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Abstract: The facet joint is a common source of pain in both the neck and low back, and can be in-

jured by abnormal loading of the spinal joints. Whereas a host of nociceptive changes including neu-

ronal activation, neuropeptide expression, and inflammatory mediator responses has been reported

for rat models of joint pain, no such responses have been explicitly investigated or quantified for

painful mechanical injury to the facet joint. Two magnitudes of joint loading were separately im-

posed in a rat model of cervical facet joint distraction: Painful and nonpainful distractions. Behavioral

outcomes were defined by assessing mechanical hyperalgesia in the shoulders and forepaws. Sub-

stance P (SP) mRNA and protein levels were quantified in the dorsal root ganglion (DRG) and spinal

cord at days 1 and 7 following distraction. Painful distraction produced mechanical hyperalgesia that

was significantly greater (P < .010) than that for a nonpainful distraction. Painful distraction signifi-

cantly increased spinal SP mRNA (P = .048) and SP protein expression in the DRG (P = .013) at day 7

compared to nonpainful distraction. However, spinal SP protein for painful distraction was signifi-

cantly less (P = .024) than that for nonpainful distraction at day 1. Joint distractions producing differ-

ent behavioral outcomes modulate SP mRNA and protein in the DRG and spinal cord, suggesting that

SP responses may be involved with different temporal responses in painful joint loading.

Perspective: SP mRNA and protein in the DRG and spinal cord are quantified at 2 time points after

cervical facet joint distractions that separately do or do not produce mechanical hyperalgesia. Studies

describe a role for SP to contribute to pain produced by mechanical joint loading.
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T
he facet joint has been reported to contribute to
persistent neck and low back pain.3,5,57 Studies
identify this joint as the site of chronic pain in up

to 62% of the neck pain cases and 45% of the low back
pain cases.3,5,57 Biomechanical studies suggest that
facet-mediated pain may result from altered vertebral
motions that can increase mechanical loading to the
facet and its capsule.16,35,54,66,67,68,86,87 Increases in be-
havioral hypersensitivity, neuronal activation, and in-
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flammatory mediator expression in the joint and spinal
cord have all been reported for rat models of joint in-
flammation and arthritis.24,31,81,88 However, although
those studies support a role for inflammation and/or
joint afferents to produce pain as a result of mechanical
loading to joints, little is known about the relationships
between joint-loading conditions, pain, and related
physiologic sequelae.

Cervical and lumbar facet joints have been implicated
in nociceptive signaling for mechanical joint loading, via
capsule afferents sensing loading and initiating physio-
logic responses.4,11,12,30,52,53,84 Both cervical and lumbar
joints and their capsules are innervated by Ad and C
fibers,11,12,30,53 some of which are reactive for the neuro-
peptides substance P (SP) and calcitonin gene-related
peptide (CGRP).6,21,23,33 SP is a neurotransmitter and no-
ciceptive neuromodulator,59 suggesting a means by
which facet joint loading or inputs can induce pain. In
particular, application of SP to nociceptor receptive fields
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in the rat lumbar facet joint increases the afferent dis-
charge rate in nociceptors,84 demonstrating that joint af-
ferents can become sensitized. Cervical and lumbar facet
capsule afferents are also activated by tensile joint load-
ing and can remain sensitized following unload-
ing,4,11,12,52,53 suggesting that joint loading may elicit
pain via capsule afferents. Despite demonstration of
neuropeptide immunoreactivity in facet joint afferents
and indirect implication of SP in facet-mediated pain,
the relationship between SP in the nervous system and
quantitative pain outcomes remains uncharacterized
for this joint.

Several studies demonstrate that SP is associated with,
and directly modulates, spinal and supraspinal signaling
in painful peripheral injury.1,55,79,85 Gene upregulation
and enhanced protein expression of SP and its receptor
are produced in the dorsal root ganglion (DRG) and
spinal cord in pain models of partial nerve injury and
inflammation.18,55,79,80 Painful arthritis and joint inflam-
mation models demonstrate altered SP expression in
both spinal cord and synovial tissues,37,58 suggesting
that pain after a mechanical joint injury may also involve
a combination of local and spinal neuropeptide re-
sponses. Although there is support for altered neuro-
peptide expression in modulating neuropathic and
inflammatory pain, SP mRNA and protein levels in the
dorsal root ganglion and spinal cord after joint distrac-
tion are undefined.

Our lab has previously developed a rat model of pain-
ful cervical facet joint-mediated injury, in which the
resultant behavioral hypersensitivity (ie, mechanical allo-
dynia) is dependent on the magnitude of applied verte-
bral distraction.46,47 Mechanical allodynia represents
enhanced nociceptive processing and is commonly used
as an indicator of pain outcomes in a variety of other
models of radiculopathy, neuropathy, and inflammatory
pain.15,70,71,72,73,89,90 In the previous studies using this
facet joint distraction model, vertebral distractions of
0.7 mm across the C6/C7 facet joint produce mechanical
allodynia that lasts for up to 2 weeks, although distrac-
tions of 0.2 mm do not produce any allodynia that differs
from either baseline (uninjured) or sham responses at
any time point.46,47,48 Accordingly, those results suggest
that distractions of 0.7 mm across the facet joint can be
assumed to produce painful outcomes, whereas distrac-
tions of 0.2 mm do not produce painful outcomes. Al-
though those data suggest that the presence and
extent of pain symptoms depend on the severity of joint
distraction, the mechanisms by which certain facet dis-
tractions produce symptoms remain undefined. This
study tested the hypothesis that behavioral hypersensi-
tivity after painful facet joint distraction is associated
with increases in SP mRNA and protein in the DRG, and
delayed spinal modifications of SP. As such, shoulder
and forepaw hyperalgesia were measured to assess be-
havioral outcomes following different joint distraction
severities. SP mRNA and protein levels were quantified
in the DRG and spinal cord at 2 time points (days 1 and
7) after joint distractions that separately did and did
not result in behavioral hypersensitivity. These studies of-
fer insight into the potential involvement of SP in the
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DRG and spinal cord in painful outcomes after facet dis-
traction and may provide context for additional investi-
gations into mechanisms underlying these painful
symptoms.

Methods
All experimental procedures were approved by the In-

stitutional Animal Care and Use Committee of the Uni-
versity of Pennsylvania and adhered to the guidelines
of the Committee for Research and Ethical Issues of the
International Association for the Study of Pain.91 Male
Holtzman rats (Harlan Sprague-Dawley, Indianapolis,
IN) (424 6 32 g) were housed under USDA- and AAA-
LAC-compliant conditions.

General Surgical Procedures
All surgical procedures were performed under inhala-

tion isoflurane anesthesia (4% for induction, 2.5% for
maintenance). A controlled bilateral cervical facet joint
distraction was applied using a rat model, as previously
described.46,47 Briefly, the C6 and C7 laminae and facet
joints were exposed and cleared, and a loading device
was attached to the C6 and C7 spinous processes. The de-
vice translated the C6 spinous process rostrally while
holding the C7 spinous process fixed, distracting the
joint. Two subfailure distraction paradigms were sepa-
rately imposed across the facet joint in these studies:
(1) a painful distraction (0.7 mm), and (2) a nonpainful
distraction (0.2 mm) (n = 18, each group).46,47,48 Sham
surgeries (n = 18) were also performed to control for
the physiologic effects of surgery; for sham, the device
was attached but no distraction was imposed. Following
surgery, wounds were closed and rats were recovered in
room air.

Vertebral distraction and applied force were measured
during loading in order to verify that the imposed dis-
tractions for the 2 groups were mechanically different.
Polystyrene particles were placed at the center of the
C6 and C7 laminae and images of the laminae were ac-
quired during distraction. Image tracking software (Im-
age Pro Plus; Media Cybernetics, Inc., Silver Spring, MD)
was used to locate marker centroids for motion tracking.
Applied joint distraction was defined as the maximum
separation of the C6 laminae relative to the C7 laminae.
The applied force during joint distraction was defined as
the peak force supported by the ligament during the dis-
traction procedure.

Behavioral Assessment
Mechanical hyperalgesia was quantified as a measure

of behavioral hypersensitivity in the bilateral shoulders
and forepaws of each rat to verify that behavioral results
in this study correspond to previously reported outcomes
using these distraction conditions.46,47 Specifically, hy-
peralgesia was assessed using a modified version of
Chaplan’s up/down method to quantify the threshold
for tactile sensitivity to a stimulus that is normally nox-
ious.13,28 For this method, a lower response threshold
represents greater behavioral hypersensitivity;13 specific
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methods and anatomic testing locations have been de-
scribed previously for this model48. Briefly, response
thresholds were measured separately for each of the
left and right shoulders and forepaws using a series of
logarithmically ascending von Frey filament strengths
(0.4, 0.6, 1.4, 2.0, 4.0, 6.0, 8.0, 15.0, and 26.0 g) (Stoelting,
Wood Dale, IL).28,48 Response thresholds were measured
on 3 consecutive days prior to surgery to obtain baseline
values, and on postoperative days 1, 3, 5, and 7. Each test-
ing session consisted of 3 rounds of 5 stimulations to each
region using a series of ascending von Frey filaments
(0.4–26.0 g). For each round, the lowest filament to elicit
a positive response was recorded as the response thresh-
old if the next larger filament also evoked a positive re-
sponse. A positive response was defined as vigorous
shaking of the shoulder or emphatic lifting of the fore-
paw, which was generally accompanied by licking of
the affected area, and in some cases by vocalization as
well. If the rat failed to respond to any filament, the max-
imum filament strength (26.0 g) was recorded as the
threshold for that round. The thresholds over the 3
rounds were separately averaged for each shoulder and
forepaw to obtain a single value at that location for
each rat.

Tissue Processing and SP
Characterization

Spinal cord segments and DRGs were harvested at the
C6 and C7 spinal levels of each animal for processing to
quantify SP mRNA and protein levels in each group
(painful, nonpainful, sham) at 2 time points (day 1, day
7). After behavioral assessment on day 1 (n = 8/group)
or day 7 (n = 10/group), rats were anesthetized with
sodium pentobarbital (65 mg/kg) and transcardially
perfused with phosphate-buffered saline. Whole spinal
cord segments and the DRGs from the right side were
harvested from the C6 and C7 spinal levels, and immedi-
ately frozen on dry ice. Tissue was stored at –80�C until
further processing.

The C6 DRG and spinal cord samples were analyzed by
real-time PCR to quantify SP mRNA levels. Total RNA was
extracted from tissue samples using the TRIzol isolation
system (Life Technologies, Rockville, MD) according to
manufacturer’s instructions. Total RNA (2 mg) from each
sample was used to generate single-strand cDNA using
the MultiScribe Reverse Transcriptase system (Applied
Biosystems, Foster City, CA). A custom gene expression
assay (Applied Biosystems Assay #4331183) was used to
probe SP mRNA. Primers and probes for the internal
housekeeping gene, 18s, have been previously reported
(Forward primer: 5’- CGGCTACCACATCCAAGGAA-3’; Re-
verse primer: 5’-GCTGGAATTACCGCGGCT-3’; Probe: 5’-
CACCAGACTTGCCCTC-3’).51 Taqman real-time PCR was
performed using an ABI-7300 system (Applied Biosys-
tems); 1.5 mL of sample cDNA was used for each 25-mL re-
action and all reactions were performed in duplicate.
Cycle conditions were: 95�C for 10 minutes, 40 cycles at
95�C for 15 seconds, and 60�C for 60 seconds. For all sam-
ples, the target gene expression was normalized to the
internal housekeeping gene (18s) expression in that sam-
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ple using the DDCt method;50 the mRNA level for each
sample in the painful and nonpainful groups is reported
as the fold-difference in expression relative to the aver-
age expression of sham samples. Fold-differences in SP
mRNA were averaged for each distraction group (pain-
ful, nonpainful) in each tissue type (DRG, spinal cord)
at each time point (day 1, day 7).

Quantitative determination of SP protein was per-
formed on the C7 DRG and spinal cord by quantitative
ELISA assay. Tissue was homogenized in buffer (10 mM
Tris, pH 7.4) and centrifuged at 16,000 g for 15 minutes
at 4�C. Tissue protein concentration was determined us-
ing an ELISA for rat SP (MD Biosciences, St. Paul, MN), ac-
cording to the manufacturer’s instructions. Each sample
was analyzed in duplicate. SP protein quantification
was determined by comparing samples to the standard
curve from the assay kit and data are reported as
a fold-difference in expression for each sample relative
to the average protein for sham samples. Fold-differ-
ences in SP protein were averaged for each distraction
group in each tissue type at each time point.

Statistical Analysis
All statistical analyses were performed using JMPIN

4.0.4 (SAS Inc, Cary, NC) and significance was defined as
P < .05. Mechanical data were compared between dis-
traction groups using t-tests. Hyperalgesia thresholds
were compared between the left and right forepaws
and the left and right shoulders using paired t-tests to
test for asymmetry in each anatomic region. A multivar-
iate repeated measures analysis was used to compare
sensitivity thresholds between groups at each postoper-
ative day. To test whether painful joint distraction affects
SP gene expression, SP mRNA levels were separately com-
pared in each tissue type (DRG, spinal cord) using a 2-way
ANOVA to account for differences between group and
time point. Similarly, the same comparisons were per-
formed for SP protein responses.

Results

Facet Joint Distraction Mechanics
The different distraction inputs across the facet joint

produced different mechanical and behavioral out-
comes. The mean vertebral distraction for the painful
group was 0.67 6 0.06 mm, and was significantly greater
(P < .005) than mean distractions measured for the non-
painful group (0.20 6 0.04 mm). Likewise, the average
force supported by the ligament for painful distraction
(4.00 6 1.81 N) was also significantly greater (P < .005)
than, and twice as large as, the corresponding force gen-
erated for nonpainful distraction (1.92 6 1.18 N).

Mechanical Hyperalgesia
Behavioral hypersensitivity patterns after joint dis-

traction were different for the 2 distraction groups.
Hyperalgesia response thresholds were not significantly
different between the right and left shoulders, or the
right and left forepaws for any group; as such, data
were separately averaged for the shoulder and forepaw

Facet Joint Distraction Modulates Substance P



regions for each rat. Response thresholds in both ana-
tomic regions were high for sham and not different
from the baseline response at any time point (Fig 1). In
contrast, painful distraction across the joint produced
an immediate reduction in response threshold in both
the shoulder and forepaw that persisted over the 7-day
evaluation period (Fig 1). The response threshold for
painful distraction was significantly lower than sham at
days 3, 5, and 7 (P < .026) in the shoulder (Fig 1A), and
at all time points (P < .005) in the forepaw (Fig 1B). In con-
trast, response thresholds after nonpainful joint distrac-
tion were high in both regions and not different from
sham at any day (Fig 1). The behavioral hypersensitivity
produced in the painful group was significantly greater
(as reflected by a decrease in response threshold) than
the corresponding nonpainful response at days 5 and 7
in the shoulder (P < .006) (Fig 1A) and for all days
(P < .010) in the forepaw (Fig 1B).

Quantification of SP mRNA in the DRG
and Spinal Cord

SP mRNA was detected in the DRG and spinal cord of
all rats. SP mRNA levels were not different in sham com-
pared to normal levels in either tissue at any time point.

SHOULDER

0

5

10

15

20

25

0 2 4 6 8
timepoint (day)

re
sp

on
se

 th
re

sh
ol

d 
(g

)

painful
non-painful
sham

FOREPAW

0

5

10

15

20

25

0 2 4 6 8

timepoint (day)

re
sp

on
se

 th
re

sh
ol

d 
(g

)

(A)

(B)

*
**

*
**

*
**

*
**

*
**

*
***

Figure 1. Mechanical hyperalgesia as measured by the average
response threshold to von Frey filament stimulation in the
shoulder (A) and forepaw (B). Increased sensitivity corresponds
to a reduced response threshold. (A) Painful distraction signifi-
cantly reduced (*P < .026) shoulder thresholds below sham for
days 3, 5, and 7, and below nonpainful distraction (**P < .006)
on days 5 and 7. (B) Likewise, painful distraction significantly de-
creased (*P < .005) forepaw thresholds below sham and non-
painful distraction (**P < .010) for all days.
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In the DRG, SP mRNA levels at day 1 were not different
between painful and nonpainful distraction (Fig 2A).
However, despite the fact that SP mRNA in the DRG for
painful distraction was unchanged over time, it was sig-
nificantly increased (P = .027) from day 1 to day 7 follow-
ing a nonpainful distraction (Fig 2A). There was no
difference in spinal SP mRNA between painful and non-
painful distraction at day 1. However, by day 7, spinal
mRNA levels were significantly greater (P = .048) for
a painful distraction than for a nonpainful one (Fig 2B).

Quantification of SP Protein in the DRG
and Spinal Cord

SP protein was also detected in DRG and spinal cord for
these studies. SP protein in the DRG was greater for
a painful distraction than for a nonpainful one at both
time points, although this increase was only significant
(P = .013) at day 7 (Fig 3A). At day 7, SP protein in the
DRG after painful distraction was nearly twice that of
levels from either nonpainful distraction or sham. Spinal
SP was generally not different from sham for both
groups at both time points. Yet, at day 1, SP protein
was significantly different (P = .015) between painful
and nonpainful distractions (Fig 3B). By day 7, however,
protein levels produced by a nonpainful distraction
were significantly lower (P = .024) than on day 1, and
no longer different from painful distraction.
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Figure 2. Quantification of SP mRNA in the DRG (A) and spinal
cord (B) at days 1 and 7 after facet distraction. (A) Nonpainful
distraction significantly increased (*P = .027) mRNA from day 1
to day 7 in the DRG. (B) In the spinal cord, SP mRNA for painful
distraction was significantly greater (*P =.048) than nonpainful
at day 7. The dashed line indicates sham SP mRNA levels.
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Discussion
This study is the first to demonstrate that cases of pain-

ful and nonpainful mechanical loading to the cervical
facet joint are associated with different patterns of SP
mRNA and protein in the DRG and spinal cord (Figs 2
and 3). In the DRG, SP mRNA increases over time for non-
painful joint distraction, yet remains unchanged for
painful distractions (Fig 2A). This differential response
in the gene for SP suggests that painful distraction of
this joint may induce axonal dysfunction that subse-
quently disrupts the normal mRNA production in the
DRG.34 In contrast, SP mRNA in the spinal cord is gener-
ally unchanged for both types of distractions over time
(Fig 2B). Taken together, these data support the assertion
that the magnitude of joint distraction affects SP mRNA
production more strongly in the DRG than in the spinal
cord for this model. SP protein, however, appears to de-
pend on the severity of joint distraction in both the DRG
and spinal cord (Fig 3). Painful distraction increases SP
protein in the DRG at day 7 and decreases spinal SP pro-
tein at day 1 (Figs 3A and 3B), suggesting that SP protein
may be utilized differently in the DRG and spinal cord in
response to cervical facet joint loading. For this study,
pain outcomes following facet joint distraction were as-

SPINAL CORD

0

1

2

3

fo
ld

 d
iff

er
en

ce
 in

 p
ro

te
in

 le
ve

ls
fro

m
 s

ha
m

 (±
S.

D
.)

DRG

0

1

2

3

day 1 day 7

day 1 day 7

fo
ld

 d
iff

er
en

ce
 in

 p
ro

te
in

 le
ve

ls
fro

m
 s

ha
m

 (±
S.

D
.) 

painful

non-painful

(A)

(B)

*

*

*

sham

sham

Figure 3. SP protein in the DRG (A) and spinal cord (B) at days 1
and 7 after distraction. (A) SP protein for painful distraction was
significantly increased (*P = .013) in the DRG above nonpainful
distraction at day 7. (B) Spinal SP protein for painful distraction
was significantly lower (*P = .015) than nonpainful at day 1. SP
protein for nonpainful distraction was significantly decreased
(*P = .024) from day 1 to day 7 in the spinal cord. The dashed
line indicates sham SP protein levels.
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sessed by quantifying mechanical hyperalgesia, which is
representative of clinically observed symptoms in neck
pain patients26,32,78 and has been used to assess sensitiv-
ity in existing neck and low back pain models.7,14,25,28,70

This study used only a single distraction magnitude to
represent each of the painful (0.7 mm) or nonpainful
(0.2 mm) joint-loading scenarios. Given that a threshold
has not been identified for joint-distraction magnitudes
that consistently produce pain, there are likely addi-
tional magnitudes of distraction that may correspond
to either a painful or nonpainful outcome that were
not investigated in the current study. Regardless, the
studies presented here provide evidence that SP mRNA
in the DRG and SP protein in the DRG and spinal cord
are likely involved in facet-mediated pain, but that those
neuropeptide responses may not be the sole regulator
and/or modulator of nociception.

Interestingly, SP mRNA increases temporally in the DRG
for a nonpainful joint distraction, but remains un-
changed over time for a painful distraction (Fig 2A).
Other studies have reported that neuropeptide (CGRP)
and preprotachykinin A (an SP precursor) mRNA are in-
creased in the DRG in rat models of joint inflamma-
tion,8,22 which could suggest that SP mRNA may likely
also be increased in the DRG for cases of joint inflamma-
tion. However, the initial mode of injury in the current
model was mechanical joint loading, producing SP
mRNA in the DRG that was observed only for nonpainful
distractions and not for painful cases (Fig 2A). A possible
explanation for this apparent disconnect in SP and pain
responses observed in this model is that the mechanical
severity of a painful distraction may actually disrupt
the ability of capsule afferents to produce mRNA via
their physical injury. Both group III and IV nociceptors
in the cervical facet capsule are activated at capsule
strains greater than 10.7 6 3.3% and 10.0 6 4.6%, re-
spectively, in a goat model of facet joint distraction.52,53

Previous work with the current model has also demon-
strated that both of the distraction conditions used in
this study produce strains in the capsule that exceed
those strain thresholds for nociceptor activation,47 sug-
gesting that nociceptors may be activated for both
conditions in the current study. As such, nociceptor acti-
vation alone may not be the sole specific contributor to
the nociceptive cascade that is directly responsible for
producing the mechanical hyperalgesia observed for
painful loading in our model. The painful loading condi-
tion used here produces capsule strains of 48 6 16%,69

which are within the range previously hypothesized to
alter axonal morphology in the capsule (62%––82%) in
the goat model of facet joint loading.34 In that goat
model, those capsule strains produced axonal swellings
and terminal retraction, both of which are indicative of
loading-induced axotomy.34 Although the current study
did not examine nerve fibers in the capsule for evidence
of damage or the corresponding neuronal responses in
the DRG, the painful distraction condition used here pro-
duces capsule strains within that range hypothesized to
produce morphologic damage47 and sufficient to acti-
vate 1 component of the neuronal stress response in
the DRG.17 Taking those studies together with reports
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in the literature, it is possible that this painful cervical
facet joint-loading condition may induce axonal damage
in the afferents of the capsule directly or in the adjacent
neurons in the DRG that may prevent their normal func-
tioning and may potentially affect the ability of those
neurons to produce SP. Direct mechanical compression
of either the nerve root or DRG induces edema and vas-
cular permeability,40,41,42 preventing the normal func-
tioning of afferent fibers. Moreover, recent work with
a model similar to the 1 used here demonstrates that
painful cervical facet distraction increases expression of
a marker of the activated stress response in neurons of
the DRG,17 further suggesting that the afferents inner-
vating the facet joint may actually be indirectly damaged
by the capsule’s undergoing mechanical loading, and
such loading may subsequently modulate neuronal re-
sponses in the DRG. Taken together with the literature,
our SP mRNA data suggest there may be a neuropathic
component to outcomes after painful facet distraction,
and in particular, that painful magnitudes of joint load-
ing may incite dysfunction of mRNA production in
affected joint afferents.

Despite the current results suggesting that painful
joint distraction may disrupt SP mRNA in the DRG,
they do not clarify the specific cell types that may be re-
sponsible for this disruption. The techniques used here
prevent the identification of specific responses of differ-
ent neuronal populations, or even nonneuronal cell
types. Previous studies report phenotypic shifts in DRG
neurons after both lumbar and cervical facet joint inci-
sion and inflammation, and sciatic nerve injury.49,64,65 In
those studies, a subpopulation of large-diameter (likely
Ab) fibers in the DRG showed a phenotypic switch to-
ward either increased CGRP- or brain-derived neurotro-
phic factor-immunoreactivity after introduction of the
mechanical or inflammatory stimulus. Although those
reports suggest that after certain peripheral stimuli,
large-diameter afferents may have the capability to
act as additional nociceptive transmitters, the pheno-
typic responses of individual neuronal populations in
the current model of facet-mediated pain remains un-
determined. Such studies would prove useful in identi-
fying relevant cellular and molecular targets for
intervention. In addition, the current study examined
the SP response in the DRG and spinal cord only, but
did not measure responses in the facet joint. Indeed,
decreased SP has been documented in the afferents
and synovia of joints from rheumatoid arthritis patients
and in a rat model of monoarthritis,38,58 further sup-
porting our finding that painful facet loading does
not significantly increase SP mRNA production in the
DRG (Fig 2A). Quantification of SP responses in the joint
after its distraction would provide a more comprehensive
description of the relationship between SP responses
throughout the peripheral and central nervous systems
for this painful syndrome.

SP protein is increased in the DRG at day 7 after painful
distraction (Fig 3A) as reported in other models of pain-
ful neuropathy and joint inflammation.8,55,77 However,
in the current model, mRNA for SP is not similarly in-
creased in the DRG at that same time point (Fig 2A), sug-
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gesting that the elevated SP protein is not attributable to
an upregulation of SP production in the DRG. In pepti-
dergic neurons, SP mRNA is transported from the nucleus
to the cytoplasm, where it produces prepropeptides that
are transported along the axon, differentially processed
into SP protein, and released from the nerve terminal.76

The observed decrease in mRNA in this study may be
due to distraction-induced axonal mechanical injury for
the painful condition that disrupts the production or
trafficking of mRNA along those injured axons. De-
creases in mRNA in the DRG have been reported for
genes involved in pain modulation, including CGRP,
brain-derived neurotrophic factor, and the m-opioid re-
ceptor, in cases of mechanical nerve injury.19,45,61 Those
authors explicitly hypothesized axonal damage as a po-
tential mechanism of decreased mRNA, which supports
the finding in our study. Accordingly, the associated
increase in SP protein suggests that the protein may
come from a nonresident cell source. SP can be released
from a number of cells that are involved in inflammation,
including astrocytes, microglia, monocytes, and macro-
phages;59 the current data suggest that those cells may
release SP in the DRG to regulate and/or promote inflam-
mation for painful joint conditions. Tumor necrosis fac-
tor-alpha (TNFa)-receptor immunoreactivity in the DRG
has been reported to increase after incision of the facet
capsule;74 mRNA for the proinflammatory cytokine
TNFa is also increased in the DRG after painful distraction
in the current facet model.48 In conjunction with evi-
dence of inflammation in the DRG for painful conditions
and injury to the facet joint, our data may indicate that
although protein for each type of distraction is individu-
ally unchanged over time in the DRG, the significant dif-
ference between groups at day 7 (Fig 3A) may point to
a role for SP in modulating inflammatory responses con-
tributing to pain.

There is also a difference in spinal protein levels at day
1 for the 2 distractions cases; nonpainful distraction
levels are significantly greater than painful levels. In
fact, painful levels are actually reduced below sham
levels (Fig 3B). That decrease in spinal SP protein for pain-
ful distraction below sham levels is consistent with previ-
ous reports of decreased SP protein expression for other
models of painful neural injuries in the cervical and lum-
bar spines,29,42,56,62 and may be a consequence of de-
creased mRNA production, increased protein utilization
in the spinal cord, and/or injury-induced axonal dysfunc-
tion that can affect protein transport.2,9,39,43,44 SP is also
reported to be involved in regulating the glial response
to injury in the CNS.59 We have previously observed in-
creased spinal astrocytic activation for the painful dis-
traction condition in the current model;47,83 as such, it
is possible that painful distraction may require increased
utilization of spinal SP to regulate the enhanced spinal
glial reactivity, which may in part explain the depletion
of spinal SP protein observed at day 1 (Fig 3B). Although
this study did probe SP, it did not examine the response
of the SP receptor, neurokinin-1 (NK-1), after facet joint
distraction. Numerous studies implicate spinal NK-1
mRNA and protein expression as directly contributing
to pain in models of inflammation, arthritis, and
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neuropathy,10,18,20,36,80 suggesting that modulating the
NK-1 response may alleviate behavioral hypersensitivity
following injury. Yet, there are conflicting reports of
the efficacy of either SP or NK-1 treatments for alleviat-
ing pain symptoms; whereas administration of their
antagonists has either reduced or prevented the devel-
opment of behavioral symptoms in animal models of
joint pain and neuropathy,27,60,63,75,79,82 clinical trials
of NK-1 antagonists have yet to demonstrate reliable
evidence of pain alleviation.37,59 In conjunction with
our data that the SP responses (mRNA and protein)
do not directly relate to painful conditions (Figs 2 and
3), the results of antagonist studies suggest that tar-
geting SP and/or NK-1 may not actually be the most ap-
propriate therapeutic intervention for joint-mediated
pain.
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