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Fig. 1 Schematic diagram of laser irradiation
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Fig. 2 Current traces obtained by patch-clamp recording

(a) Stimulation pulses and inward Na® currents. (b) Na’ currents recorded in -30 mV

stimulation potential and blocked by TTX.
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Fig. 3  Effects of laser irradiation on I-V curves of Iy, in
different time

Activation voltage and peak voltage of Na* channel shifted towards more

negative potentials in irradiating 5 min and the action of laser irradiation

reached stabilization in 7 min. @ —@: Laser irradiation 3 min; A—A:

Laser irradiation 5 min; ¥—V: Laser irradiation 7 min; ¢—4®: Laser

irradiation 9 min.
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Fig. 4 I-Vcurves of Iy, between control and irradiation
group

Activation voltage shifted —20 mV towards negative potentials and no

effect on peak currents of Na' channel via laser irradiating 7 min.

@®—@: Control; A— A: Laser irradiation 7 min.
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Fig. 5 Steady-state activation curves of Na* current
between control and irradiation groups

The half-activation voltage and the slope factor of the activation curve

changed via the laser irradiating 7 min. @ —@®: Control; A— A Laser

irradiation 7 min.

3 i 1

SEG AR R, WK 670 nm. THE 5 mW 1]
SISO IR, S T A 2 e A I P T 4 A
WIEFAWIE M A%, FEOG B RBHE, S5

SRR POA 25 R 2 S SO L T AR A1 S50 o e
HLA I e 3 I 1R 25 W AR Sl v 80 i L
BIVRRAG T s B AR, bR T3S AR, i
PATE KRR ERNAIN S A v T ST &)
SECSR AN 52 0 0L s 42 B 28 1 0 11 P AR
DRI 171 AT LA T H SO SRR AN O il 8 4 T 11 e
KITBEH.

IARBEFER Y S Hot BA TR i fi e 1k
S IREVIE I ThALS, X AR WO AE A1 4 2
I TE PO R AL AR, TR R A S e S A LA
B fe, IS iz e~ B, T8 T
PERINLE R G ST TEAN AL 3 T RE

Rochkind 4% JIT {5 (¥ 351t R A8 o 248 S0P 9
PR AL IR BER ey, R ASSE 0 ) 45 2R R
e WOCHN 5, AIEIE A S WEE, s
ELFRAG, Ui B AR ol RE A 32 O S (1 4
B L, T A A 2 R
il iy AN IR (REERVAIOE 3= P NTTR L & 70 ek (REER VA
i P23 v

S5O EDRISAE LRI AL s H e
ANHT, ARSI A RS 145 1 A 4 A EIT 9
WO EYRIBAE AL B TP B 7l IE o 3
A B VFEA R, o MEFEHT 4 AN BRI RIS 2D R X AL
B, B IR BIE A 6 S o WRE R B B B
(S1~~Sy), IEHLUIEAZ AT Sy )1 BEAYAZAL XS 036 )
REARASEN, S, Fr BUa SRR AL 1 R AL oAb 1
Wi s e B8 TE R EOE. T S, MBS AR Z )
IEHATRIER, HIZE S, S, S5 B o W3 TiE
RHEIR A AT AT S, BURY IE FLAT T 8 1 4
DRI e AT P i RS A7 T A 1)L IR AR ST B T
TS IES RS T RR I, e ARSI, FEIEH S
HLAZ-80 mV I, A 3K — A (R HL 37 A 1T Aoy 32
NG, SR ATHES ARSI . TSSOt TR RS
PV RERAIE™, WO RS A I A R R
AE, Bl S, B Bk, W BREE T IS, TR
U7X, S, B AOIX R i AT 32 20 4 55 1 1E Ao
TR A SRR R AN B OF R, U IRBN Y S, B
W2 e iz 3 4 5 R I I 4 A DB X KE SR B
A, GRS FEIERGE. Bk, HENSSEOGH Y
SRAE - 0 M 2 A R T ) B e A %

& % 3 Wk

1 Basford J R. Low intensity laser therapy: still not an established

clinical tool. Lasers Surg Med, 1995, 16 (4): 331~342
2 Mester E, Mester A F, Mester A. The biomedical effects of laser



182 - FMUFESEIERR Prog. Biochem. Biophys. 2006; 33 (2)
application. Lasers Surg Med, 1985, 5 (4): 31~39 10 Siposan D G, Lukacs A. Relative variation to received dose of some
Karu T I, Kalendo G S. Helium-Neon laser induced respiratory burst erythrocytic and leukocytic indices of human blood as a result of
of phagocytic cell. Lasers Surg Med, 1989, 9 (3): 585~588 low-level laser radiation: an in vitro study. J Clin Laser Med Surg,
Anders J J, Geuna S, Rochkind S. Phototherapy promotes 2001, 19 (2): 89~103

regeneration and functional recovery of injured peripheral nerve. 11 Karu T. Primary and secondary mechanisms of action of visible to
Neurol Res, 2004, 26 (2): 233~239 near-IR radiation on cells. J Photochem Photobiol B, 1999, 49 (1):
Wollman Y, Rochkind S, Simantov R. Low power laser irradiation 1~17

enhances migration and neurite sprouting of cultured rat embryonal 12 BURZE, X220, MRS, 2. = S SR04 TR e 24 B b 48 40 i
brain cells. Neurol Res, 1996, 18 (5): 467~470 DG TRIEAE FHLELT . R P B 244, 2002, 18 (2):201~205
Rochkind S, Nissan M, Alon M, et al. Effects of laser irradiation on He B J, Liu A X, Chen J T, et al. Acta Biophys Sin, 2002, 18 (2):
the spinal cord for the regeneration of crushed peripheral nerve in 201~205

rats. Lasers Surg Med, 2001, 28 (3): 216~219 13 Zou B D, Chen Y Z, Wu C H. Blockade of U50488H on sodium
Karu T I, Piatibrat L V E, Senaliev R O. The effect of currents in acutely isolated mice hippocampal CA3 pyramidal
monochromatic light in the red and near infrared ends of the neurons. Brain Res, 2000, 855:132~136

spectrum on adhesive properties of the cell membrane: dependence 14 Auld V J, Goldin A L, Krafte D S, et al. A neutral amino acid change
on wavelength. Biull Eksp Biol Med, 1994, 117 (6): 670~672 in segment Il S, dramativally alters the gating properties of the
Karu T I, Pyatibrat L, Kalendo G S. Irradiation with He-Ne laser voltage dependent sodium channel. Proc Natl Acad Sci USA, 1990,
increases ATP level in cells cultivated in witro. J Photochem 87 (4): 323~327

Photobiol B, 1995, 27 (3): 219~223 15 Karu T, Tiphlova O, Esenaliev R, et al. Two different mechanisms of

Karu T I, Piatibrat L V, Kalendo G S. The effect of He-Ne laser
radiation on the adhesive properties of the cell membrane. Biull
Eksp Biol Med, 1993, 115 (6): 622~623

low-intensity laser photobiological effects on Escherichia coli. J
Photochem Photobiol B, 1994, 24 (3): 155~161

Effects of Low Level Laser Irradiation on Properties of
Sodium Channel in Rat Hippocampal Neurons

QIAO Xiao-Yan'?, LI Gang", HE Bing-Jun®
("College of Precision Instruments & Opto-Electronics Engineering ,Tianjin University, Tianjin 300072, China;
?College of Life Science and Technology, Nankai University, Tianjin 300071, China;
College of Physics & Electronics Engineering, Shanxi University, Taiyuan 030006, China)

Abstract
for wavelength 670 nm and power 5 mW. And properties of voltage-gated Na" channel were studied using the

Acutely isolated rat hippocampal CA3 pyramidal neurons were irradiated with a semiconductor laser

whole-cell patch clamp technique. The experiment revealed that activation voltage and peak voltage of Na' channel
shifted towards more negative potentials in irradiating 5 min and the action of laser irradiation reached stabilization
in 7 min. There was no effect on peak currents of Na' channel using laser irradiation. The peak current density of
control group and irradiation group were (-383.51 + 26.93) pA/pF and (-368.36 + 33.14) pA/pF respectively (n=8,
P>0.05). =40 mV activated threshold potential and —30 mV peak potential for control group respectively dropped
to —60 mV and —40 mV after irradiating 7 min. The half-activation voltage and the slope factor of the activation
curves of Na' channel were also changed by the laser's exposure. The former changed from (-42.091 + 1.537) mV
to (54.971 = 1.846) mV (n=38, P <0.01) and the latter form (1.529 + 0.667) mV to (2.634 + 0.519) mV (n=8, P <
0.05). The results show that activation properties of Na' channel are influenced by laser irradiating hippocampal
neurons. Thus, depolarizing process of action potential is affected. And further physiological functions of neurons
are altered as a result of low level laser irradiation.

Key words Na' channel, patch clamp technique, low level laser irradiation, biological effect
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