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Abstract

Establishing a valid animal model to study temporomandibular joint (TMJ) pain has proven extremely difficult. Using complete Freund’s
adjuvant (CFA) to induce TMJ inflammation, we recently showed that meal pattern analysis could be used as a noninvasive biological marker to
study TMJ pain in an animal model. The purpose of this study was to further validate our animal model by determining whether aspects of CFA-
induced TMJ inflammation/pain are reversed with ibuprofen (IBU) treatment. In the first trial, 48 male rats were used and in the second trial, 32
female ovariectomized rats, given 173-estradiol replacement, were used. The rats were assigned to one of four groups: control (CON — CON);
control+IBU (CON+IBU); CFA —CON; and CFA+IBU. In the male trial, CFA injection (P<.01) caused TMJ swelling and
chromodacryorrhea (CFA — CON); IBU eliminated these changes in the CFA+IBU group. Meal pattern analysis showed the pertinent
CFA-induced change and the IBU effect was that meal duration was increased in the CFA — CON group ( P <.01), but normal in the CFA + IBU-
treated group on the first, but not second, day postinjection. In the female trial, CFA increased TMJ swelling, but did not cause significant
chromodacryorrhea (CFA — CON); IBU eliminated swelling in the CFA + IBU group. Meal duration was increased ( P <.01) in the CFA — CON
group, but was normal in the CFA +IBU-treated group on both the first and second days postinjection. In both trials, interleukin-13 (IL-103)
levels were increased similarly in CFA — CON and CFA +IBU groups (P <.01). This study shows that CFA-induced TMJ inflammation/pain

can cause changes in meal patterns (i.e., meal duration), which may be used as a behavioral marker for TMJ inflammation/pain.

© 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction

The underlying physiological mechanisms of temporo-
mandibular joint (TMJ) disorders are still poorly understood
and difficult to study in humans. TMJ disorders, especially
those associated with inflammation, often include biological
and behavioral components (Stohler et al., 1988; Sessle,
1999a,b; Sessle and Hu, 1991).

There has been a lack of a noninvasive marker to study
TMJ inflammation/pain in an animal model. The study of
feeding behavior through detailed meal pattern analysis may
provide such a marker (Bellinger and Mendel, 1995; Bel-
linger and Williams, 1995; Bellinger et al., 1997; Glendin-
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ning and Smith, 1994). As the TMJ is the principal joint
associated with mastication, it is conceivable that during
TMIJ inflammation/pain, avoidance behavior will be man-
ifested in altered chewing patterns (Harper et al., 2000a).

We showed that food intake and, more specifically, meal
patterns are changed following initiation of inflammation in
the TMJ with complete Freund’s adjuvant (CFA) (Harper et
al., 2000b). Alteration of meal patterns, and in particular
meal duration, was correlated to parameters of inflammation
such as external swelling, chromodacryorrhea (red eye
tearing), histology, retrodiscal tissue interleukin-13 (IL-103)
and trigeminal ganglion calcitonin gene-related peptide and
substance P levels, brainstem subnucleus caudalis calcitonin
gene-related peptide and substance P levels, and altered
diurnal corticosterone (CORT) secretion (Harper et al.,
2001; Hutchins et al., 2000).

It was the aim of the present study to further validate this
animal model of TMJ inflammation/pain as quantified by
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meal pattern analysis by demonstrating that prophylactic
administration of an anti-inflammatory drug, ibuprofen
(IBU), prior to initiation of inflammation and following
experimentation would diminish the inflammatory/pain
response and return altered meal patterns toward normal
baseline (control) values. IBU has a proven role in modu-
lating inflammation as well as providing analgesia. As non-
steroidal anti-inflammatory drugs are available over the
counter and are relatively inexpensive, they are an ideal first
choice in medicine for a person experiencing joint inflam-
mation/pain. Moreover, a successful animal model would
lend itself to testing various manipulations of the TMJ and
allow quantifiable testing of pharmaceutical agents directed
at TMJ disorders.

Gender differences exist in the prevalence of TMJ dis-
orders (LeResche, 1997; LeResche et al., 1997; Carlsson,
1999), in meal patterns under normal conditions (Blaustein
and Wade, 1977; Tarttelin and Gorski, 1971); following CFA
injection (Kerins et al., submitted for publication) in noci-
ception responses (Fillingim and Ness, 2000); in response to
opioids (Kest et al., 2000) and in response to IBU (Walker
and Carmody, 1998). Therefore, in the present study, both
male and female rats were included in the test of the model.

2. Materials and methods

In the first trial of this study, male rats were used and in
the second trial, female rats were employed. The Baylor
College of Dentistry’s Institutional Animal Care and Use
Committee approved the experimental protocol. Forty-eight
Sprague—Dawley young adult, sexually mature male rats
(n=12 per group) and 32 ovariectomized young adult,
sexually mature female rats (n=8 per group) (Harlan
Industries, Houston, TX) were caged individually in
sound-attenuated modules equipped with photobeam com-
puter-activated pellet feeders and allowed to adjust to the
surroundings (Bellinger et al., 1997). The rats were kept on
a 12:12-h light—dark cycle with lights on at 1300 h.

A normal and predictable estrous cycle (Butcher et al.,
1978) was maintained in the ovariectomized rats by giving
each female rat 17(3-estradiol (750 ng/day) replacement by a
subdermally implanted 14-day Alzet osmotic pump (Durect,
Cupertino, CA). This started on the day of arrival, which was
12 days prior to experimentation. The female rats were also
injected subcutaneously with 173-estradiol (800 ng/rat in
sesame seed oil) every fourth day to mimic the rat’s normal
estrous cycle (Butcher et al., 1978). The rationale for using
these methods is that total food intake and meal patterns vary
during the normal estrous cycle of the rat (Tarttelin and
Gorski, 1971) and these differences are attributed to estrous
changes in plasma 173-estradiol concentrations (Blaustein
and Wade, 1977; Varma et al., 1999). Within a group of rats,
individual animals may be in different stages of their estrous
cycle (proestrus, estrus, metestrus, or diestrus) and thus have
divergent feeding patterns. Therefore, by using the above

paradigm, the estrous cycles and meal patterns of the rats
were standardized and it was possible to give the injection of
CFA on the day before the rats entered estrus (Butcher et al.,
1978). The timing of the CFA injection was chosen because
it has been demonstrated that female rats exhibit enhanced
pain responses in the proestrus phase and decreased
responses during the diestrus phase of their cycles (Fillingim
and Ness, 2000).

All rats were presented with 45-mg rodent pellets (Bio-
serv, Frenchtown, NJ) in the computerized feeding modules.
Removal of a pellet from the trough of the feeder allowed the
photobeam to signal the computer to drop another pellet into
the trough and to record the time each pellet was released. The
record of pellets dropped over time was computer-analyzed
with a proprietary computer program to establish the meal
patterns (i.e., meal size, meal duration, intermeal interval, and
meal frequency) (Bellinger et al., 1997). The rats were given
time prior to experimentation to get adjusted to the feeders,
the surroundings, and the water system. As the cages have a
raised grill-type floor, spillage, droppings, and urine are
collected in a pan below, all of which are maintained within
the sound-attenuated chamber. After the adjustment period,
the rats typically spill less than five pellets per day.

After 5 days of familiarizing themselves with the feeders,
the rats were then divided into four groups: Group 1, control
(CON — CON); Group 2, control+IBU (CON +1BU);
Group 3, bilateral TMJ, CFA-injected (CFA — CON); and
Group 4, bilateral TMJ, CFA-injected +IBU (CFA +1BU).

Starting 24 h prior to the day of experimentation and 2
days thereafter, rats in Groups 2 and 4 received two equal
doses of IBU (Children’s Motrin; McNeil-PPC, Fort Wash-
ington, PA) orally by feeding tube at 0730 and 1800 h (total
dose, 60 mg/kg/day) (Sharp and LaRegina, 1998; Hawk and
Leary, 1995).

At the initiation of the experiment, rats were removed
from their cages at 1300 h and anesthesized with a solution
of ketamine (52 mg/kg) and Rompun (0.5 mg/kg), which is
60% of the normal surgical dose. The control groups
(CON — CON and CON +IBU) were anesthesized, but did
not receive TMJ injections. Groups CFA —CON and
(CFA +1BU) received a 50-ul (paraffin 0il/10 pg Mycobac-
terium tuberculosis) solution of CFA injected bilaterally into
the superior joint space of the TMJ (Carleson et al., 1996,
1997; Mazzier et al., 1967). We have previously shown
(Harper et al., 2001) that there are no differences between
noninjected controls and saline-injected animals in the
parameters measured in this study. All rats were mobile
within 20 min or less after induction of anesthesia. At the
time of injection, the males weighed approximately 190 g
and the females weighed approximately 230 g.

Twenty-four hours following injection, external signs of
swelling and chromodacryorrhea (red eye) were graded in
double-blinded fashion by the following analog scale:
0=none, 1 =mild, 2=moderate, and 3 = severe.

Forty-eight hours after injection of CFA, the rats were
killed by decapitation, within 20 s of removal from their
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cages, in order to obtain stress-free blood samples. Blood
samples were collected in tubes coated with EDTA and
immediately placed on ice. Plasma was separated in a
refrigerated centrifuge and stored at — 20 °C. The severed
heads were placed in plastic bags, submerged in an ice bath,
and retrodiscal tissue was dissected and then rapidly frozen in
liquid nitrogen and stored at — 80 °C for later IL-1 3 assay.

Prior to IL-1 3 ELISA assay (R&D Systems, Minneap-
olis, MN), total TMJ protein content was determined for
each sample by standard Folin Lowry assay; IL-13 was
expressed as picograms per milligram of protein. Plasma
173-estradiol in the female rats and CORT were determined
using radioimmunoassay kits from Diagnostic Systems
Laboratories (Webster, TX) and ICN Biomedical, Diagnost-
ics Division (Costa Mesa, CA), respectively.

Food intake, meal parameters, IL-13, and hormone data
were analyzed by one-way and two-way analyses of vari-
ance with or without repeated measurements. Data found to
be significant were further analyzed by Duncan’s multiple
range test to determine the location of the significant differ-
ences. Swelling and chromodacryorrhea analog scores were
analyzed using Kruskal—Wallis one-way analysis of vari-
ance and data found to be significant were further analyzed
by using Mann—Whitney U test.

3. Results
3.1. Trial 1 (males)

The analog score for swelling was significantly increased
in the CFA —CON group relative to CON —CON and
CON+1IBU (Fig. 1). The increase in swelling was dimin-

ished significantly with IBU treatment in the CFA +IBU
group and the swelling score for this group was not
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Fig. 1. Visual analog scale score for TMJ area swelling. Mean+S.E.M.
(n=12 per group). Swelling was significantly increased in Group 3
(complete Freund’s adjuvant [CFA]) relative to controls 24 postinjection.
This increase was attenuated in Group 4 (CFA +ibuprofen [IBU]J).
Significance: a vs. b=P<.01.
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Fig. 2. Visual analog scale score for chromodacryorrhea. Mean+S.E.M.
(n=12 per group). Chromodacryorrhea was significantly increased in
Group 3 (CFA-treated) relative to control (CON) Groups 1 and 2 (CON and
CON+IBU) 24 h postinjection. Chromodacryorrhea was significantly
decreased by administration of IBU to Group 4. Significance: a vs.
b=P<.01 (see Fig. | legend for additional abbreviation).

significantly different from the control groups. The analog
score for chromodacryorrhea (Fig. 2) was also significantly
increased in the CFA — CON group relative to CON — CON
and CON+IBU groups. Chromodacryorrhea was signific-
antly (P<.01) decreased by administration of IBU to the
CFA +1IBU and the chromodacryorrhea score for this group
was not significantly different from the control groups.
There was no significant difference among groups in
plasma CORT levels, but there was a trend (P<.17) for

Table 1

Twenty-four-hour food intake the day prior to treatment (Preday) and 2
days (Post 1 and Post 2) thereafter, in male (n=12 per group) and female
(n=8 per group) rats

Preday Post 1 Post 2
Male rats
CON — CON 20.6+1.1 15.8+£0.8 20.6+0.9
CON+IBU 19.2+1.0 14.4+0.7 18.9+0.8
CFA — CON 19.4+0.5 12.1£1.6* 20.0+1.5
CFA +1IBU 17.6+£1.0 11.1+1.6** 16.1£1.2
Female rats
CON — CON 143+1.7 15.1+0.9 157+1.4
CON +1BU 14.6+1.3 10.9 £0.9%** 11.3+£1.3%**
CFA — CON 13.9+1.8 122+1.2 14.4+0.6
CFA +1BU 11.4+1.6 9.0+ 1 3wkt 9.2 1,6 %% okt

The data are expressed as mean+ S.E.M.
Group 1, noninjected control; Group 2, noninjected control +ibuprofen
(IBU); Group 3, CFA injected bilaterally into the TMJ; and Group 4, CFA
injected bilaterally into the TMJ+IBU.

* Group 3 vs. Group 1, P<.05.

** Group 4 vs. Group 2, P<.05.

**% Group 2 vs. Group 1, P<.05.

***%  Group 3 vs. Group 4, P<.01.

T Group 3 vs. Groups 2, P<.01.

¥ Group 4 vs. Group 1, P<.01.
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Table 2

Meal size (grams) the day prior to treatment (Preday) and 2 days (Post 1 and
Post 2) thereafter, in male (n=12 per group) and female (n=8 per group)
rats

Table 4

Twenty-four-hour meal number the day prior to treatment (Preday) and 2
days (Post 1 and Post 2) thereafter, in male (n=12 per group) and female
(n=8 per group) rats

Preday Post 1 Post 2 Preday Post 1 Post 2

Male rats Male rats

CON — CON 1.6£0.1 1.5+0.1 1.8+0.1 CON — CON 13.0£1.0 10.8+0.7 11.8£0.8
CON+IBU 1.8+£0.3 1.4+0.8 1.5+0.1 CON+I1BU 13.0+0.9 10.5+0.7 12.8+0.8
CFA — CON 1.4£0.1 1.5+0.6 1.9+0.2 CFA — CON 14.3+0.9 7.6+0.7* 11.0£0.6
CFA +1BU 1.5+£0.1 1.3+£0.1 1.7+0.1 CFA +1BU 11.9+£0.6 8.9+£0.9 10.0+0.8
Female rats Female rats

CON — CON 1.2+£0.2 1.1£0.1 1.3+0.1 CON — CON 12.3+0.6 143+1.3 12.1£1.2
CON+IBU 1.3+0.1 1.1+0.1 1.1+0.1 CON+IBU 11.6+0.8 11.0+1.4 11.1£1.0
CFA — CON 1.3£0.1 1.2+£0.2 1.6£0.1 CFA — CON 11.0£1.4 9.5£1.0 9.4=+1.1
CFA +1BU 1.0£0.1 0.8+0.1 0.8+0.1%* CFA +1BU 11.1£1.6 10.9+1.3 10.5+£1.3

The data are expressed as mean+S.E.M.
Group 1, noninjected control; Group 2, noninjected control +ibuprofen
(IBU); Group 3, CFA injected bilaterally into the TMJ; and Group 4, CFA
injected bilaterally into the TMJ+1BU.

* Group 3 vs. Group 4, P<.01.

plasma CORT to be elevated in the CFA —CON group
(27.2£5.8 ng/ml) relative to CON — CON (15.3£3.3 ng/
ml) and CON+IBU (15.94+2.0 ng/ml). Compared to the
CFA — CON, the CORT group was slightly lower than the
CFA +1BU group (20.1£4.5 ng/ml).

Total food intake on the days prior to experimentation
was not significantly different among groups (Table 1). The
24-h intake of CON — CON and CON+1BU did not differ
at any time; thus, IBU alone did not affect the 24-h food
intake (Table 1). Compared to the CON — CON group, the
24-h food intake of the CFA — CON group was significantly
(P<.05) attenuated on the first, but not the second, day
postinjection. Similarly, the 24-h food intake of CFA +IBU
was significantly (P <.05) less than CON+IBU group on
the first, but not the second, day postinjection.

Meal pattern analysis comparing Day — 1 with Day +2
demonstrated no effect of IBU or CFA treatment on the

Table 3

Twenty-four-hour intermeal interval (in seconds) the day prior to treatment
(Preday) and 2 days (Post 1 and Post 2) thereafter, in male (n=12 per
group) and female (n=28 per group) rats

Preday Post 1 Post 2
Male rats
CON—-CON  5566.4+287.6 6918.3+437.7 6728.7+460.4
CON+IBU 5780.2+939.2 7614.6+484.1 6237.4+397.0
CFA +CON 5177.6+404.6 8659.0+936.0 6817.9+£251.2
CFA +1BU 5607.4+267.2 10180.0+1410.9 8413.4+1248.0
Female rats
CON—CON  6659.6+547.8 5239.6+474.1 6109.3+£620.9
CON+1BU 6630.2+657.4 6178.4+547.5 6156.7+412.1
CFA +CON 8830.1+1908.3 6410.4+493.4 6193.9+£939.5
CFA +1BU 8701.8+£2607.1 6758.5+1245.0  6170.9+620.4

The data are expressed as mean+ S.E.M.

Group 1, noninjected control; Group 2, noninjected control+ ibuprofen
(IBU); Group 3, CFA injected bilaterally into the TMJ; and Group 4, CFA
injected bilaterally into the TMJ+IBU.

The data are expressed as mean+S.E.M.
Group 1, noninjected control; Group 2, noninjected control +ibuprofen
(IBU); Group 3, CFA injected bilaterally into the TMJ; and Group 4, CFA
injected bilaterally into the TMJ+IBU.

* Group 3 vs. Group 1, P<.05.

group’s Meal Size [ F(3,44)=0.59, ns] (Table 2), or Inter-
meal Interval [ F(3,44)=2.32, ns] (Table 3). CFA — CON
took significantly (P<.05) fewer meals (Table 4) than
CON — CON on the first day postinjection, but no other
comparisons were significant on Day +1 or +2. Notably,
Meal Duration (Fig. 3) was significantly [ F(3,44)=5.84,
P<.01] increased on Postinjection Day 1 in CFA — CON
relative to the CON —CON and CON+IBU control
groups. Administration of IBU to CFA+IBU was found
to normalize the increased meal duration found in Group
CFA — CON on Postinjection Day 1, but not Postinjection
Day 2.

IL-13 (Fig. 4) was significantly (P<.001) elevated in
both CFA-treated groups relative to controls; therefore, the
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Fig. 3. Meal duration (in seconds) on the day before injections (Preday) and
2 days thereafter (Post 1, Post 2). Mean+ S.E.M. (n=12 per group). Meal
duration was significantly increased on Post 1 day in Experimental Group 3
relative to control Groups 1 and 2 (CON and CON +IBU). Administration
of IBU to Group 4 was found to normalize the increased meal duration
found in Group 3 (CFA) on Post 1, but not Post 2. Significance: a vs.
b=P<.05 (see Figs. 1 and 2 legends for additional abbreviations).
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Fig. 4. TMJ tissue IL-13 (in pg/mg TMIJ protein) 2 days after CFA
injections. Mean+S.E.M. (n=12 per group). IL-13 levels were signifi-
cantly elevated in both CFA-treated groups (Groups 3 and 4) relative to
controls 48 h postinjection. Administration of IBU to Group 4 did not
significantly reverse elevated IL-13 levels. Significance: a vs. b=P<.01
(see Figs. 1 and 2 legends for additional abbreviations).

administration of IBU to CFA +IBU did not significantly
reverse the CFA-induced increase in TMJ 1L-13.

3.2. Trial 2 (females)

The analog score for swelling was significantly increased
in the CFA-treated CFA — CON relative to the CON — CON
and CON+IBU control groups (Fig. 5). This increase was
attenuated with IBU treatment in CFA +1BU and the swell-
ing score of CFA +1BU was not significantly different from
the control groups. The analog score for chromodacryorrhea
(Fig. 6) did not differ significantly among the groups; there
was a trend toward an increase in red eye in CFA — CON
group; however, this was not significant ( P=.24).
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Fig. 5. Visual analog scale score for TMJ area swelling. Mean+S.E.M.
(n=8 per group). Swelling was significantly increased in Group 3 (CFA)
relative to controls 24 h postinjection. This increase was attenuated in
Group 4 (CFA+1IBU). Significance: a vs. b=P<.01 (see Figs. 1 and 2
legends for additional abbreviations).
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Fig. 6. Visual analog scale score for chromodacryorrhea. Mean+ S.E.M.
(n=8 per group). Chromodacryorrhea did not differ significantly among
groups 24 h postinjection (see Figs. 1 and 2 legends for additional
abbreviations).

The plasma concentrations of 173-estradiol were similar
in all the groups: CON — CON, 7.3+ 1.0 pg/ml; CON +1BU,
9.5+1.8 pg/ml; CFA—-CON, 7.0+0.5 pg/ml; and
CFA+1IBU, 5.6+£0.4 pg/ml. Administration of CFA and/or
IBU did not significantly alter CORT levels: CON — CON,
256.9+70.9 ng/ml; CON+IBU, 202.3+56.9 ng/ml;
CFA — CON, 193.8+59.6 ng/ml; and CFA+1BU, 287.8+
59.3 pg/ml.

As in the male trial, on the days prior to experimentation,
the 24-h food intake of all the groups was similar (Table 1).
On the first day postinjection, the 24-h food intake was
decreased in both the IBU-treated groups (CON+IBU and
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Fig. 7. Meal duration (in seconds) on Preday and on Post 1 and Post 2.
Mean =+ S.E.M. (n=8 per group). Meal duration was significantly increased
on Post 1 and Post 2 days in Groups 3 (CFA) and 4 (CFA +IBU) relative to
Groups 1 and 2 (CON, CON +IBU). Administration of IBU to Group 4
normalized the increased meal duration on both Post 1 and Post 2 days.
Significance: a vs. b=P<.01 (see Figs. 1 and 2 legends for additional
abbreviations).
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CFA +1BU) when compared to the CON— CON group,
whereas CFA — CON’s 24-h intake did not differ signific-
antly from CON — CON. Meal pattern analysis revealed that
CFA or IBU did not affect Meal Number [ £(3,28)=0.24,
ns] (Table 4) or Intermeal Interval [F(3,28)=0.66, ns]
(Table 3). When compared to the controls, CFA or IBU
treatment did not significantly alter meal size on Day +1
(Table 2). However, on Day +2, the meal size of
CFA — CON group was greater than the CON — IBU group
(Table 2); no other comparisons were significant. Despite
the normal 24-h food intake of CFA — CON, the meal
duration of these rats (Fig. 7) was significantly increased
on Postinjection Days +1 and +2 relative to both control
groups. When meal duration of the male and female rats is
compared as a percentage change from control values,
distinct differences are noted. On Experimental Day +1,
meal duration, after CFA treatment, is increased by
283.7+51.0% in the female rats and 176.9+16.8% in the
males rats (P <.05). This same difference was manifested
on Experimental Day 2 (268.6 £52.0% vs. 168.4+17.8%,
P<.05). The data show that both CFA-injected groups
increased their meal duration, but when normalized to their
control group, the female CFA-injected group took much
longer to eat a meal than the CFA-injected male rats. In
partial contrast to the previous male trial, wherein
CFA +IBU administration of IBU normalized meal duration
only on Day + 1, meal duration of CFA +IBU in this female
trial was normalized on both Days +1 and +2.

IL-13 (Fig. 8) was significantly (P<.001) elevated in
both CFA-treated groups relative to controls; thus, as in
the male trial, the administration of IBU to CFA +IBU did
not significantly reverse the CFA-induced increase in TMJ
IL-10.
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Fig. 8. TMJ tissue IL-13 (in pg/mg TMJ protein) 2 days after CFA
injections. Mean+ S.E.M. (n=8 per group). IL-10 levels were significantly
elevated in both CFA-treated groups (Groups 3 and 4) relative to controls
48 h after injection. Administration of IBU to Group 4 did not significantly
reverse elevated IL-1(3 levels. Significance: a vs. b=P<.01 (see Figs. 1 and
2 legends for additional abbreviations).

4. Discussion

When tissue damage occurs within the construct of a
joint, functional changes typically occur initially due to the
perception and response to pain. An objective measure of
masticatory efficiency can readily be determined by com-
puter measurement and analysis of meal patterns. In a
typical limb joint such as the ankle or knee, pain due to
tissue damage normally results in an adaptive behavioral
response classified as a limp, which represents in part an
attempt to guard against the damage and pain during
locomotion (Stohler et al., 1988). The joint associated with
the locomotion of the jaw, principally during mastication, is
the TMJ. Consequently, one might hypothesize that CFA-
induced TMJ inflammation/pain would alter masticatory
function. Further rationale for suggesting meal pattern
analysis as a pain marker stems from a clinical study of
juvenile rheumatoid arthritic children (Harper et al., 2000b).
That study looked at chewing performance as an objective
measure of masticatory function, and showed that the
juvenile rheumatoid arthritic children with TMJ disease
symptoms changed their chewing habits to presumably
guard against pain (Harper et al., 2000b). Also in support
of TMIJ, pain-altering meal patterns are the findings by
Westberg et al. (1997), who showed that nociceptive mech-
anisms slowed the rhythm of fictive mastication after
chemical stimulation of masseter muscle nociceptors of
decerebrate, paralyzed rabbits. It is also clear that ingestion,
mastication, and deglutition of food are essential for sur-
vival. Since the mechanical aspect of feeding is widespread
among animals, the use of meal pattern analysis to study
TMIJ pain may prove to be a useful technique.

In this study, we tested the validity of the animal model
of meal pattern analysis in establishing a potential non-
invasive marker of TMJ pain induced by CFA inflammation
and its sequelae. Blocking one of the CFA-induced inflam-
matory pathways (i.e., arachidonic acid) by administration
of IBU further tested this model.

With regard to the use of IBU, it should be noted that
there are other more potent anti-inflammatory agents (e.g.,
dexamethasone or methotrexate) that could be used; how-
ever, these have more significant systemic side effects.
Previously published dose—response studies suggested that
the analgesic effect of IBU followed a dose-dependent
relationship that plateaued at the 50- and 100-mg/kg levels
(Price et al., 1996). Lictenberger et al. (2001) similarly
found the analgesic activity of IBU to occur at the 50 mg/
kg level as opposed to lower levels. A dose of 60 mg/kg
IBU was chosen in this study as it falls between the anti-
inflammatory dose and the maximum analgesic dose.

In the present study, CFA caused increased swelling,
increased chromodacryorrhea (males only), and increased
retrodiscal tissue IL-13 levels. All of these variables are
direct indicators of inflammation and indirect indicators of
pain (Kopp, 1998; Nordahl et al., 1998; Harper et al.,
2000b). However, CFA treatment increased the pain neuro-
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transmitters calcitonin gene-related protein and substance P
in the trigeminal ganglia and brainstem subnucleus caudalis,
suggesting that hyperalgesia potentially occurs following
CFA TMJ injection (Hutchins et al., 2000). These earlier
data lend themselves to the possibility that meal pattern
differences seen in the present study are most likely not due
to a simple mechanical alteration of joint function by tissue
swelling, but rather are induced by pain. Preliminary data
from our laboratory (Marr et. al., submitted for publication),
in which an analgesic agent (butorphanol) was used, support
this hypothesis.

In support of a CFA-induced stress response is the
finding of chromodacryorrhea or red tears and tissue swell-
ing. Chromodacryorrhea is due to a stress-induced excessive
production of porphyrins by the Harderian gland in the rat
(Donnelly, 1997). The nasolacrimal duct releases a por-
phyrin, which dries around the eyes and external nares.
Chromodacryorrhea can be produced following acute stress
induced by limb restraint, pain, or illness (Harkness and
Ridgway, 1980). Additionally, chromodacryorrhea has been
suggested to be an indicator of a chronic underlying disease
(Donnelly, 1997). The present data suggest that stress
associated with CFA-induced TMJ inflammation/pain can
also induce chromodacryorrhea and tissue swelling. These
were associated with an increase in meal duration in male
rats. IBU treatment reversed these changes in male rats. The
IBU treatment reversal of chromodacryorrhea and tissue
swelling was associated with a normalization of meal
duration. Interestingly, the same dose of CFA given to
female rats produced significant swelling, but did not
produce significant chromodacryorrhea. Nevertheless, CFA
treatment still lengthened meal duration. Treatment with
IBU reversed the tissue swelling and normalized meal
duration. These data suggest that while gender differences
do exist in some of the animal responses to CFA, meal
duration appears to be a valid noninvasive marker in both
male and female rats.

Following CFA injection, the 24-h food intake was
decreased in the male rats, while it was unchanged in female
animals. This may be attributed to the fact that females
defend their body weight better than males (Nance et al.,
1977; Westerterp, 1994). However, differences became
readily apparent when the microstructure of the food intake
was explored using meal patterns analysis. That is, inflam-
mation/pain of the TMIJ significantly increased meal dura-
tion in both the male and female rats. We hypothesize that
the TMJ-induced inflammation/pain affected the rat, such
that when a hungry animal initiated a meal, the meal was of
at least normal size. However, the rat would eat slowly due
to the pain associated with movement of the mandible
during the chewing process. This would result in longer
meal duration. Previously (Harper et al., 2000b), a much
larger dose of CFA was used to induce TMJ inflammation/
pain. In that case, the pain associated with eating not only
increased meal duration, but also affected the next time the
rat initiated a meal. This was reflected in a significant

increase in the intermeal interval. In that study, the chewing
process associated with the previous meal probably aggra-
vated the inflammation/pain and when the rat again became
hungry, it hesitated to further exacerbate the pain by eating.
Much later, hunger drove the rat to eat a normal meal size,
but this reaggravated the pain process and a vicious cycle
was established. In the present study, a much smaller dose of
CFA was used and we did not see a lengthening of the
intermeal interval. This was most likely due to a lower level
of inflammation/pain. This suggests that the model may be
able to indirectly differentiate the magnitude of inflam-
mation/pain present.

CORT is often considered to be the ‘“stress hormone”
(Lundberg and Frankenhauser, 1980; Hargreaves, 1990).
Previously, Harper et al., (2000b) demonstrated that TMJ
injection of a larger dose of CFA disrupted the normal
diurnal patterning of CORT in male rats and this effect was
not anorexia-induced (Moberg et al., 1975). In the present
experiments using a 30-fold lower dose of CFA, which
presumably produced less inflammation/pain, only trends
were observed in altering CORT secretion. In the present
study, a lesser degree of inflammation resulting from the 10-
pg CFA dose is supported by the fact that the TMJ IL-13
concentration was significantly less (i.e., about one-fifth)
than that found after using a 50-pg dose of CFA (Harper et
al., 2001) and presumably much less than would occur after
a 300-pg dose. Additionally, it is important to mention that
CORT may or may not be a reliable marker for CFA-
induced stress in female rats as estrogen can influence
CORT secretion (Carey et al., 1995). Female rats have been
shown to have higher plasma CORT Ilevels than male rats
(Jezova et al., 1996) and this difference was also observed in
the present study. Endogenous estrogen-driven increases in
CORT secretion may confound any changes in rhythmic
CORT secretion induced by TMJ CFA induced inflam-
mation/pain.

Tissue swelling in acute inflammation is due to increased
capillary permeability. Prostaglandins, leukotrienes, 1L-10,
histamine (via H1 receptors), and bradykinin (via B2
receptors) released during inflammation can directly activate
vasoactive afferent nerve fibers to release neuropeptides
(such as CGRP and SP) that cause hyperemia. (Rosloniec
et al,, 1999). Both prostaglandins and leukotrienes are
products of the arachidonic acid cascade, but by two
different routes: the cyclooxygenase pathway forms prosta-
glandins, whereas the lipooxygenase pathway forms leuko-
trienes. IBU does not affect the lipooxygenase pathway, but
does inhibit the cyclooxygenase pathway. Therefore, in the
present study, IBU administration inhibited one component
of the inflammatory processes, while not eliminating other
inflammatory mediators such as IL-183, tumor necrosis
factor, free radicals, etc. IL-13 is a potent inducer of
inflammatory hyperalgesia and, as such, has a complex role
in both pain and inflammation pathways. Local release of
IL-103 causes an escalated production of nerve growth factor
by increasing the expression of nerve growth factor recep-
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tors and also raising the numbers of bradykinin receptors,
both of which are involved in the pain pathway. Moreover,
IL-18, along with PGE2 and bradykinin, can directly
stimulate afferent nerve endings (Dray, 1995). Bradykinin
in turn facilitates the additional release of prostanoids,
cytokines, and oxygen free radicals. These free radicals
are generated following activation of the inductive form of
nitric oxide synthase. Advancing this cascade is the role
inducible nitric oxide synthase has in regulating the indu-
cible form of cyclooxygenase (i.e., cyclooxygenase II) and
leading to the concomitant synthesis of prostaglandins
(Dray, 1995). Therefore, cyclooxygenase inhibition offers
one window of opportunity in down-regulating this com-
plexly interactive inflammation cascade. Importantly, ad-
ministration of IBU to the CFA-treated group was found to
decrease swelling, chromodacryorrhea, and, theoretically,
pain. As mentioned above, the result of this drug interven-
tion was normalization of meal duration in both sexes.
Notably, these IBU-treated male and female rats still had
elevated TMJ IL-183. These findings, and in particular the
latter finding, suggest that IBU treatment reduced TMJ pain
without totally eliminating TMJ inflammation. This opens
the possibility that the animal model may allow for a
biological distinction between TMIJ pain and inflammation.

With regard to the gender differences: (a) the sexually
mature young male rats were lighter on the day prior to
experimentation than the sexually mature young female rats,
yet the total food intake of the male rats was greater than the
female rats. This was attributed to the larger meal size taken
by the males. Baseline meal duration was greater in the males
than in the females. However, CFA injection in the female
rats caused a much greater percentage increase in meal
duration when compared to the male rats. (b) CFA treatment
attenuated 24-h food intake more in male than in female rats.
There are inherent gender differences in baseline food intake,
feeding responses after drug treatment (Walker and Car-
mody, 1998), as well as food intake changes with the estrous
cycle (Varma et al., 1999; Clifton, 2000). These factors may
explain the decrease in food intake on Day + 1 in males and
not in the female. (¢) Administration of IBU attenuated 24-h
food intake more in the female rats than in the male animals,
whereas treatment with IBU normalized the CFA-induced
increase in meal duration over the 2-day measurement period
in the female rats, whereas in male rats, meal duration was
normalized only on Experimental Day + 1. The reason for
this is uncertain, but may be due to well-noted differences in
drug efficacies in males and females (Walker and Carmody,
1998). (d) On Day +2, the meal size of the CFA TMIJ-
injected female rats was increased, whereas it was normal in
similarly treated male rats. This may have been the result of
an interaction of estrus cycle-induced changes in feeding
behavior and their response to CFA.

The above noted sex dissimilarities suggest that the
animal model may also prove useful in studying gender
differences in their response to TMJ pain and drug treat-
ment. These data suggest that both intersubject and intra-

subject meal pattern analyses may be used as a noninvasive
method for analysis of TMJ pain. Using this approach, the
animal model may be a useful tool in studying TMJ pain
since it is difficult to translate subjective pain into mean-
ingful data through clinical observation alone. As noted,
noninvasive biologic markers would be useful as objective
indicators of pain and stress. Development of a valid animal
model for TMJ inflammation/pain is important, as there is
currently no noninvasive model available. Furthermore,
human studies often give only radiographic data or data
from other joints (Nordahl et al., 1998).

In summary, the present study further validated our
animal model by demonstrating that treatment with the
anti-inflammatory/analgesic agent, IBU, normalized TMJ
swelling and chromodacryorrhea, and meal duration vali-
dated the model. The IBU effects also indicate that the
animal model may be useful in quantifying the efficacy of
pharmacological treatment of TMJ inflammation/pain. This
model was able to inferentially measure TMJ inflam-
mation/pain. The model also detected some gender differ-
ences in the rats’ responses to TMJ inflammation/pain and
their response to IBU treatment. Additionally, while IBU
treatment attenuated pain and inflammation, it did not
totally eliminate inflammation as shown by the persistent
elevation in TMJ IL-13. This latter finding opens the
additional possibility that the animal model may allow
for a biological distinction between TMJ pain and inflam-
mation per se.
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