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ABSTRACT

The aim is to investigate the analgesic effect of transcranial direct current stimulation(tDCS) on central neuropathic pain(CNP) in
spinal cord contusive rat model. Twenty Sprague-Dawley rats(2502£50 g, male) were used. Thoracic spinal cord(T10) was contused
using New York University(NYU) spinal cord impactor. The animals were randomly assigned to two groups;, Group I: Non-
treatment after SCI induction(n=10), Group II: application of tDCS(0.1 mA, 20 min/time, 2 times/day, 5 days/6week) after SCI
induction(n=10). Assess the effect of tDCS using the Basso Beattie Bresnahan(BBB) locomotor rating scales, Touch test™ sensory
evaluator(TTSE), Plantar test®after contusion at the 2", 3%, 4" 5™ 6" week and the immunohistochemistric response of c-fos in the
thalamus, cerebral cortex after contusion at the 3", 6" week after SCI. The scores of BBB scales were significantly different from
3"week. TTSE were different significantly over time, but there were no differences at each evaluation times on between-measure time
effects. Plantar test were different significantly over time and there were difference at the 4", 6" week after SCI on between-measure
time effects. Also,immunohistochemistric response of c-fos was reduced significantly from 3", 6" week after SCI in tDCS group
compared with control group in thalamus and cortex. These results identified that tDCS of non-invasive therapeutic method may
have beneficial analgesic effect on CNP after SCI with behavioral test and immunohistochemical test.

Keywords: Contusive Spinal Cord Injury, Central Neuropathic Pain, tDCS, Anagesic Effect, c-fos.

1.INTRODUCTION

A central neuropathic pain caused by a spinal cord injury
may be divided into a nociceptive pain by over-activity of
peripheral sensitization receptor and a neuropathic pain by
nerve damage.They act as the limit of several physiotherapies
because they cause heavy pains by damage of nerve cells or
axons consisting of CNS(central nervous system)[1].The
common symptoms of neuropathic pain are allodynia(the pain
caused by soft stimulus), hyperalgesia(the pain of bigger
intensity induced by the stimulus of the intensity equivalent to
induce a normal pain) and a spontaneous pain(the pain caused

by without external stimulus)[2]-[4].Recently, several
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experimental animal models showing similar activities to
allodynia, hyperalgesia and spontaneous pain frequently
observed in patients with a spinal cord injury have been
developed, and so there have been various tries and challenges
to discover the mechanism[5].The clinical patterns of rats for a
neuropathic pain, such as shake of the head toward the stimulus
site, sharp screaming, complex regional pain syndrome
accompanying edema and color change, allodynia, and heat
hyperesthesia, were reported[1],[6].However, mechanical
allodynia and heat hyperalgesiawere regarded as the most
representative presenting symptoms[7],[8].

The neuropathic pain mechanism caused by a spinal cord
injury is explained by hyper-excitability of spinal nerve cells
and effacement of inhibitory control (disinhibition) from an
upper nervous system[9]. Various drugs such as NMDA
antagonist, tramadol agent and anti-depressant opioids to treat
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the pain have been used, but the results have not been
satisfactory. For non-drug treatment method such as spinal cord
stimulation, dorsal root neurectomy and deep cranial
stimulation have been tried, but lots of limitations follow [10].
Accordingly, a way to relieve a pain by modulating direct
cranial activity for a specific nervous structure has been
considered.As a non-invasive brain stimulus of central neuro-
stimulation, a way to stimulate a braineffectively and safely
using tDCS(trans-cranial direct current stimulation) has been
suggested. The tDCS is a technique that cause a change on
excitability of the local part neuron in the brain by making a
soft current flow to scalp[11],[12], which has been known to
control the displacement potential of neuropil by affecting the
activity of sodium ion channel and calcium ion channel of
neuropil and thereafter change the activity of the
cranialneurogen[11]-[13].The modus operandi has been
estimated by the change of plasticity on synaptic connection in
accordance with the change on efficiency of the NMDA(N-
methyl-D-aspartic acid) receptor[11, 14].So far, most of the
research regarding the tDCS have reported that it affects
excitability cognitive function of cerebral cortex, exercise
rehabilitation for men and can control them
[15],[16].Alsosomeresearch regarding a pain by a peripheral
lesion[17] or a central pain after a spinal cord injury have been
reported[ 18].However,such research estimates just the cause of
effect based on clinical observation if the effect of the tDCS is
testified.In the meantime, immunohistochemical staining of c-
fos protein which is a substance producing an immediate early
gene is widely used for to verify the level of pain and analgesic
effect[19]. The c-fosproteinis expressed on the site in relation
to the pain on spinal cord and brain[20] and makeseffect of
analgesic substance possible quantify the as a marker of nerve
action and confirm the neuroanatomical location[21].

As part of ways to investigate the variouseffect shown by
activating a brain with a non-invasive method, this study tried
to prove the effect of the tDCS by observing the level of
threshold value of pain behavior(the threshold value of
avoidance response), latency assessment and onset of c-fos on
thalamus which has a knownneurotransmitterrelated to pain.

2.MATERIALS AND METHODS

2.1 Laboratory animals

This study used 20 Sprague-Dawley typed rats weighting
about 250+50g(8 weeks old, masculine, Korea Laboratory
Animal Association) after making spinal cord contusion to
them from 2.5cm of height of fall, dividing them into two
random groups. The temperature of insectorywas kept at 25+1°C
and the humidity at 55+10%. Shading of the insectorywas
changed in the cycle of 12 hours and feeding including water
was free during the experimental period.

2.2 Spinal cord contusive rat model

To manufacture a spinal cord contusive rat model, general
anesthesia was applied to rats by anesthetic gas mixing 70%
N,O, 28.5% O, and 1.5% enflurane and then executed
depilation according to the spinal cord line. Then, their pleural
effusion fluid was disclosed by 10th dorsal spine laminectomy

on an operating table. Next, the rats were moved to a spinal
cord impactor(NYU, USA).Asupporting bar was fixed so that
an impactor was located in the vertical upwards of the dura
mater of dorsal spine disclosed. The spinal cord contusive rat
model was then induced by removing the fixed supporting bar
at the fall height of 2.5cm(Fig. 1).

After inducing the spinal cord contusion, the muscles around
the spinal cord were sutured first according to each layer of
muscle, and the operative wound was disinfected by
PovidoneOdide. After dressing, their body temperature was
maintained until rats recovered. All the rats were bred under the
environment of constant temperature and humidity. To prevent
infection, 1mg/kg of sulfuric acid Gentamicin®(Korea United)
diluted by normal saline solution was injected into their
muscles once a day for a total of five days.Also, to prevent
dehydration and electrolyte metabolic error, 5 mlof Hartman
Solution was injected into their hypoderm once a
day.Additionally to control neurogenic vesical dysfunction,
voiding was executed by stimulating their abdomen three times
per day for seven days until they accomplished voluntary
voiding.

Fig.1. Spinal cord impactor

2.3 Transcranial direct current stimulation(tDCS)

The rats with induced spinal cord injury were divided into a
non-stimulus group(control group, n=10) and the tDCS group
(experimental group, n=10) randomly, and then same
conditions were applied to them except the factor of presence
or absence of execution of the tDCS.Forthe tDCS application, a
direct current electro stimulator(Cybermedic Co., Korea) that is
able to control the intensity in the unit of 0.1 mA was used in
accordance with Kim, Sang-Joon[22]'s method.A positive
electrode was fixed and applied to the model of plastic cup in
order to attach to a trans-cranial site of cerebral cortex. A
negative electrode was applied to the neck in order to block the
shunting effect of the electricity(Fig. 2).

To reduce the electric resistance between the skin and
electrode, gel was applied to their skin after depilation.The
diameter of a positive electrode is lecm and the plastic cup
model was filled with the gel. The electric intensity for applying
an electric current is 0.1mA and the duration of the stimulation
was 20 minutes each time. The electric current was constantly
applied for six weeks twice a day and five days a week from
the fourth day after the spinal cord injury.
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Fig.2. tDCS

2.4 Behavioral examination for pain

To examine the analgesic effect of the tDCS on the site
below of the site damaged by a spinal cord injury, for both a
control group and an experimental group, functional behavioral
assessment(FBA) and avoidance response assessment for
mechanical allodynia and heat hyperalgesiawere executed
before the spinal cord injury and after the injury at an interval
of a week from second to eighth week.

2.4.1 Functional behavioral assessment(FBA): BBB scale[23]
was used to assess the motor function of hind limbs of rats
induced spinal cord contusion. The BBB scale
departmentalized the assessment factors such as motion of the
hind limbs and toes and the degree to control a tail centered
motion range and weight support, and then the scale scored
them. The motor function was assessed by 13x90x10cm’ sized
rectangle acrylic gait analysis arthrosis.

2.4.2 Threshold value assessment of avoidance response:
This study assessed a threshold value of avoidance response
using Touch test™ sensory evaluator(TTSE) for mechanical
allodynia caused by a neuropathic pain after inducing a spinal
cord contusion. A wire netted acrylic box(20>X25<13 cm') was
installed 35cm high from the floor and then an inclined mirror
was installed under the box in order to observe their behavior
response effectively. Mechanical stimulus was applied to third
metatarsal site on left hind foot, standing vertically von Frey
filament(North Coast Medical Inc., Canada).The threshold
value (paw withdrawal mechanical threshold; PWT) of
avoidance response against mechanical stimulus was regarded
by the minimum bending force avoiding voluntarily legs three
times or more among 5 times stimulations using filament (1.0,
1.4, 2.0, 4.0, 6.0, 8.0, 10.0, 15.0 and 26.0g)[24].If the bending
force of von Frey filament is excess of 10% of the weight of the
rat, it will be result that the whole leg is passively pushed up.So,
the maximum applicable bending force was 26.0g in this
study[25]. Lifting up sole, licking, shaking off or running away
when applying the stimulus were regarded as positive reaction
of avoidance response.

2.4.3 Latency assessment of avoidance response: This study
measured the latency of avoidance response usingthePlantar
test®(hot plate analgesia meter, HAVARD Ltd., UK).Itrepeated
twice in the unit of 0.1 second at the interval of five minutes
after locating infrared-ray heat radiator (50 C of heat source and
an acrylic panel with 46 Cof conductive heat) on the sole of
hind limb. The latency of avoidance response was decided as

the time from applying heat stimulus to occurrence of the
avoidance, and the cut-off time of devices was 30 seconds
because of tissue injury.

2.5 Histological examination

2.5.1 Making of tissue slice: This study anesthetized
respectively five rats of each group through intraperitoneal
injection(0.6 mg/kg) with Rompun(Bayer Korea) at third and
sixth week after inducing the spinal cord contusion. Next, this
study cleaned heart perfusion with 0.9% NaCl and then with 4%
neutral paraformaldehyde(0.1 M phosphate buffer ph 7.4) after
removing blood. After prefixation, the brains were extracted
and fixed with same fixative for 24 hours at the room
temperature. The fixed brain tissue was cut to a thickness of
Spmusing a tissue slicer(microtom; Sakura 2040, Japan). With
reference to the article of Paxinos and Watson[26], the abutted
tissue in the rear of Bregma(Bregma -1.30, -3.15, -7.64) was
selected. Immunohistochemically stained c-fos protein was
applied to the brain slice.

2.5.2 Immunohistochemical staining method: Immuno-
histochemical staining is a way to dye the c-fos expressed in a
neurogen, which cleaned the brain slice three times at an
interval of ten minutes with 0.01 M PBS(phosphate buffer
saline) and applied 1% sodium borohydride for an hour in order
to remove the remaining fixative. As for preprocessing
ofimmunohistochemical staining, 0.3% hydrogen peroxide was
applied to the slices for 20 minutes. After cleaning them several
times with PBS, normal blocking serum was cultivated for 20
minutes using Novostain Super ABC Kit(Novocastra Lab.,
Benton Lane, UK). After applying anti-c-fos antibody (abcam,
7963, UK) diluted respectively at the rate of 1:1,000 for 24
hours at 4C clean them with PBS. Then the slices were
cultivated for 30 minutes with diluted biotinylated secondary
antibody solution. They were cleaned again with the PBS,
cultivated by Novostain Super ABC Reagent for 30 minutes,
and then cleaned again with the PBS. For the purpose of color
development, DAB(Serotec Ltd, BUF021B, UK) was applied
to the slice samples for ten minutes and then counterstaining
was executed by Mayer's Hematoxyline(Sigma, MHS-32,
USA).They were cleaned by running water for five minutes,
dried and sealed so that it was observed through a common
dehydration process.

2.5.3 Histological analysis: This study assessed slice samples
at negative(-), mild(+), moderate(++), and severe(+++),
dividing them with a semiquantitative manner using Image-
proplusver 4.0 for windows(media cybernetics, USA)
connecting CCD camera(Foculus, Germany) installed on an
optical microscope(Olympus BXS50, Japan) to a personal
computer after checking thalamus on the brain sample with
reference to the article of Paxinos and Watson[26].

2.6 Statistical method

For the statistical analysis of this study, SPSS 12.0 ver. for
window®was used. The results of all experiments were expressed as
a mean and standard deviati on.Repeatedmeasuresof ANOVA was
used for the comparison between acontrolgroup and an experimental
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group and the comparison on change of pain threshold value in
accordance with the lapse of time and independent t-test was used for
the comparative verification on each time of measurement. If 'p'
value is less than 0.05, statistical significance level was used.

3.RESULTS

3.1 Functional behavioral assessment(FBA)

The value of the BBB scale for the experimental group was
21points before inducing a spinal cord contusion, but it was
7+1.24 points at second week after the spinal cord
contusion(one of the control group was 6.1£1.19 points) and it
was 16.2+1.54 points at sixth week after such induction for
observation according to follow-up observation.This showed
significant rehabilitation of motor function compared with the
control group(p<0.05) and the rehabilitation level of motor
function according to time lapsed was meaningful too(p<0.05).
Also, both groups showed meaningful difference since third
week after the induction(p<0.05)(Fig. 3).
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Fig.3. Change on BBB with time

3.2 Threshold value assessment of avoidance response

In assessment of a threshold value of avoidance response
using the TTSE test, the value of the experimental group before
the induction of the spinal cord contusion was 13+2.58g and
the one of the control group was 12+2.58g. Thus, there was no
significant difference observed between the two groups. At
second week after the inductionof the spinal cord contusion, the
experimental group showed the threshold value of 4.2+1.47¢g
(the value of control group was 3.6£1.57g), which meant that
the threshold value of avoidance response sharply decreased.
The threshold value of avoidance response according to the
time lapsed showed significant difference between the two
groups(p<0.05), but the value at each time of measurement did
not show meaningful difference(Fig. 4).
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Fig.4. Change on threshold values of avoidance response by
time lapsed

3.3 Latency assessment of avoidance response

For the latency assessment of avoidance response using the
Plantar test®, the latencies of both groups were respectively,
27.8410.86 seconds and 28.451+0.71 seconds before the
inductionof the spinal cord contusion.These did not show any
significance. The latency of the control group was 15.01+3.17
seconds at second week after the induction which showed a
clear and obvious latency delay, and since then, the latency
delay gradually shortened and the latency of avoidance
response according to time lapsed showed significant
difference compared with the one of experimental
group(p<0.05). In case of the experimental group, it showed
latency delay of 17.97£3.5 seconds at second week after the
induction. Such latency delay gradually shortened, which was
20.7242.25 seconds at fourth week after the induction (one of
control group was 16.41%£3.45 seconds) and 22.67%2.78
seconds at sixth week(one of control group was 19.761+2.49
seconds). So, this study could confirm the significant effect of
the tDCS on pain release for heat hyperalgesia after the spinal
cord injury because the latency of avoidance response was
significantly shortened(p<0.05)(Fig. 5).
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Fig.5. Changes on latency of avoidance response by time
lapsed

3.4 Immunohistochemical reactions of c-fos
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As a result of observation through immunohistochemical
staining of c-fos in each brain tissue at third and sixth week
after the induction spinal cord injury, to understand analgesic
effects of the tDCS, the control group showed strong positive
reaction(+++) at third week and the experimental group a
medium positive reaction(++) at third week. At sixth week after
the induction the control group showed medium positive
reaction(++) and the experimental group a weak positive
reaction(+) (Table 1) (Fig. 6). This study confirms that the
immune positive reaction of the c-fos of the experimental group
was decreased by applying the tDCS.

Table 1. Semi-quantitative assessment of c-fos

Assessment Date
Group
3rd Week 6th Week
Control Group -+ ++
Experimental Group ++ +

-: negative, +: mild, ++: moderate, +++: severe

Fig.6.Immunohistochemical reaction of c-fos

A: Control group in 3 week
B: Experimental group in 3™ week
C: Control group in 6™ week
D: Experimental group in 6™ week

4. DISCUSSION

One of the most difficult and severe pains is various types of
central neuropathic pain expressed after cerebral stroke or a
traumatic spinal cord injury[27]. In spite of various drug
treatments, it is almost impossible to release the pain
sufficiently. Accordingly, it needs a new therapeutic approach,
and neuromodulation approach like brain stimulation has
attracted the concerns from the medical world[18]. Among
them, deep brain stimulation shows the result of high
possibility[28], but Fregni, et al.[18] reported that the less
invasive the type of stimulation, the more effective.

The tDCS, which is one of the non-invasive brain
stimulations, improves cheirokinesthesia and promotes implicit
motor learning and working memory.When a positive electrode
is applied to a primary sensorimotor area andpremotor area, it
was reported to be effective inimprovingvisuo-motor learning

when applied to an occipital lobe[13],[29] and to improve
aphasia or increase the motor function of lower limbs for
patients with cerebral stroke[30],[31]. Also, it was reported to
be helpful for improving the perception of chronic pain[32],[33]
and various symptoms in relation to chronic pain syndrome[18,
34].However, the basic research that is able to explain the
mechanism of ethological improvement for such stimulation on
a cerebral cortex is very insufficient. So far, several researches
for onset patterns of central neuropathic pain in men have been
studied[35,36].Whereas, the research ofthelaboratory animals
has not been reported or disregarded. So, there were no
researches for central pain until now except for motor
function[22], blood circulation[37] and anamnesis[38].
Particularly, there is noresearch regarding the cerebral base and
histological change in relation to the ethological change about a
threshold value using the tDCS.

This study has tried to assess temporal pattern for two main
symptoms, mechanical allodynia and heat hyperalgesia, and the
change in the c-fos onset on thalamus known as a dolocogenic
protein by using the tDCS together with QST(quantitative
sensory test) for the onset of central neuropathic pain occurred
after the spinal cord contusion in an animal experiment.It
utilized the results of the assessment as the basic information
and data for the purpose of clinical efficiency of the tDCS
against the central neuropathic pain.The established theory for
the mechanism of central neuropathic pain had been
known.According to a recent report, however, a dafferentiation
central pain was caused by the effacement of afferent impulse
on the site below of the area damaged in the spinal
cord[39,40].A patient misunderstood the stimulus from
posterior column of spinal cord as a pain because the inhibitory
signal to the dolorific site from a brain stem or thalamus was
blocked.Further, the hypothesises that the spinal cord and
effaced brain cell creates afferent impulse by emitting action
potential  voluntarily[39]-[41] waspersuasive.The clinical
patterns are thermalgeia, a prick pain, burning sensation,
pressure and coldness. In case of men, they depend on
subjective appeal.Theyhave various pain patterns and ranges
and show complicated patterns in accordance with the severity
of spinal cord injury and a mental cause. So, it is very difficult
for men to design an effective treatment method[42].0n the
other hand, a laboratory animal model has a merit to make
objective quantification possible because it can assess a
threshold value of avoidance response with the TTSE test using
the von Frey filament as the QST and the latency of avoidance
response due to heat hyperalgesia using the Plantar test®.QST
protocol was known to be a standard psychophysical test
method that is able to assess broad somatosensory perception
controlled by the action of a small or big fiber, and
simultaneously a way to understand the effacement or non-
effacement of various somatosensory pathways [43],[44].Thus,
the researcher of this study examined the onset symptom of the
central neuropathic pain according to the time lapsed in the
viewpoint of two factors - mechanical allodynia and heat
hyperalgesia using the TTSE test and Plantar test®.

The main results of the QST showed significant difference
according to the time lapsed.The threshold values of the
avoidance response of both the experimental and the control
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group remarkably decreased at second week after the
inductionthe spinal cord contusion in the TTSE and the Plantar
test® However, the values gradually increased from third week
(p<0.05). The result of the TTSE test did not statistically show
meaningful difference at each time of measurement, but the one
of Plantar test®showed significant difference at fourth and sixth
week (p<0.05). Therefore, it was confirmed that the tDCS
affects the change of temperature threshold value of the heat
hyperalgesiaby A-8and C fibers rather than the mechanical
allodynia.As a result of using the BBB scale to assess the motor
function and recovery, both groups showed meaningful
difference from the third week after the induction(p<0.05). So,
this study could confirm that the tDCS affects the motor
function as well as the sensory change.

Meanwhile, this study tried to confirm severity of pain and
analgesic effects with an immunohistochemical method of c-fos
which is an immediate early gene. Bullitt et, al.[45] reported
that c-fos significantly increased at a nervous pathway
delivering a pain caused by mechanical noxious stimulation or
heat noxious heat.Strassman and Vos[46] reported that the
feasibility of the c-fos as an index of nervous action against
pain stimulus by proving that the onset of c-fos increased in
CNS in proportion to the noxious stimulus of peripheral nerve.
This study observed the onset level of the c-fos in thalamus and
cerebral cortex which is the ascending pain pathway through
nociceptive inhibitory action of the tDCS in the upper area of
spinal cord. For the experimental group, the positive reaction of
the c-fos decreased from third week after the inductionof the
spinal cord contusion and showed remarkable decrease at sixth
week in both thalamus and a cerebral compared with the
control group.

According to all the results above, it was confirmed
thatthetDCS has significant analgesic effect for a central
neuropathic pain.This study shows that such analgesic effects
are to induce the change of electrical characteristics of a
neurologic membrane in a stimulus site[47], and inhibit
ascending pain transfer of subcortical thalamic nuclei because
of the change of local excitabilityandto control abnormal
activation of thalamus through cortico-thalamic fibers[48]. This
studyconfirms the analgesic effects ofthetDCShistochemically
through checking the change of the c-fos protein which is a
pain index at thalamus and cerebral cortex. It is necessary for
further research and studies of the mechanism to control
various factors involved such as the most appropriate intensity,
time and site in the effect of tDCSon pain control.

5. CONCLUSION

This study confirmed that the heat hyperalgesia showed
meaningful difference between the two groups for the two main
symptoms, mechanical allodynia and heat hyperalgesia, in
follow-up observation since constant applicationof the tDCS
for about six weeks using a central neuropathic spinal cord
contusive rat model.The change of the c-fos protein
confirmedthat meaningful analgesic effect in thalamus and
cerebral cortex. Hereby, this study can be the basic foundation

of clinical application of the tDCS which has been suggested as
the non-invasive method to treat a neuropathic pain.
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