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Evaluation of behavior and neuropeptide markers of pain
in a simple, sciatic nerve-pinch pain model in rats
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Abstract Pathomechanisms of injured-nerve pain have
not been fully elucidated. Radicular pain and chronic
constriction injury models have been established; however,
producing these models is complicated. A sciatic nerve-
pinch injury is easy to produce but the reliability of this
model for evaluating pain behavior has not been examined.
The current study evaluated pain-related behavior and
change in pain markers in the dorsal root ganglion (DRG)
of rats in a simple, sciatic nerve-pinch injury model. In the
model, the sciatic nerve was pinched for 2 s using forceps
(n = 20), but not injured in sham-operated animals
(n = 20). Mechanical and thermal hyperalgesia were
measured every second day for 2 weeks using von Frey
filaments and a Hargreaves device. Calcitonin gene-related
peptide (CGRP), activating transcription factor-3 (ATF-3),
phosphorylated p38 mitogen activated protein (Map)
kinase (p-p38), and nuclear factor-kappa B (NF-xB; p65)
expression in L5 DRGs were examined at 4 and 7 days
after surgery using immunohistochemistry. The proportion
of neurons immunoreactive for these markers was com-
pared between the two groups. Mechanical (during 8 days)
and thermal hyperalgesia (during 6 days) were found in the
pinch group rats, but not in the sham-operated animals
(p < 0.05); however, hyperalgesia was not significant from
days 10 to 14. CGRP, ATF-3, p-p38, and NF-xB
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expression in L5 DRGs was upregulated in the nerve-
injured rats compared with the sham-operated rats
(p < 0.01). Our results indicate that a simple sciatic nerve
pinch produced pain-related behavior. Upregulation of the
pain-marker expression in the nerve-injury model sug-
gested it could be used as a model of pain. However, it was
not considered as suitable for long-term studies.

Keywords Rat - Pain - Nerve - Pinch

Introduction

Neuropathic pain is severe pain originating from peripheral
nerve injury. Several rodent models for injured-nerve pain
have been reported. For example, the models used to study
neuropathic pain hypersensitivity in rodents have included
chronic constriction of the sciatic nerve [4], partial nerve
lesion [24], spinal segmental nerve injury [16], and disc
herniation [15]. These models show prolonged mechanical
and thermal hyperalgesia, and upregulation of cytokines
and neuropeptides in dorsal root ganglion (DRG) neu-
rons and in the spinal dorsal horn. However, the methods
for producing these models are complicated.

Some authors have reported that rats in a sciatic nerve-
pinch model showed pain-related behavior. Kato et al. [14]
reported that a robust increase in pinch-induced mechanical
hyperalgesia was evident at 6, 7, 9, 10, 11, and 12 days in
rats. Bester et al. reported that sciatic nerve pinch resulted
in inconsistent, but marked tactile allodynia manifesting
first at 3 weeks and persisting in rats for up to 52 weeks
[5]. George et al. reported that nerve-pinch injury induced a
transient period of hypoalgesia to heat followed by the
development of hyperalgesia to heat and mechanical
stimulation by day 10 [8]. A sciatic nerve-pinch model is
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easy to produce; however, the reliability of this model for
evaluating pain-related behavior and changes in neuro-
peptides and cell signaling in DRG neurons has not been
fully examined.

To investigate pain-related behavior and changes in
neuropeptide and cell signaling in DRG neurons (4 markers)
in the current study, the following method was planned. For
pain-related behavior, rats were evaluated for mechanical
and thermal hyperalgesia using von Frey filaments and a
Hargreaves device after nerve injury.

To examine changes in neuropeptide and cell signal-
ing in DRG neurons, we have investigated the induction
of activating transcription factor-3 (ATF3), a member of
the activating transcription factor/cAMP-responsive ele-
ment binding protein (ATF/CREB) family [9]. ATF2 is
constitutively expressed by small-diameter DRG cells
and is regulated by NGF [7]. ATF3, in contrast, is
induced de novo in sensory and motor neurons after
peripheral nerve injury and is widely used as a marker of
DRG injury [22].

Calcitonin gene-related peptide (CGRP) is present in
about 45% of the primary sensory neurons in the DRG
[10]. DRG neuronal size is correlated with the caliber of
primary afferent axons, and usually CGRP is localized to
small neurons, which are usually associated with unmy-
elinated axons [10]. These axons terminate mainly in
laminae I and II of the spinal dorsal horn and carry infor-
mation from peripheral nociceptors [10]. A study of elec-
trophysiologically-characterized neurons in lumbar dorsal
root ganglia using a dye injection method revealed CGRP-
like immunoreactivity in 46% of C-fiber neurons, 33% of
A-0 fiber neurons, and 17% of A-o/f fiber neurons [19].
These data show that CGRP is mainly a marker of pain
perception, although under some circumstances it is a
marker of proprioception.

It has been reported that the nuclear factor-kappa B (NF-
kB) plays a crucial role in regulating proinflammatory-
cytokine gene expression and the transfer of nociceptive
information [2, 3]. NF-«B is activated in DRG after partial
sciatic nerve injury and is crucial for hyperalgesia [6, 18].
On the other hand, p38 mitogen activated protein (Map)
kinase (p38) is phosphorylated by stress signals such as
inflammatory cytokines, heat shock, ultraviolet light, and
ischemia, and it plays a pivotal role in the mediation of
cellular responses to a variety of signaling molecules [29].
p38 has also been reported to be activated in rat DRG
following peripheral tissue inflammation and nerve injury
distal to DRG [13, 17, 21]. Intrathecal administration of a
p38 inhibitor has been shown to reduce hyperalgesia,
suggesting that activated p38 may play an important role in
inflammatory and neuropathic pain [21, 26].

The purpose of the current study was to evaluate pain-
related behavior and changes in putative pain markers

(CGRP, ATF-3, phosphorylated p38, and NF-xB) in the
DRG in a simple, sciatic nerve-pinch model.

Materials and methods

All protocols for animal procedures were approved by the
Ethics Committees of our institution following National
Institutes of Health Guidelines for the Care and Use of
Laboratory Animals (1996 revision).

Rat nerve-injury model

Forty 6-week-old male Sprague—Dawley rats (200-250 g)
were anesthetized with sodium pentobarbital (40 mg/kg,
intraperitoneally (i.p.). Their left sciatic nerves were
exposed. We pinched the sciatic nerves once for 2 s with
2-mm-wide smooth forceps (pinch group; n = 20). The
sciatic nerve was pinched gradually, and pinching was
stopped if the rat showed cramps in its hind paw. In sham-
operated rats, the left sciatic nerves were exposed; how-
ever, the sciatic nerves were not pinched in animals from
this group (sham-operated group, n = 20). In the 40 rats
used in these studies, we examined only pain behavior in
20 rats and only immunohistochemistry in a further 20 rats
separately. We did not examine pain behavior in the 20 rats
used for immunohistochemistry.

Evaluation of mechanical hyperalgesia

Twenty rats were evaluated for tactile hyperalgesia (sham-
operated group, n = 10; pinch group, n = 10). There were
no animal dropouts on any day. Mechanical thresholds of
the left hind paw were assessed using von Frey filaments
with bending forces of 1.20 g (noxious stimulation) before
surgery and at 2, 4, 6, 8, 10, 12, and 14 days after surgery.
The von Frey filaments were applied to left hind paws for
five trials at approximately 5 min intervals. The responses
to these stimuli were ranked as follows: 0, no response;
1, withdrawal from the von Frey filament; and 2, imme-
diate flinching or licking of the hind paw. Scores of five
trials in each animal were added (Total score form O to 10
in each animal). The average nociceptive score was
calculated [27].

Nociceptive score = X total score in each animal/

number of animals (n = 10)

Evaluation of thermal hyperalgesia
Thermal nociceptive thresholds in rat hind paws were

evaluated using a Hargreaves device (Ugo Basile, Varese,
Italy). The animals were placed in a Plexiglas testing
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chamber (17 cm x 22 cm) with the floor maintained at
28°C. Rats were deposited into individual transparent
acrylic boxes. A heat stimulus (150 mcal/s per cm?) was
delivered using a 0.5-cm diameter radiant heat source
positioned under the plantar surface of the paw to be tested.
A cutoff time of 20 s was used after it was ascertained that
no tissue damage was produced within this time. Three
trials were performed at each time point, and the latencies
of paw withdrawal for all trials were averaged.

Immunohistochemical detection of CGRP, ATF-3,
phosphorylated-p38 (p-p38), and NF-xB (p65)
in L5 DRG

Twenty rats were evaluated for CGRP, ATF-3, p-p38, and
NF-xB expression (sham-operated group, n = 10; pinch
group, n = 10). At 4 (each group, n = 5) and 7 (each
group, n = 5) days after surgery, rats were anesthetized
with sodium pentobarbital (40 mg/kg, i.p.) and perfused
transcardially with 250 ml 4% paraformaldehyde (PFA) in
phosphate buffer (0.1 M, pH 7.4). The left L5 DRGs were
resected and cut into 10-pum sections on a cryostat. Sections
were mounted on poly-L-lysine-coated slides. They were
incubated in a blocking solution containing 0.3% Triton
X-100 and 5% skim milk in 0.01 M phosphate buffered
saline (PBS) for 60 min at room temperature. Sections were
processed for immunohistochemical detection of CGRP by
incubation with rabbit antibody to CGRP (1:1,000;
Chemicon, Temecula, CA), of ATF-3 by incubation with a
rabbit antibody to ATF3 (1:800; Santa Cruz Biotechnology,
Santa Cruz, CA), of p-p38 by incubation with rabbit anti-
body to p-p38 (1:1,000; Cell Signaling, Beverly, MA), and
of NF-xB by incubation with a rabbit antibody to NF-xB
(p65, 1:800; Santa Cruz Biotechnology, Santa Cruz, CA),
and for 20 h at 4°C, followed by incubation with goat anti-
rabbit Alexa 488-fluorescein-conjugated antibody (1:400;

Fig. 1 Comparison of (Pain score)
mechanical hyperalgesia s

Molecular Probes, Eugene, OR). The sections were
examined using a fluorescence microscope (Nikon, Japan).
We counted cells in 10 sections of each DRG. Immuno-
reactive cells were counted at x400 magnification using a
counting grid. The ratio of CGRP-, ATF-3-, p-p38-, and
NF-xB-immunoreactive cells to total DRG neurons per
0.0225 mm? was counted in DRG sections and averaged
for each animal in a blinded manner.

Statistical analysis

The paw withdrawal latencies of hind paws were compared
using a one-way analysis of variance (ANOVA) for repe-
ated measurements. For multiple comparisons, we used
Dunnett’s post hoc test. Comparison of the ratio of CGRP-,
ATF-3-, p-p38-, and NF-xkB-immunoreactive neurons
between groups was made using a one-way ANOVA fol-
lowed by Dunnett’s post hoc test. p < 0.05 was considered
statistically significant and error bars indicate SEM.

Results
Behavior

Mechanical and thermal hyperalgesia caused by nerve
pinch

Animals in the pinch group displayed significant mechan-
ical hyperalgesia that continued through day 8 compared
with animals in the sham-operated group (p < 0.05)
(Fig. 1). However, the mechanical hyperalgesia was not
seen from days 10 to 14 (Fig. 1). The pinch group dis-
played significant thermal hyperalgesia that continued
through day 6 compared with animals in the sham-operated
group (p < 0.05) (Fig. 2). However, the thermal hyperal-
gesia was not seen from days 8 to 14 (Fig. 2).
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Fig. 2 Comparison of thermal (Seconds)
hyperalgesia between the pinch 20 N
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are shown as mean = SEM
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Fig. 3 CGRP
immunoreactivity (arrowheads)
in the cytoplasm of DRG
neurons in the pinch group rats
and in sham-operated animals
on day 4

Pinch group

Immunohistochemistry
CGRP, ATF-3, p-p38, and NF-kB expression in DRG

The ratio of CGRP-immunoreactive DRG neurons in the
pinch group rats was significantly higher than that in the
sham-operated rats on days4 and 7 (p < 0.05) (Figs. 3and 7).

Scant ATF-3 immunoreactivity in DRG neurons was
observed in the sham-operated rats (Fig. 4). Of total DRG
neurons, the ratio of ATF-3-immunoreactive nuclei in cells
in the DRG in the pinch group rats was significantly higher
than in the sham-operated rats on days 4 and 7 (p < 0.05)
(Figs. 4 and 7).

p-p38 immunoreactivity in cytoplasm of DRG neurons
was not observed in sham-operated rats (Fig. 4); however,
emergence of p-p38-immunoreactivity in the cytoplasm of
DRG neurons in the pinch group rats was significant on
days 4 and 7 (p < 0.05) (Figs. 5 and 7).

Similarly to the expression of p-p38, NF-xB immuno-
reactivity in nuclei of DRG neurons was not observed in

Sham group

the sham-operated animals; however, emergence of NF-kB
immunoreactivity in the nuclei of cells in the DRG in the
pinch group rats was significant on days 4 and 7 (p < 0.01)
(Figs. 6 and 7).

Discussion

In the current study, a simple, sciatic nerve-pinch model
produced pain-related behavior. CGRP, ATF-3, p-p38, and
NF-xB expression were upregulated in the nerve-injury
model rats; therefore, we concluded that this simple, sciatic
nerve-pinch model can be used as a model of pain. How-
ever, this model only produced pain-related behavior for up
to 6 days (thermal hyperalgesia) and 8 days (mechanical
hyperalgesia).

ATF-3 is used as a marker for peripheral nerve injury. In
some models of inflammatory and injured-nerve pain,
inflammation by itself did not induce ATF-3 expression,
and direct injury of nerve induced ATF3 expression [1, 11,
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Fig. 4 ATF-3
immunoreactivity (arrowheads)
in the nuclei of DRG neurons in
sham-operated rats and the
pinch group animals on day 4

Fig. 5 p-p38 immunoreactivity
was not observed in sham-
operated rats; however, it
emerged in the cytoplasm of
DRG neurons in the pinch group
animals on day 4 (arrowheads)

Fig. 6 NF-«B
immunoreactivity was not
observed in sham-operated rats;
however, it emerged in the
nuclei of DRG neurons in the
pinch group rats on day 4
(arrowheads)

Pinch group

24, 28]. Therefore, nerve injury occurred in the current
model, and the nerve injury was able to induce pain-related
behavior and molecular change in DRG neurons.

After peripheral nerve injury, CGRP, which is not pro-
duced in medium and large DRG neurons under physio-
logical conditions, begins to be expressed in these neurons

@ Springer
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[20, 23]. The expression of CGRP in DRG neurons is
induced by mechanical allodynia [20]. These results indi-
cate that a subpopulation of DRG neurons express CGRP in
response to peripheral nerve injury, and transport this
peptide to laminae IIT and IV in the spinal dorsal horn. The
increase in CGRP in the deep laminae may affect the
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excitability of postsynaptic neurons, and may have a role in
neuronal plasticity following peripheral nerve injury [20].
Considering the previous reports and current study, the
upregulation of CGRP in DRG neurons in this current
model seems to be correlated with pain-related behavior.

NF-xB and p-p38 expression were respectively upreg-
ulated in nuclei and cytoplasm of DRG neurons in the
current nerve-injury model. We demonstrated that nerve
injury produces mechanical allodynia and thermal hyper-
algesia, and NF-xB decoy was transduced into nuclei of
DRG neurons in vivo leading to a decrease of mechanical
allodynia and thermal hyperalgesia in rats [25]. On the
other hand, we demonstrated that nerve injury caused by
lumbar disc herniation produces pain-related behavior, and
that a specific p38 inhibitor decreased mechanical allo-
dynia and thermal hyperalgesia in rats [12]. Therefore, we
concluded that upregulation of NF-xB and p-p38, which
are cell-signaling molecules, was correlated with pain-
related behavior in the current injured-nerve model.

Some authors have reported that sciatic nerve-pinch rat
models show pain-related behavior; however, the pattern of
pain-related behavior varied as suggested in the introduc-
tion. Bester et al. [5] reported that a rat sciatic nerve pinch
for 30 s resulted in an inconsistent, but marked tactile
allodynia manifesting first at 3 weeks and persisting for up

to 52 weeks. Kato et al. [14] reported that a rat sciatic
nerve pinch for 5 s induced mechanical hyperalgesia that
was evident during 12 days. These models showed a
transient mechanical hypoalgesia that usually develops for
a brief period and then is replaced by mechanical hyper-
algesia that persists for weeks. We therefore selected the
current model. We pinched sciatic nerves once for 2 s with
2-mm-wide smooth forceps. These animals did not show
hypoalgesia and show pain-related behavior immediately
after injury. The temporal difference in pain-related
behavior among studies appears to be dependent on the
different study designs. In the clinic, slight nerve com-
pression induces short-term pain without hypoalgesia; for
example, post-surgical pain caused by nerve compression
during lumbar surgery and acute leg pain caused by mild
compression of a nerve root. We consider that the current
model is analogous to such clinical situations.

There were some limitations to this study and the cur-
rent model. First, this model only produced pain-related
behavior for up to 8 days and it is therefore not suitable for
long-term studies, compared with the chronic constriction
injury model. Second, we did not examine other molecules
that may be related to pain in DRG neurons. Third, we did
not examine the effect of varying the period of pinch and
type of forceps used to create different pinch models.
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Fourth, we did not measure the force of the pinch using a
calibrated device. Therefore, further study is needed to
strengthen our current hypothesis.

In conclusion, a simple, sciatic nerve-pinch model pro-

duced pain-related behavior. CGRP, ATF-3, NF-«B, and
p-p38 expression were upregulated in the nerve-injury
model, and thus we concluded that this could be used as a
model of short-term pain.
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