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Acute Electrophysiological Effect of Pulsed
Gallium—-Arsenide Low-Energy Laser Irradiation on
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Abstract. We evaluated the acute electrophysiological effects of low-energy pulsed laser irradiation on
isolated frog sciatic nerve measured by extracellular recording technique. A pulsed gallium-arsenide (GaAs)
laser (wavelength: 904 nm, pulse duration 220 ns, peak power per pulse: 27 W, spot size: 0.28 cm?, total applied
energy density: 0.005-2.5 J/cm?) was used for the experiment. Sixty isolated nerves were divided into six groups
(n=10), each of which received a different laser dose. In each group, action potentials were recorded before
laser irradiation which served as the control data. The extracellular action potentials were recorded for each
combination of 1, 3, 5, 7, 10, 13 and 15 minutes of irradiation time and 4, 8, 16, 32, 64 and 128 repetition
frequency by using a BIOPAC MP 100 Acquisition System Version 3.5.7 (Santa Barbara, USA). Action
potential amplitude, area, duration and conduction velocity were measured. Statistical evaluation was
performed using repeated measures variance analysis by SPSS 9.0. There were no statistically significant
differences for action potential amplitude, area and conduction velocity among the laser groups and control
data (»>0.05). The study showed that low-energy GaAs irradiation at 4-128 Hz repetition frequencies
administered for irradiation times of 1-15 min generates no effect on action potential amplitude, area,
duration and conduction velocity in isolated frog sciatic nerve.
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INTRODUCTION

Low-energy laser therapy has been used for

Although some authors observed an increase
in action potential and suggested that laser

the treatment of various conditions such as
wound healing, inhibition of plaque for-
mation on teeth, reduction of oedema and the
relief of pain. In spite of such wide clinical
usage, the therapeutic value and efficacy
are controversial [1]. Many studies have
attempted to explain the mechanism of low-
energy laser action, the findings have not
yet yielded complete understanding of the
process.

The effect of low-energy laser on the nervous
system was first studied by Rochkind [2] who
suggested that laser has biostimulational
effect on traumatic nerve injury. Later, many
researchers have used in vivo and in vitro
nerve conducting models for this purpose [3-7].
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has a biostimulational effect on nervous sys-
tem [2,4], others have not [6]. This contradic-
tion may be related to differences in wave
regimes (continue or pulsed), as well as in the
power density and irradiation times used in
the various studies.

The present study was designed to in-
vestigate acute electrophysiological effects
of pulsed gallium-arsenide (GaAs) laser
irradiation on the nervous system by using
different doses in the frog sciatic nerve. The
aim of this study was to help resolve some of
the controversy about laser effects and expand
our understanding of the process that occurs.

MATERIALS AND METHODS

The study design was approved by the ethic
committee of University of Mersin, Faculty of
Medicine.
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Table 1. The doses (J/cm?) used for the 42 combinations of repetition frequencies and
irradiation times. The doses were calculated as follows: average power pulse (W)=peak
power (W) x pulse duration (s) x repetition frequency (s~ '); Energy (J)=average power
pulse (W) x irradiation time (s); energy density (J/cm®) =energy (J)/spot size (cm?)

Irradiation Repetition frequency (Hz)

time (min) 4 8 16 32 64 128
1 0.005 0.01 0.02 0.04 0.08 0.16
3 0.015 0.03 0.06 0.12 0.24 0.49
5 0.026 0.05 0.10° 0.20 0.41 0.82
7 0.036 0.07 0.14 0.29 0.57 1.14

10 0.052 0.10 0.20 0.41 0.82 1.64

13 0.067 0.13 0.27 0.54 1.08 2.16

15 0.077 0.15 0.31 0.62 1.25 2.50

2This value was calculated as follows: average power pulse=27 W X 220 nsx16 s~ '=0.09 x 10~ 3 W;

63

energy=0.09 x 10 "3 W x 300 s=0.027 J; energy density=0.027 J/0.28 cm?=0.1 J/cm>.

Tissue Preparation

Thirty Rana cameroni frogs weighing 30-40 g
were used in the experiments. After decapi-
tation, the sciatic nerves were removed and
placed in Ringer’s solution. This solution was
composed of 111.87mM NaCl, 2.47 mM KCI,
1.08 mM CaCl,, and 2.38 mM NaHCO,. The
isolated nerves (n=60) were randomly divided
into six groups (n=10). All experiments were
carried out at room temperature.

A pulsed GaAs laser (Petas, Turkey) was
used. Laser parameters were: wavelength,
904 nm; spot size, 0.28 cm% pulse duration,
220 ns; peak power per pulse, 27 W. Irradiation
parameters were: pulse repetition rate, 4, 8, 16,
32, 64 and 128 Hz; average power, 0.024—
0.76 mW,; total exposure duration, 1, 3, 5, 7, 10,
13 and 15 min; delivered energy, 0.0015-0.684 J;
total applied energy density, 0.005-2.5 J/cm?.
Irradiation parameters were entered to and
automatically controlled by laser equipment.
All the experiments involved a total of 42
different exposure times and repetition fre-
quency combinations (Table 1).

Electrophysiological Techniques

The experiments were carried out in vitro
using extracellular recording techniques [8,9].
After 30 min of stabilisation in Ringer’s sol-
ution, the nerve specimens were placed in a
5 cm X 15 cm plexiglas nerve chamber contain-
ing Ag/AgCl electrodes. The space between
the electrodes was 0.5 cm. The nerves were

stimulated with these electrodes. The stimulat-
ing voltage was set to produce a maximal
compound action potential using single square
pulses of supramaximal strength and 0.5 ms in
duration.

The nerve action potentials were recorded
using a BIOPAC MP 100 Acquisition System
Version 3.5.7 (Santa Barbara, USA). Com-
pound action potentials (CAP) from each nerve
before laser irradiation served as the control
data. After recordings of the control, nerves
were irradiated by laser and action potentials
were recorded after 1, 3, 5, 7, 10, 13 and 15 min
of irradiation in all groups. BIOPAC Acknowl-
edge Analysis Software (ACK 100 W) was used
to measure CAP amplitude, area and total
duration. Conduction velocity was measured
from the latencies of action potentials
recorded with supramaximal stimulation at
two different points. The distance of these
points was 1 cm.

Statistical Analysis

The data were analysed with repeated-
measures analysis of variance by using. SPSS
9.0. The significance was set at p<0.05.

RESULTS

Low-energy GaAs laser irradiation was deliv-
ered to i1solated frog sciatic nerves in 42 differ-
ent irradiation doses (Table 1). There were no
significant differences among the control and
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Fig. 1. Action potentials recorded after 5, 10 and 15 min of
4 Hz and 64 Hz GaAs laser irradiation.

(a) (b)

Fig. 2. The recorded action potentials after 5, 10 and 15 min
of (a) 4Hz and (b) 64 Hz of GaAs laser irradiation, with
control findings for each superimposed. There were no differ-
ences in action potential amplitude, area, or duration among
the control and time—dose combination data.

Fig. 3. The figure shows the superimposed action potentials
recorded after 5, 10 and 15 min for 4 and 64 Hz GaAs laser
radiation. Note that irradiation time and dosage do not
influence amplitude.

laser group data regarding CAP peak-to-peak
amplitude, area, duration or conduction vel-
ocity. Figures 1-3 show the action potential
recordings and Figs 4-7 show the calculated
means (with confidence intervals) for the par-
ameters. Each plot depicts the control data
and the irradiation group findings for one of
the four parameters. Since there were no sig-
nificant differences among the control data
and the data from all exposure time and dose
combinations, the overall findings for each
parameter were combined to derive the means
(Table 2).

DISCUSSION

Nerve signals are transmitted by action po-
tentials, which are rapid changes in cell
membrane potential from the ‘resting’ or
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Fig. 4. Peak-to-peak amplitude values with 95% confidence
limits around the median for all of the dosage/time combi-
nations of GaAs laser irradiation in the study. K=Control
groups.
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Fig. 5. The effect of GaAs laser on action potential area in
isolated frog sciatic nerve. The laser irradiation did not affect
the area in any of the 42 different experimental conditions.
K=Control groups.

depolarised state. In the depolarisation stage,
voltage-dependent Na* channels are acti-
vated, leading to a rapid flux of Na™ ions into
the nerve cell and action potential reaches its
peak. A very short time after peak action
potential, voltage-dependent K* channels
open and K™ ions rapidly exit to the extracel-
lular space. As K* flows outward, the Na™*
channels gradually become deactivated, Na*
flux drops off and membrane repolarisation has
occurred [10]. Measurements of action poten-
tial amplitude, area, latency and conduction
velocity may provide information about mem-
brane Na™ and K" transport. CAP amplitude,
area and conduction velocity are positively
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Fig. 6. The effect of GaAs laser on duration of action
potential. Laser application did not influence duration of
action potential. K=Control groups.
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Fig. 7. The effect of GaAs laser on conduction velocity in
the 42 different dosage/time combinations. K=Control
groups.

correlated with sodium transport. In addition,
the action potential amplitude and area
recorded from nerve can be used to estimate
the number of activated nerve fibrils [11].

In this study, we examined action potential
characteristics in 42 different experimental
conditions. Our aim was to investigate the
acute effect of laser irradiation on peripheral
nerve action potential. We used 42 different
laser irradiation time and repetition frequency
combinations (Table 1) on frog sciatic nerve
and compared action potential’s before and
after laser irradiation in each group. There
were no significant differences between con-
trol and experimental results with regard to
CAP peak-to-peak amplitude, area, total dur-
ation or conduction velocity. As we could not

find any difference between control and laser
groups we suggest that laser irradiation does
not alter membrane ion transport.

Although there are a lot of studies in the
literature that try to explain the mechanism of
low energy laser irradiation by modulation of
peripheral nerve action potential characteris-
tics, no mechanism has yet been advanced to
explain this issue. In order to investigate the
mechanism of low energy laser on peripheral
nerve system, a well-characterised, reliable
and robust peripheral nerve model is required
[12]. In the present study in vitro frog sciatic
nerve preparation was used for this purpose.

Helium-—neon (HeNe, 632nm), gallium—
aluminium—arsenide (GaAlAs, 830 nm), and
gallium-arsenide (GaAs, 904 nm) lasers are the
most commonly used sources of low-energy
laser irradiation. The biological effects of laser
irradiation may be related to wavelength, laser
dose and exposure time. Although no compara-
tive investigation of these parameters has been
described, different laser doses and exposure
times have been used in various studies, which
may explain the discrepancies in the literature
regarding the effects of laser on the peripheral
nervous system. Lowe et al.’s [7] study with
GaAlAs laser showed that human median
nerve CAP conduction velocity decreases
significantly after 14 minutes of irradiation
(1.5-6 J/cm?) but it increases at higher doses
(9-12 J/cm?). Similarly, Tsuchiya et al. [13]
noted suppressed amplitude of the slower con-
duction parts of action potentials (conduction
velocity <12 m/s) with the use of GaAs laser in
nerve fibre, and reported that this effect was
dependent on irradiation time. This author
also suggested that laser irradiation may
selectively target fibres conducting at low
velocities which include afferent axons from
nociceptors. Rochkind et al. [4] used the HeNe
laser on normal and injured sciatic nerve and
found that there is a certain time/energy
threshold. If the energy was under 3dJ, there
was no change in action potential; if the
energy was higher than 8-9dJ there was an
inhibitory effect. Other authors [14,15]
recorded significantly elevated action poten-
tials in rat sciatic nerve after HeNe laser
application at 3.5dJ energy. Synder-Mackler
and Bork [16] reported a significant postir-
radiation increase in conduction latency with
HeNe laser (632.8 nm) at 19 mJ/cm? In con-
trast to these studies, Walsh et al. [6] (with
GaAlAs laser), Ebert and Roberts [12] (with
HeNe laser) and Lowe et al. [15] (with GaAlAs
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Table 2. Descriptive statistics for action potential parameters studied
. Standard Confidence
Variables Mean deviation interval 95%
Peak to peak amplitude (mV) 9.64 3.07 9.34-9.93
Area (mV-ms) 0.0039 0.001 0.0038-0.0040
Duration (ms) 1.63 0.36 1.6-1.67
Conduction velocity (m/s) 10.98 5.86 10.41-11.55
laser) demonstrated that dosage and related to the number of activated nerve fibres

irradiation time had no effect on amplitude
and conduction velocity. In the present study
GaAs laser is used at 0.005-2.5 J/cm? energy
density and no effects on action potential par-
ameters were found. Our laser doses are simi-
lar to those of the study by Synder-Mackler
and Bork [16] and lower than those used in
other studies. We used low doses because
direct application of the laser light on nerve
preparation eliminates absorption of laser by
other tissues (skin, muscle).

Continuous or pulsed laser regimes must be
considered as a significant related factor when
discussing the effects of low-energy laser
irradiation [6]. Most studies in the literature
have dealt with the effects of continuous wave
regime on the peripheral nervous system and
the results of these studies were different from
the results of pulsed lasers. Only Walsh et al.
[6] and Lowe et al. [15] have investigated the
impact of pulsed laser regimes on action poten-
tial and in these studies laser source, dose and
exposure times were different from ours. Walsh
et al. [6] used GaAlAs laser (9.55 J/cm?) with
pulsed wave in human superficial radial nerve
and Lowe et al. [15] used a pulsed laser source
(820 nm, 1.5J/ecm? and 9J/cm?) in human
median nerve and they could not find any
significant laser-mediated effects. We used
GaAs (904 nm, 0.005-2.5 J/cm?) laser system
with a pulsed wave regime and our results
were similar to the findings of Walsh et al. [6]
and Lowe et al. [15].

The effect of laser irradiance on healthy
nerves may be different from that on injured
nerves. Although Rochkind et al. [4] demon-
strated significant healing in the peripheral
nervous system with laser therapy, Parris et al.
[17] and Khullar et al. [18] could not find any
effect on mononeuropathic rats.

Action potential characteristics provide
information about nerve signal transfer. The
amplitude and area of an action potential is

which is linked to nerve function. Our results
raise questions about the clinical usefulness
of low-energy and pulsed-laser therapy in
nervous system disorders. However, our
study does not provide any information about
the long-term effects of low-energy laser
irradiation on peripheral nerves.

In conclusion, we suggest that low-energy
laser irradiation has no acute effect on action
potential parameters and more studies with in
vivo models may be required to resolve this
controversy.
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