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This study investigates the effects of lidocaine pre-emptive treatment on neuropathic pain behavior, injury discharges of nerves,
neuropeptide Y (NPY) and c-Fos expression in the cuneate nucleus (CN) after median nerve chronic constriction injury (CCI).
Behavior tests demonstrated that the pre-emptive lidocaine treatment dose dependently delayed and attenuated the development of
mechanical allodynia within a 28-day period. Electrophysiological recording was used to examine the changes in injury discharges
of the nerves. An increase in frequency of injury discharges was observed and peaked at postelectrical stimulation stage in the
presaline group, which was suppressed by lidocaine pre-emptive treatment in a dose-dependent manner. Lidocaine pretreatment
also reduced the number of injury-induced NPY-like immunoreactive (NPY-LI) fibers and c-Fos-LI neurons within the CN in a
dose-dependent manner. Furthermore, the mean number of c-Fos-LI neurons in the CN was significantly correlated to the NPY
reduction level and the sign of mechanical allodynia following CCI.

1. Introduction

Pre-emptive analgesia is broadly used in clinical practice for
relieving postoperation pain and preventing the subsequent
development of chronic neuropathic pain after surgery [1,
2]. In chronic constriction injuries (CCIs) of rat sciatic
nerves [3], neuropathic pain behavior was also relieved by
pre-emptive treatment of MK-801 [4], nociceptin [5], or
lidocaine [6], but little is known about the effect of pre-
emptive analgesia on neuropathic pain behavior after median
nerve CCI. Attenuating ectopic discharges, originating from
the damaged nerves [7, 8] and/or their dorsal root ganglia
(DRG) [9], were considered to be one of the pre-emptive
analgesia mechanisms to relieve neuropathic pain. Topical or
systemic application of local anesthetics has been reported
to attenuate ectopic discharges [9, 10]. Clinical studies
have also indicated that neuropathic pain is alleviated by

application of local anesthetics to the painful target areas
[11, 12]. Lidocaine is a local anesthetic that produces a
transient analgesic effect in humans affected by neuropathic
and postoperative pain [13, 14]. Local pretreatment of
lidocaine effectively suppresses injury discharges induced by
median nerve transection (MNT) [15], but lack of evidence
regarding the median nerve CCI model.

Injury to median nerve, neuropeptide Y-like immunore-
active (NPY-LI) fibers are dramatically induced in the lesion
side cuneate nucleus (CN), but not detected in the intact
side [16]. Furthermore, given an electrical stimulation to
the injured median nerve, c-Fos-like immunoreactive (c-Fos-
LI) cells are detected only in the ipsilateral CN [17, 18].
The expression of Fos, which is the protein product of the
immediate-early proto-oncogene c-fos, has been accepted
as a neural marker of pain [19, 20]. Pre-emptive analgesia
treatment with lidocaine [21] effectively suppresses c-Fos
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expression in the spinal cord after peripheral nerve injury.
Furthermore, the expression of c-Fos is modulated by NPY
and is considered to be involved in neuropathic pain [22]. We
previously demonstrated that lidocaine pre-treatment dose-
dependently suppressed injury discharges to reduce NPY
expression in the CN, which in turn significantly attenuated
c-Fos expression after MNT along with electrical stimulation
[15]. However, there is still only very little of behavioral
evidence to support the effect of pre-emptive treatment on
neuropathic pain relief after median nerve CCI.

In this study, we wanted to examine whether a single
topical application of lidocaine prior to median nerves
undergoing CCI would influence the development of neuro-
pathic pain and ectopic discharges after CCI. Furthermore,
morphological changes in NPY and c-Fos expression in the
CN were examined to evaluate whether their expression
levels correlated with the degree of mechanical allodynia.

2. Materials and Methods

The experiments were inspected and approved by the Natio-
nal Science Council Committee and the Animal Center Com-
mittee, College of Medicine, National Taiwan University, Tai-
wan (IACUCA Approval no. 20030114 and no. 20080267).
Ethical guidelines from the International Association for the
Study of Pain [23] were followed in the use of animals.
Animals were housed under approved circumstances with
a 12/12 h light/dark cycle with food and water available ad
libitum.

2.1. Chronic Constriction Injury (CCI) Operation. Thirty-
three male Sprague-Dawley rats (175–200 g) purchased from
BioLASCO (Taiwan) were randomly divided into a control
group (sham operation, median nerve exposure without
injury, n � 3), and pretreated with saline (presaline, n � 10),
1% lidocaine (pre-1% lido, n � 10) and 5% lidocaine (pre-
5% lido, n � 10) groups along with CCI. Under chloral
hydrate anesthesia (31.5 mg/100 g body weight, i.p.), the
above-mentioned pretreated groups alternatively underwent
unilateral (n � 5) or bilateral (n � 5) median nerve CCI
operations, the nerves were carefully separated from the
surrounding tissue at the level of the elbow immediately
proximal to entering between the two heads of the pronator
teres muscle. Saline and various concentrations of lidocaine
(Sigma, St. Louis, Mo, USA) were applied topically to
the exposed median nerves (100 µL) at 15 min prior to
CCI. Fifteen minutes after the application of the saline or
lidocaine, four ligatures of 4.0 chromic gut were tied loosely
around the nerves [3, 17, 22]. After the operation, the wound
was subsequently sutured.

2.2. Behavior Assessment. We examined the behavioral signs
with mechanical stimulation between 09:00 and 17:00 at
one day before (�1) and at 3, 7, 14, 21, and 28 days after
CCI to the median nerves of the pre-treatment groups,
controls, or uninjured contralateral forepaw. All behavioral
measurements were obtained by an investigator blind to the
treatment groups.

Mechanical allodynia was estimated by means of Von
Frey filaments [24]. Von Frey filaments (Somedic Sales AB,

Hörby, Sweden) of different bending forces including 0.145,
0.32, 0.39, 1.1, 1.7, 3.3, 5.1, 8.3, 17, and 24 g were used to
test the mechanical threshold of the rat forepaws [17, 22].
Briefly, tests were started with the smallest bending force and
continued in increasing order. Each filament was applied five
times in the medial surface of a forepaw; the first filament in
the series that elicited withdraw three times was regarded as
the paw withdrawal threshold. The thresholds of individual
rats in each group were averaged and presented as mean and
the standard error of the mean (mean � SEM).

2.3. Electrical Stimulation and Electrophysiological Recording.
On the 29th day post-CCI operation, the right nerves of the
control and CCI rats were reexposed under anesthesia and at
least a 12 mm segment proximal to the CCI ligature or on the
same level in the control group were isolated. Then, two pairs
of platinum hook electrodes were placed on the nerve; the
distal pair of the hook electrodes were connected to a Grass
S88 stimulator (Grass, Quincy, Mass, USA) for electrical
stimulation, and the proximal pair of hook electrodes were
connected to an Xction View Data Acquisition System
(Model XD-04; Singa, Tao Yuan, Taiwan) for recording.
Warm paraffin oil was applied around the exposed nerves
to prevent them from drying out. The discharges in the
median nerve at pre-electrical stimulation (pre-ES, a 5-
min interval just prior to electrical stimulation) and post-
ES (a 5-min interval immediately after stimulation) stages
were also collected, transformed into frequency histogram
(Figure 3), and analyzed by Xction view software (Figure 4)
[15]. For electrical stimulation, a 10-min electric square wave
pulse current with 0.1 ms duration, 10 Hz frequency, 0.1 mA
intensity [15, 17, 22, 25] was applied through a constant
current unit.

2.4. Tissue Preparation and Immunohistochemistry. Two hours
after electrical stimulation (or, in the control group, 2 h after
nerve exposure), the rats were reanesthetized and perfused
with 500 mL 4% paraformaldehyde in 0.1 M phosphate
buffer (PB) at pH 7.4. The brain stems containing the CN
were removed, postfixed with the same fixative for 2 hr and
stored in PB containing 30% sucrose. The tissue blocks
were cut transversely into 30-µm-thick serial sections and
orderly divided them into four sets. Two of the four serial
sections were treated with 1% H2O2 and blocked with 5%
normal goat serum in 0.1 M PB containing 0.2% Triton
X-100 for 2 hr. They were incubated alternatively in rabbit
polyclonal anti-NPY (1 : 2000; DiaSorin, Stillwater, Mont,
USA) [16, 22, 26] or anti-c-Fos (1 : 2000, Calbiochem,
San Diego, Calif, USA) antibodies at 4�C for 48 hr. After
several washing with phosphate buffered saline (PBS), the
sections were processed with biotinylated anti-rabbit IgG
secondary antiserum (Vector, Burlingame, Calif, USA) at
room temperature for 2 hr, treated with avidin-biotin-HRP
complex (ABC kit, Vector) for 1 hr, and visualized with
a Vector SG Substrate Kit. Finally, they were mounted
onto gelatinized slides and their images were captured with
a digital camera (Nikon, D1X, Tokyo, Japan) through a
light microscope (Zeiss, Axiophot, Goettingen, Germany) to
measure the NPY-LI fibers or c-Fos-LI cells in the CN.
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Table 1: Statistical comparison of mean values of the nerve
discharges.

Group Pre-ES Post-ES

Control 8.21 � 0.48 Hz 7.65 � 0.95 Hz

Presaline 91.86 � 4.39 Hz 137.39 � 23.90 Hz�

Pre-1% lido 50.31 � 2.90 Hz 56.86 � 2.97 Hz�

Pre-5% lido 23.76 � 0.57 Hz 32.86 � 2.10 Hz�

Control: sham operation with electrophysiological recording at the corre-
sponding stages. ES: electrical stimulation. Data are presented as mean �

standard error of the mean (SEM) and �P � 0.05 compared with the pre-ES
stage.
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Figure 1: Effects of pre-emptive treatment of saline or various
concentrations of lidocaine on paw withdrawal threshold in CCI
rats. Pre-treatment of lidocaine increased paw withdrawal threshold
and attenuated the TH in CCI rats. �P � 0.05 compared to the
presaline group.

2.5. Data Presentation and Statistical Analysis. All measure-
ments of the behavior tests, rates of injury discharges, NPY-
LI fibers, and c-Fos-LI cells in the CN were performed
blind to drug treatments. The behavior test of the Von Frey
filaments was compared between groups at each time point
and statistical analysis was performed with the Student’s t-
test. P � 0.05 was considered as significant.

The rate of nerve discharges was presented as the
number of discharges divided by the time period of the
respective stages and presented as mean � SEM. In order
to investigate the inter-pre-treatment group (Figure 3) and
interstage (Table 1) differences, the rates of discharges were
compared with two-way ANOVA with a Newman-Keuls
posthoc test. P � 0.05 was considered statistically significant.

For quantitative analysis, the sections of middle CN,
which was defined as an area 0.3–0.7 mm caudal to the
obex [16–18, 27], were collected from the entire rostrocaudal
extent of the CN. Four sections were collected from the
middle region of each animal. To assess the changes in
NPY and c-Fos immunoreactivity in the CN, sections were
investigated with a Zeiss light microscope and images were
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Figure 2: Electrophysiological recording of chronic constricted
median nerves at pre- and postelectrical stimulation, (pre-ES
and post-ES) stages. Data were collected and transformed into
frequency histogram for control (a), presaline (b), pre-1% lido (c),
and pre-5% lido (d) groups. Original recordings presented above
the histogram, respectively. Note that the rates of discharges were
significantly reduced with increasing concentrations of lidocaine
pre-treatment.

captured with a Nikon digital camera at a magnification
of 200X. Pictures were processed and evaluated with a
computer-based image analysis system (MGDS) and Image
Pro-Plus software (Media Cybernetics, Md, USA). The area
occupied by NPY-LI fibers and the area of outlined CN were
measured [15, 16, 22]. The former divided by the latter
was defined as the percentage of area occupied by NPY-LI
fibers in the ipsilateral CN and were compared statistically,
using two-way ANOVA, with the Newman-Keuls post-test
between pretreatment groups (electrically stimulated and
nonelectrically stimulated) (Figure 5). The mean number
of c-Fos-LI cells in the CN was defined as the number
of the surveyed c-Fos-LI cells divided by the number of
tissue sections and were calculated and statistically compared
with one-way ANOVA and posthoc with the Newman-
Keuls test in the respective groups (Figure 7). In order to
clarify the relationship between c-Fos-LI cells and the NPY
reduction level caused by electrical stimulation (defined
as the ratio of the NPY-LI fibers occupied area in the
nonstimulated rat minus that in the stimulated rats in
different treatment groups), the mean number of c-Fos-LI
cells and NPY reduction level of the individual rats were
collected and analyzed by linear regression (Figure 8). In
order to examine the relationship between c-Fos-LI cells and
mechanical allodynia, the mean number of c-Fos-LI cells
in the CN and mechanical withdrawal scale (defined as the
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Figure 3: Average rate of discharges (spikes/sec) in different treat-
ment groups at pre-electrical stimulation (pre-ES), and postelectri-
cal stimulation (post-ES) stages. The rates of discharges decreased
with increasing doses of lidocaine pre-treatment compared with the
presaline group (�P � 0.05 compared with the presaline group).

logarithm of paw withdraw threshold to the base 10 and
presented as log10-gram) of the individual rats were analyzed
by linear regression (Figure 9).

3. Results

3.1. Effect of Lidocaine Pretreatment on Mechanical Allodynia
of the CCI Rats. Von Frey filament assessment demonstrated
that there were no significant differences between bilateral-
CCI and unilateral-CCI in mechanical allodynia throughout
the experiment period. Von Frey filament tests also showed
that in CCI rats, paw withdrawal thresholds decreased from
a control of 14.83 � 1.14 g to 0.75 � 0.20 g at three days
after CCI in the presaline group. Rats established mechanical
allodynia three day after CCI, and throughout the 28-
day experiment period (control: 15.53 � 1.26 g, presaline:
0.75 � 0.20 g, Figure 1). However, pretreatment of lidocaine
to CCI increased paw withdrawal threshold and attenuated
the tactile hypersensitivity (TH) (Figure 1).

3.2. Effect of Lidocaine Pretreatment on Injury Discharges of the
Chronic Constriction Injured Median Nerves. At 29 days after
CCI, electrophysiological recording was used to examine
the changes in discharges of the median nerves before and
after electrical stimulation (pre-ES and post-ES stages) in all
groups (Figure 2). The nerves in the control group displayed
a few spikes at pre-ES and post-ES stages (Figure 2(a)).
Following median nerve CCI, the rates of discharges at both
pre-ES and post-ES stages in all CCI groups increased on the
injured nerves (Figures 2(b)–2(d)). Two-way ANOVA of the
rate of discharges displayed significant differences between
different stages (F � 15.09, P � 0.05) and between the
pretreatment groups (F � 47.98, P � 0.0001). The rates
of discharges at the post-ES stage were significantly higher

than that at the pre-ES stage in all CCI groups, respectively
(Table 1). Of note, the rates of discharges at both pre-ES
and post-ES stages in presaline and pre-1% lido CCI gro-
ups were dramatically higher than those in the control
group (Figure 3). Furthermore, the rates of discharges in
all the lidocaine pretreatment groups at pre-ES (pre-1%
lido: 50.31 � 2.90 Hz, pre-5% lido: 23.76 � 0.57 Hz) and
post-ES (pre-1% lido: 56.86 � 2.97 Hz, pre-5% lido: 32.86 �
2.10 Hz) stages were significantly lower than those in the
presaline group (pre-ES: 91.86 � 4.39 Hz; post-ES: 137.39 �
23.90 Hz), and revealed a dose-dependent suppression man-
ner (Figure 3).

3.3. Effect of Lidocaine Pretreatment on NPY and c-Fos Exp-
ression in the Cuneate Nucleus. There were little to no NPY-
LI fibers in the CN of uninjured control rats, with or without
electrical stimulation (control, 0.13 � 0.01%; control + ES,
0.14 � 0.03%; Figures 4(a), 4(b), and 5). However, in the
presaline group, numerous NPY-LI fibers were detected in
the middle CN four weeks after CCI in both the unstimulated
(30.62�1.21%) and stimulated (22.53�4.44%) sides (Figures
4(c), 4(d), and 5). The percentage of NPY-LI fibers in the
lidocaine pretreatment CCI groups in both the unstimulated
(pre-1% lido, 19.81� 2.03%; pre-5% lido, 6.04� 1.63%) and
stimulated (pre-1% lido, 12.12 � 4.07%; pre-5% lido, 4.26 �
0.78%) sides of the CN were significantly decreased in a dose-
dependent manner compared with those in the presaline
group (Figures 4(c)–4(h) and 5). Furthermore, in all CCI
groups the amount of NPY-LI fibers in the unstimulated side
of the CN (Figures 4(c), 4(e), 4(g), and 5) was significantly
higher than that in the stimulated side of the CN (Figures
4(d), 4(f), 4(h), and 5), respectively, except for the pre-5%
lido group.

No, or only very few, c-Fos-LI cells were found in the
CN of the control rats, the median nerves with or without
electrical stimulation, or in CCI rats without electrical
stimulation (Figure 6(a)). However, numerous c-Fos-LI cells
were detected when injured median nerves treated with
electrical stimulation in all CCI groups and predominantly
distributed in the ventral portion of the middle CN
(Figure 6). Furthermore, quantitative analysis showed that
the mean number of c-Fos-LI cells in the presaline group
(42.9 � 2.8 cells) was significantly greater than that in other
groups (Figures 7(b) and 8). The mean number of c-Fos-LI
cells in the CN was also reduced by lidocaine pretreatment
in a dose-dependent manner (pre-1% lido, 26.6 � 1.6 cells;
pre-5% lido, 18.5 � 1.4 cells) (Figures 6(c), 6(d), and 7).

In addition, the NPY reduction level was assessed by the
percentage of NPY-LI fibers in the stimulated side of the
CN subtracted from that in the unstimulated side of the
CN, regarded as an index of the extent of NPY release by
electrical stimulation. Statistical analysis by linear regression
demonstrated that the mean number of c-Fos-LI cells in
the stimulated side of the CN was significantly correlated
to the NPY reduction level (Figure 8, r � 0.64, P � 0.01).
Finally, linear regression manifested that the mean number
of c-Fos-LI cells in the CN was negatively proportional to
the mechanical withdrawal scale (Figure 9, r � �0.80, P �

0.005).
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Figure 4: Photomicrographs showing NPY-LI fibers in the middle region of the ipsilateral CN four weeks after chronic constriction injury
in control (a, b) or four weeks after CCI without (left panel) or with (right panel) electrical stimulation in presaline (c, d), 1% (e, f), and 5%
(g, h) lidocaine pre-treatment groups. Bar = 100 µm.

4. Discussion

The results of the present study demonstrate the attenuation
of TH and reduction of injury discharges following CCI on
median nerves by lidocaine pretreatment. Correspondingly,
both the level of the injury-induced NPY fibers and the num-
ber of injury-induced c-Fos-LI cells in the CN at four weeks
after medina nerve CCI were also dose-dependently reduced
by lidocaine pretreatment. These results provide a possible
mechanism in that the suppression of injury discharges by
lidocaine pretreatment not only relieves neuropathic pain
but also attenuates the NPY and c-Fos expressions in the CN
after CCI.

Following median nerve CCI, signs of mechanical allody-
nia were detected three days after CCI and lasted throughout

the experiment period of 28 days in the present study. Similar
results have been reported, where hyperalgesia responses
to noxious radiant heat were observed on the second
postoperative day and lasted for over two months after sciatic
nerve CCI [3]. Another study also indicated that mechanical
allodynia was found three to five days following CCI [28],
whereas this neuropathic sign was detected one day after CCI
in our recent study [22]. There are discrepancies in the time
points of neuropathic pain initiating after CCI between vari-
ous studies. The reason for these discrepancies may be simply
due to different time points being examined. We focused on
the role of lidocaine pretreatment in the paw withdrawal
threshold of the CCI rats. The reductions in the paw
withdrawal threshold after median nerve CCI were reversed
by lidocaine pretreatment in a dose-dependent manner.
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Figure 5: Histograms showing morphometric assessments used to quantify intensity of NPY-LI fibers in the middle CN at four weeks after
chronic constriction injury without (CCI) or with electrical stimulation (CCI + ES). It is notable that the intensities of NPY-LI fibers in the
CN were significantly lower in rats with electrical stimulation than those without stimulation in the presaline and pre-1% lidocaine groups
(#P � 0.05 compared with unstimulated side in respective group). The intensity of NPY-LI fibers in the CN was also reduced by lidocaine
pretreatment in a dose-dependent manner (�, �P � 0.05 compared with the stimulated and unstimulated side of the presaline group, resp.).

(a) (b)

(c) (d)

Figure 6: Photomicrographs showing c-Fos-LI cells in the middle region of the CN ipsilateral to electrical stimulation four weeks after
chronic constriction injury in control (a), presaline (b), pre-1% lido (c) and pre-5% lido (d) groups. Bar = 100 µm.
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Figure 8: Linear regression of the mean number of c-Fos-LI cells
and NPY reduction level in the CN four weeks after chronic
constriction injury (each point represents an individual animal;
r � 0.64, P � 0.01).

A previous study [6] reported that lidocaine pretreatment
relieved thermal hyperalgesia for a long postoperative period
(up to three weeks) after sciatic nerve CCI. However, another
study showed that prior to spinal nerve ligation (SNL), ligno-
caine pretreatment increased the paw withdrawal threshold
for only 24 h [29]. These discrepancies may be related to
differences in the injury models used in the above-mentioned
studies (CCI versus SNL). The lesion site to the DRG in the
CCI model was more distal than that in the SNL model. The
injury level caused by the former was less severe than that by
the latter, so the neuropathic pain induced by the CCI model
could be prevented by lidocaine pre-treatment.

Furthermore, four weeks after CCI (29 days postinjury),
a significant increase in the number of spikes in all CCI
groups, which was regarded as ectopic discharges induced
after nerve injury. Then, our results also demonstrated that
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Figure 9: Linear regression of the mean number of c-Fos-LI cells
and mechanical withdrawal scale (presented as log10-gram) four
weeks after chronic constriction injury (each point represents an
individual animal; r � �0.80, P � 0.005).

the ectopic discharges were suppressed by lidocaine pre-
treatment in a dose-dependent manner. The suppression in
ectopic discharges was considered as one of the contributing
factors in relieving neuropathic pain induced by median
nerve CCI. Our recent study reported that ectopic discharges
evoked by median nerve transection (MNT) were suppressed
by pre-treatment with 5% and 10% lidocaine, but not
1% lidocaine [15]. However, in the present study, ectopic
discharges induced by CCI were significantly attenuated
by 1% lidocaine pre-treatment. This discrepancy may also
be explained by the difference in injury model employed
between these two studies. The injury severity induced by
CCI was milder than that by MNT. For this reason, the rate
of injury discharges in the CCI rats, but not MNT, could
be significantly reduced by low-dose (1%) lidocaine pre-
treatment.

The present study further demonstrated that a significant
increase in NPY in the CN at four weeks (29 days) post-
CCI was also dose-dependently reduced by lidocaine pre-
treatment. Previous studies have reported that intense affer-
ent discharges and depolarization enhanced NPY induction
[30, 31]. Furthermore, the NPY induction in the CN exclu-
sively originated from injured DRG neurons, particularly
medium- and large-size neurons, via primary afferent fibers
[26]. It is reasonable to infer that the reduction of NPY
expression in the CN would result from the suppression
in injury discharges following CCI with lidocaine pre-
treatment. This is consistent with NPY reduction in the CN
after MNT [15] with lidocaine pre-treatment and in the
spinal cord laminae 3-4 following sciatic nerve CCI with
MK-801 and clonidine pre-treatment [30]. Taken together,
these findings suggest that the magnitude of nerve discharges
may be one of the most important factors to induce NPY
synthesis.

In the rats with bilateral median nerve CCI, c-Fos-LI
cells were found only in the CN with electrical stimulation,
but not in the unstimulated side of the CN; the level of
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NPY-LI fibers in the stimulated side of the CN was also
significantly lower than that in the unstimulated side. One
possible explanation for this is that NPY is released from
the injured median nerve in the stimulated side of the CN
resulting in NPY reduction and induced c-Fos expression in
the same region. This is compatible with previous studies
where NPY reduction and c-Fos induction were detected in
the stimulated side of the CN following electrical stimulation
with the transected median nerve; injection of an NPY
receptor antagonist into the CN coupled with electrical
stimulation to the injured nerve resulted in a dramatic
decrease in the number of c-Fos-LI cells in the ipsilateral CN
[15, 22]. In the present study, we also found that the number
of c-Fos-LI cells in the CN after electrical stimulation of the
injured nerve was dose-dependently reduced by lidocaine
pre-treatment. Statistical analysis further demonstrated that
the number of c-Fos-LI cells in the stimulated side of
the CN was significantly correlated to the level of NPY
reduction. Taken together, these results suggest that the
amount of NPY release (NPY reduction level), following
electrical stimulation of the injured nerve, directly modulates
c-Fos expression in the CN.

Although the function of c-Fos induction in the CN
remains uncertain, the expression of c-Fos immunoreactivity
in the spinal cord has been considered as a convincing marker
of pain [19, 20]. Our results showed that the number of c-
Fos-LI cells in the CN coincided with the reduction in paw
withdrawal thresholds, regarded as mechanical allodynia.
This is in agreement with a previous study which reported
that the number of c-Fos-LI cells was positively associated
with the magnitude of mechanical allodynia [22]. Earlier
studies have also clarified that after electrical stimulation
of the injured median nerve, about 78% of c-Fos-LI cells
in the middle CN were cuneothalamic projection neurons
(CTNs) [17, 18]. This study further showed that the number
of c-Fos-LI cells was dose-dependently reduced by lidocaine
pre-treatment. Injury discharges have been reported to
be implicated in the increase of c-Fos LI cell expression
in the spinal cord dorsal horn [32–34], while lidocaine
pre-treatment attenuates the discharges to prevent c-Fos
induction [21, 34].

5. Conclusions

Our results suggest that lidocaine pre-treatment dose-
dependently suppressed injury discharges development to
attenuate NPY expression after median nerve injury. This
in turn significantly reduces the NPY release to decrease the
transmitting of TH to the thalamus and c-Fos expression in
the CTNs.
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[1] D. Palmes, S. Röttgermann, C. Classen, J. Haier, and R.
Horstmann, “Randomized clinical trial of the influence of

intraperitoneal local anaesthesia on pain after laparoscopic
surgery,” British Journal of Surgery, vol. 94, no. 7, pp. 824–832,
2007.

[2] C. S. Wong, C. C. Lu, C. H. Cherng, and S. T. Ho, “Pre-
emptive analgesia with ketamine, morphine and epidural
lidocaine prior to total knee replacement,” Canadian Journal
of Anaesthesia, vol. 44, no. 1, pp. 31–37, 1997.

[3] G. J. Bennett and Y. K. Xie, “A peripheral mononeuropathy in
rat that produces disorders of pain sensation like those seen in
man,” Pain, vol. 33, no. 1, pp. 87–107, 1988.

[4] R. Munglani, M. J. Hudspith, B. Fleming et al., “Effect of
pre-emptive NMDA antagonist treatment on long-term Fos
expression and hyperalgesia in a model of chronic neuropathic
pain,” Brain Research, vol. 822, no. 1-2, pp. 210–219, 1999.

[5] T. Yamamoto, S. Ohtori, and T. Chiba, “Effects of pre-
emptively administered nociceptin on the development of
thermal hyperalgesia induced by two models of experimental
mononeuropathy in the rat,” Brain Research, vol. 871, no. 2,
pp. 192–200, 2000.

[6] M. L. Sotgiu, A. Castagna, M. Lacerenza, and P. Marchettini,
“Pre-injury lidocaine treatment prevents thermal hyperalgesia
and cutaneous thermal abnormalities in a rat model of
peripheral neuropathy,” Pain, vol. 61, no. 1, pp. 3–10, 1995.

[7] O. Matzner and M. Devor, “Hyperexcitability at sites of nerve
injury depends on voltage-sensitive Na+ channels,” Journal of
Neurophysiology, vol. 72, no. 1, pp. 349–359, 1994.

[8] P. D. Wall, S. Waxman, and A. I. Basbaum, “Ongoing
activity in peripheral nerve: injury discharge,” Experimental
Neurology, vol. 45, no. 3, pp. 576–589, 1974.

[9] M. Devor, P. D. Wall, and N. Catalan, “Systemic lidocaine
silences ectopic neuroma and DRG discharge without block-
ing nerve conduction,” Pain, vol. 48, no. 2, pp. 261–268, 1992.

[10] P. D. Wall and M. Gutnick, “Properties of afferent nerve
impulses originating from a neuroma,” Nature, vol. 248, no.
5451, pp. 740–743, 1974.

[11] A. M. Comer and H. M. Lamb, “Lidocaine patch 5%,” Drugs,
vol. 59, no. 2, pp. 245–249, 2000.

[12] R. H. Gracely, S. A. Lynch, and G. J. Bennett, “Painful neu-
ropathy: altered central processing maintained dynamically by
peripheral input,” Pain, vol. 51, no. 2, pp. 175–194, 1992.

[13] J. Kastrup, P. Petersen, and A. Dejgard, “Intravenous lidocaine
infusion—a new treatment of chronic painful diabetic neu-
ropathy?” Pain, vol. 28, no. 1, pp. 69–75, 1987.

[14] P. Marchettini, M. Lacerenza, C. Marangoni, G. Pellegata, M.
L. Sotgiu, and S. Smirne, “Lidocaine test in neuralgia,” Pain,
vol. 48, no. 3, pp. 377–382, 1992.

[15] C. T. Lin, H. Y. Wang, Y. J. Tsai, C. T. Huang, S. H.
Chen, and J. H. Lue, “Pre-treatment with lidocaine suppresses
ectopic discharges and attenuates neuropeptide Y and c-Fos
expressions in the rat cuneate nucleus following median nerve
transection,” Journal of Chemical Neuroanatomy, vol. 38, no. 1,
pp. 47–56, 2009.

[16] Y. J. Tsai, S. M. Leong, A. S. Day, C. Y. Wen, J. Y. Shieh, and J. H.
Lue, “A time course analysis of the changes in neuropeptide Y
immunoreactivity in the rat cuneate nucleus following median
nerve transection,” Neuroscience Research, vol. 48, no. 4, pp.
369–377, 2004.

[17] A. S. Day, J. H. Lue, W. Z. Sun, J. Y. Shieh, and C. Y.
Wen, “Aβ-fiber intensity stimulation of chronically constricted
median nerve induces c-fos expression in thalamic projection
neurons of the cuneate nucleus in rats with behavioral signs of
neuropathic pain,” Brain Research, vol. 895, no. 1-2, pp. 194–
203, 2001.



Anesthesiology Research and Practice 9

[18] J. H. Lue, S. M. Leong, A. S. Day, Y. J. Tsai, J. Y. Shieh, and C. Y.
Wen, “Changes in c-Fos protein expression in the rat cuneate
nucleus after electric stimulation of the transected median
nerve,” Journal of Neurotrauma, vol. 19, no. 7, pp. 897–907,
2002.

[19] J. A. Harris, “Using c-fos as a neural marker of pain,” Brain
Research Bulletin, vol. 45, no. 1, pp. 1–8, 1998.

[20] S. P. Hunt, A. Pini, and G. Evan, “Induction of c-fos-like
protein in spinal cord neurons following sensory stimulation,”
Nature, vol. 328, no. 6131, pp. 632–634, 1987.

[21] S. I. Chi, J. D. Levine, and A. I. Basbaum, “Effects of injury
discharge on the persistent expression of spinal cord fos-like
immunoreactivity produced by sciatic nerve transection in the
rat,” Brain Research, vol. 617, no. 2, pp. 220–224, 1993.

[22] Y. J. Tsai, C. T. Lin, C. T. Huang et al., “Neuropeptide y
modulates c-fos protein expression in the cuneate nucleus
and contributes to mechanical hypersensitivity following rat
median nerve injury,” Journal of Neurotrauma, vol. 26, no. 9,
pp. 1609–1621, 2009.

[23] M. Zimmermann, “Ethical guidelines for investigations of
experimental pain in conscious animals,” Pain, vol. 16, no. 2,
pp. 109–110, 1983.

[24] M. Tal and G. J. Bennett, “Extra-territorial pain in rats with
a peripheral mononeuropathy: mechano-hyperalgesia and
mechano-allodynia in the territory of an uninjured nerve,”
Pain, vol. 57, no. 3, pp. 375–382, 1994.

[25] C. Molander, J. Hongpaisan, and G. Grant, “Changing pattern
of c-FOS expression in spinal cord neurons after electrical
stimulation of the chronically injured sciatic nerve in the rat,”
Neuroscience, vol. 50, no. 1, pp. 223–236, 1992.

[26] Y. J. Tsai, C. T. Lin, and J. H. Lue, “Characterization of the
induced neuropeptide Y-like immunoreactivity in primary
sensory neurons following complete median nerve transec-
tion,” Journal of Neurotrauma, vol. 24, no. 12, pp. 1878–1888,
2007.

[27] S. Maslany, D. P. Crockett, and M. D. Egger, “Somatotopic
organization of the dorsal column nuclei in the rat: transgan-
glionic labelling with B-HRP and WGA-HRP,” Brain Research,
vol. 564, no. 1, pp. 56–65, 1991.

[28] W. Xie, J. A. Strong, J. T. A. Meij, J. M. Zhang, and L. Yu,
“Neuropathic pain: early spontaneous afferent activity is the
trigger,” Pain, vol. 116, no. 3, pp. 243–256, 2005.

[29] S. Abdi, D. H. Lee, S. K. Park, and J. M. Chung, “Lack of pre-
emptive analgesic effects of local anaesthetics on neuropathic
pain,” British Journal of Anaesthesia, vol. 85, no. 4, pp. 620–623,
2000.

[30] R. Munglani, A. Bond, G. D. Smith et al., “Changes in neu-
ronal markers in a mononeuropathic rat model relationship
between neuropeptide Y, pre-emptive drug treatment and
long-term mechanical hyperalgesia,” Pain, vol. 63, no. 1, pp.
21–31, 1995.

[31] M. S. Rao, S. Tyrrell, S. C. Landis, and P. H. Patterson, “Effects
of ciliary neurotrophic factor (CNTF) and depolarization on
neuropeptide expression in cultured sympathetic neurons,”
Developmental Biology, vol. 150, no. 2, pp. 281–293, 1992.

[32] Y. P. Feng, K. Yang, and Y. Q. Li, “Activation of capsaicin
receptors on the sciatic nerve induces FOS expression in the
spinal dorsal horn of adult rats,” NeuroSignals, vol. 11, no. 3,
pp. 151–157, 2002.

[33] C. Stenberg, K. Øvlisen, O. Svendsen, and B. Lauritzen,
“Effect of local anaesthesia on neuronal c-fos expression in the
spinal dorsal horn and hypothalamic paraventricular nucleus
after surgery in rats,” Basic and Clinical Pharmacology and
Toxicology, vol. 96, no. 5, pp. 381–386, 2005.

[34] X. Sun, M. Yokoyama, S. Mizobuchi et al., “The effects of
pretreatment with lidocaine or bupivacaine on the spatial and
temporal expression of c-Fos protein in the spinal cord caused
by plantar incision in the rat,” Anesthesia and Analgesia, vol.
98, no. 4, pp. 1093–1098, 2004.



Submit your manuscripts at

http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 

Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment

AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 

Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


