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ABSTRACT :
A Ga-Al-As diode system that produces low~energy red
light (830 nm, 40 mW) has been used for the treatment
of many kinds of pain. The mechanism of action of this

the slow components of the action potentials. Thus,
the laser irradiation selectively inhibited
nociceptive signals at peripheral nerves.
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INTRODUCTION:

Laser irradiation has been used for treatment of many kinds of
pain, as well as hypersensitivity of the skin and/or the mucosa
(1,2,3,4,5,6,7,8,9). Recent technologic advances have led to
development of new, invisible red-light-producing laser known as
the Ga-aAl-As diode system (830 nm, 40-60 mW) during the past
decade (1,5). This system produces stable, relatively'high-enerqy
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light. The peak wavelength is 830 nm which is poorly absorbed by
tissue and has only a limited effect on hemoglobin in red blood
cells (1). This device is now used for treatment of pain and
hypersensitivity conditions instead of the original 630 nm low-
energy red light from a He-Ne laser. Most beneficial effects have
been observed when irradiation was directed at the area of
abnormal sensation and its innervating nerves (1,2,3,4). Even
though this laser irradiation has been widely used on patients,
no systematic analysis of the pain-relief mechanism has been made
in animal models of pathological conditions.

In a clinical setting, the 830 nm laser irradiation inhibits
neither motor movement nor normal sensations (1,2,5,6). One
possible effect of the laser is to selective inhibition of
abnormal sensation. In general, faster-conducting fibers mediate
touch and pressure sensory systems and slower-conducting fibers
mediate nociceptive sensory systems. Electrophysiological
experiments allow us to differentiate between the faster- and
slower- conducting fibers, and we have attempted to demonstrate
the effects of laser irradiation on signals due to inflammation.
It has been demonstrated that injection of formalin, turpentine
or BCG to the hind paw of the rat elicits neuronal discharges
(10,11). Therefore we examined whether the laser irradiation
could inhibit neurcnal signals elicited by injection of chemical
that causes a acute inflammation.

A relationship between the type of nerve fiber and the associated
conduction velocity in L4 dorsal root ganglion cells in the rat
was demonstrated recently (12). The L4 dorsal root receives
sensory input from the paw via the saphenous nerve. In our
experiments, we stimulated or injected the paw and recorded the
activity from the L4 dorsal root, with laser irradiation of the
saphenous nerve. Since the saphenous nerve is a purely sensory
nerve fiber, the effect of irradiation is exclusively on the
sensory nerve fibers. Preliminary data have been published
elsewhere as an Abstract (13).

MATERIALS AND METHODS:

Electrophysiological Experiments:

25 adult male and female Wistar rats (body weight, 250-450 qg)
were used for the experiments. After anesthesia with urethane (1~
1.2 g/kg, i.p.), a polyethylene tube (PE-240) was inserted into
the trachea. Exposure of the Ilumbosacral spinal cord was
accomplished through a dorsal mid-line incision. After opening
the dura mater, the L4 dorsal root was dissected out for unit
recording (Fig 1). The saphenous nerve was exposed between the
knee and the ankle and dissected free from connective tissue and
blood vessels for both electrical stimulation and laser
irradiation (Fig 1). Both the exposed back space and hind paw
were filled with paraffin oil at a temperature of 33-36 °C. A
chemical irritant, turpentine (0.1 ml, s.c.) was injected into
the paw. A silver-hook unipolar electrode was placed on the L4
dorsal root to record both the neuronal discharges and axonal
volleys. Neuronal discharges were selected by window
discrimination from the baseline and numbers of discharges per
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second were counted with a spike counter (DSE-325P; Diamedical
Co., Tokyo, Japan) and printed on a pen-recorder. Electrical
stimulation of the saphenous nerve was achieved with a silver
hook bipolar electrode and a short pulse (0.1-100 V, 0.01 ms
duration; SEN3201; Nihonkochden, Tokyo, Japan). The frequency of
stimulation was 1 Hz. The data were recorded with a preamplifier
(Biophysical Amplifier AVB-10; Nihonkohden) and were displayed
on an oscilloscope {VC=10; Nihonkohden). They were also averaged
by a digital computer system (DPC-~1200-AD, DPC-1200-PA;
Diamedical Co. Ltd., Tokyo, Japan). Thirty-two individual
responses were averaged by the computer in each case. The
intensity of stimulation for production of the maximum size of
each component of the response was maintained before and after
the laser irradiation.
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Fig 1. Schematic diagram showing the components of saphenous nerve, site of
recording, turpentine injection and laser irradiation in the rat.
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Diode laser irradiation:

Diode laser irradiation (830 nm, 40 mW, continuous wave; Panalas
500; Mochida Medical Instruments, Tokyo, Japan) to low leg skin
or to the exposed saphenous nerve was applied 1 cm central to the
electrical-stimulation electrode or 2 cm central to the site of
injection of the chemical irritant, turpentine (Fig 1). Light at
a wavelength of 830 nm was produced by a gallium-aluminum-
arsenide (Ga-Al-As) laser and was transmitted through glass
fibers (diameter, 2 mm) to the tissue. The dose at the focal
point was estimated to be approximately 1 W/cm®*. The ends of
glass fibers were located 0.5-1.5 mm away from the exposed nerve.
Laser irradiation was applied continuously for 30, 60 or 180 sec.

vt iatios:

Conduction velocity was calculated from the time and the distance
between the stimulating and recording electrodes. All results are
presented as means + SD. Student’s t-test was used to identify
the statistical significance of the effect of laser irradiation
on the maximum size of each component or the area under the curve
of the computer-averaged axonal volley.
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Fig. 2: Rate-meter recordings of neuronal discharges from the L4 dorsal rgot
filament. The recordings continue from the top trace to the bottom trace. An
arrow indicates the injection of turpentine into the paw. The first dashed bar
(top trace, right side) indicates the laser irradiation (40 mW, 3 min,
continuous wave) to the saphenous nerve contralateral to the site of the
injection. The second dashed bar (bottom trace) indicates laser irradiation
(same parameters) to the saphenous nerve (ipsilateral) to the injection.
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RESULTS:

Turpentine induced discharges:

In 14 of 18 experiments, spontaneous neuronal discharges in the
dorsal root filament were increased (average 278+60%) by
injection of turpentine into paw skin on the ipsilateral side
(0.1 ml, s.c., Fig 1). The discharges increased 3-15 min after
injection and reached to maximum within 10-20 min, being
maintained for 60-90 min.

The turpentine-induced neuronal discharges were inhibited by
continuous laser irradiation for three minutes to low leg skin
in 3 experiments and to the saphenous nerve in 11 of 14
experiments (Fig 2). The number of spikes per sec on returned to
the control level during irradiation or immediately after
irradiation (Fig 2). In three experiments, a second injection of
turpentine to the paw 2-3 hours after the first injection again
increased the discharges (average 201+42%).
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Fig. 3: The inhibitory effects of laser irradiation on the turpentine-induced
slow-conduction part of axonal volleys from the dorsal root. Each record is
a computer-generated average of 32 individual sweeps. Arrows indicate stimulus
artifacts. (A) Control. (B) 3 min after injection of turpentine into the paw
skin on the ipsilateral side. (C) 3 min after laser irradiation.
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Compound _action potentials

Electrical stimulation of the branch of the saphenous nerve that
innervated the paw evoked an axonal volley on the ipsilateral
side of the L4 dorsal root (N=17, Fig 3A). The latency for
recorded components was 1.8-100 msec with a conduction distance
of 60-70 mm and the range of threshold intensities was 0.5-80 V.
In two experiments, the stimulating electrode was located in two
different parts of the saphenous nerve for measurements of
conduction velocity. Using the method of Lawson et al.(12) for
estimating conduction velocity (CV), we separated fibers into
four groups: Aa/B (CV>12 m/s); A§ (CV=2-12 m/s); A§/C (CV=1.3~-2
m/s) and C (CV<1.3 m/s) fibers. The measured latencies of axonal
volleys for Aa/B fibers (threshold intensity (T)=0.5-2 V, N=12)
was 1.8-5 ms; for AS fibers (T=1-6 V, N=17) it was 6~18 ms; for
A6/C fibers (T=5-18 V, N=8) it was 19-36 ms, and for C fibers
(T=19-80 V, N=5) it was 37-100 ms.

Injection of turpentine into the paw increased the contributions
of the AS§ (CV=2-12 m/s), AS§/C (CV=1.3-2 m/s) and C fiber
components in the compound action potentials (Fig 3). By
contrast, the Aa/B fiber components did not change. The average
increased size of each components of the multi-compound action
potential was 98.1+9.5%, 133+14.1%, 130.9+18.2% and 126+21.7% for
Aa/B, AS§, AS/C and C fibers, respectively (Fig 4). These
increases for Aé§, A§/C and C fiber components were statistically
significant. The increased sizes of these components were
observed within 5 min after injection and a maximum was reached
at 10-15 min, with maximum values persisting for 90 min. Hence,
injection of turpentine appeared to increase unmasked slower
components of action potentials. Newly appearing Aé/C components
were observed in four of nine experiments, and newly appearing
C fiber components were observed in four out of twelve
experiments.

The increases in the slower components of multi-compound action
potentials (A8, A§/C and C fibers) caused by turpentine were
eliminated by laser irradiation (Fig. 4). By contrast, the
faster part of these action potentials (Aa/B fibers) was not
affected (Fig 4). The inhibition of the slower components of
action potentials was time-dependent. The extent following 30-sec
irradiation was 108+29%, 116+26% and 106+39% from before the
irradiation for Aé§, Aé/C and C fibers, respectively. The extent
following 60-sec irradiation was 102+31%, 94+21% and 94+43% for
As, AS§/C and C fibers, respectively. The absolute values after
30-sec and 60-sec irradiation for each respective component were
not significantly different from each other or from those of each
respective component immediately after injection of turpentine.
The extent following 180-sec irradiation was 97+13%, 85+26% and
86+30% for AS, AS/C and C fibers, respectively. Each component
after 180-sec irradiation was significantly different from the
corresponding component after injection of turpentine, but not
significantly different from the corresponding component before
injection of turpentine. The inhibition by laser irradiation was
detectable immediately after the irradiation and persisted for
more than 2 hours. After 2 hours, partial reversal of the effect
was observed for 24%, 13% and 0% for Aé, AS/C and C fibers
components, respectively.
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Fig. 4: Size of multi-unit action potentials after injection of turpentine and
after Tlaser irradiation (40 mW, continuous wave) for different times.
Estimated conduction velocities were separated into four groups as indicated
by different symbols. Each point is an average of 5 measurements. Note: the
slower components of axonal volleys (CV<12 m/s) increased after injection of
turpentine to the paw, and they returned to the control levels after 3 min
laser irradiation. The fast components of axonal volleys were not altered by
either turpentine or laser irradiation. * significantly different from the
control, P<0.05.

DISCUSSION:

Acute inflammation induced by injection of turpentine to the paw
produced new, spontaneous, neuronal activity in the ipsilateral
L4 dorsal root filaments of the rat. Turpentine also increased
the size of slower components of multi-compound action potentials
elicited by stimulation of the saphenous nerve. Ga-Al~As laser
irradiation both inhibited newly appearing, spontaneous, neuronal
activity and increased the contribution of the slower components
of the action potentials. These data suggest that such laser
irradiation might selectively inhibit newly appearing neuronal
activity that is elicited by acute inflammation.
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Injection of turpentine produced new, asynchronous discharges,
an indication that this chemical generated abnormal signals as
a result of inflammation. Changes in conduction velocity due to
turpentine might be attributable to an increase in excitability
of nerves with slower conduction velocities. It appeared that aA§,
A8/C and C fiber components in multi-compound action potentials,
which presumably include nociceptive responses, were involved in
the turpentine-induced newly appearing asynchronous discharges.

The different effects of laser irradiation on action potentials
of fast and slow conducting nerve were unexpected. Laser
irradiation selectively inhibited the increased part of slow
components of action potentials that were elicited by turpentine.
However, this result fits with clinical data; laser irradiation
alters abnormal sensations that include pain, but it does not
alter responses related to touch and light pressure (1,2).
Honmura et al. reported findings similar to our results (13).
Laser irradiation did not alter the latency for heat-shock test
in control groups. However after carrageenan had been injected
into the paw, the laser irradiation decreased the latency to
close to the control level.

In contrast of our direct inhibition of responses to the
abnormal signals, irradiation with a He-Ne (630 nm, 0.3-1 mW)
laser increases compound action potentials (15) and elicits
evoked potentials from the somatosensory cortex (16). It has also
been demonstrated He~Ne irradiation at acupuncture points causes
analgesia (5,8,9,17). Analgesia by He-Ne laser irradiation is
mediated by activation of acupuncture points and activation of
the spinal or super spinal descending inhibitory system(9,17),
as in the case of acupuncture (18). However, the present diode
laser induced analgesia selectively by inhibiting nociceptive
signals from peripheral receptors. Thus, this study clearly
demonstrates that the anti-nociceptive effects of the He-Ne laser
and the present diode laser are different.

The inhibitory effect of neuronal signals by focused laser
irradiation could raise the possibility of nerve damage.
Histological study demonstrated no degeneration (19) and damage
on the plasma membrane and mitochondria (20). In our experiments,
turpentine injection following 1laser irradiation produced
asynchronous discharge suggested nerve fibers which sensitive to
the nociceptive signals were not damaged (21).

Previously, very low power irradiation (0.07-1.56mW) to the
nociceptive cells in hirudo medicinalis demonstrated that it did
alter membrane potentials and their excitability (22). Higher
power laser irradiation (40 mW) was shown to depolarize cells of
the dorsal root ganglion in the rat (23). This result raised the
possibility that inhibition of nerve conduction by laser
irradiation might be caused by depolarization blockade. Our
recent preliminary data suggest that lower energy (10-20 mW, 1
?in; continucus irradiation) elicits asynchronous discharges
23).
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CONCLUSION:

Injection of turpentine into the paw in the rat produced
asynchronous firing and increased the slow components of axonal
conduction that mediate nociceptive signals during inflammation.
Laser irradiation to the sensory nerve, namely, the saphenous
nerve, inhibited both the asynchronous firing caused by
turpentine and increased the size of slow components of the
action potentials. Thus, laser irradiation selectively inhibited
nociceptive signals without altering the normal somatosensory
signals.
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