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Recently the nearoimmunomodulatory role of
different neuropeprides found in afferent nerve
fibers has attracted much interest. It has been
reported that substance P (SP)7* and neurokinin A
(NKA)? can activate immunologic mechanisms;
calcitonin gene-related peptide (CGRP)*'! has a
modulatory effect on the immune system. Both SP
and NKA have been shown to release IL-1 from
human blood monocytes'? and to enhance IL-1-
like activity in a mouse macrophage cell line
P388D1.13 Furthermore, IL-1 has been shown to
increasc SP gene expression'? and SP levels in sym-
patheric ganglia.!® Apart from effects on the
immune system, SP,'® NKA,!” and CGRP'® have
been shown to induce plasma extravasation and
vasodilatation and thus might be important media-
tors of neurogenic inflammation. Both SP and
CGRP have been shown to be colocalized in affer-
ent nerves'? and simultaneously released from the
rat spinal cord.?’

A neuropeptide that is released from postgan-
glionic sympathetic nerve efferents is neuropeptide
Y (NPY). It has been shown that NPY can modu-
late SP release from rat sensory neurons,”’ perhaps
because of its vasoconstrictive effect.?? Recently, it
was found that unilateral intra-articular injection
of proinflammatory substances induces a bilateral
increase in SP-; NKA-, CGRP-, and NPY-like
immunoreactivity (-LI) in rar synovial fluid,® as
well as an increase in the concentrations of SP-LI
in the cerebrospinal fluid during acute monarthri-
tis.2*

The aim of the present study was to investigate
the interaction between the immune and nervous
systems by measuring changes in SP-, NKA-,
CGRP-, and NPY-LI in rat cerebrospinal fluid,
plasma, and perfusates of the right temporo-
mandibular joints (TM]s) at 2, 16, and 24 hours
after intra-articular injection of IL-1,

Materials and Methods

The study was carried our on 50 male albino
Sprague-Dawley rats weighing 250 to 300 g. On
the day of the experiment, the rats were anes-
thetized with chloral hydrate (0.4 g/kg). The skin
overlying the TMJs was shaved before the intra-
articular injections. Thirty rats were injected with
0.01 mL of human recombinant interleukin-la
(hrlL-1a) (1 mg/mL) via a 27-gauge needle into the
right TM]. The right-side TM]Js of 20 control rats
were injected with 0.01 mL of saline. After periods
of 2, 6, and 24 hours following injection, the rats
were again anesthetized with chloral hydrate. A 1-
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cm longitudinal skin incision was made, exposing
the TMJs, and a 27-gauge needle was inserted. The
joints were perfused with 0.15 mL of 0.9% saline
through the 27-gauge needle using a push-and-pull
technique. Collection of perfusates was carried out
for 15 minutes and resulted in a 0.1-mL perfusate.

For collection of cerebrospinal fluid, rats were
placed in a stereotactic frame. The atlanto-occipi-
tal membrane was exposed by retracting the over-
lying muscles. Samples of 80 to 150 pL of cere-
brospinal fluid were obtained through a 27-gauge
needle connected to a 1-mL syringe via polyethy-
lene tubing.

Blood (1.5 to 4.5 mL) was collected by a punc-
ture of the heart with a vacutainer tube containing
143 [U of heparin. Afterward, 500 IU/mL of apro-
tinin (Trasylol, Bayer, Leverkusen, Germany) was
added. The samples were centrifuged, and plasma
was removed and frozen. All samples were rapidly
cooled and stored at —80°C until analysis. Samples
from the cerebrospinal fluid, plasma, and per-
fusates were extracted using a reverse-phase C18
cartridge (Sep Pak, Waters, Milford, MA) and ana-
lyzed using competitive radioimmunoassays.*26
Radioimmunoassays of SP-, CGRP-, NKA-, and
NPY-LI were done using antiserums SP2,
CGRPRS, K12, and N1, respectively. The lower
detection limit in all extracts was 0.1 fmol/mL for
all peptides assessed. The mean and one standard
deviation were used as measures of central ten-
dency and variation. Mann-Whitney nonparamet-
ric analysis of variance was used to test for differ-
ences between two groups. Spearman’s rank
correlation coefficient was used to analyze the cor-
relation between groups (P < .05).

Results

Cerebrospinal Fluid

The SP-LI was increased in cerebrospinal fluid of
experimental rats compared to control rats at 6
hours and 24 hours following intra-articular injec-
tion of hrlL-1o. The NKA-LI and CGRP-LI of the
experimental rats were increased compared with
that of the control rats. The NPY-LI was not
increased in experimental rats compared to control
rats following injection of hrlL-1a (Table 1).

Plasma

No statistically significant changes in SP-, CGRP-,
or NPY-LI were seen in plasma following injection
of hrlL-1a. The NKA-LI of the experimental rats



was significantly reduced in comparison to that of
the control rats (Table 2).

Temporomandibular Perfusates

There was generally an increase in neuropeptide-LI
in the perfusates from the TMJs following injec-
tion of hrlL-1a (Table 3).

Discussion

Interleukin-1 1s known to exist in two molecular
forms, IL-1a and IL-18. Interleukin-la may be
functionally active in its cell-associated form as
well as in its secreted form. However, IL-1f is
effective only in the secreted form.2” The presence
of circulating IL-1-containing cells*® and enhanced
levels of plasma containing IL-18 have been seen
in the plasma of rheumatoid arthritis patients?’
and are correlated with disease activity.
Interleukin-1 activity has been demonstrated in
synovial fluid from patients with different
rheumatic and inflammarory conditions,?” and IL-
1 production is elevated in macrophages from
adjuvant-induced rats.’! The presence of IL-1 in
joints seems to be of synovial cell origin® includ-
ing dendritic cells, macrophages, and synovial
fibroblasts. It has been shown that IL-1 can regu-
late its own production by inducing gene expres-
sion of [L-1c and IL-1f in synovial fibroblasts and
peripheral blood monocytes,*’ thereby promoting
the inflammarory process.

In the present study, an intra-articular injection
of hrlL-1« increased neuropeptide-LI mainly in the
perfusates from the TM], with the exception of SP-
L1, which was elevated only at 2 hours following
injection. It is known that SP, NKA, and CGRP
participate in neurogenic inflammation, and bilat-
erally increased concentrations of these neuropep-
tide-LI have been shown in the perfusates from
knee joints following unilateral injection of either
Freund adjuvant or carrageenan.??** Interleukin-1
can directly increase SP content in cultured sympa-
thetic ganglia.!® It has also been reported that
endopeptidase 24.11 (enkephalinase), which is
responsible for SP and NKA metabolism,** inacti-
vates IL-1.3°

Our findings concerning SP-LI in perfusates fol-
lowing hrlL-1a are in line with results of O’Byrne
et al,3¢ who used lower doses (59 mg) than those
used in the present study. In their study, an intra-
articular injection of hrIL-1a (100 ng) into the
rabbit knee enhanced SP-LI at 4, 24, and 48 hours
in the joint lavage fluid; no SP-LI was found fol-
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Table 1 Concentrations (fmol/mL) in
Cerebrospinal Fluid ar 2, 6, and 24 Hours After
Treatment of Saline in Control TMJs and hrIL-1a
in Experimental TM]s

S 6h 24 h

Saline

SP-LI < 0.1 <01 = 0.1

INKA-LI < 0.1 <@ < 0.1

CGRP-LI 282+46 29.5+6.1 247 4+29

NPY-LI 1411 = 311 1243 £ 314.2 2921 + 6242
hril-1a

SP-LI <01 36.2+224* 453=198"

NKA-LI 142 +6.3™ 68.1 + 30.2** 112 = 48.4*

CGRP-LI 424 +103" 456+ 1247 48.4 = 18.6*

NPY-LI 1232 + 246 1148 £ 198 1873 = 256

Statistically significant differences from saline-treated control rats:
*P<.05.
*P < .01

Table 2 Concentrations (fmol/mL) in Plasma
at 2, 6, and 24 Hours After Treatment of Saline in
Control TMJs and hrlL-lo in Experimental TM]s

2h 6h 24 h
Saline
SP-LI 0.4+04 044+02 1107
NKA-LI 73222 6.4 31 7524
CGRP-LI 52=+1.1 3.9x07 38=+1.1
NPY-LI 485.2 + 1823 5223+ 2629 568.1 + 263.2
hriL-1a
SP-LI 0.6+ 0.5 19+186 2.6+ 3.1
NKA-LI = g 0T
CGRP-LI 122+ 6.4 8.4+47 89:68
NPY-LI 4736+ 2122 679.4+398.1 4393+ 314.2

Statistically significant differences from saline-treated control rats
*P< .05
L

Table 3 Concentrations (fmol/mL) in TM]
Perfusate at 2, 6, and 24 Hours After Treatment
of Saline in Control TMJs and hrlL-1a in
Experimental TM]s

2h 6h 24 h

Saline

SP-LI < 0.1 < 0.1 < 0.1

NKA-LI < 0.1 < 0.1 < 0.1

CGRP-LI 22+15 Al | 26=09

NPY-LI 193 £ 6.4 A 196258
hril-1e

SP-LI 2.2+ 1.4 <01 <0.1

NKA-LI 5.2+23" 5.1+ 3.4* 42 £22%

CGRP-LI 6.9+ 11* 62+ 0.2* 66+ 0.1

NPY-LI 69.8 = 0.4™ 46.2 £ 4.4 448 + 81"

Statistically significant differences from saline-treated control rats:
ipdiz (o)
“*P< .01,
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