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Abstract

The effects of Ga-Al-As diode laser (830 nm, 16.2 mW) irradiation on the distal portion of the processes of cultured murine
dorsal root ganglion (DRG) neurons associated with C-fibers were studied by patch-clamp whole-cell recording of membrane
potentials at the cell body. The chemical as well as laser light stimulations were limited to the processes of the neuron isolated
from the cell body with a separator. The action potentials elicited by bradykinin (BK) in the cell body were reversibly suppressed
by the irradiation of laser light. The laser irradiation may block the conduction of nociceptive signals in primary afferent neurons.
The present experimental method offers a simple and easy to use procedure for studying the pain relief effects by laser
irradiation.  1998 Elsevier Science Ireland Ltd.
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Low-power laser irradiation has been used for the treat-
ment of various kinds of pain [12,13]. However, the
mechanisms of the pain relief effects of laser irradiation
have not yet been completely understood in spite of the
intensive studies by many groups. The mechanisms pro-
posed so far are diverse and include: (1) an increase in
peripheral blood flow [5], (2) the inhibition of release of
algesic substances at the nerve endings [7], (3) changes in
conductivity of primary afferent neurons [10,14,16–18],
and (4) an activation of descending inhibitory pathways
from higher centers [8,15]. In the traditional studies most
experiments were carried out with animals or human volun-
teers. Therefore, the experimental systems were too com-
plex to estimate the dose of laser irradiation and the
intensities of noxious stimuli. To avoid the complexities,
the utilization of cultured cells as experimental systems is
beneficial though it has some limitations.

The purpose of the present study is to establish a simple
experimental system suited for the fundamental studies on

pain relief effects of laser irradiation. In the present study, a
combination of the cultured murine dorsal root ganglion
(DRG; peripheral afferent neuron) neuron and bradykinin
(BK; algesic compound) was selected as a model for pain
relevant system. In the clinical laser therapy, the cell bodies
of peripheral afferent neurons are not stimulated by laser
light but nerve fibers are stimulated. In the present experi-
ments the processes of neuron were stimulated separately
from the cell body using a separator, and the effects of Ga-
Al-As diode laser irradiation to the processes were analyzed
by intracellular recording of membrane potentials at the cell
body. Free nerve endings in the peripheral tissue are acti-
vated by algesic substances released from cells damaged by
noxious stimuli. In particular, BK is produced at injury sites
by enzymatic cleavage from large plasma proteins, exciting
peripheral unmyelinated C-fibers and thin myelinated A-d

fibers [2]. BK is known to depolarize cultured nociceptive
neurons [1,4].

Young adult (7–8 weeks) male mice (Jcl:ICR) were
killed by deep anesthesia with diethyl ether. About 40–45
DRGs were aseptically removed from a mouse. DRGs were
dissociated in 2 ml of Ham’s F12 medium with 0.2% col-
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lagenase at 37°C for 90 min in a shaking bath. After a
further 15 min incubation in Ca2+- and Mg2+ free Hanks’
balanced salt solution (HBSS) containing 0.25% trypsin, the
tissues were triturated in HBSS containing trypsin inhibitor
(0.05 mg/ml) and added to a 30% Percall solution. They
were then subjected to density gradient centrifugation
200 × g for 4 min, resulting in a yield of more than
5 × 104 neurons per mouse with high purity.

The dispersed neurons were washed three times with F12
containing 10% fetal bovine serum (FBS), and seeded onto
the 35 mm culture dishes coated with poly-l-lysine. Cell
density was adjusted to about 3× 103 cells/cm2. DRG neu-
rons were kept in medium and allowed to adhere to the
substrate for 4 h in a humidified atmosphere containing
5% CO2 at 37°C. The culture solution with cellular debris
in it was removed and replaced with fresh medium contain-
ing 10% FBS and 100 ng/ml 7S nerve growth factor (NGF).
After 24 h, the culture solution was removed and replaced
with a serum-free Ham’s F12 culture medium containing 5
mg/ml insulin, 5mg/ml transferrin, 2× 10−8 M progesterone,
0.1 mM putrescine, 3× 10−3 M selenium, and 100 ng/ml
NGF. Medium change was carried out every other day. In
DRG culture, cells of smaller than 25mm in diameter were
used in all experiments. Because of cell size (smaller than
25 mm), resting potential characteristics (−45 mV), and
longspike duration (10–15 ms), the processes of the cells
used in the experiments might be unmyelinated C-fibers
[3,11].

Membrane potentials (intracellular potential) were
recorded using the patch-clamp technique. Voltage record-
ings were obtained by the whole-cell current-clamp method
[6]. The experiment was done on the stage of the micro-
scope using a warm-plate at 30°C. The dish solution for
recording contained (in mM): NaCl 145, KCl 4.7, CaCl2

2.5, MgCl2 1.13, glucose 10, HEPES 10 (pH 7.4). The
patch-pipette solution contained (in mM): KCl 140,
MgCl2 2.0, HEPES 10, EGTA 0.5 (pH 7.4).

Separation of the process from the cell body (diameter
smaller than 25mm) was done by putting a separator in
culture dish as described in our previous literature [11].
Cells used for separation were those of the third day after
seeding, which had long processes. We carefully selected a
neuron without network formation. Upon stimulation by BK
limited to the processes, action potentials were recorded at
the cell body. The separator was made of thin aluminum foil
(15 mm thick) coated with epoxy-resin insulator and the
frame of the separator-compartment was made of Teflon.
To check that the solution outside the separator-compart-
ment did not pass into inside throughout the experimental
period, the dye (trypan blue) was used, and no diffusion
inside was confirmed prior to experiments. The solution
outside the separation was perfused slowly, in which BK
was added using micropipette. The final concentration of
BK in the dish was adjusted to 10mM evoking a single
spike of action potential, by adding 50ml of 200 mM BK
solution into the dish.

Infrared light (wave length 830 nm, output power 16.2
mW, focal distance 4.5 mm) was generated from the Ga-Al-
As diode laser irradiation system (Tokyo Iken, Four-Luck
DL-130, Japan). Fig. 1 shows a continuous irradiation
applied to the distal portion of a process separated from
the cell body by a separator. The irradiation area was
round with a diameter of about 75mm. The energy density
(J/cm2) was estimated as the total energy divided by the
irradiation area. The total energy of irradiation (J) was cal-
culated as the product of the power (W) and the duration of
irradiation (s).

In the first place, the effects of laser irradiation on the
cultured DRG neuron were examined without BK stimula-
tion. After the electrical stimulation with depolarization
pulse to the cell body was confirmed to evoke the action
potential, irradiation was done to the cell body for 2 min.
The frequency of the spike was enhanced after irradiation
(Fig. 2A), except for the case in which the irradiation was
limited to the process (Fig. 2B). This experiment was done
three times with different neurons resulting in similar
recordings.

Next, the effects of laser irradiation to the process of the
cultured DRG neuron were examined under BK stimulation.
Following the electrical stimulation (70 pA, 500ms) that
evoked action potentials, 10mM BK was applied to a pro-
cess of DRG neuron, by which action potentials were eli-
cited in the cell body. Then, laser light was irradiated to the
same process for 1 min (1 J/cm2) and 10mM BK was sub-
sequently applied to the same process, having no action
potential observed in the cell body (Fig. 3). BK application
was repeated after a 1-min interval. Two minutes after the
irradiation, action potentials were again observed by BK
stimulation. On the contrary, no action potential was

Fig. 1. Experimental diagram for the separation and laser irradiation.
The separator was put in the dish to isolate a process from the cell
body. The BK stimulation and laser irradiation were applied at the
distal portion of a process separated from the cell body by a separa-
tor.
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observed when BK application and 1-min laser irradiation
were done in turn for 5 min. These experiments were
repeated with three different neurons, and results were simi-
lar as described above.

After confirmation of action potentials elicited in the cell
body by the application of 10mM BK limited to a process of
the cultured DRG neuron, the effects of a Na+-channel
blocker Tetrodotxin (TTX; 6mM) were examined, which

resulted in the depression of the depolarization induced by
subsequent BK applications.

Since the discharge frequency of action potentials was not
changed by the laser irradiation to the process but increased
remarkably by the irradiation to the cell body, the irradiation
should be limited to the distal portion of the process to
examine the effects under nearly same physiological condi-
tions as practical clinical cases.

Low-power laser irradiation suppressed reversibly the
action potentials induced by BK in a time-dependent and
energy-dependent manner. Thus, it is suggested that the
low-power laser irradiation may block the conduction of
nociceptive signals in primary afferent neurons associated
with unmyelinated C-fibers. Some different methods other
than electrophysiology should be required to elucidate the
molecular mechanism of the blockage.

The fact that TTX depressed the action potentials evoked
in the process by BK suggests the inhibition of the activation
of TTX sensitive Na+-channel on the membrane of the pro-
cess or the inhibition of the conductance along the process,
but the activation of Na+-channels has definitely to be con-
firmed by voltage-clamp experiments.

It has been reported that low-power laser irradiation
selectively inhibits noxious signals in primary afferent neu-
rons associated with Ad- and C-fibers in vivo [17,18]. On
the other hand, longterm effects have been shown by the in
vivo experiments in which Ga-Al-As diode laser irradiation
reduced the elevated mitochondrial density of the trigeminal

Fig. 2. Effects of laser irradiation on the membrane potential. (A) The
cell body was irradiated by laser light for 2 min. (B) The process was
irradiated by laser light for 2 min. Action potentials were evoked by
electrical stimulation with depolarization pulse (70 pA, 750 ms dura-
tion) to the cell body.

Fig. 3. Suppressing effects of laser irradiation on action potential induced by BK. The top trace shows action potential evoked by electrical
stimulation (70 pA, 500 ms duration). The middle and bottom traces were obtained from continuous recording in the same cell. BK (10 mM) was
applied to a process as shown by the arrow. The laser light was irradiated to the same process for 1 min.
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ganglion cells and synaptic glomeruli of the spinal trigem-
inal nucleus of rat treated with BK by the subcutaneous
injection into the maxillary trigeminal dermatome [9].

Although the effects of low-power laser irradiation are
diverse, the present experimental method offers a simple
and easy to use procedure for studying the underlying
mechanisms involved in pain relief effects.
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