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PC12 #ilEiE Green B 1 2 2, kT T v b EIEEE
BEEENlaES S Wl S h =R b EE T 5=
—aryETFLMIETH S, IEH L PC12 MR HuRaR
EHET (nerve growth factor ; NGF) %#{ER & ¢5% &,
MAPK (mitogen-activated protein kinase ; 4 S ED
BEMLs v 3o - —¥) BSRELTEELL, %
OFEFRMR L & R ERORESHEI NS Y,
PCI2MIlEIZ Z D & 5 L » 5, Th & TIRHEMR
BTHOATULIHD 25 Z LNk - 7-7hikiia
IZDWTOWEID, RENLEREZE 6T Eh
o7z, ZO=HIMRPOMIET PCL2 Ml 1EE X
NBE3IThoTEEN, ZOPCI2#MFzIZLITLIE
BHRICERER A XREZILSY Y, ZOERERD
PCI12 fifad , MilED VAW A B X 4R T 58
IEREATE I,

Sl PSR U7 PC12m3 il d 2 & 5
BERER PCI2 a0 —FTH 3, TD PCI12m3 #
Haid NGF il X - TIEH & RiFi L 72 MAPK (ERK)
EHEERTIZE20b 5 THRERDOBRNIZE AL
A UL0nA, NGF EREIFFIZ cAMP - A A3 4L J 5k
7 - FK506 (%EHIHEE) 2L oEH 25 T5 L,
BOLAREHOEREFEL S VI BEEEDS 7,

SEIOWRETIE, TFEORT, TDAITE >TOM
& - EREFORRIZ & » TRIEOERA PR L 5 5%
YRR U, #lieE@ (timbra) & LT & 5 E5RK
DHEHWCEHEB L, ZOFROFEEZDOEHIIA
LY (Hz) LiRIE (amplitude) TH 5., 50, BlEE —
FIZL, PCI2m3 MIfBIZH T, 85 —DDEHRTH
B OV HFREESERRICED LS kB S
A 55k BEARERIE E FWRHE S O, B
PREh SRR & AR A R IRE SR L O gD
2D DOEERET 572, ZOME, PC12m3 HIfgIZ B
T 40Hz O BKE#E BRERIE L s 2SR E D
BAHOLLRELLBEL TR I SO0, F
7=, 0 40Hz O HKR B E R ERE A p38MAPK
& 7 O PR OEE R CREB[CRE-binding protein :
CRE (cyclic AMP response element ; BRIK AMP [GE A
T) DA Z V371 ER TSR L LD, B{KRFE
W EAREIHIS p38MAPK & CREB % IGH & iz
EREBABETIA I LRD DT TR N,

Z L€ Z DIRREEECF ORI RIT, ski” 2
EpEE XN, HlEE LTog (REE) O4BEY
HRIZBEH L7z, FRBEOHFLOSHTH 3RS
ik (Vibro Acoustic Therapy) DIREIZEOR %)
REg 4 SRR 40 ~ 80Hz 2B TidE B, & 51,
MRS DRIRL 2R EEREERE (K71 V=9 7)
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KERCHEH L7z PCZm3 Mg, 7Y -V 5itdko
T7 v  BIERBERGMRE D & Bl & h -t
BEEH$ % PC12 Mifa (CRIE Rockvill, ME @ American
type culture collection &K DEEA) OFEBRGEKHRTH D,
Kano Y* 7 Ik > THINL I h7- 8 D&M,

PC12m3 M, 0.35 %Dy a—- X% &Fd
DMEM {Dulbecco’s modified Eagle's medium) = 10 %
BlEE 5 %FRBRMEEMA, X512 100 yg/ml D
HFvA TV ENMA B E TR L2, TC
DOHIfIX, 4 v F 2XN— & — (JREEH AREER) OF
T, 37T TCIZWAEL 5 %D CO SHDRBBICH VLT
BL2, 72, HIBITER~A 375 X280 H#
% Hoechst 33258 THuea L THNX, B hnwZI b %
MR L TEBRAET - 72,

2. iREH L ETRIZR
RS PEE 1212, KENWOOD 204D (KENWOOD
#, R, BHA) 2HEHL, BEEHIEIZE AD —
5182 WNF - Ty gy - oV Z— (A&D#:
o, HA) Az,
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25cm? M 7 5 A 212 PC12m3 MM % ¥ 100 )7 (@i
&, NGF % 1 g 07RIMIU 728 S BRIk Eh s %
5z, A vFa—v 307 HBIZKH 500 J7~ 700 77
fEHE5E - L L AR ERBETIM@EST>OT7 722k
D, ¥ F & LT 100 ~ 200 fE 0 R THIlEE & B
L, Tho&2OMBBIZ5 % 0 ~ 1 HOZHEOK %5
ML, MK TH O, 7O =>0FiH s TR
LA, £/, lzoFogEEEo ke,
Morocka 5 0 (2% 5y, MIBEOBEZED 1.5 58 Lo
BxDinL L7,

4. p38MAPK - CREB MigH

WML L 7= p38MAPK - CREB O#HE, Yao R ®
Sakai T 12 5D XXXy Ty 74 VIDFHEE
AW Tir->7,
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KENWOOD 204D {2 TR S h -{KHHE I, v
F T B ay e AV - TR R A TE
U, kAziclEEZA EEIZEFE X 0.05mm O =—
NEGIZMIEL TRES A 2 Y —h — I TIREMIR &
BEAEL, TOV-—)L RCE#H 7 224 B 02
DARBEREHSTIMEL, 2O —LER 722
—H—& Y 12em EHFIZHED LIIZHEL 2 lem D
ETHELNAX Y FIZ, KX 0.3mm DEHEEED,
FOHE=SATHHEINAET I 2252 508 EF
Hefiig e Uz,

6. BEERBIESHENR EAENESHRBEDEH
BOER
PC12m3 Wi 52T, IRk & RSB REE D S
WK% /26 U7z 400y R BES TS E, £
1Hz/1 B O MR R BOR D 20 ~ 50Hz, 10 ~
100Hz WO RERRF ORI 2T > 72,

7. T—39H

AR one-way ANOVA (analysis of variance) % Fi
Wy, 2 b= LEOFEAEMEIL, Dunnett's test H
W, Y0 4l Student-Newman-Keuls
(SNK) test & fH\ 7z,

R

1. REIEZICE S PCI2 {lROMEREDTHE
PC12m3 M=, 10 ~ 20, 000Hz OIRBIFIE % 5
A, REVHEHBICAT A ERZMEE T A P L, BHIE
HHEOR 113 NGF 2 Z 72D AD PC12m3 Hifa e |
NGF f#7£ T KENNWOOD 204D D7V FL— 3 g
YL S RET 300D EREFIH 40Hz, 200Hz,

200Hz

2.000Hz 20.0G0Hz

9.000Hz

1 ESREFRIHICELS PC12m3 MlomERER HORE,
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DRGSR E 5 A 726 D& 1EMEE L, HZEBEMEcEH
B EIT -7z, (X 2000
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2.000Hz, 9,000Hz, 20,000Hz DiREHHM % 5 2 -~
PC12m3 MDD 5B TH 5, NGF 1L N T 40Hz O
g A 52 72 pC12m3 iR fid iR R BT,
NGF %4l £ 7272 7 ® PC12m3 #ifad it iR B
KD BEHPICEHOMRREREEL R, Ll
5, 10Hz & 200Hz ~ 20.000Hz TOMRBIHIEL
PC12m3 MUz W Tidbh I stk E L » 5|

X Ero T,

PC1Zm3 MIfZIZ T, WRRFEEKRIZE > & &iF
L = Bl E 30 43¢ (X 2-1), BELEREO
BRXE, KENNWOOD 204D D7 v L — g ¥ LN
2P 1Th-7 (F2-2), 20728, SEOWUIRE

L l —
605

155 304

F2-1 IRESPIEEROZ{RICHSTSE PC12m3 fMao
HMETRENEOEIL

PC12 m 3 #HNRIC 40HZ IREHIEE 045 - 15747 > 304 - 60547

BIC 1 BFSEGVNSEEE TEERE TV, ERERESE

A, 15 5HIEL 30 AR TR P < 0.01 TERIZERE L,
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NoDRREKET B &, (KO R B ERIRE
EHE (KR 40Hz) A%, & $ PC12m3 Mg pinfE R
EERRRERD S &bl

2. PC1Zm3#lRICH T B, 40Hz FHBRBTO

p38MAPK & CREB D&%

p38MAPK D iFMALIE PC12m3 @D =2 —a v D
SLERETEELFREHAZH> T3 HED2-TED
5.0 SEoffrcid, KENEGRBEICK S
p38MAPK OTETEOBEDFHH, PC12m3 Hifad phik
FHBEVPFE XN EO0E 3 OB EIT> 72, &
B ICIEEWHREIHREIC Xk 5 pSSMAPK D iF A T
KGR CREB OWEMEFET 200 E 5 »OMES
L 4T - 72, PC12m3 il 40Hz ORI IR E) )
WA 30NMEL, 2 ru—nLEHIZEFRFR, &
TSI 9T 4 v HEIST, p38MAPK - CREB DiEHE
fbx a7 (M6). #RIE, 40Hz EERBEE TIX,
p38MAPK # K U CREB DEWIHREAR L 724, T~
b 2 — L Tid p38MAPK ¥ L UF CREB DWHEIIE® &
o7z, £/, PCI2m3 #REIZ p38MAPK OFHE
#l SB203580 % 10 » (¥RHIL , 40Hz OEERRE &%
300542 TE, MRFEROFBRITIZLAER IO,
ot (M7, Zh6DZ & LD PCi2md fMidizk
W, R E R R S D st R A
{£ &5 p38MAPK - CREB ¥ 7 F MA@ %
Z AR Eh,

ZE

IEFLEMAMIAZIE D 72 < & & ERK (extracellular signal-
+ JNK (c-Jun N-terminal kinase)
p38MAPK (p38 mitogen-activated protein kinase) @ 3 D

regulated kinase)

Pospho p38§ —»

P38 —»

Pospho CREB —»

CREB —»
40Hz

Control

B6 PC12m3#ifEicdsT 2 A0HZ IRBFIBIC KL B
p38MAPK & CREB METE
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BRBEEA A, MROBRB X T2 ¥ O,

p38MAPK 5 LU CREB R R#KIZ X Dy 22y Ty ik

TiTVy. p38MAPK %5 K UF CREB OB &1 - 72,
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D MAPK #2883 - Ty 3, ERK £k iZMiz0 41k
OMECHE T, INKRBBEIMROT7T A - 2D
FEEUCE S LT B, LA LAAH p3SMAPK X7 K

b= 22 < & i iR siERE RO v
D& 72 Bix - WERH D, B p3SMAPK &%
DWFEFER Y 2T AL 22 E Ty,

%@ p38MAPK i, ¥4 FH A v (cytokine ; F
EURIRS T8 8T DR, RIERISO5H X & B
AHEESL, MlaETOBREREENT5.) AL
VAR USEL, #ilanay tu—LETEH AT
— FIZBEESE LT3 LOWENH B 31D, %7~
Raingeaued I'® 513, p38MAPK X, &MY 3 v
IR, FEOHAL L A4 - UV IA - RERT
KL EED R BB 2 b L 2Dk 5 TR X
N3 EHEL TS, FHE, PC12m3 MlsnJzEEIZ ks
W, 40Hz OISR IREDRI A p3SMAPK. % iHE(L
X, NGFOLARMLUzary re—-nizxwd L, §3
fBoMREEEEZELARLE, L LEAEXND,
p3SMAPK D #IHi#A] SB203580 % 10 ¢ #RML , 40Hz
DIRFFTHMA S 2 CE, MREROFEIIIFEAL
I 6 kd -7, PC12 #ifs A 7= Morooka T 72
BOWZ LAUL, PC12 flifZiZ 5T p38MAPK 7%
Zoa -0y OREM#EORRP, iR, Ml
O BEERIOME - FHICES LT3 2 AREL
Tnd, IhbDZ &L, PCl2m3 fifgizb VT,
(BRI B S K D p3SMAPK DM &
TR ERIBRIC D R R o722 L35 pavhbit, X5
12, ORI & % p38MAPK DG,
FHiiZH % CREB DEM#E®H T 5, 2D CREB &
BRERT, oM@, MigstoRlEizxd 5 ik
DA 5V 7 F SRR BREIE % RO CREB 23
B2 &2k, MO 5L OIE % #HIE X
BTCWBE Y, X512, Shaywitz AT 5 ® OHEIZLh
¥, p38MAPK i3 CRB O A ICEE &2 K42
EBRME IR TS, TheERAT 5 &, PC12m3 #l

Controt 40Hz 40Hz+5B230580 10«1

H7 EEERIFRIRICEL S PC12m3 HlzomiFsEiE
AR A

v be— LB LU, 40Hz 12 40Hz DIRBE 4 30 05 4278

@D, p38MAPK O HIHIA] SB203580 % 10 » £ FRIA L. 40Hz DIk

FEA3005A7-80% 1 EBKBEL, NHEHEBE TER

WEEIT > 72, (X 200)
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Pk w, 62O THIZH S CREB 27EH
fLE¥ 5 &5, p38MAPK - CREB ¥ 7 M{aER
R THE (REEEBR) @< 2 L AmB I hi,
TORPEE UTE, IREDRR & K D MIERAIIC & 5
A7 4 ¥ LY F —¥ (Sphingomyelinase) 7432 7 4
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F (Ceramide) BB Z &I KD, MAPK &2
TV VIR EY VL X E 5 00 p38MAPK ¥
;U v RIS E % 22 INK RERIE 7 b
—VAEFETEOLOIRENELLHRD (K8),
BRI 36 TR A BOmisxd 3 2 R 2 &
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BILAWEIATVS, skilliz X VERIBX AR
B FEREO B B sh R0 & R R IE 40 ~ 80Hz
2h 5, £72, ARIZB W URWERSH TCOBEED
B L OBROME B E IR TOBMES ORISR L
AR ERE I X 3 2N S EREORE I A0A
FNTNB T VAT 2 —H—id, 20~ 50Hz DR
BEOAZRBEEIEEETH S, ZDLH12, EH
FEWIE T, 20 ~ 80Hz DK BGEE & & 2R
WEEETHY, SHOBLADOHEIZHEB TS,
40Hz O ¥R EARB SR A PC12m3 MlgicH 0 ¢
BEEVHREEEREEA R TS, Zhs DR
WEO- B, RZLEBHERBSDHEEZLONS,
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Abstract

A drug-hypersensitive PC12 mutant cell line (PC12m3) was obtained during continuous culturing of neural PC12 cells.
In this study, PC12m3 cells were exposed to vibratory sound stimuli of frequencies ranging from 10 to 20,000Hz for 30
minutes at intensity 5, alone with the addition of NGF. The results showed that vibratory sounds of 20-150Hz induced
enhancement of neurite outgrowth, whereas vibratory sound 10Hz and 150Hz to 20,000Hz had little effect on neurite out-
growth. The frequency of neurite outgrowth induced by 40-Hz sound stimuli was approximately 3-fold greater than that
induced by NGF alone. Furthermore, our results showed that both vibratory sounds and sound waves, 40Hz and 200Hz,
respectively, were the most effective. The reason for the discrepancy in frequency is not clear. However, the effect of 40-Hz

vibratory sounds is consistent with the effect of the Vibratory Acoustic Therapy which mainly uses vibratory sounds
between 40-Hz and 80-Hz. l

Key words : low-frequency vibratory sound, low-frequency wave sound vibroacoustic therapy, PC12m3 cell



