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Abstract
Objective—To examine the hypothesis that glial activation would regulate the expression of the
NR1 subunit of the N-methyl-D-aspartate receptor in the trigeminal subnucleus caudalis (Sp5C)
after temporomandibular joint (TMJ) inflammation.

Methods—Inflammation of temporomandibular joint (TMJ) was produced in rats by injecting
50μl complete Freund's adjuvant (CFA) into unilateral TMJ space. Sham control rats received
incomplete Freund's adjuvant (IFA) injection. Mechanical nociception in the affected and non-
affected TMJ site was tested by using a digital algometer. Fractalkine, fluorocitrate, and/or
MK801 were intracisternally administrated to examine the relationship between astroglial
activation and NR1 upregulation.

Results—CFA TMJ injection resulted in persistent ipsilateral mechanical hyperalgesia 1, 3 and 5
days after CFA injection. The inflammation also induced significant upregulation of CX3CR1 and
GFAP beginning on day 1, and of NR1 beginning on day 3, within the ipsilateral Sp5C.
Intracisternal administration of fluorocitrate for 5 days blocked the development of mechanical
hyperalgesia as well as the upregulation of GFAP and NR1 in the Sp5C. Conversely, intracisternal
injection of fractalkine for 5 days exacerbated the expression of NR1 in Sp5C and mechanical
hyperalgesia induced by TMJ inflammation. Moreover, once daily intracisternal fractalkine
administration for five days in naïve rats induced the upregulation of NR1 and mechanical
hyperalgesia.

Conclusions—These results suggest that astroglial activation contributes to the mechanism of
TMJ pain through the regulation of NR1 expression in Sp5C.
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Introduction
Temporomandibular disorder (TMD) is a heterogeneous group of clinical conditions of the
temporomandibular joint (TMJ) region including increased pain sensitivity, limited jaw
movement, and referred pain beyond the affected TMJ. While the exact mechanism of TMJ
pain remains unclear, there is a growing body of evidence indicating that persistent TMJ
pain may be mediated by both central and peripheral mechanisms [1,2]. Central glial
activation has been considered to be an important component in the development,
facilitation and maintenance of allodynia and hyperalgesia in various models of nerve injury,
peripheral inflammation, or visceral insults [3], resulting in the consequent release of
proinflammatory cytokines due to activation of microglia [4]. Astrocytes are a sub-type of
glial cells in the central nervous system (CNS). Gliosis is a proliferation of astrocytes in
response to CNS injury. In response to tissue injury and inflammation, astrocytes often
undergo morphological changes, increase synthesis of glial fibrillary acidic protein (GFAP,
an astrocyte marker), and release cytokines.

Cytokines have been shown to regulate nociception. For example, intracerebroventricular
injection of interleukin-1β (IL-1β) induced hyperalgesia in rats, which was blocked by
pretreatment with IL-1 receptor antagonist [5,6]. Electrical stimulation of primary afferents
of the sciatic nerve in a rat model of chronic constriction nerve injury evoked a dramatic
increase in the spinal IL-1β and IL-6 content [7]. IL-6 and tumor necrosis factorα (TNFα)
induced hyperalgesia through a prostanoid-dependent mechanism [8]. Treatment with the
glial inhibitor propentofylline significantly reduced the spinal IL-1β, IL-6 and TNFα level,
prevented the afferent stimulation-evoked release of both IL-1β and IL-6, and normalized
allodynia following nerve injury [7]. Collectively, these results indicate that glial activation
may be critical in the development of hyperalgesia through the regulation of the spinal
cytokine content including IL-1β, IL-6 and TNFα.

Activation of spinal N-methyl-D-aspartate receptors (NMDAR) has been shown to play a
role in the mechanisms of pathological pain [9-13]. On-going afferent discharges in a
persistent pain state may maintain activation of NMDAR [13]. NMDAR antagonists, such as
dextromethorphan, have been shown to be as least partially effective in pain relief in both
clinical [14] and preclinical studies [15]. Genetic knockdown [16] or conditional deletion
[17] of the NR1 subunit of NMDAR, which is necessary for the function of NMDAR,
reduced the hypersensitivity in rodent models of neuropathic and inflammatory pain. In
addition, it has been reported that phosphorylated NR1 is upregulated after trigeminal nerve
injury [18] or masseter muscle tendon ligation [19], which was attenuated by the astrocyte
inhibitor fluorocitrate [20].

Recent studies have shown that spinal neuroimmune activation (e.g., enhanced cytokine
expression and glial activation) and neuroinflammation (e.g., infiltration of leukocytes into
the central loci) are present in rodent models of neuropathy [21-24]. Astroglial activation
within the trigeminal Vi/Vc transition zone following masseter inflammation modulated the
phosphorylation of NMDAR [25]. To date, however, it remains unclear with regard to the
regulatory mechanism of the NR1 expression within trigeminal nuclei. In the present study,
we tested the hypothesis that glial activation would regulate the expression of the NR1
subunit of NMDAR in the trigeminal subnucleus caudalis (Sp5C) induced by TMJ
inflammation.
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Methods
A rat model of unilateral TMJ inflammation

Adult male Sprague-Dawley rats (S.D., Charles River Lab, Wilmington, MA, 200-250g)
were used. The experimental protocol was approved by our Institutional Animal Care and
Use Committee and carried out in accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals. Animals were housed under controlled
temperature (21°C±2°C), relative humidity (50%±10%) and artificial lighting (12/12 h light/
dark cycle, lights on at 7 A.M.). All animals had ad libitum access to distilled water and a
standard rat diet.

Sub-acute inflammation of the TMJ region was induced by the injection of pre-prepared
CFA (Sigma, St Louis) into the right TMJ space [26]. A volume of 50μl (25μg heat-killed
mycobacterium) was injected for each rat under pentobarbital sodium (50mg/kg, i.p.)
anesthesia. A 22-gauge needle was percutaneously advanced into the TMJ immediately
inferior to the posterior border of the zygomatic arch until it reached the mandibular
condyle. CFA was injected into TMJ and surrounding tissues but not restricted to a TMJ
capsule. For sham injection, incomplete Freund's adjuvant (IFA, Sigma, St Louis) was
injected into the right TMJ using the same technique and injection volume. The needle was
withdrawn after the injection. Both CFA and IFA injection groups were exposed to the same
anesthesia and handling during the experiment.

Experimental design
To examine the role of glial activation in the expression of NR1 within Sp5C and the role of
NMDAR in mechanical hyperalgesia following TMJ inflammation, nine groups of rat
(n=6-7) were used, including 1) CFA/TMJ injection alone, 2) sham(IFA)/TMJ injection
alone, 3) CFA/TMJ injection plus 0.5nmol fluorocitrate (intracisternal, in 10μl saline,
Sigma, St Louis), 4) CFA/TMJ injection plus 2nmol fluorocitrate (intracisternal, in 10μl
saline), 5) CFA/TMJ injection plus 25 ng fractalkine (intracisternal, in 10μl saline, Sigma,
St Louis), 6) naïve rats plus 25ng fractalkine daily in 10μl saline, 7) CFA/TMJ injection
plus 10nmol MK801, 8) Naïve rats plus 10nmol MK801 daily, and 9) CFA/TMJ injection
plus 10μl saline (intracisternal). All intracisternal injections were given once daily for five
consecutive days except for fluorocitrate, which was divided into two equal doses and
injected twice daily, beginning immediately after the TMJ injection. Behavioral tests were
performed on day 0 (before operation, baseline), 1, 3, and 5 of the TMJ inflammation and
before daily intracisternal administration.

Behavioral testing
Behavioral testing was performed between 9:00 and 11:00 am. Habituation sessions (60min)
in three consecutive days were conducted before the baseline test. To test mechanical
nociceptive response, a rat's head was positioned against the experimenter's hand during the
test (the experimenter switched hand when testing opposite TMJ). A linearly increasing
force generated by a digital algometer (Wagner Instruments, Greenwich, CT) was delivered
through a level plastic tip of 0.5cm2 against the ipsilateral or contralateral (to CFA or IFA)
TMJ. In order to minimize variations among all groups, the site where the algometer tip was
placed was in the middle of a TMJ immediately at the edge of the zygomatic arch. A
threshold force was defined as the force (in gram) that induced vocalization or clear
withdrawal of the rat's head from the experimenter's hand.

Intracisternal drug delivery
For implanting a catheter cephalically into the intracisternal/fourth ventricle space, a rat was
anesthetized with pentobarbital (50mg/kg, i.p.) and mounted onto a stereotaxic apparatus.
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The atlantooccipital membrane was exposed and a small incision was made. A PE-10 tube
was inserted cephalically and placed just dorsal to the obex. The tube was secured by 3-0
silk sutures. Skin cut was closed with wound clips. Rats exhibiting neurological deficits and
distress (e.g., poor eating, grooming, and paralysis) were excluded from the experiment.
Intracisternal injection was made slowly using a microsyringe (50μl) with 10-μl volume
followed by a 10μl saline flush.

Immunohistochemistry
Rats from each group were anesthetized with sodium pentobarbital (50mg/kg, i.p.) and
transcardiacally perfused with saline followed by cold 4% paraformaldehyde in a phosphate
buffer solution (PBS, 0.1M, pH 7.35). Brain stem and cervical spinal cord blocks were
harvested and post-fixed overnight in the same fixative for 4 hours and then cryoprotected in
30% sucrose in 0.1M PBS until the samples sank to the bottom. Sections were cut on a
cryostat (Leica, 30-μm thickness). Coronal sections were floated in PBS and processed for
immunostaining. The rat's brain atlas by Paxinos and Watson [27] was used to identify the
trigeminal area of interest for the data collection under microscopic examination.

Immunostaining was used to detect GFAP (astroglial marker, 1:2000, chicken polyclonal;
Abcam Inc., Cambridge, MA), CX3CR1 (a chemokine receptor also known as the
fractalkine receptor, 1:500, rabbit polyclonal; Abcam Inc., Cambridge, MA), NeuN
(neuronal marker, 1:1000, mouse monoclonal; Abcam Inc., Cambridge, MA), and NR1
(1:500, mouse monoclonal; United States Biological, Swampscott, MA) within Sp5C.
Tissue sections were blocked with 1% BAS, 3% normal donkey serum, and 3% normal goat
serum in 0.3% Triton X-100 for 30min at room temperature and incubated overnight at 4°C
with a primary antibody. For controls, a primary antibody was omitted. Sections were then
washed and incubated for one hour at room temperature with a corresponding DyLight 488-
or DyLight 594-conjugated secondary antibody (1:200; JacksonImmuno Research, West
Grove, PA). For double staining, a second primary antibody was added after incubation with
the first primary antibody following the same procedure as described above. Sections were
randomly selected, analyzed using a fluorescence microscope (Olympus, Tokyo, Japan),
recorded with a digital camera, and processed using Adobe Photoshop.

Western Blot
Rats from each group were anesthetized using isoflurane in a 100% oxygen flow before
decapitation. Trigeminal tissue samples (ipsilateral versus contralateral Sp5C, dorsal lateral
portions of the oblongata and the rostral region of the cervical spinal cord) were removed
and immediately placed into tubes on dry ice and stored at -80°C until use. Samples were
homogenized in a SDS sample buffer containing a mixture of protease inhibitors (Sigma).
Protein samples were separated on SDS-PAGE gels (4-10% gradient gel) and transferred to
polyvinylidene difluoride filters (Millipore, Bedford, MA). The filters were blocked with
5% milk for one hour at room temperature and incubated overnight at 4 °C with GFAP
(Chicken anti-GFAP, 55kD, 1:50000, Abcam Inc., Cambridge, MA), NR1 (mouse
monoclonal, 89kD, 1:500, United States Biological), or CX3CR1 (rabbit polyclonal, 37kD,
1:500, Abcam Inc., Cambridge, MA) antibodies followed by HRP-conjugated secondary
antibody(1:10000; Amersham Biosciences, Arlington Heights, IL) incubated for one hour at
room temperature. The blots were visualized in ECL solution (NEN, Boston, MA) for one
minute and exposed onto hyperfilms (Amersham Biosciences) for 1-10 minutes. The blots
were then incubated in a stripping buffer (67.5mM Tris, pH 6.8, 2% SDS, and 0.7% β-
mercaptoethanol) for 20min at 50°C and re-probed with mouse anti-β-actin antibody
(1:20,000; Abcam Inc., Cambridge, MA) as loading control. All Western analysis was made
in triplicates.
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Statistical Analysis
For the behavioral data analysis, repeated measure two-way ANOVA was used followed by
the post-hoc Tukey test using SPSS 16.0 for Windows to examine interactions between time
points and treatment effects. For Western blot, the band density was measured with
Photoshop and pixels were used for the statistic analysis. Differences were compared using
one-way ANOVA (SPSS 16.0). The statistical significance was set at the level of α=0.05.

Results
Mechanical hyperalgesia and astroglial expression in Sp5C

Injection of CFA into unilateral TMJ region induced mechanical hyperalgesia on the
ipsilateral site on day 1, 3, and 5 after the injection, as measured by an algometer and
expressed as escape threshold in grams (Fig.1A, P<0.05; n=6). In contrast, there were no
changes from the baseline in escape threshold over time on the contralateral TMJ site of rats
receiving the CFA injection (Fig. 1A, P>0.05; n=6). Injection of IFA into unilateral TMJ
region also did not induce mechanical hyperalgesia as compared with CFA-injected rats
(Fig. 1A, P>0.05; n=6).

Injection of CFA also upregulated the expression of GFAP (an astroglial marker) within the
ipsilateral Sp5C, as compared with the IFA injection (Fig.1B). Moreover, Western blot
results showed that the expression of CX3CR1 (37kD), GFAP (55kD), and NR1 (89kD) was
all time-dependently upregulated beginning on day 1 (CX3CR1 and GFAP) or day 3 (NR1)
after the CFA injection (Fig.2).

Co-expression of CX3CR1 or NR1 with NeuN and GFAP
Immunostaining results showed that CX3CR1 was co-expressed with NeuN and GFAP (Fig.
3), indicating that this chemokine receptor was present in both neuronal and glial cells. In
addition, NR1 was co-expressed with NeuN and CX3CR1 in the same cells (Fig.3). These
results demonstrate that CR3CR1 and NR1 are expressed in Sp5C in response to TMJ
inflammation with a similar cellular association.

Effect of fractalkine on mechanical hyperalgesia, glial activation, and NR1 expression
Since CX3CR1 was upregulated within the ipsilateral Sp5C in response to TMJ
inflammation, we examined whether fractalkine (a ligand to CX3CR1) would enhance
mechanical hyperalgesia following TMJ inflammation. Fractalkine (25ng) was
intracisternally administered once daily for five consecutive days. This treatment regimen
exacerbated TMJ mechanical hyperalgesia when examined on day 5 as compared with
control rats receiving intracisternal vehicle administration (Fig. 4A, n=6-7, P< 0.05).

To examine whether fractalkine would induce mechanical hyperalgesia in naïve rats without
TMJ inflammation, the same fractalkine dose (25ng) was intracisternally administered once
daily for five consecutive days. This treatment regimen also induced TMJ mechanical
hyperalgesia when examined on day 3 and 5 as compared with naïve rats injected with
vehicle (Fig. 4B, n=6-7, p<0.05). The time course of fractalkine-induced mechanical
hyperalgesia in naïve rats was similar to that induced by TMJ inflammation in CFA-treated
rats. Moreover, immunostaining and Western blot results showed that the expression of
GFAP (Fig. 4C) and NR1 (Fig. 4D) was upregulated within Sp5C of naïve rats when tested
on day 5 of the intracisternal administration of fractalkine. These results indicate that
activation of CX3CR1 induced TMJ mechanical hyperalgesia in the absence of TMJ
inflammation and further exacerbated TMJ mechanical hyperalgesia following TMJ
inflammation.
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Effect of fluorocitrate on mechanical hyperalgesia, glial activation, and NR1 expression
To further examine the role of glial activation in TMJ mechanical hyperalgesia and the NR1
expression, two doses of fluorocitrate (0.25, 1nmol), a glial metabolism inhibitor with the
effect as an astrocyte inhibitor, or vehicle were intracisternally administered twice daily for
five consecutive days beginning immediately after the CFA injection into the right TMJ.
The lower dose (0.25nmol) fluorocitrate treatment significantly attenuated ipsilateral TMJ
mechanical hyperalgesia when examined on day 3 and 5 (Fig. 5A, n=6, P< 0.05), whereas
the higher dose (1nmol) fluorocitrate treatment prevented the development of TMJ
mechanical hyperalgesia (Fig. 5A, n=7, P< 0.05) as compared with the vehicle group.
Western blot results showed that the expression of GFAP and NR1 in the ipsilateral Sp5C
was downregulated when tested on day 5 of the intracisternal fluorocitrate administration
(Fig.5B, C, P< 0.05). Collectively, these results indicate that inhibition of glial activation
dose-dependently prevented the development of TMJ mechanical hyperalgesia.

Effect of MK801 on TMJ mechanical hyperalgesia
If the role of glial activation on TMJ mechanical hyperalgesia was related to NMDAR, as
suggested by the above results, inhibition of NMDAR would be expected to attenuate
mechanical hyperalgesia with or without the administration of fractalkine. To examine this
possibility, we used the non-competitive NMDAR antagonist MK801 in either a repeated or
single treatment regimen. Repeated intracisternal administration of MK801 (10nmol), but
not saline, prevented the development of mechanical hyperalgesia when tested on day 3 and
5 after the CFA injection (Fig.6A, P<0.05; n=5-7) without changing the baseline escape
threshold in naive rats (Fig. 6A, n=6).

A single intracisternal administration of MK801 (10nmol) on day 5 also effectively reversed
CFA-induced TMJ mechanical hyperalgesia that was exacerbated by the fractalkine
administration. Mechanical hyperalgesia was assessed at 30 and 60min after MK801 (Fig.
6B, p< 0.05, n=5-7). Moreover, the same single dose MK801 treatment reversed mechanical
hyperalgesia induced by repeated intracisternal administration of 25ng fractalkine in naïve
rats (n=5, data not shown). These results indicate that the expression of NMDAR, possibly
mediated by glial activation, was critically involved in the development and maintenance of
TMJ mechanical hyperalgesia.

Discussion
In this study, we demonstrated that 1) unilateral TMJ inflammation significantly increased
the expression of the NR1 subunit of NMDAR, CX3CR1 (the chemokine receptor for
fractalkine), and astroglial marker (GFAP) within the ipsilateral Sp5C; 2) intracisternal
injection of a broad glial inhibitor (fluorocitrate) for 5 days prevented astroglial activation
and NR1 upregulation within the ipsilateral Sp5C as well as attenuated TMJ mechanical
hyperalgesia; 3) intracisternal injection of fractalkine (a ligand for the CX3CR1 chemokine
receptor) further upregulated GFAP and NR1 expression within the ipsilateral Sp5C and
exacerbated TMJ mechanical hyperalgesia; 4) intracisternal injection of fractalkine for 5
days also induced the upregulation of GFAP and NR1 within Sp5C and resulted in
mechanical hyperalgesia similar to that seen after TMJ inflammation; and 5) intracisternal
administration of MK801 both prevented and reversed mechanical hyperalgesia exacerbated
by fractalkine. These results indicate that astroglial activation, via CX3CR1, regulated the
expression of NR1 within the ipsilateral Sp5C after TMJ inflammation, which contributed to
the development and maintenance of TMJ mechanical hyperalgesia in rats.

Chemokines are a class of small proteins and act as inflammatory mediators of leukocyte
chemotaxis through cell-surface G protein-coupled receptors [28]. In the central nervous
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system, chemokines are produced by activated astrocytes [29], microglia [30], and neurons
[31]. Moreover, chemokine mRNAs were constitutively expressed, albeit at a low level, in
the spinal cord without tissue inflammation [16]. Fractalkine (also known as CX3CL1) is a
member of the chemokine family and exists as a membrane-bound and soluble protein. Both
fractalkine and its sole receptor CX3CR1 are expressed primarily in the central nervous
system and the soluble form of fractalkine has multiple functions. For example, the
increased release of fractalkine has been shown to contribute to pathological pain via
microglial activation [32]. However, a markedly diminished soluble fractalkine level may
ultimately affect neuronal survival through inhibition of alpha-secretase activity [33] and
that the deficiency of CX3CR1 could dysregulate microglial responses resulting in
neurotoxicity and cell death [34]. In this study, we showed that astroglial activation is also
influenced by fractalkine, which occurred during the early stage of an inflammatory
condition and contributed to the development of TMJ mechanical hyperalgesia.

Activation of NMDA receptor is considered to initiate intracellular cascades through
calcium influx and activation of protein kinases, which in turn modulates cell membrane
excitability and enhances nociceptive transmission [35, 36]. Several recent studies have
demonstrated the interaction between cytokines and glutamate receptors including NMDAR.
For example, it has been reported that astrocytes actively participate in synaptic integration
via releasing glutamate, a calcium-regulated process mediated by chemokine receptor
CXCR4 [37], which is further amplified by microglial activation [24]. CXCR2, another
chemokine receptor, has been shown to regulate the AMPA-type glutamate receptor GluR1
[38]. In behavioral experiments, knockout of certain chemokine receptors such as CXCR2
decreased hypersensitivity induced by tissue inflammation and nerve injury [39]. Moreover,
mice with the deficient NR1 function (NR1+/-) had decreased mechanical allodynia [16]. It
is of interest to note that regulation of NR1 is likely to be downstream to the cascade of
chemokine effects since fractalkine upregulated the expression of NR1 and fluorocitrate
inhibited the expression of NR1. In addition, nerve injury did not induce a significant spinal
increase in the chemokine mRNA expression in NR1+/- mice [16].

The present data support a cascade of events involving a complex of chemokine-glia-
NMDAR communications in trigeminal pain states. Specifically, TMJ inflammation may
initially increase the expression of CX3CR1 within the trigeminal system leading to
activation of glial cells (e.g., astrocytes) and subsequently NR1 expression. This hypothesis
is supported by several findings in this study. First, the time course of the CX3CR1, GFAP,
and NR1 expression differed after tissue inflammation such that the CX3CR1 and GFAP
upregulation was present on day 1 after TMJ inflammation while the upregulation of NR1
was first detected on day 3 by Western blot. Early CX3CR1 upregulation was also reported
in a rat model of selective nerve ligation [40]. Second, intracisternal injection of
fluorocitrate, a broad glial metabolic inhibitor, prevented the NR1 upregulation within the
ipsilateral Sp5C and diminished mechanical hyperalgesia after TMJ inflammation. These
findings are in agreement with a previous report showing that fluorocitrate injected into the
ventral subnuclei interpolaris/caudalis transition zone attenuated hyperalgesia in the
masseter region [25]. Third, inhibition of NMDAR by daily MK801 administration
prevented mechanical hyperalgesia exacerbated by the intracisternal administration of
fractalkine, indicating that the effect of fractalkine on TMJ hyperalgesia is mediated by
NMDA receptors. The NR1 subunit in astrocytes could be a target for MK801 as well, given
that the NR1 subunit has been located in astrocytes [41].

In summary, these findings support the notion that glial activation regulates persistent
nociception via the action of chemokines and suggest that pharmacologically targeting the
action of glial cells and chemokines might be effective in preventing trigeminal pain
conditions. It should be pointed out that although the current study focused on examining
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astroglial cells, it does not rule out the possible involvement of microglial cells in this
process. It will be of interest in future studies to clarify a temporal relationship between
microglial and astroglial cells under similar experimental conditions. Future studies should
further explore the mechanism of the neuroimmune system in the regulation of TMJ pain
conditions.
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Fig. 1.
A. Time course of mechanical hyperalgesia after CFA-induced inflammation: CFA induced
TMJ inflammation and lowered escape threshold in rats. CFA-Ipsi: TMJ ipsilateral to the
CFA injection; CFA-Con: TMJ contralateral to the CFA injection; IFA-Ipsi: TMJ ipsilateral
to the IFA (control) injection. * P<0.05 as compared with CFA-Con. B. Upregulation of
GFAP within Sp5C: GFAP immunoreactivity in the Sp5C of sham rats (a & b) and rats with
TMJ inflammatory (c & d) contralateral or ipsilateral to TMJ IFA or CFA injection. Samples
were taken at 5 days after the CFA or IFA injection. Bar, 100μm. C. Quantification of
GFAP immunoreactivity in B. * P<0.05 as compared with a, b, and c.
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Fig. 2. Upregulation of CX3CR1, GFAP, and NR1 after TMJ inflammation
A. Western blots showing the CX3CR1, GFAP, and NR1 expression in the ipsilateral Sp5C
before and following TMJ inflammation. B, Analysis of Western blot band density (Pixels)
in A. a, P<0.05, b, P<0.01, as compared with the sham group and the CFA injection group
on day 0, respectively.
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Fig. 3. Co-expression of NeuN, CX3CR1, GFAP or NR1 within Sp5C
The expression of CX3CR1, NeuN, GFAP, and NR1 in the Sp5C ipsilateral to TMJ
inflammation. Arrows indicated the colocalization of immunoreactivity. Bar, 100μm.
Inserts: magnified cell profiles in frame.
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Fig.4.
A. Effect of fractalkine on mechanical hyperalgesia Fractalkine (25ng) but vehicle (Saline)
given intracisternally (in 10μl) for 5 consecutive days exacerbated mechanical hyperalgesia
following TMJ inflammation. *P<0.05, as compared with Day0 of the sham (Sham-Veh) or
CFA (CFA-Veh or CFA-Fra) groups; + P<0.05 as compared with Day5 of the vehicle group
with TMJ inflammation (CFA-Veh). B. Effect of fractalkine in naïve rats TMJ mechanical
hyperalgesia was induced by daily intracisternal fractalkine (25ng in 10μl saline)
administration for 5 days. * P<0.05, as compared with Day0. C. Upregulation of GFAP
within Sp5C by fractalkine in naïve rats GFAP expression in the Sp5C of naïve rats 5 days
after intracisternal administration of saline (a) or 25ng fractalkine (b). Bar, 100μm. D.
Upregulation of NR1 by intracisternal administration of fractalkine in naïve rats Western
blot results showing that NR1 expression was upregulated in Sp5C by intracisternal
administration of fractalkine (25ng) for 5 days in naïve rats. * P< 0.05, as compared with the
vehicle group.
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Fig. 5.
A. Effect of fluorocitrate on mechanical hyperalgesia Fluorocitrate (0.25 or 1nmol, twice
daily) given intracisternally for 5 days attenuated the development of TMJ mechanical
hyperalgesia. * P<0.05, ** P<0.01, as compared with the vehicle group; + P<0.05, as
compared with the CFA-Flu (0.25nmol) group. B. Regulation of GFAP expression by
fluorocitrate Western blot results showing that the GFAP upregulation in the ipsilateral
Sp5C on day 5 was attenuated by intracisternal administration of 1nmol fluorocitrate for 5
days. * P<0.05, as compared with other groups. C. Prevention of NR1 upregulation by
fluorocitrate Western blot results showing that the NR1 upregulation in the ipsilateral Sp5C
was attenuated by intracisternal administration of fluorocitrate (1nmol) for 5 days. * P<0.05,
as compared with the vehicle group.
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Fig.6. Effect of MK801 on mechanical hyperalgesia
A. Repeated intracisternal MK801 treatment (10nmol, once daily for 5 days), beginning
immediately after the CFA injection, prevented the development of mechanical
hyperalgesia. MK801 had no effect on the escape threshold in naïve rats. * P<0.05, as
compared with the naïve group at the same time point. B. A single intracisternal MK801
treatment (10nmol) on day 5 reversed mechanical hyperalgesia exacerbated by the
intracisternal fractalkine (25ng) administration for 5 days. Behavioral tests were made at the
baseline (day 0), day 5 before MK801, as well as at 30 and 60min after MK801. *P< 0.05,
as compared with “Before MK801”.
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