed level was
considered significant, and the effect size r is reported. Analysis was performed using SPSS
v16 (SPSS Inc, Chicago, IL) and Field 36 was used as reference for presenting the data.

3. Results
3.1 Nociceptive behavioral assessment

CFA injection into the right masseter muscle induced three different nociceptive-specific
grooming behaviors directed to the affected facial area or area of injection when compared
to the control group injected with saline solution in their right masseter (n=8 in each group),
figure 1. These behaviors were completely inhibited by the prior administration of morphine
(5 mg/kg) but not by prior administration of saline (n=4 in each group).

3.1.1 Forepaw face rubbing—Forepaw face rubbing consisted of short vigorous and
repetitive rubbing or washing strokes over the face and snout with one forepaw or bilaterally
with both forepaws (see figure 1A). The bilateral nature of forepaw rubbing has been
reported previously, using formalin injection, in both mice and rats 24, 28. The duration of
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one forepaw facial rubbing was quantified as the lifting of the forepaws directed to the area
of injection and finalized when the animal stopped the washing motion, regardless of how
many persistent rubbing or washing strokes took place between the starting of the motion
and its cessation. These actions do not include strokes to the ears or long passes over the
whole face, the head and body (Please see link of video 1) https://files.nyu.edu/mrr7/public/
Video1Forepawfacialgrooming.avi Mice injected with CFA alone showed significantly
different responses to those injected with just saline (F1,14 = 63.25, P < 0.001) and this
presented as an increase in the duration of forepaw face rubbing behavior compared to
control animals. While the behavior showed a steady decrease in duration over the 60
minutes observation period, the CFA and saline group remained significantly different
throughout the behavioral assessment. When morphine injection preceded the injection of
CFA or saline into the masseter muscle there was no significant difference between these
groups (F1,6 = 3.05, P = 0.13), but there was a significant difference between the CFA alone
and CFA with morphine groups (F1,10 = 29.91, P < 0.001). This indicates that morphine
inhibited this nociceptive grooming pattern in the CFA animals (Fig. 2A).

3.1.2 Lower lip skin/cheek rubbing against enclosure floor—The lower lip skin/
cheek behavior consisted of repetitive rubbing of the inferior (lower lip skin) and lateral
mandibular regions (cheek) against the bottom or side of the enclosure (see figure 1B). The
duration of one lower lip skin/cheek rubbing behavior was quantified as the placement or
contact of the lower lip skin and/or cheek of the side of the injection against the bottom of
the enclosure and finalized by the cessation of the rubbing motion with the lifting of the face
(Please see link of video 2) https://files.nyu.edu/mrr7/public/Video2Lowerlipskin-
cheekgrooming.avi

Mice injected with CFA exhibited a significant increase in duration of this behavior in
comparison with controls (F1,14 = 30.68, P < 0.001), across the 60 minute observation
period. The nociceptive behavior after CFA did decrease over the observation period, and
was no different to saline injection at the 54 (t7=1.7, P = 0.132) and 60 (t7= 1.0, P = 0.351)
minutes time points. However, the data were significantly different from 6–48 minutes with
the duration of behavior being greater during the first 18 minutes of observation. Again, the
injection of morphine prior to CFA injection inhibited this behavior, as highlighted by that
fact there was no difference between the CFA-morphine and saline-morphine groups when
injection was preceded by morphine (F1,6 = 0.22, P = 0.654), but there was a significant
difference between the CFA alone and CFA with morphine groups (F1,10 = 15.0, P < 0.005)
(Fig. 2B).

3.1.3 Hindpaw face scratching—Hindpaw face scratching consisted of repetitive rapid
short scraping motions with the claws of the ipsilateral hindpaw directed to the area of
injection (see figure 1C and link of video 3) https://files.nyu.edu/mrr7/public/
Video3Hindpawfacialscratching.avi

The duration of the hindpaw face scratching behavior was quantified as the lifting of the
ipsilateral hindpaw towards the area of injection and finalized by replacing the hindpaw
back to the floor regardless of how many persistent short scraping motions were performed
between lifting and replacing of the hind paw. Mice injected with CFA consistently
exhibited this behavior, whereas the control group receiving the saline injection in the right
masseter did not, (F1,14 = 45.6, P < 0.001). This difference between groups was significant
for up to 48 mins as the nociceptive responses decreased. When the injection of CFA or
saline was preceded by morphine there was no longer a significant difference between these
groups (F1,6 = 4.63, P = 0.075) but there was a significant difference between the CFA
alone and CFA with morphine groups (F1,10 = 21.11, P < 0.005). These data again indicate
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that injection of morphine markedly inhibits the hindpaw scratching behavior triggered by
CFA injection in the masseter muscle (Fig. 2C).

In all behaviors studied morphine had no direct effects in control animals.

3.2 Histological assessment of neuronal activation after masseter injection of CFA
3.2.1. Comparison between CFA and saline—We also examined Fos protein
expression in the region of the trigeminal nucleus caudalis (Sp5C, an area known to be
involved in trigeminal nociceptive processing2, 3) 2 hours after injection of CFA in the right
masseter muscle. All the data were considered normal using the Kolmogorov-Smirnov test.
The expression of Fos protein was found predominantly in the dorsomedial region of Sp5C,
which is specific to the mandibular (V3) region of the trigeminal nerve37, and mainly in
laminae I and II (see figure 3B), which receives nociceptive specific inputs, similar to the
spinal dorsal horn 38, 39. Fos protein expression was significantly higher in Sp5C in CFA
mice after 2 hrs (79 ± 4 cells, t24.3 = 15.9, P < 0.001) compared to saline animals (18 ±1
cell, figure 3A) and with a large effect size (r = 0.96). These studies provide histological
confirmation of neuronal activation in brainstem regions involved in nociceptive processing
that is associated with the nociceptive grooming behaviors in mice injected with CFA.
Interestingly there was also a significantly higher expression of Fos protein in the CFA
group with a large effect size (49.8 ± 4 cells, t24.9 = 8.8, P < 0.001, r = 0.87) compared to
the saline (13.2 ± 1 cell) when the contralateral side to the injection sites were compared.
Example micrographs of Fos immunoreactivity in the ipsilateral trigeminal nucleus can be
found in figures 3C and D.

3.2.2 Comparison between ipsilateral and contralateral injection sites—As
indicated above, there was also an increase in the expression of Fos protein as a
consequence of CFA injection compared to saline on the contralateral side to injection, as
well as with the ipsilateral comparison. We therefore compared ipsilateral and contralateral
Fos immunoreactivity within each injection group, (Fig. 3A). In the CFA group at 2 hrs,
there was significantly higher expression of Fos protein and large effect size (t42 = 5.4, P <
0.001, r = 0.64) on the ipsilateral side (79 ± 4 cells) compared to the contralateral side (18
±1 cell). In the saline group, the ipsilateral side to injection (49.8 ± 4 cells) also expressed
significantly higher Fos protein (t48 = 3.0, P < 0.01) compared to the contralateral side (13.2
± 1 cell) but the effect size was only small (r = 0.40)

4. DISCUSSION
There are several rodent models for the study of different types of acute and chronic pain.
While these models have been developed primarily in rats, the development of transgenic
mice technology has necessitated adaptation of these models for their use in mice. Most
current well characterized behavioral assays are significantly limited by the fact that they
generally measure responses to evoked sensory modalities, such as mechanical or thermal
stimuli, and animals have control over the duration of these stimuli 15, 21, 40–42. These
evoked responses typically measure hyperalgesia or allodynia in both neuropathic and
inflammatory pain. Moreover, it has been shown that spontaneous pain both of neuropathic
and inflammatory origin is related to increase in frequency in intact C fibers in contrast to
allodynia 43. Patients with chronic pain may not always experience allodynia and
hyperalgesia while they consistently report spontaneous pain. In patients with neuropathic
pain measuring spontaneous pain is a much more reliable pain rating than is the
measurement of hypersensitivity 17.Spontaneous (non-evoked) pain behavior is not being
measured routinely in animal models of neuropathic or inflammatory pain 44. Animal
models that quantify spontaneous (non-evoked) pain behavior to neuropathic and
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inflammatory pain induction may have significant advantages over those that primarily
measure hyperalgesia.

At the bedside, the pain response comprises a range of different sensations resulting in a
range of different symptoms 45, 46. Each patient’s description of their pain experience can be
very subjective and therefore challenging to interpret. At the bench the measurement of
spontaneous behaviors in response to nociception, in a small mammal such as the mouse, is
an even greater challenge. We cannot ask a mouse where and how it hurts. Therefore, new
methods of assessing non-evoked pain have the potential to be of great translational research
value.

Normal grooming behaviors in freely moving animals have been well-described previously
and behaviors such as scratching, nibbling, rubbing are defined by ethologists as a primary
biological function concerned with the care of the body surface 47. These behaviors serve
multiple functions including maintenance of the pelage,47, 48, pheromone secretion used for
social signalling47, 49 and thermoregulation49. These behaviors are described as very
prolonged episodes of attention to the pelage 24, 48, typically showing a rostrocaudal
progression with long symmetrical and stereotyped face grooming sequences at the
transition from one body part to the other and not only directed to one part of the
body 24, 50, 51. Grooming behaviors are altered by painful stimulation, such that they present
a different organization pattern, occurring in short episodes directed strictly to the area that
is painful 11, 24, 27. Such alterations in behavior have been observed after formalin injection
in the face 11, 24, 28 and paw 52, and noxious thermal stimulation of the paw 52, 53.

In this study we describe a set of nociceptive-specific, non-evoked grooming behaviors that
occur when pain is present in the orofacial region. Previous studies have demonstrated that
nociceptive input arising from structures innervated by the trigeminal nerve causes persistent
facial rubbing or washing strokes directed to the area of lesion in the orofacial
region 15, 21, 24, 28. Our observations show two additional patterns of grooming behavior
directed to the facial region: lower lip skin/cheek rubbing against the enclosure floor and
hindpaw face scratching.

There is anecdotal evidence that spontaneous pain such as sensations of burning and
lancinating spontaneous dysesthesia developed within minutes at the site of an accidental
CFA injection in a human 30. If we take into consideration this human pain experience in
response to CFA injection the grooming patterns that we observed in mice can be used as a
correlate to a pain experience in these animals in the orofacial region. We found that the 3
distinct grooming behaviors described in this study occurred with a reproducible pattern
following CFA injection. These behaviors were quantifiable at the first time point and
reduced to baseline levels by 60 mins. These nociceptive grooming behaviors were all
inhibited by prior administration of morphine.

Forepaw face rubbing, consisted of sustained and persistent, washing strokes executed with
one or both forepaws and directed to the site of injection. This behavior is similar to that
which has been previously described 28 (video 1/Fig. 1A).

Mice also presented with another form of behavior directed to the area of injection. This
behavior involved rubbing the lower lip skin and cheek of the area of the injection site
against the enclosure floor or lower corners (video 2/Fig. 1B). This was also significantly
increased in duration when compared with the saline injected group across the 60 minute
observation period, and showed a consistent time course with decreasing frequency over
time. The rubbing action presents itself in a series of short, sometimes repetitive episodes,
directed exclusively to the affected area (masseter muscle) and sometimes it can be present
before and after, or after, the persistent facial rubbing or washing strokes. (Please see link of
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video 4) https://files.nyu.edu/mrr7/public/Video4Lowerlipskin-
cheek&facialgroomingsequence.avi

It is well known that gentle stroking or rubbing of an injured area may help to alleviate pain
in humans 54. It was observed that lower lip skin/cheek and face rubbing behaviors were
most intense during the 15 minutes. It is possible that these rubbing behaviors in mice are a
response intended to reduce pain. Studies have reported that another afferent unmyelinated
C-fiber system called C tactile afferents (CT) are activated by gentle touch 55, 56.
Interestingly, activation of these CT fibers has in turn been reported to reduce nociceptive
signaling and consequently may reduce pain perception 56–59. In our model, the action of
rubbing the affected area could be an indication that even small mammals such as the mouse
possess a more elaborated tactile sensitivity.

Mice injected with CFA in the right masseter muscle also showed a distinctive hindpaw face
scratching behavior when compared with the control group that received the saline injection.
The scratching motion involves persistent scratching actions directed toward the area of
injection and performed by the ipsilateral hindpaw (video 3/Fig. 2C). Scratching is generally
considered to be a reflex response to sensing an itch, and while itch is an unpleasant sensory
experience it is not considered the same as pain 60. It is known that opioids can enhance itch
perception 61–63, particularly when they are administered spinally 64. However, we did not
observe an increase in scratching response with animals injected with morphine SC, and
indeed the scratching response was inhibited by morphine and therefore we consider the
behavior to be nociceptive specific.

Each of the three behaviors in response to CFA injection in the masseter was completely
inhibited by prior injection of morphine 5 mg/kg SC. This dose of morphine did not result in
any change in grooming behavior in control animals in which saline rather than CFA was
injected in the masseter. The inhibition of these behaviors by morphine indicates that each is
inhibited by analgesia mediated primarily by the μ-opioid receptor.

The nociceptive behaviors that animals presented after the CFA injection were correlated
with an increase of Fos expression at the level of the trigeminal nucleus caudalis (Sp5C)
predominantly in the region which receives nociceptive-specific inputs, laminae I and II 39

compared to the saline group and also compared to the contralateral side of injection (Fig.
3). While some Fos cells were also found in laminae III and IV which receives innocuous
inputs, this is understandable given the non-noxious grooming stimulation to the orofacial
region, but the majority were in the nociceptive-specific region. This neuronal activation has
been reported in similar studies in rats with inflammation in the temporomandibular joint as
well as the masseter muscle 1–5, 65, 66. The pattern of Fos expression is therefore consistent
with the conclusion that the non-evoked behaviors observed in the animals injected with
CFA were mediated by trigeminal neuronal nociceptive activation as a result of an
inflammatory stimulus.

Fos protein expression was also observed in the contralateral Sp5C region as reported
previously 1–5, 65, 66. Ipsilateral Fos expression at the level Sp5C in the CFA group was
significantly higher compared to the contralateral side to injection (Fig 3C). Sp5C may have
an important role in the neural pathways underlying bilateral activation of muscles of
mastication 67. Nociceptive stimulation of the masseter and the TMJ has been shown to
reflexively activate electromyographic (EMG) activity of the ipsilateral and contralateral
masseter muscle in rats 68. The Sp5C may have a role in reflex control of oral motor
activities in the presence of masseteric pain65 The development of not only ipsilateral but
contralateral hyperalgesia after masseteric injection of an inflammatory substance has been
shown to be in response of innocuous mandibular movements 65. This may also explain why
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on some occasions there were bilateral facial rubbing strokes. This could be of interesting
clinical relevance since very frequently patients with unilateral masseter muscle pain report
bilateral pain and tenderness to palpation.

We chose an inflammatory mediator because acute and chronic inflammation is known to be
responsible for the sensitization of peripheral sensory neurons, giving rise to spontaneous
pain and hypersensitivity. Spontaneous pain is the result of activation of nociceptors by
inflammatory mediators 18–20 and also inflammatory pain may be an important component
of the response to orofacial injury, infection, and surgery, and may also be a component of
migraine. We chose to study the effects of CFA over other inflammatory agents because the
major aim of the study was to characterize markers of nociceptive behaviors in response to
an inflammatory nociceptive stimulus, which could ultimately be used to test both acute and
chronic models of spontaneous nociceptive behavior in the head and facial region. While the
effects of CFA are more typically studied over longer time periods (days) during which a
chronic inflammatory response occurs, there is evidence of Fos immunoreactivity in the
TNC after only 2 hrs 3, 5 that allows direct comparison. Moreover, the case report of a single
individual accidentally injected with CFA described above illustrates pain beginning
minutes after the injection, and lasting for 2 hours 30. Additionally, while the acute effects of
inflammatory mediators such as capsaicin and mustard oil may have been described
previously 65, 69 these agents are not commonly used in chronic models of pain. The above
studies and observations regarding CFA support our own observations of an acute response
to CFA. Ongoing studies will also evaluate the specific mechanisms underlying this acute
response to CFA, as well as the relationship of this acute response to the more chronic
effects of CFA that follows.

5. CONCLUSION
This study describes a set of quantifiable markers of mouse orofacial nociceptive non-
evoked behaviors. These behaviors are elicited by inflammatory pain in the trigeminal
distribution and are correlated with neuronal activation as represented by Fos expression in
the Sp5C.

These behavioral markers represent a translational tool that can take advantage of transgenic
technology 70, and can be used to characterize the effects of treatments for spontaneous
nociception (pain) in the orofacial region as well as to increase our understanding of the
neurobiology of trigeminal pain.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Line drawings of mouse behaviors following injection of CFA in the masseter
A). Mouse exhibiting bilateral forepaw face rubbing, which consists of repetitive rubbing or
washing strokes over the face and snout with one or both forepaws. These actions do not
include strokes to the ears or long passes over the whole face. B). Mouse demonstrating
lower lip skin/cheek rubbing against enclosure floor. This behavior consisted of repetitive
rubbing of the inferior (lower lip skin) and lateral mandibular regions (cheek) against the
bottom or side of the enclosure. C). Mouse performing hindpaw face scratching. The
behavior consisted of repetitive rapid short scraping motions with the claws of the ipsilateral
hindpaw directed to the area of injection. The cross-hatched area on each mouse face is the
specific area of the face where the particular nociceptive behavior is directed.
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Figure 2. The effects of complete Freund’s adjuvant (CFA) injection in the masseter muscle on
nociceptive behaviors
A). There was a significantly higher duration of persistent and sustained forepaw facial
rubbing actions directed to the site of injection in mice injected with CFA compared with
saline, that lasted over 54 minutes. Subcutaneous injection of morphine in the scruff of the
neck prior to CFA injection, prevented this nociceptive forepaw facial rubbing behavior,
which was significant compared to the CFA alone group (P < 0.001).
B). There was a significantly higher duration of lower lip skin/cheek rubbing against the
enclosure floor on the side of injection in mice injected with CFA compared with saline that
lasted over 45 minutes, and this nociceptive behavior returned to control levels at after 50
minutes. There was no difference between the CFA and saline groups when the injection
was preceded by subcutaneous morphine injection to the scruff of the neck. This lower lip
skin/cheek rubbing nociceptive behavior was prevented by the prior injection of morphine.
C). There was a significantly higher duration of hindpaw facial scratching performed by the
ipsilateral hind paw in the area of the injection with CFA, compared with saline (P < 0.001).
When the injection of CFA or saline into the masseter muscle was preceded by morphine
there was no longer a significant difference between these groups. Prior subcutaneous
morphine injection in the scruff of the neck prevented the scratching action induced by the
CFA injection in the right masseter. Values are expressed as mean ± SEM throughout. P <
0.05 was considered significant.
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The fact that the lines for saline, morphine-CFA and morphine-saline are superimposed is an
indicator that there was very little difference between these groups as illustrated by the
statistics.
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Figure 3. Fos immunoreactivity in the trigeminal nucleus after CFA or saline injection in the
masseter muscle
The nociceptive behaviors that mice presented after the CFA injection in the right masseter
muscle were correlated with an increase of Fos expression at the level of the trigeminal
nucleus caudalis (Sp5C), specifically in laminae I and II, which received input from
nociceptive fibers, when compared to the group that received a saline injection in their right
masseter muscle.
A). Fos protein expression was significantly higher in the ipsilateral Sp5C in mice that
received CFA injection compared to saline. Contralateral Fos protein expression in Sp5C
was also significantly higher in the CFA group compared to the contralateral Fos expression
of the saline group. In mice injected with CFA, Fos protein expression in Sp5C on the
ipsilateral side was significantly higher compared to the contralateral side to injection, with
a major effect size. Likewise Fos expression on the ipsilateral side was also significantly
higher compared to the contralateral side after saline injection, but with a small effect size.
Data are presented as mean ± SEM of Fos positive cells/hemisection. *P < 0.05, significance
of CFA compared to the saline injection group. # P < 0.05, significance of ipsilateral
compared to contralateral to injection site.
B) Schematic of the lamina organization of the mouse trigeminal nucleus caudalis at
−8.24mm caudal to bregma. Adapted from Paxinos and Franklin 34, 71. Representative
microphotographs of Fos expression in the ipsilateral trigeminal nucleus 2 hrs after C).
saline or D). CFA injection in the masseter muscle, shown using x10 objective and scale bar
= 100 μm.
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