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Abstract

The aim of this study was to identify
immunoreactive neuropeptide Y (NPY) and
calcitonin gene-related peptide (CGRP) neu-
rons in the autonomic and sensory ganglia,
specifically neurons that innervate the rat tem-
poromandibular joint (TMJ). A possible varia-
tion between the percentages of these neurons
in acute and chronic phases of carrageenan-
induced arthritis was examined. Retrograde
neuronal tracing was combined with indirect
immunofluorescence to identify NPY-immuno-
reactive (NPY-IR) and CGRP- immunoreactive
(CGRP-IR) neurons that send nerve fibers to
the normal and arthritic temporomandibular
joint. In normal joints, NPY-IR neurons consti-
tute 78+3%, 77+6% and 10+4% of double-
labeled nucleated neuronal profile originated
from the superior cervical, stellate and otic
ganglia, respectively. These percentages in the
sympathetic ganglia were significantly decre-
ased in acute (58+2% for superior cervical
ganglion and 58+8% for stellate ganglion) and
chronic (60+2% for superior cervical ganglion
and 59+15% for stellate ganglion) phases of
arthritis, while in the otic ganglion these per-
centages were significantly increased to
19+5% and 13+3%, respectively. In the trigem-
inal ganglion, CGRP-IR neurons innervating
the joint significantly increased from 31+3%
in normal animals to 54+2% and 49+3% in the
acute and chronic phases of arthritis, respec-
tively. It can be concluded that NPY neurons
that send nerve fibers to the rat temporo-
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mandibular joint are located mainly in the
superior cervical, stellate and otic ganglia.
Acute and chronic phases of carrageenan-
induced arthritis lead to an increase in the
percentage of NPY-IR parasympathetic and
CGRP-IR sensory neurons and to a decrease in
the percentage of NPY-IR sympathetic neurons
related to TMJ innervation.

Introduction

Temporomandibular disorders (TMDs) con-
stitute a heterogenic group of pathological
conditions that induce pain in the TMJ and/or
masticatory muscles.!? TMDs are classified in
myofascial pain, internal derangement and
arthritis (degenerative/inflammatory joint dis-
orders) in the TMJ.? Several modulators partic-
ipate in the pathophysiology of TMDs, such as
those from the extracellular matrix, cytokines,
growth factors and neuromediators.*! In the
last decade, increasing evidences have shown
the influence of peptidergic innervation in the
evolution of degenerative/inflammatory joint
disorders.!'® However, some aspects need to
be clarified concerning the effects of arthritis
in neuropeptide expression in sensory and
autonomic ganglia involved with TMJ innerva-
tion. The rat temporomandibular joint (TMJ)
is a richly innervated orofacial territory, sup-
plied with sensory nerve endings derived
mainly from the trigeminal ganglion and auto-
nomic nerve endings from the superior cervi-
cal, stellate and otic ganglia.'”?! Axons inner-
vating the TMJ contain several neuropeptides,
among which are the NPY and the CGRP2*26
NPY is a 36 amino acid sequence related to the
pancreatic polypeptide family. It is synthesized
in the rat peripheral nervous system, mainly by
autonomic sympathetic and parasympathetic
neurons.??8 CGRP is a 37 amino acid peptide
formed by alternative splicing of calcitonin
gene primary transcript in the nervous system;
with intense expression in sensory primary
neurons.*

It has been reported that there is an increase
in concentrations of NPY and CGRP in the syn-
ovial fluid of arthritic joints, such as human
knee and TMJ as well as rat TMJ.!213313 Several
studies have focused on CGRP immunohisto-
chemical expression in sensory neurons that
send axons to the knee and lumbar facet joints
during arthritis.®** On the other hand, NPY
expression in autonomic neurons has not been
analyzed during arthritis. It is not clear, how-
ever, whether the neuropeptide increase in the
TMJ synovial fluid is due to an increased
release from a limited number of axons or
whether, as part of the inflammatory response,
more neurons are recruited for the production
of neuropeptides. The present study combined
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retrograde neuronal tracing and immunohisto-
chemistry methods to reveal the percentages
and morphometric characteristics of CGRP
immunoreactive sensory neurons and NPY
immunoreactive autonomic neurons that
innervate normal or arthritic rat TMJ.

Materials and Methods

Surgical procedures

The experimental protocols were previously
approved by the local Institutional Committee
for Research and Animal Care. All efforts were
made to reduce the number of animals and to
minimize suffering.

Thirty male Wistar rats (Rattus novergicus)
weighing 150-200 g were anesthetized by
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intra-muscular injection of ketamine (80
mg/kg, Francotar® - Virbac, Sao Paulo, Brazil)
and xylazine (10 mg/kg, Rompun® - Bayer, Sao
Paulo, Brazil). The left supradiscal articular
space of the TMJ was surgically exposed
through a cavity made in the zygomatic
process of the temporal bone, and one compact
crystal cylinder of fluorescent retrograde neu-
ronal tracer, fast blue [(trans-1-(5-amidino-2-
benzofuranyl)-2-(6-amidino-2-indolyl)ethyl-
ene-2HCI], (EMS-Polyloy, GmbH, Gross-
Ulmstadt, Germany) was deposited. This solid
cylinder was prepared as described by Casatti
et al. (1999)." After deposition of the neuronal
tracer, the cavity was sealed with gutta percha
(Odhacan, Herpo dental Products Ltda, Rio de
Janeiro, Brazil). The temporal muscle was
repositioned and the skin sutured. The ani-
mals were subsequently divided into three
groups: group 1 (n=15), control group, animals
were submitted to intra-articular deposition of
retrograde neuronal tracer alone, 15 days prior
to euthanasia; group 2 (n=15), intra-articular
deposition of retrograde neuronal tracer 15
days prior to euthanasia, plus a 2 mg pellet of
carrageenan (Sigma Chemical Co., St. Louis,
MO, USA), 48 h prior to euthanasia, to induce
an acute inflammatory response in the TMJ
and; group 3 (n=15), intra-articular deposition
of retrograde neuronal tracer and carrageenan
15 days prior to euthanasia, to induce a chron-
ic inflammatory response in the TMJ.

Tissue preparation

Fifteen days after deposition of the retro-
grade neuronal tracer, the animals were anes-
thetized with an intraperitoneal overdose of
sodium pentobarbital and transcardiacally per-
fused through the aorta with 100 mL of 0.9%
saline, followed by 700 mL of 4% formaldehyde
fixative solution (Sigma) in 0.1M phosphate
buffered saline (Sigma), pH 7.4 at 4°C. The
trigeminal, superior cervical, stellate and otic
ganglia were removed and post-fixed for 5
hours in the same fixative solution containing
20% (wt/v) sucrose at 4°C (Sigma). Frozen
sections of 15 um (superior cervical, stellate
and otic ganglia) or 30 wm (trigeminal gan-
glion) were cut on a freezing microtome (Jung
SM 2000R, Leika Instruments GmbH,
Nussloch, Germany), and submitted to the
indirect immunofluorescence method.

Immunohistochemistry

Half of the animals from each group were
used for NPY immunolabeling, and the other
half was used for CGRP immunolabeling. The
sections were rinsed twice in 0.1 M potassium
phosphate-buffered saline pH 7.4, for 20 min at
room temperature. Sections were incubated in
a solution of potassium phosphate-buffered
saline containing primary polyclonal antibodies

[page 192]

raised in rabbit to CGRP (1:2000, Chemicon
International Inc., Temecula, CA, USA) or NPY
(1:2000, Chemicon), Triton X-100 (0.3%)
(Sigma) and normal goat serum (dilution 1:200,
Colorado Serum Company, Denver, CO, USA),
for 24 h at 4°C. Subsequently, sections were
rinsed twice in potassium phosphate-buffered
saline, followed by incubation for 1 h at room
temperature with biotinylated secondary anti-
body raised in goat against rabbit IgG (1:250,

~ g

Vector Laboratories Inc., Burlingame, CA, USA),
rinsed again in potassium phosphate-buffered
saline and then incubated for 1 h at room tem-
perature with Cy* conjugated streptavidin
(1:500, Amersham Pharmacia Biotech,
Buckinghamshire, England). The sections were
again rinsed twice in potassium phosphate-
buffered saline, mounted on chrome-gelatin-
coated slides, air-dried at room temperature and
coverslipped with buffered glycerol solution.

[European Journal of Histochemistry 2012; 56:e31]
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Figure 1. Frontal sections of temporomandibular joints and adjacent tissues from exper-
imental groups stained with haematoxylin and eosin (H&E) and observed in light
microscopy. A) Low magnification of joint from normal group (group 1); note overall
absence of inflammatory process in supradiscal articular space. B) Higher magnification
of rectangle in A, with synovial membrane adjacent to supradiscal space; observe slight
thickness (large arrow) of normal synovial membrane and absence of immune cells in
articular space. C) Low magnification of joint in acute phase of inflammation induced by
carrageenan; note presence of intense inflammatory infiltration in enlarged supradiscal
space. D) Higher magnification of rectangle in C, observe that synovial membrane does
not reveal typical intima layer (large arrow) due to intense influx of immune cells, com-
posed of mononuclear and polymorphonuclear neutrophils (small arrow) in supradiscal
space. E) Low magnification of joint in chronic phase of inflammation induced by car-
rageenan; note presence of condensed immune cells in enlarged supradiscal space and
thick synovial membrane. F) higher magnification of rectangle in E; observe that inflam-
matory infiltrated is formed of lymphocytes, plasma cells and, primarily, macrophages
(small arrow); intima layer of synovial membrane is very thick (large arrow). Areas iden-
tified within photographs: C, mandibular condyle; D, articular disc; I, infradiscal articu-
lar space; S, supradiscal articular space; T, temporal bone. In A, C and E, scale bar = 600
pm. In B, D and E, scale bar = 150 pm.
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Control procedures

In order to observe whether leakage of the
retrograde neuronal tracer to adjacent tissues
had occurred, the protocol described by Casatti
et al. (1999) was followed.”” The TMIJs were
removed, postfixed overnight at 4°C in the
same fixative solution (4% formaldehyde in 0.1
M phosphate buffered saline, pH 7.4), and
decalcified in a solution of 10% sodium citrate
(Sigma) and 25% formic acid (Sigma) for 2
weeks at 4°C. Following cryoprotection in 0.1
M potassium phosphate-buffered saline con-
taining 20% sucrose, frontal sections of 30 um
were cut on a freezing microtome, mounted on
chrome-gelatin-coated slides, air-dried at room
temperature and coverslipped with buffered
glycerol solution. To verify the histopathologi-
cal conditions of the TMJs, additional decalci-
fied TMJs from all experimental groups were
submitted to routine histological procedures
(paraffin embedding). The histological sec-
tions (5 pm) were stained with hematoxylin
and eosin, and observed under light micro-
scope. The contralateral superior cervical gan-
glion was collected to test for possible nonspe-
cific labeling of autonomic perikarya caused by
leakage of the retrograde neuronal tracer into
the blood stream.

Control experiments were carried out by
omission of the primary antibody and adsorp-
tion test to check the specificity of the
immunostaining. There was no NPY- or CGRP-
IR in the ganglia studied when both tests were
applied.

Morphometric and statistical analysis

The counting method used was the central
profiles count.’® Values were obtained by
counting the total number of fast blue labeled
perikarya with visible nuclei in the sections as
well as the percentage of those perikarya that
exhibited immunoreactivity to CGRP or NPY
(double-labeled perikarya). To validate our
quantification method, some ganglia were
used to perform a serial reconstruction method
by comparing sequential sections in series.
This allowed double-labeled perikarya with vis-
ible nuclei to be identified from section to sec-
tion. It was found that only 3% of the double-
labeled perikarya were counted twice, and it
happened every time a perikaryon was sliced
directly through the middle of the nucleus. As
the mean diameter of the perikarya was 24 um
(and the nucleus diameter even smaller) most
perikarya with visible nuclei were within the
15 um (superior cervical, stellate and otic gan-
glia) or 30 um (trigeminal ganglion) sections.
If a nucleus was sliced in its periphery, two
adjacent sections would show double-labeled
perikarya with different nuclear volumes. In
this case, the neuron would be counted only
once, since the double-labeled perikaryal pro-

file with the largest nuclear volume showed a
visible nucleus, while in the double-labeled
perikaryal profile with the smallest nuclear vol-
ume, the image of the nucleus was obscured by
the intense fluorescence present in the cyto-
plasm. Since our counting method does not
represent the absolute number of labeled
perikarya, we have referred to labeled peri-
karya as labeled perikaryal profiles.?* Despite
this counting method resulting in a 3% overes-
timation, this percentage is acceptable as the
deviation is quite insignificant from real num-
bers of cells. Similar biases should occur dur-
ing counting of double-labeled perikaryal pro-
file in control and experimental groups, as
there are no significant differences in the
perikaryal diameters in autonomic ganglia. In
contrast, there was a discrete difference in the
mean diameter of perikarya from the trigemi-
nal ganglion among the experimental groups;
however, the histological sections were 30 um
thick, reducing the possibility of double count-
ing of labeled perikarya.

The investigator was blinded to groups, and
in some cases the material was counted by two
individuals, providing highly reproducible
results. To calculate the perikaryal diameter,
perikaryal profiles were observed by epifluo-
rescence microscopy (400x magnification) and
drawn using a camera lucida. To confirm the
perikaryal outline, a concomitant analysis was
made by phase contrast microscopy. The diam-
eters were determined by computer-aided
measurement (Sigmascan, Jandel Scientific
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Software, San Rafael, CA, USA). Only peri-
karyal profiles with visible nucleolus, visible by
simultaneous employment of the epifluores-
cence microscope and Nomarsky were selected
for morphometric analyses. The Kruskal-
Wallis nonparametric ANOVA test and Dunn’s
multiple comparisons test were used, consid-
ering P<0.05 as significant. Statistical analy-
sis was applied to all available data.

Microscopic observation

Fluorescent perikarya labeled with fast blue
were observed on an epifluorescence photomi-
croscope (Optiphot 2, Nikon, Shinagawa-ku,
Tokyo, Japan) using a UV-2A filter (excitation
wave length of 330-380 nm). Immunofluo-
rescence was observed with a G-2A filter (510-
560 nm) to reveal Cy®. The results were pho-
tographed with Ilford HP5 plus film (400 ASA).

Results

Control procedures

Histological analysis of the TMJ showed that
the neuronal tracer was incorporated into the
connective tissue throughout the supradiscal
compartment, mainly in the synovial mem-
brane, and did not leak into adjacent territo-
ries. The contralateral superior cervical gan-
glion did not reveal labeled nucleated neuronal
profiles, indicating that systemic leakage was

Figure 2. Left: fluorescence photomicrographs of labeled nucleated neuronal profiles in
superior cervical (A) and trigeminal (C) ganglia after fast blue deposition in supradiscal
articular space of rat temporomandibular joint. Right: photomicrographs of same sec-
tions showing NPY (B) and CGRP (D) immunoreactive nucleated neuronal profiles after
immunostaining with Cy® conjugated streptavidin. Arrows indicate nucleated neuronal
profiles retrogradely labelled with fast blue and displaying NPY-IR or CGRP-IR. Left and
right photomicrographs sets are from identical sections viewed through separate filters.
Scale bar = 50 pm (A and B) and 70 pm (C and D).

[European Journal of Histochemistry 2012; 56:e31]
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not a significant source of error.

Observation of hematoxylin and eosin
stained TMJ sections showed, in group 1 (con-
trol group), a normal histological pattern with
only a few macrophages in restricted areas of
the subsynovial tissue (Figure 1 A, B); however
not characterizing an active inflammatory
process. In group 2, there was an intense
inflammatory infiltration composed of mononu-
clear cells and polymorphonuclear neutrophils
located in the subsynovial tissue and mainly in
the supradiscal articular space (Figure 1 C, D),
validating the acute phase of the inflammatory
process. In group 3, there was a moderate
inflammatory infiltration composed of mononu-
clear cells, distributed throughout all TMJ
regions. The subsynovial connective tissue was
infiltrated by lymphocytes, plasma cells and
mainly macrophages, but the supradiscal artic-
ular space had few immune cells (Figure 1E, F),
validating the chronic phase of the inflammato-
ry process. In both inflammatory groups (2 and
3), the presence of inflammatory cells was
restricted to the TMJ compartment, and did not
spread to the surrounding periosteum, muscles
or parotid gland.

NPY immunoreactivity in group 1

Fast blue-labeled nucleated neuronal profiles
were observed in all ganglia studied, but only the
autonomic ganglia (superior cervical, stellate
and otic ganglia) showed NPY-IR in the cell bod-
ies (Figure 2 A, B). In the superior cervical gan-
glion, a mean value of 138+11 fast blue-labeled
nucleated neuronal profiles were observed per
ganglion, which were diffusely distributed
tthroughout the ganglion. Out of these fast blue-
labeled nucleated neuronal profiles, 78+3% also
showed NPY-IR (Figure 2 A, B; Figure 3). The
mean diameter was 24 um (ranging from 17 to
35 wm), exhibiting unimodal distribution,
obtained by measuring 176 double-labeled
nucleated neuronal profiles randomly chosen
from different superior cervical ganglia from
control group animals (Figure 4). The stellate
ganglion contained 11+5 fast blue-labeled nucle-
ated neuronal profiles per ganglion, of which
77+6% also showed NPY-IR (Figure 3). The
mean diameter of these double-labeled nucleat-
ed neuronal profiles was 28 um (ranging from
20 to 39 um), obtained by measuring 40 double-
labeled nucleated neuronal profiles randomly
chosen from different stellate ganglia of the con-
trol group (Figure 4). The otic ganglion showed
3711 fast blue-labeled nucleated neuronal pro-
files per ganglion, of which 10+4% were NPY-IR
(Figure 3), with a mean diameter of 22 um
(ranging from 16 to 25 um) obtained by measur-
ing 16 double-labeled nucleated neuronal pro-
files randomly chosen from different otic ganglia
of the control group (Figure 5). In the trigeminal
ganglion, no double-labeled nucleated neuronal
profiles were found.

Figure 3. Proportion of NPY-IR nucleated neuronal profiles that innervate rat temporo-
mandiular joint from superior cervical, stellate and otic ganglia. Group 1 represents ani-
mals with normal joint (normal group). Group 2 represents animals 48 hours after car-
rageenan deposition in joint (acute inflammation). Group 3 represents animals 15 days
after carrageenan deposition in joint (chronic inflammation). Data are expressed as
mean+SEM Kruskal-Wallis non-parametric ANOVA test and Dunn’s multiple compar-
isons test were used to analyze differences between groups. Values of P<0.05 were consid-
ered significant. *control group vs chronic and acute inflammation groups, considering
superior cervical ganglion, P<0.01. econtrol group vs chronic and acute inflammation
groups, considering stellate ganglion, P<0.05. ®control group vs chronic and acute
inflammation groups, considering otic ganglion, P<0.05.

Figure 4. Percentage of double labeled neuronal profiles (FB/NPY-IR) distributed accord-

ing to perikaryal diameter of neurons from cervical superior and stellate ganglia.
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NPY immunoreactivity in groups 2
and 3

In all the autonomic ganglia studied, there
were no statistically significant changes in the
number of fast blue-labeled nucleated neu-
ronal profiles among the different groups.

In the superior cervical ganglion, the per-
centage of double-labeled nucleated neuronal
profiles in group 2 (acute phase of inflamma-
tion, 58+2%) was lower than in group 1
(78+3%) (P<0.01) (Figure 3). However, no
significant difference was observed in the
mean diameter of double-labeled nucleated
neuronal profiles between groups 1 (24 um,
ranging from 17 to 35 um) and 2 (24 um, rang-
ing from 17 to 36 um), obtained by measuring
259 double-labeled nucleated neuronal profiles
randomly chosen from different superior cervi-
cal ganglia of group 2 (Figure 4).

In group 3 (chronic phase of inflammation),
the percentage of double-labeled nucleated
neuronal profiles (60+2%) was higher than in
group 2 (58+2%), but still lower than in the
control group (P<0.01) (Figure 3). In group 3,
no significant difference was observed in the
mean diameter of double-labeled nucleated
neuronal profiles (mean diameter of 24 um,
ranging from 14 to 34 um), obtained by meas-
uring 186 double-labeled nucleated neuronal
profiles randomly chosen from different supe-
rior cervical ganglia of group 3 (Figure 4).

In the stellate ganglion, the percentage of
double-labeled nucleated neuronal profiles was
significantly (P<0.05) lower in groups 2
(58+8%) and 3 (59+15%) than in group 1
(77+6%) (Figure 3). No significant difference
was observed in the mean diameter, obtained
by measuring 15 and 13 double-labeled nucle-
ated neuronal profiles randomly chosen from
different stellate ganglia of groups 2 (mean
diameter of 28 wm, ranging from 21 to 41 um)
and 3 (mean diameter of 27 um, ranging from
22 to 40 um), respectively (Figure 4). In the
otic ganglion, the percentage of double-labeled
nucleated neuronal profiles was significantly
(P<0.05) higher in group 2 (19+5%) and 3
(13+3%) than in group 1 (10+4%) (Figure 3).
No significant difference was observed in the
mean diameter, obtained by measuring 21 and
18 double-labeled nucleated neuronal profiles
randomly chosen from different otic ganglia of
groups 2 (mean diameter of 21 um, ranging
from 17 to 24 um) and 3 (mean diameter of 22
um, ranging from 17 to 26 um), respectively
(Figure 5).

Finally, in the trigeminal ganglion, no dou-
ble-labeled nucleated neuronal profiles were
observed in groups 2 and 3.

CGRP immunoreactivity in groups
1,2and 3

In the trigeminal ganglion, a mean value of
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Figure 5. Percentage of double labeled neuronal profiles (FB/NPY-IR) distributed

according to perikaryal diameter of neurons from otic ganglion.

Figure 6. Proportion of CGRP-IR nucleated neuronal profiles that innervate rat temporo-
mandibular joint from trigeminal ganglion. Group 1 represents animals with normal joint
(normal group). Group 2 represents animals 48 h after carrageenan deposition in joint
(acute inflammation). Group 3 represents animals 15 days after carrageenan deposition in
joint (chronic inflammation). Data are expressed as mean+SEM. Kruskal-Wallis non-
parametric ANOVA test and Dunn’s multiple comparisons test were used to analyze dif-
ferences between groups. Values of P<0.05 were considered significant. *control group vs
chronic and acute inflammation groups, P<0.001.

Figure 7. Percentage of double labeled neuronal profiles (FB/CGRP-IR) distributed
according to perikaryal diameter of neurons from trigeminal ganglion.

PN a AECESS [European Journal of Histochemistry 2012; 56:e31] [page 195]
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206+83 nucleated neuronal profiles per gan-
glion were labeled with fast blue, and most of
these neurons were located in the dorsopos-
terolateral portion of the trigeminal ganglion
and in the maxillo-mandibular intersection.
There were no statistically significant changes
in the number of fast blue-labeled nucleated
neuronal profiles between different groups.

Out of the fast blue-labeled nucleated neu-
ronal profiles, 31+3% were also immunoreac-
tive to CGRP in group 1 (Figure 2 C, D; Figure
6). The percentage of double-labeled nucleated
neuronal profiles was higher (P<0.001) in
groups 2 (54+2%) and 3 (49+3%) than in
group 1 (Figure 6). The mean diameter was 26
um (ranging from 13 to 47 um) with a uni-
modal distribution, obtained by measuring 154
double-labeled nucleated neuronal profiles
randomly chosen from different trigeminal
ganglia of the control group (Figure 7). The
mean diameter of double-labeled nucleated
neuronal profiles in groups 2 (mean diameter
of 33 um, ranging from 21 to 49 um) and 3
(mean diameter of 33 um, ranging from 20 to
51 um) were higher than in group 1 (P<0.05),
and these values were obtained by measuring
86 and 106 double-labeled nucleated neuronal
profiles randomly chosen from different
trigeminal ganglia of groups 2 and 3, respec-
tively (Figure 7).

Discussion

The modulatory role of neuropeptides in
TMJ arthritis has been investigated over the
past few years. The analysis of joint fluid has
been used to correlate neuropeptide concen-
trations with clinical signs and symptoms of
TMJ disease.?'#2344142 High levels of neuropep-
tides have been found in the synovial fluid
from patients with temporomandibular joint
(TMJ) inflammatory diseases and from exper-
imentally-induced TMJ arthritis in rats.!2132134
Among these neuropeptides are the calcitonin
gene-related peptide (CGRP) and the neu-
ropeptide Y (NPY), both having vasoregulatory
functions and originating in sensory and auto-
nomic ganglia, respectively. The autonomic
ganglia that supply NPY fibers to the TMJ have
been investigated, however, the morphometric
characteristics of these perikarya have not
been determined.'®® It is still not known
whether during TMJ inflammation there is a
modulation in the NPY or CGRP expression in
neuronal profiles that send nerve fibers to the
rat TMJ. Using a fluorescent retrograde neu-
ronal tracing technique combined with
immunofluorescence, the present study found
that NPY immunoreactive fibers in the TMJ
have sympathetic and parasympathetic origin.
Also, there was a variation in the percentage of
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autonomic NPY and sensory CGRP neurons
that send nerve fibers to the TMJ during the
inflammatory process induced by carrageenan.

Technical considerations

Fast blue fluorescent neuronal retrograde
tracerhas been used in studies aiming to iden-
tify efferent autonomic and afferent sensory
neurons that send nerve fibers to synovial
joints, such as knee joint and temporo-
mandibular joint.1%354-46

The choice of fast blue as a fluorescent neu-
ronal tracer allowed us to submit ganglia sec-
tions to the immunofluorescence technique to
identify neuropeptides present in nucleated
neuronal profiles. Another important aspect
was the efficient neuronal labeling and its sta-
bility without leaking from neurons in long-
term experiments.*’*® In the present study, fast
blue was deposited in the rat TM/ fifteen days
before euthanasia. This long post-surgery peri-
od was adopted as carrageenan was also
deposited in the TMJ in order to obtain a
chronic inflammatory process in the TMJ dur-
ing euthanasia (group 3).

The retrograde neuronal tracer deposition
method demonstrated to be efficient in avoid-
ing leakage to adjacent tissues, such as mus-
cle, parotid gland and adjacent ganglia, as pre-
viously reported by Casatti et al. (1999)."

NPY immunoreactive neuronal pro-
files sending nerve fibers to the
normal temporomandibular joint

It was observed in this study that most sym-
pathetic neurons (78%) from the superior cer-
vical ganglion that innervate the rat TMJ
showed NPY-IR. Kido et al. (2001) has also
observed a dense NPY innervation in the rat
TMJ originating from superior cervical gan-
glion.” Since a similar approach has not been
made in any other joint, comparisons were
made with previous studies involving the
innervation of other orofacial territories.
There are available data showing the existence
of different targets for NPY immunoreactive
fibers of sympathetic and parasympathetic ori-
gin. Experiments using retrograde neuronal
tracing technique combined with immunohis-
tochemistry to identify NPY immunoreactive
fibers in the rat submandibular and parotid
glands and porcine parotid glands showed that
the NPY sympathetic innervation is confined
to the blood vessels of the glands, while
periacinar NPY fibers have a parasympathetic
origin.*!

In the rabbit ear, NPY-IR neurons of small
diameter from the superior cervical ganglion
project primarily to arterial vessels.”? It was
found that NPY perikarya from superior cervi-
cal ganglion projecting to the TMJ have small
mean diameter (mean, 24+0.3 wm). Thus, it is
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possible that of superior cervical ganglion NPY
perikarya may be sending nerve fibers mainly
to arterial blood vessels. Regarding the
parasympathetic innervation of the rat TMJ, it
was shown for the first time that 10% of retro-
gradely labeled neurons in the otic ganglion
showed NPY-IR. However, very little is known
about the possible functions of parasympathet-
ic innervation in the TMJ. In a previous study,
it was observed that the removal of the rat
superior cervical ganglion resulted in complete
absence of NPY fibers in the TMJ.2 These data
are not in accordance with our findings, since
the otic ganglion is also a putative source of
NPY innervation to the rat TMJ. In addition, we
found that sympathetic denervation of the rat
TMJ did not eliminate all NPY innervations,
remaining this peptidergic innervation in the
largest arterial vessels in the TMJ (data not
published). 1t is important to mention that a
putative neurotransmitter molecule detected
in cell bodies of a given population of neurons
is not necessarily transported to their termi-
nals in concentrations detectable by immuno-
histochemical methods in epifluorescence or
light microscopy. For instance, NPY has been
detected by immunohistochemistry in the rat
ciliary ganglion but was undetectable in nerve
terminals of the iris and ciliary body of sympa-
thectomized rats.>

Regarding the trigeminal ganglion, our
results are in agreement with previous studies
showing no NPY immunoreactive perikarya in
the normal rat.5%

NPY immunoreactive neuronal pro-
files sending nerve fibers to arthrit-
ic temporomandibular joint

In the present work, a significant decrease
in the percentage of double-labeled nucleated
neuronal profiles in the superior cervical gan-
glion from animals with acute and chronic
TMJ inflammation was found, comparing with
the control group (Figure 3). A possible expla-
nation for this result could be an increased
transport of large dense core vesicles, reducing
neuropeptides storage in some perikarya to an
undetectable level by immunohistochemistry.
In line with this idea, there are studies show-
ing a decreased density of NPY immunoreac-
tive fibers in the human rheumatoid synovi-
um, as well as an increase in the NPY concen-
tration, during arthritis, in the synovial fluid of
rat and human TMJ.!214% In addition, some
studies show that NPY is released under condi-
tions of elevated neuronal activity.®® Prolon -
gated sympathetic stimulation over 1 h
decreases by 58% the content of NPY in sympa-
thetic fibers distributed in the spleen.’”
Studies show that slow velocity of axonal
transport of NPY results in a complete resupply
of the nerve terminal with this neuropeptide at
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around eleven days.””*® On the other hand, a
diminished synthesis of NPY during arthritis
may also be a putative explanation for the
decreased number of double-labeled neuronal
profiles found in the present study.
Inflammatory factors such as the leukemia
inhibitory factor, generally produced during
the onset of the inflammatory process, could be
altering the NPY expression in superior cervi-
cal ganglion neurons.”*% Thus, if neuronal
NPY synthesis is decreased during arthritis,
the increase of NPY levels in the synovial fluid
from arthritic rat and human TMJ may have a
non-neuronal origin, since immune cells and
endothelium are able to synthesize NPY.!21461-
8 The stress hypothesis should not be neglect-
ed. Several studies showed that chronic or
acute arthritis resulted in hypothalamus-pitu-
itary-adrenal axis oscillations, identified by
elevated circulating corticosterone levels.5
NPY plasma levels also rise in response to
stress conditions and the release of the peptide
proved to be mainly from noradrenergic nerve
endings.5%8 However, this does not appear to
be the case in the present study, since signifi-
cant alterations in NPY concentration were
found mainly in the synovial fluid and not in
the plasma from rats submitted to car-
rageenan-induced arthritis."

Regarding the otic ganglion, we observed
that there was a slight increase in the number
of NPY double-labeled neuronal profiles during
acute and chronic inflammation. However, no
data is available regarding a possible modulato-
1y role of parasympathetic innervation during
arthritis in any other joint, although its putative
influence has already been suggested.®

No double-labeled neuronal profiles were
seen in the trigeminal ganglion from animals
with acute and chronic TMJ inflammation, in
agreement with a study focusing on inflamma-
tory induction in the orofacial territory.”

CGRP immunoreactive neuronal pro-
files sending nerve fibers to normal
and arthritic temporomandibular joint

This study showed that TMJ inflammation
induced by carrageenan increases the percent-
age of CGRP-IR double-labeled neuronal pro-
files in the ipsilateral trigeminal ganglion,
both during acute and chronic inflammation.

Our findings are in agreement with a study
that adopted the same double-labeling method,
but in neurons from the dorsal root ganglia
innervating the cat knee joint.* In this previ-
ous study, unilateral joint inflammation
induced by intra-articular injection of kaolin
and carrageenan increased the proportion of
double-labeled neurons from 42% to 52% in the
control and experimental groups, respectively,
in the first thirty-two hours.* Inflammation
induced by complete Freund’s adjuvant injec-
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tion in the L5-L6 facet joint of the rat also
caused a significant increase in the percent-
age of CGRP neurons in the dorsal root gan-
glia L1 (17% to 50%) and L2 (24% to 39%),
seven days after inoculation.’® Similarly, it was
noted a significant increase in the total num-
ber of CGRP immunoreactive neurons and in
CGRP mRNA expression in neurons of dorsal
root ganglia after adjuvant inoculation.’®™ The
overall CGRP concentration was also increased
in the trigeminal ganglion 28 days after adju-
vant deposition in the rat TMJ.>" Therefore,
the literature shows that CGRP modulation
during arthritis is evident in the onset of the
inflammatory process and continues for a long
period, in accordance with the present data.

The triggering mechanisms for the up-regu-
lation of CGRP synthesis in the neuron are
likely to involve the presence of the nerve
growth factor. It was observed that in car-
rageenan-induced arthritis, nerve growth fac-
tor concentration in the synovial membrane of
the rat knee and ankle joints were significant-
ly increased.™™ In addition, injection of nerve
growth factor into the skin of the rat ear
induced an increase in the percentage of
trigeminal ganglion neurons expressing
CGRP™ Besides the nerve growth factor, other
proinflammatory substances such as the
cytokine leukemia inhibitory factor and inter-
leukin-1 could be up-regulating CGRP expres-
sion. The leukemia inhibitory factor is overex-
pressed by synoviocytes of arthritic patients,
and is retrogradely transported by the great
majority of CGRP-LI sensory neurons from the
rat 14 and L5 dorsal root ganglia in vivo.50767
Interleukin-1 deposition in the rat TMJ
induced an increase of CGRP in the synovial
fluid.™ Thus, these data support the hypothesis
that a reciprocal interaction between neural
and immune systems occurs in the synovium,
during joint inflammation.

In the morphometric analysis, the mean
diameter of double-labeled neuronal profiles
(fast blue and CGRP) in the trigeminal gan-
glion of animals from the inflamed groups was
significant larger (33 wum) compared to the
control group (26 um). The analysis of these
data shows that out of the neuronal profiles
innervating the TMJ with 35 to 45 um, a very
low percentage express CGRP in normal condi-
tions. However, when the joint is inflamed, an
increased percentage of these neuronal pro-
files (35 to 45 um) begin to express CGRP, con-
sequently increasing the mean diameter of
double-labeled neuronal profiles. In a study
performed in the cat knee joint, no statistically
significant difference in the mean diameter of
CGRP neurons innervating normal or inflamed
joint was noted.’> On the other hand, a statisti-
cally significant (P<0.01) increase in the
mean diameter of CGRP neurons in the dorsal
root ganglia was observed after inflammation,
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induced by injection of complete Freund’s adju-
vant in the rat L5-L6 lumbar facet joint.*

In summary, the present study demonstrat-
ed that most NPY-IR neurons projecting to the
normal rat TMJ are of sympathetic origin, with
a minor contribution from neurons located in
the parasympathetic otic ganglion. During the
acute and chronic phases of unilateral car-
rageenan-induced TMJ inflammation, the per-
centage of NPY-IR neuronal profiles that send
nerve fibers to the rat TMJ in the superior cer-
vical ganglion decreased while in the otic gan-
glion it increased, when compared with the
controls. On the other hand, an increase in the
number of neurons expressing CGRP in the
trigeminal ganglion during acute and chronic
inflammation of the rat TMJ was observed.
Although, NPY and CGRP have vasoregulatory
functions in the joints, they have distinct ori-
gins and are differently expressed during
arthritis in the rat TMJ, as detected by
immunohistochemistry.
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