JOURNAL OF NEUROTRAUMA 30:480—-486 (March 15, 2013)
© Mary Ann Liebert, Inc.
DOI: 10.1089/neu.2012.2603

Laser Therapy and Pain-Related Behavior
after Injury of the Inferior Alveolar Nerve:
Possible Involvement of Neurotrophins

Daniel de Oliveira Martins! Fabio Martinez dos Santos,? Mara Evany de Oliveira;
Luiz R.G. de Britto José Benedito Dias Lemos,* and Marucia Chacur

Abstract

Nerve-related complications have been frequently reported in dental procedures, and a very frequent type of occurrence
involves the inferior alveolar nerve (IAN). The nerve injury in humans often results in persistent pain accompanied by
allodynia and hyperalgesia. In this investigation, we used an experimental IAN injury in rats, which was induced by a
Crile hemostatic clamp, to evaluate the effects of laser therapy on nerve repair. We also studied the nociceptive behavior
(von Frey hair test) before and after the injury and the behavioral effects of treatment with laser therapy (emitting a
wavelength of 904 nm, output power of 70 Wpk, a spot area of ~0.1cm?, frequency of 9500 Hz, pulse time 60 ns and an
energy density of 6 J/cm?). As neurotrophins are essential for the process of nerve regeneration, we used immunoblotting
techniques to preliminarily examine the effects of laser therapy on the expression of nerve growth factor (NGF) and brain-
derived neurotrophic factor (BDNF). The injured animals treated with laser exhibited an improved nociceptive behavior.
In irradiated animals, there was an enhanced expression of NGF (53%) and a decreased BDNF expression (40%) after
laser therapy. These results indicate that BDNF plays a locally crucial role in pain-related behavior development after IAN
injury, increasing after lesions (in parallel to the installation of pain behavior) and decreasing with laser therapy (in
parallel to the improvement of pain behavior). On the other hand, NGF probably contributes to the repair of nerve tissue,
in addition to improving the pain-related behavior.
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Introduction

LOW-LEVEL LASER THERAPY (LLLT) 1s commonly used for
physical therapy purposes. Recently, a growing number of
laboratory and clinical studies have shown that LLLT at extremely
low energy doses (between 1 and 6J/cm?), when administered
through a particular emission mode (continuous or pulsed), is ca-
pable of eliciting significant biological effects.' Therapeutic low-
power laser, for example, accelerates wound healing,z‘3 reduces
pain symptoms, restores neural function after damage, improves
bone healing and remodeling, normalizes hormonal function,
stimulates endorphin release, and modulates the immune system.*>

Over the past 10 years, clinical knowledge has been reported
regarding the beneficial effects of LLLT in the treatment of nerve
injury after dental procedures.® Among the complications involv-
ing nerve damage in dentistry, the inferior alveolar nerve (IAN) is
the most commonly injured nerve that could result from traumatic
local anesthetic injections and dental treatment, because of the

proximity of its course to the region of surgical extraction of third
molar teeth. This is of great relevance to the dentist because IAN
injury causes physiological and psychological disorders, involving
disturbance of speech, eating, kissing, make-up application, shav-
ing, and drinking,” in addition to pain and frequent complete loss of
sensation.®

Experimental studies have been developed to better understand
the pathophysiological mechanisms of nerve regeneration and its
complications. Nerve growth factor (NGF) and brain-derived
neurotrophic factor (BDNF) belong to a still- growing family of
neurotrophic molecules collectively called ‘‘neurotrophins,”
which play an important role on survival, growth, and neural dif-
ferentiation.’ NGF is involved in the development, maintenance,
and regeneration of sensory and sympathetic nerves.'’

The use of growth factors such as NGF has been studied for a
long time in relation to neural injury. NGF can stimulate the re-
sponse to nerve repair when delivered in particular ways.'' NGF is
produced and released by target tissues and uptaken in a retrograde
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way to maintain neuronal survival. Topically applied NGF stimu-
lates nerve regeneration and promotes function recovery in crushed
rat sciatic nerves.'?

BDNF is a potent survival factor, which has also been im-
plicated in a variety of pathophysiological conditions.'> BDNF
is mainly found in small to medium-sized neurons, predomi-
nantly those containing neuropeptides such as calcitonin gene-
related peptide (CGRP).'* Usually, BDNF is included into dense
core vesicles that undergo anterograde transport to presynaptic
terminals,’” and can also act presynaptically to increase excit-
atory neurotransmitter release in the dorsal horn of the spinal
cord.'® Many functions are assigned to BDNF, such as a me-
diator role in long-term potentiation (LTP) induction,'” and a
signaling role in neuropathic pain development.'® Another im-
portant role for BDNF in adulthood appears to be as a central
modulator of pain."®

The aim of this study was to verify if laser therapy could improve
the pain-related behavior of rats after IAN injury. In addition, we
attempted to identify the possible changes of NGF and BDNF
levels in lesioned rats before and after laser therapy.

Methods
Animals

Male Wistar rats, weighing between 180 and 220 g (2 months
old) were used in all experiments. Six animals were included in
each experimental group. They were singly housed and maintained
on a 12:12h light/dark cycle. The rats were adapted to the experi-
mental environment for 3 days before the experiments started. All
animals were tested during the light cycle at the same time of the
day (9:00 a.m. to 12:00 a.m.). All procedures were approved by the
Institutional Animal Care Committee of the University of Sdo
Paulo (protocol number 150 — book number 02/2010).

Surgical procedure

Inferior alveolar nerve injury. The right inferior alveolar
nerve was crushed using a modification of the technique employed
by Rehak, in which the animals were deeply anesthetized with
ketamine (5 mg/100 g body weight, i.p.) and xylazine (1 mg/100 g
body weight, i.p.), followed by the sterilization of skin around the
inferior jaw with povidone-iodine. A vertical incision was made
on a line between the corner of the mouth and the corner of the
eye. The incision was placed midway between these points and
was ~1cm long. Overlying the muscles, two nerves served as
reference points. A clamp was placed directly beneath the upper-
most of the two transverse nerves, and the extremity of the basal
bone of the incisor tooth was gently palpated. Scissors were used to
separate the muscle fibers. Clamps were placed in this area of
separation to keep the muscle sections apart. Muscle fibers were
scraped in the upper jaw to the incisor near the basal end. The IAN
was then observed.” The nerve was lifted from the canal and a
Crile hemostatic clamp was applied to it.>' The second level of the
rack was utilized for maintaining the nerve crush. The clamp was
maintained closed in order to crush the nerve during 30 sec, to
simulate the nerve crush situation that may occur during the ex-
traction of third molar teeth. Muscle fibers were re-approximated,
and the incision was sutured. A control group of false-operated
animals (FOP), that is, without nerve crush, was also constituted.

The animals were returned to their cages and observed until the
moment they woke up, and were then brought back to the animal
facility.

Laser therapy. The animals were initially divided into
four groups. Two of these groups were irradiated with laser
GaAs (Gallium Arsenide, Laserpulse-Laser, Ibramed Brazil)
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emitting a wavelength of 904 nm, an output power of 70 Wpk, a
spot area of ~0.1 cm?, a frequency of 9500 Hz, a pulse time 60 ns,
and an energy density of 6 J/em? (for complete parameters used in
this work please see Table 1). Laser parameters used in this work
were recommended by Jenkins and coworkers.?* Each session in-
cluded the stimulation of five points, lasting 18 sec on each point.
The other two groups did not undergo laser application, as follows:
Group 1 consisted of animals that has sustained nerve damage and
laser treatment; Group 2 consisted of sham animals with laser
treatment; Group 3 consisted of operated animals, but without laser
application; and Group 4 comprised a naive group used as control
(without laser or surgery).

The treatment with the laser technique was initiated 2 days after
the surgery for IAN injury or in sham animals. The laser treatment
was performed every 2 days, totaling 10 sessions. After steriliza-
tion, the laser was placed on the skin surface directly above the
course of the IAN. A point near the temporomandibular articulation
and four points in the region of the inferior jaw body were irradi-
ated, with a duration of 18 sec per point. Each point was irradiated
with intervals of 30 sec, and each session had a total duration of
4 min.

Behavioral experiments

The development of neuropathic pain symptoms in the surface of
the skin around the inferior jaw was evaluated by testing allodynia
(Von Frey test) in response to a tactile stimulus applied to the
surface of the skin around the inferior jaw, according to a modifi-
cation of the method described by Chaplan and coworkers® and
Yonehara and coworkers.**

This assessment was conducted before surgery (baseline-BL), 2
days after surgery (to confirm pain behavior), and before each laser
therapy session.

Testing was blind with regard to group designation. Briefly,
a logarithmic series of five calibrated Semmes—Weinstein mono-
filaments (von Frey hair test, Stoelting, USA) was used. Each rat
was accommodated in a plastic cage, and then von Frey filaments
were applied to the surface of skin around the inferior right jaw, for
a maximum of 10sec. The threshold intensity of the stiffness
stimulus required to elicit a response was determined by the

TABLE 1. SPECIFICATIONS FOR LLASER PARAMETERS

Device information

Manufacturer IBRAMED
Model identifier LASERPULSE Diamond
Emitter type GaAs
Irradiation parameters

Center wavelength (nm) 904 nm
Operating mode Pulsed
Frequency (Hz) 9500 Hz
Pulse on duration (sec) 60 ns
Beam shape Circular
Treatment parameters

Beam spot size at target (cm?) 0.1 cm?
Exposure duration (sec) 18 sec
Radiant exposure (J/em?) 6J/cm?
Radiant energy (J) 6J
Number of points irradiated 5

Area irradiated (cm?) 0.5cm?

Without skin contact

10 sessions, performed
every 2 days

3017 per session, 3007
over all sessions

Application technique

Number and frequency of
treatment sessions

Total radiant energy (J)
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animals’ withdrawing or by their touching or scratching their facial
regions after the von Frey filaments were applied. Range of log
stiffness of the filaments was 2.83 (0.070g); 3.22 (0.160g); 3.61
(0.407g); 3.84 (0.692g); and 4.08 (1.202g). Baseline assessment
was initiated with the 0.407g filament. In the event of withdrawal,
the previous weaker, 0.160g monofilament was presented. In the
absence of a positive response to the first stimulus, the next stronger
monofilament was presented (0.692¢g). In the event of paw with-
drawal, the same filament was again presented 60-90 sec later.
When the animal showed a positive response in two consecutive
trials with the same stiffness value, no further von Frey hairs
were tested. Failure to respond to the strongest stimulus (1.202g)
was considered to be the cutoff value. Response to the weakest
stimulus (0.070g) was considered to be the lower cutoff value
for that time point.”

Immunoblotting

Rats were killed by decapitation under isofluorane anesthesia
and the crushed IAN was quickly removed and homogenized in an
extraction buffer containing 100 mM Tris, pH 7.4, 10 mM ethyle-
nediaminetetraacetic acid (EDTA), 2mM phenylmethanesulfo-
nylfluoride (PMSF), and 10 pg/mL aprotinin. After extraction, the
homogenates were centrifuged at 12,000 rpm at 4°C for 20 min and
the protein concentration of the supernatant was determined using
the Bradford protein assay with albumin as a standard (Bio-Rad,
Melville, NY).> Samples containing 75 ug protein were loaded on
a 12% acrylamide gel and electrotransferred to nitrocellulose
membranes using a Bio-Rad miniature transfer apparatus for 1.5h
at 120 V. After transfer, the membranes were treated for 2 h at room
temperature with a blocking solution containing 5% powdered
milk, washed and incubated overnight at 4°C with anti-NGF (F30,
1:1000; Santa Cruz Biotechnology, Santa Cruz, CA)26 and BDNF
antibodies (1:5000; Sigma, St. Louis, MO). The membranes were
then washed and incubated for 2 h at room temperature with per-
oxidase-conjugated anti-rat (Zymed, San Francisco, CA) and anti-
rabbit (GE Healthcare, San Francisco, CA) antibodies, diluted
1:5000. f-actin was used as an internal control (1:10,000, Sigma).
The specifically bound antibody was visualized using a chemolu-
minescence kit (Amersham Biosciences, Piscataway, NJ). The blot
was analyzed densitometrically using NIH-Scion Image 4.0.2 and
quantified by optical densitometry of the developed autoradio-
graphs (Scion Corporation, Release Beta 3b, National Institutes of
Health, Bethesda, MD).

Nociceptive threshold (g)
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Statistical analysis

Results are presented as the mean + SEM. Statistical analyses of
data were generated using GraphPAd Prism, version 4.02 (Graph-
Pad Software Inc., San Diego, CA). Statistical comparison of
more than two groups was performed using analysis of variance
(ANOVA), followed by Bonferroni test. In all cases, p <0.05 was
considered statistically significant.?’

Results

Effects of laser therapy on mechanical allodynia
induced by IAN injury

Rats subjected to IAN injury developed hypersensitivity to
tactile stimulation (reduction of the withdrawal threshold to me-
chanical stimulus on the surface of skin around the inferior jaw),
which started 2 days after the injury (Fig. 1). The baseline for all
animals was ~407g. After IAN injury, the threshold was signifi-
cantly decreased to 0.070g. When the animals were subjected to the
laser therapy technique, we observed a recovery of pain threshold
to normal levels. These alterations were detected as early as day 2
and persisted at least until 1 month after surgery (Fig. 1). It is
important to point out that all animals that received laser therapy
sessions exhibit behavioral improvement.

No significant differences in pain thresholds were observed in
sham-operated animals that received laser therapy sessions (taken
as control, sham+laser) during the whole period analyzed. No
significant differences of withdrawal threshold were observed on
the side contralateral to the injury between measurements or at any
time post-lesion (data not shown).

Effects of laser therapy on NGF and BDNF expression

A single NGF-positive band was observed in IAN extracts from
all groups analyzed. Our data show an increase of NGF levels on
the side ipsilateral to the lesion in IAN-lesioned animals when
compared with the same side from naive rats, taken as a control and
designated as 100%. Densitometric analysis revealed that this NGF
increase averaged 30% above the control. On the other hand, rats
that received treatment with laser therapy (IAN injury + laser) had a
larger increase of NGF expression (~53% greater than the control)

- |AN injury+laser
-& |AN injury
-4 Naive

-k~ Sham + laser

BL 2d-1%* 2™
FIG. 1.

?;h

Effect of laser therapy on pain threshold induced by inferior alveolar nerve (IAN) injury in rats. Pain threshold as measured by

von Frey test, expressed in grams. Measurements were determined before (baseline- BL), 2 days after the lesion, at which time we also
conducted the first session of laser therapy (2d-1st), and at different intervals after laser therapy sessions. The results represent the
mean + SEM of six animals per group. **p<0.01 and ***p <0.001 for comparison with IAN injury group and #p < 0.05 for comparison

with BL.
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(Fig. 2). No statistical differences of NGF expression were ob-
served between sham and naive animals.

Our results also showed an increase of BDNF levels (~30%
greater than the control) after IAN injury when compared with
naive animals. There was, however, a decrease (~40% less than
the control) after laser therapy treatment. No differences were
observed between naive and sham animals, used as controls
(Fig. 3).

No differences were observed for ff-actin between control and
experimental groups at any time point (Figs. 2 and 3).

Discussion

The aim of our study was to evaluate the effects of laser therapy
on pain-related behavioral improvement in IAN-injured rats, and to
evaluate NGF and BDNF levels in the IAN after laser therapy.

Our behavioral results indicate that laser therapy played a role in
the control and reversal of pain sensitivity, which occurred after
induction of injury and remained until 20 days after lesion (time of
the last session). Behavioral data confirmed the onset of neuro-
pathic pain syndrome 2 days after IAN injury, as shown by reduced
mechanical thresholds. Our behavioral data are in agreement with
studies that show that injuries to the infraorbital nerve and the
inferior alveolar nerve result in mechanical and thermal hyper-
sensitivity.“‘zs’30 After laser therapy, we observed an improve-
ment of pain behavior. These data are in agreement with data from
in vitro and in vivo studies showing that laser therapy induces
trophic-regenerative, anti-inflammatory and analgesic effects. !
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FIG. 2. Densitometric analysis of nerve growth factor (NGF)
protein levels. Data are normalized in relation to data from naive
rats, which were taken as 100%. Data are reported as mean = SEM
of six animals per group. *p <0.05 compared with control naive
group and **p <0.001 compared with sham + laser group.
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FIG. 3. Densitometric analysis of brain-derived neurotrophic
factor (BDNF) protein levels. Data are normalized in relation to
naive rats; data taken as 100%. Data are reported as mean+ SEM
of six animals per group. *p <0.05 compared with control animals
and ***p<0.001 compared with inferior alveolar nerve (IAN)
injury group.

Our immunoblotting results indicate that laser therapy modu-
lates the expression of NGF in the IAN, increasing its expression
in the group treated with laser therapy when compared with
control, IAN-operated, and sham-operated animals. We demon-
strated an increase of NGF in IAN-injured rats and an additional
increase after laser therapy. This increased expression of NGF is
in accordance with the current literature on NGF effects on the
repair of nerve tissue.>> Neurotrophins can significantly increase
the morphological and/or functional recovery of nerve injury.*®
NGF signaling is also important for the trafficking and localiza-
tion of mitochondria in neurons, presumably to fulfill higher de-
mands for adenosine triphosphate (ATP) at the growth cone,
initiating a signaling cascade that promotes cellular proliferation
and cytoprotection. NGF also upregulates the metabolic activity
of mitochondria.’” Exogenous administration of NGF in the ter-
minal portion of nerves can protect the spinal ganglion neurons
after peripheral nerve injury, and, in addition, NGF can promote
myelination and axonal extension.*® However, exogenous NGF
has a short half-life (2.4 min) and its activity is reduced by the
action of local factors such as temperature and pH. Therefore,
there has been a search for techniques that could produce a
maximized effect of exogenous NGF.*® Within this context, the
increased expression of endogenous NGF by the laser treatment
observed here suggests that laser might be used as a therapeutic
tool to assist in the repair of injured peripheral nerves, acting as an
accelerator of the process.

Our immunoblotting results also showed that laser therapy
modulates the expression of BDNF in the IAN, by reducing its
expression in the group treated with laser therapy when compared
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with control, IAN-operated, and sham-operated animals. After
nerve damage, BDNF from large diameter neurons is transported to
the central terminals of primary afferents in the dorsal horn of the
spinal cord.

BDNF can also modify the excitability of neurons and con-
tribute to neuropathic sensations.** Although the knowledge
about the role of BDNF in the processing of pain sensation is far
from complete, the role of BDNF in nociceptive pathways has
been the subject of many studies.'”*'™ Several studies have
reported that intrathecal injection of tropomyosin-related kinase
B (trkB)-immunoglobulin G (IgG) and anti-BDNF prevents the
development of thermal hyperalgesia and mechanical allodynia in
neuropathic pain models.*® Allodynia induced by peripheral
nerve injury can be inhibited by TrkB/Fc.*” Therefore, BDNF
appears to be a signaling factor that may play a key role in neu-
ropathic pain development.'® Studies showed that blocking
BDNF activity with specific antibodies resulted in striking elim-
ination of pain behavior in a neuropathic pain model.*® The in-
crease of BDNF protein occurred here at time points that are
compatible with a role in pain-related behaviors, suggesting that
BDNEF is involved in the nociceptive effects induced by IAN in-
jury. Our data are in agreement with several studies showing that
BDNF is involved in nociception.'>'®** Interestingly, NGF can
increase BDNF expression in chronically injured neurons, and
this has been linked to increased analgesic sensations.** BDNF
expression is downregulated in small nociceptive neurons, pre-
dominantly described as expressing the NGF receptor. BDNF
expression in injured sensory neurons leads to elevated interleu-
kin-6 (IL-6) expression in neurons of the same size range as in-
jured neurons that express BDNF. BDNF expression in medium to
large injured neurons is largely IL-6 dependent.’®>! Therefore, as
the LLLT irradiation was able to reduce the concentration of IL-6
both in vitro and in vivo,”"** we suggest that the downregulation
of BDNF could be mediated by a possible decrease of IL-6 after
laser therapy. The reduction of BDNF levels by the laser treat-
ment indicates, therefore, a positive effect of this therapy in
neuropathic processes. Both neurotrophins (BDNF and NGF)
have been implicated in exaggerated pain states such as inflam-
matory and neuropathic pain; they also regulate the survival,
differentiation, and growth of neurons, both centrally and pe-
ripherally. However, NGF plays a prominent role not only in
nociception, but also in nerve repair mechanisms.'” One in-
triguing, but largely unexplored, mechanism by which NGF may
also generate and maintain hypersensitivity is by inducing aber-
rant sprouting and/or neuroma formation in response to tissue
and/or nerve injury.>*>

The present results on the modulation of NGF and BDNF in the
IAN after induction of injury and treatment with laser indicate
that stimulation with laser acted positively in the control of pain
sensitivity, which possibly occurred through downregulation of
the expression of BDNF. In addition, as NGF has important roles
in nerve repair,”®>’ the upregulation of NGF after laser therapy
may have accelerated the repair of nervous tissue observed in the
present model.”®>? There is one study showing the level of NGF
protein increased, whereas that of BDNF remained unchanged
after model of hindpaw sensory restriction.®® This differential
response of NGF and BDNF proteins to sensory restriction sug-
gested different levels of gene regulation, that is, at pre-transla-
tional or post-translational states. Only a few studies have
compared the effect of neural activity on neurotrophin mRNA and
protein levels, and these works also report disparities between
mRNA and protein levels.®'~%*
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Conclusion

In summary, the present findings contribute to the understanding
of the mechanisms involved in the therapeutic potential of laser
therapy as a treatment for neuropathic pain induced by IAN injury.
These results also suggest that NGF and BDNF levels could be
influenced by laser therapy, implying that LLLT may be a useful
procedure for neural tissue regeneration.
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