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Abstract:

The final purpose of our research is to cripple the epi-
leptogenic focus by laser irradiation. However, the effect of
laser irradiation on brain nerves is not well known. In this
paper, we observed laser irradiation to the transmission of
action potential of a bullfrog sciatic nerve in the experi-
ment. In addition the marginal amplitude of laser energy is
obtained. The bullfrog nerve preparations were stimulated
supramaximal intensity pulse. The pulse width and the pul-
se interval are 1 msec and 1 sec, respectively. A semicon-
ductor pulse laser irradiation (the wavelength, the pulse
width and the frequency are 808 nm, 990 usec and 50 Hz,
respectively) was employed until when the amplitude of
the action potential decreases to 10 %. The laser light was
irradiated to the portion between two electrode pairs for
recording. The energy of the laser is variable between 13.9-
202.5 mJ/cm?. The laser irradiator is connected to an opti-
cal fiber whose diameter is 1 mm. The action potential of
the sciatic nerve is observed at 1 day after in order to con-
firm irreversibility. The experiment was delivered by the la-
ser pulse, the energy of which over 32.9 mJ/cm?. The peak
of action potential was decreased gradually by laser irra-
diation with depending on the time of irradiation. The time
to blocking is reciprocally proportional to laser energy. At
a day after the experiment, the action potential was not
recovered. This result shows the laser irradiation give irre-
versible blocking to polar excitations. We observed the frog
sciatic nerve is damaged by laser irradiation. The results
show a possibility that the epileptogenic focus can be crip-
pled by laser irradiation. We are going to have more experi-
ments and obtain important laser parameters. In the futu-
re, the experiment and the result are expanded using rat
brain and applied human surgery.
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1. Introduction

1.1. Epilepsy

The epilepsy is one of brain diseases [1]. It has some
symptom called epilepsy seizures. The epilepsy seizure
caused by abnormal fire of brain neurons. The portion of
generation source of epilepsy seizure is called epilepto-
genic focus.

Epilepsy treatment are two approaches the one is
a drug therapy (using AED: Antiepileptic drug), the other
is a surgery. Normally, the drug therapy is chosen. When
the epilepsy seizure is not controlled by AED, adapting
surgery is considered. However, the epilepsy surgery has
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three risks. One is a very long time (about 8-10 hours)
craniotomy. Two is resection of epileptogenic focus when
the healthy lesion is also resected because of making it to
certain treatment. Three is complicating diseases after
epilepsy surgery.

From above, epilepsy patients are asking new epilepsy
surgery which is more convenient, more minimally inva-
sive, and more high accuracy.

1.2. Medical Treatments using laser irradiation

Medical treatments using laser irradiation have at-
tracted increasing attention in recent years. Especially,
low energy laser irradiation is applied to dental treat-
ment. Some reports said low energy laser has a effect of
healing acceleration to canker sore, gingivitis, and injury
of dental extraction [2],[3]. Effects of laser irradiation to
cells and nerves are some reports. These reports said the
effect is depended on laser wavelength, laser energy, and
etc. For example, low energy laser irradiation can block
the conduction of nerve impulses [4]-[7] and improve re-
covery from nerve injuries in both experimental rat mo-
dels [8]-[10] and clinical investigations [11]-[13]. The
conduction block of action potentials induced by diode
laser irradiation was observed without almost no change
in tissue temperature in isolated rat spinal nerves [14],
[15]. He-Ne laser acting on membrane resting potential
to increase hyperpolarization has been reported in pyra-
midal cells of a rat hippocampal slice preparation, sug-
gesting direct effects on potassium channels [16].

From thing above, there are a lot of numbers of these
reports. However, causal relation of change in cells and
nerves that laser irradiation gives is not well known. In
addition, some laser parameters threshold of changing
cells and neurons are also not well known. Our purpose of
this paper is searching for laser energy threshold of gi-
ving damage to nerve cells. We use to a frog sciatic nerve
and it give semiconductor pulse laserirradiation.

2. Material and Methods

All experiments were performed under appropriate
conditions in accordance with the Declaration of Helsinki
and the Bioethical Standards of Animal Experiments in
KIT.

2.1.Tissue Preparation

This study used 20 bullfrogs weighing 200-300 g.
Frogs were anesthetized and bilateral sciatic nerves were
removed from the border of the spinal cord to the knee
portion in accordance with conventional methods for
practical neurophysiology. Extracted nerve preparations
were set on electrodes in the experimental chamber and
stimulated supramaximal intensity pulse.
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Fig.1. Experimental Equipment.

2.2. Experimental Equipment

Fig.1 shows the experimental equipment. We have
two experimental equipments. (a) is experiment of laser
irradiation. (b) is experiment of heating. The chamber
has several electrodes for stimulating and recording. The
electrodes are made of silver and the diameter is 0.65
mm. The stimulation pulse width and the pulse interval
are 1 msec and 10 sec, respectively. The thermal camera
(NEC Avio, H2640) is set in a direction perpendicular to
laser direction and records the temperature of the sciatic
nerve at the position of laser irradiation. The laser light
was focused to the portion between recording Ch 1 to
Ch 2. The recording software pClamp (Axon Instruments)
was used. The frog sciatic nerve has several types of nerve
fiber. We recorded the action potential of the myelinated
nerve and the unmyelinated nerve in order to check the
difference in laser irradiation effects between myelinated
and unmyelinated nerves. A semiconductor pulse laser’s
wavelength, pulse width and frequency were 808 nm, 990
psec and 50 Hz, respectively. The energy of the laser is
variable between 13.9-202.5 mJ/cm?. The laser irradiator
was connected to an optical fiber whose diameter is
1 mm. The head of the optical fiber was touched the
sciatic nerve.

2.3. Experimental Procedure

Our experimental sequence consists of two types; the
decreasing type and the non-decreasing type. In the
decreasing type, the laserirradiation was started and the
action potential began to decrease. The decreasing was
meant that the laser blocked the conduction of the polar
excitation. The laserirradiation was employed until when
the amplitude of the action potential decreases to 10 %
of original. The time, which the action potential decrea-
ses to 10 % of original, was defined dysfunction time.
In the non-decreasing type, the action potential was not
decreased even after when the laser irradiation was con-
tinued for 10 minutes. Then the laser irradiation is stop-
ped and the action potential was recorded for 10 minu-
tes. The action potential of the sciatic nerve is observed
at 1 day after in order to confirm irreversibility.

(a)

e )

(b)

Fig. 2. Example of the action potential.

3. Results

Fig. 2 shows a recording example. The upper is a recor-
ding ch1 and the bottom is a recording ch2. (a) shows
action potentials of before laser irradiation and (b) shows
action potentials of after laser irradiation. Ch2’s action
potential is decreased after irradiation. Fig. 3 is a tem-
poral response of ch2’s peak of action potential. The laser
energy of this experiment is 100 mJ/cm?.

Laser ON  Laser OFF

The peak of action potential [mV]

0 5 10 15 20 25
Time [min]

Fig. 3. The temporal response of action potential.
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Fig. 4. The relationship between laser energy to blocking
time.

Fig. 4 shows the relativity between the energy of the
laser light and dysfunction time of the sciatic nerve. When
the laser energy was lower than 32.9 mJ/cm?, the peak of
action potential was not decreased and the temperature
of the sciatic nerve was low (nearby human average tem-
perature). When the energy of laser light was higher than
32.9 mJ/cm?, the peak of action potential was decreased
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gradually by laser irradiation with depending on the dura-
tion of irradiation. The dysfunction time was proportional
to laser peak power. The dysfunction time of the un-
myelinated nerve was shorter than that of myelinated
nerve. At a day after the experiment, the action potential
was not recovered. The energy of laser light was 137.9
mJ/cm? when the temperature wasincreased to nearby
100 degree C.

This result shows that the laser irradiation causes
plastic dysfunction to polar excitations. In order to com-
pare the effectiveness of the optical energy and the high
temperature for nerve dysfunction, the action potential of
the sciatic nerve was recorded in different temperatures.
During recording, the sciatic nerve was heated by a resis-
tance element. When the temperature of the sciatic nerve
reached to 44 deg. C, the action potential began to decre-
ase. The peak of action potential was almost disappeared
after continuous heating for 10 min. These results suggest
that the heat charged in the nerve cell is more effective
for nerve dysfunction than the optical energy.

4. Conclusion

We observed that the frog sciatic nerve was damaged
by laser irradiation. The results show a possibility that
the epileptogenic focus can be crippled by laser
irradiation. However, we guess the conclusive factor to
damage nerve cells is high temperature. We going to
determine more effective laser parameters (the laser
energy, the wavelength, the irradiation time) for heating
brain cells and focusing only affected region. In the
future, we decide best method of crippling the nerve cells
and the method is expanded using rat brain and applied
human surgery.
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