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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-jB; 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-jB

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.
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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-d fiber neurons, and 17% of A-a/b 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-

jB) plays a crucial role in regulating proinflammatory-

cytokine gene expression and the transfer of nociceptive

information [2, 3]. NF-jB 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-jB) 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 0 to 10

in each animal). The average nociceptive score was

calculated [27].

Nociceptive score ¼ R total score in each animal=

number of animals n ¼ 10ð Þ

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 9 22 cm) with the floor maintained at

28�C. Rats were deposited into individual transparent

acrylic boxes. A heat stimulus (150 mcal/s per cm2) 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-jB (p65)

in L5 DRG

Twenty rats were evaluated for CGRP, ATF-3, p-p38, and

NF-jB 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-lm 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-jB by incubation with a rabbit antibody to NF-jB

(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;

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 9400 magnification using a

counting grid. The ratio of CGRP-, ATF-3-, p-p38-, and

NF-jB-immunoreactive cells to total DRG neurons per

0.0225 mm2 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-jB-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. 1 Comparison of

mechanical hyperalgesia

between the pinch and sham-

operated groups. Data are

shown as mean ± SEM
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Immunohistochemistry

CGRP, ATF-3, p-p38, and NF-jB 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 days 4 and 7 (p \ 0.05) (Figs. 3 and 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-jB immuno-

reactivity in nuclei of DRG neurons was not observed in

the sham-operated animals; however, emergence of NF-jB

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-jB 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. 2 Comparison of thermal

hyperalgesia between the pinch

and sham-operated groups. Data

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
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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

[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 III and IV in the spinal dorsal horn. The

increase in CGRP in the deep laminae may affect the

puorg mahSpuorg hcniP

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)

puorg mahSpuorg hcniP

Fig. 6 NF-jB

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)

100µm

puorg mahSpuorg hcniP

Fig. 4 ATF-3

immunoreactivity (arrowheads)

in the nuclei of DRG neurons in

sham-operated rats and the

pinch group animals on day 4
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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-jB 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-jB 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-jB 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-jB, 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.

References

1. Averill S, Michael GJ, Shortland PJ, Leavesley RC, King VR,

Bradbury EJ, McMahon SB, Priestley JV (2004) NGF and GDNF

ameliorate the increase in ATF3 expression which occurs in

dorsal root ganglion cells in response to peripheral nerve injury.

Eur J Neurosci 19:1437–1445

2. Baeuerle PA, Baltimore D (1996) NF-jB: ten years after. Cell

87:13–20

3. Barnes PJ, Karin M (1997) Nuclear factor-jB—a pivotal tran-

scription factor in chronic inflammatory diseases. N Engl J Med

336:1066–1071

4. Bennett GJ (1993) An animal model of neuropathic pain: a

review. Muscle Nerve 16:1040–1048

5. Bester H, Beggs S, Woolf CJ (2000) Changes in tactile stimuli-

induced behavior and c-Fos expression in the superficial dorsal

horn and in parabrachial nuclei after sciatic nerve pinch. J Comp

Neurol 428:45–61

6. Chan CF, Sun WZ, Lin JK, Lin-Shiau SY (2000) Activation of

transcription factors of nuclear factor kappa B, activator protein-1

and octamer factors in hyperalgesia. Eur J Pharmacol 402:61–68

7. Delcroix JD, Averill S, Fernandes K, Tomlinson DR, Priestley

JV, Fernyhough P (1999) Axonal transport of activating tran-

scription factor-2 is modulated by nerve growth factor in noci-

ceptive neurons. J Neurosci RC 24:1–7

8. George A, Buehl A, Sommer C (2004) Wallerian degeneration

after pinch injury of rat sciatic nerve increases endo- and epi-

neurial tumor necrosis factor-alpha protein. Neurosci Lett

372:215–219

9. Hai T, Hartman MG (2001) The molecular biology and nomen-

clature of the activating transcription factor/cAMP responsive

element binding family of transcription factors: activating tran-

scription factor proteins and homeostasis. Gene 273:1–11

10. Hökfelt T (1991) Neuropeptides in perspective: the last ten years.

Neuron 7:867–879

11. Inoue G, Ohtori S, Aoki Y, Ozawa T, Doya H, Saito T, Ito T,

Akazawa T, Moriya H, Takahashi K (2006) Exposure of the

nucleus pulposus to the outside of the anulus fibrosus induces

nerve injury and regeneration of the afferent fibers innervating

the lumbar intervertebral discs in rats. Spine 31:1433–1438

12. Ito T, Ohtori S, Inoue G, Koshi T, Doya H, Ozawa T, Saito T,

Moriya H, Takahashi K (2007) Glial phosphorylated p38 MAP

kinase mediates pain in a rat model of lumbar disc herniation and

induces motor dysfunction in a rat model of lumbar spinal canal

stenosis. Spine 32:159–167

13. Ji RR, Samad TA, Jin SX, Schmoll R, Woolf CJ (2002) p38

MAPK activation by NGF in primary sensory neurons after

inflammation increases TRPV1 levels and maintains heat

hyperalgesia. Neuron 36:57–68

14. Kato K, Kikuchi S, Shubayev VI, Myers RR (2009) Distribution

and tumor necrosis factor-alpha isoform binding specificity of

locally administered etanercept into injured and uninjured rat

sciatic nerve. Neurosci 160:492–500

15. Kawakami M, Tamaki T, Weinstein JN, Hashizume H, Nishi H,

Meller ST (1996) Pathomechanism of pain-related behavior

produced by allografts of intervertebral disc in the rat. Spine

21:2101–2107

16. Kim SH, Chung JM (1992) An experimental model for peripheral

neuropathy produced by segmental spinal nerve ligation in the

rat. Pain 50:355–363

17. Kim SY, Bae JC, Kim JY, Lee HL, Lee KM, Kim DS, Cho HJ

(2002) Activation of p38MAP kinase in the rat dorsal root ganglia

and spinal cord following peripheral inflammation and nerve

injury. Neuroreport 13:2483–2486

18. Ma W, Bisby MA (1998) Increased activation of nuclear factor

kappa B in rat lumbar dorsal root ganglion neurons following

partial sciatic nerve injuries. Brain Res 797:243–254

19. McCarthy PW, Lawson SN (1990) Cell type and conduction

velocity of rat primary sensory neurons with calcitonin gene-

related peptide-like immunoreactivity. Neuroscience 34:623–632

20. Miki K, Fukuoka T, Tokunaga A, Noguchi K (1998) Calcitonin

gene-related peptide increase in the rat spinal dorsal horn and

dorsal column nucleus following peripheral nerve injury: upreg-

ulation in a subpopulation of primary afferent sensory neurons.

Neuroscience 82:1243–1252

21. Mizushima T, Obata K, Yamanaka H, Dai Y, Fukuoka T,

Tokunaga A, Mashimo T, Noguchi K (2005) Activation of p38

MAPK in primary afferent neurons by noxious stimulation and its

involvement in the development of thermal hyperalgesia. Pain

113:51–60

22. Obata K, Yamanaka H, Fukuoka T, Yi D, Tokunaga A,

Hashimoto N, Yoshikawa H, Noguchi K (2003) Contribution of

injured and uninjured dorsal root ganglion neurons to pain

behavior and the changes in gene expression following chronic

constriction injury of the sciatic nerve in rats. Pain 101:65–77

23. Ohtori S, Takahashi K, Chiba T, Yamagata M, Sameda H,

Moriya H (2001) Phenotypic inflammation switch in rats shown

by calcitonin gene-related peptide immunoreactive dorsal root

ganglion neurons innervating the lumbar facet joints. Spine

26:1009–1013

24. Seltzer Z, Dubner R, Shir Y (1990) A novel behavioral model of

neuropathic pain disorders produced in rats by partial sciatic

nerve injury. Pain 43:205–218

25. Suzuki M, Inoue G, Gemba T, Watanabe T, Ito T, Koshi T,

Yamauchi K, Yamashita M, Orita S, Eguchi Y, Ochiai N, Kishida

S, Takaso M, Aoki Y, Takahashi K, Ohtori S (2009) Nuclear

factor-kappa B decoy suppresses nerve injury and improves

mechanical allodynia and thermal hyperalgesia in a rat lumbar

disc herniation model. Eur Spine J 18:1001–1007

26. Svensson CI, Marsala M, Westerlund A, Calcutt NA, Campana

WM, Freshwater JD, Catalano R, Feng Y, Protter AA, Scott B,

Yaksh TL (2003) Activation of p38 mitogen-activated protein

kinase in spinal microglia is a critical link in inflammation-

induced spinal pain processing. J Neurochem 86:1534–1544

27. Takasaki I, Andoh T, Shiraki K, Kuraishi Y (2000) Allodynia and

hyperalgesia induced by herpes simplex virus type-1 infection in

mice. Pain 86:95–101

28. Wang R, Guo W, Ossipov MH, Vanderah TW, Porreca F, Lai J

(2003) Glial cell line-derived neurotrophic factor normalizes

neurochemical changes in injured dorsal root ganglion neurons

and prevents the expression of experimental neuropathic pain.

Neuroscience 121:815–824

29. Widmann C, Gibson S, Jarpe MB, Johnson GL (1999) Mitogen-

activated protein kinase: conservation of a three-kinase module

from yeast to human. Physiol Rev 79:143–180

1752 Eur Spine J (2010) 19:1746–1752

123


	Evaluation of behavior and neuropeptide markers of pain in a simple, sciatic nerve-pinch pain model in rats
	Abstract
	Introduction
	Materials and methods
	Rat nerve-injury model
	Evaluation of mechanical hyperalgesia
	Evaluation of thermal hyperalgesia
	Immunohistochemical detection of CGRP, ATF-3, phosphorylated-p38 (p-p38), and NF- kappa B (p65) in L5 DRG
	Statistical analysis

	Results
	Behavior
	Mechanical and thermal hyperalgesia caused by nerve pinch

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


	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


