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[ Abstract] Objective
PC12 cells. Methods

ly, the other were treated with magnetic stimulation plus administration of nerve growthfactor(NGF). The cells were

To study the effect of low-frequency magnetic stimulation (MS) on differentiation on

The PC12 cells were divided into two groups, one was treated with magnetic stimulation on-

subject to 10 seconds of magnetic stimulations once daily at a frequency of 1 Hz and intensities of 0.38 T, 1. 14 T and

1.9 T, respectively, for 9 days. The proliferation and neurite extension of PC12 cells was observed by inverse micros-

copy every other day. Dopamine (DA)level in the culture medium was detected on the 3rd,6th and 9th days. Re-

sults

creased the extracellular DA levels, which was peaked in the 0.38 T stimulation group.

There was significant increase in enation of PC12 cells in the 1. 14 T stimulation group. MS treatment in-

Conclusion Low-frequen-

cy magnetic stimulation of the PC12 cells might facilitate cell differentiation and induce the release of endogenous do-

pamine. Magnetic stimulation of 1. 14 T in combination of NGF could improve PCI12 cell differentiation.
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1.9 1577 904(57.3% ) * 504(32.0% ) * 53(3.36%) *

MN 41 0.0 1 806 962(53.3%) 582(32.2%) 48(2.66% )
0.38 1419 827(58.3%) * 428(30.1% ) 47(3.31%) "
1.14 1822 1196(65.6% ) ** 658(36.1% ) ** 103(5.65% ) **
1.9 1985 951(47.9% ) * 445(22.4% ) * 73(3.68%) *

W S52HN 0.0 T HIBLILES, * P <0.01; 5209 0.38 T M LL#,#P <0.05,% P <0.01; 5204 0.38 T 1.9 T Hilik L4, * P <0.01



- 730 - A 2

SRR 2 2005 4F 12 %527 %% 12 ] Chin J Phys Med Rehabil, December 2005, Vol.27, No. 12

1. M ZH.7F 0.38 T JIPGRE T DA Ak, 5
0.0 THILK,P<0.05;51.14 T.1.9 T Jl ¥R L,
P <0. 01, Fifi i ) 3805 35 K DA AKFTFRE(F 2) .
BIRIEY 3 K54 6 KA, DA K2R T8 iH# 5
X (P>0.05);{H%59 KX #£0.0 T.0.38 T 1. 14 T
JETF 55 3 K 5 6 FARN SR AT FL I B>, 2 7
Gt L (P <0.01),

F2 M Y4URERIE R R h
DA /K-F I E (ng/ml, % +5)

FBREE (T)  WERNECEE 3 KR TEHNEES 6 K U E N
0.0 3.81+0.172 3.72 £0.381 3.17 £0.288%
0.38 4.15£0.292%*%  4.14 £0.448 ** 3.58 +0.410 ***
1.14 3.41 +£0.248 3.46 +0.450 2.66 £0.480%
1.9 3.26 +0.179 3.29 +£0.489 3.02 +0.267

W 50.0 T HRGREHIL, * P<0.05;5 1.14 T 1.9 T IR
AL, P <0.01; 5%5 3 KA 6 KA, 2P <0.01
2. MN 41 .7F 0.38 T Hl 3458 T 45 3,6,9 K DA /K
IR ERE R (5 0.0 T 1. 14 T.1.9 TSREM L, P <
0.05F1 P <0.01) ;{H fifi 5 ] 3 o 38 K, DA K32
W (1.14 T.1.9 T 50.38 TAHLL, P <0.01), %59
K DA K5 M AHMFE(F3),
F 3 MN LUK R R E D
DA KB E (ng/ml, % £ )

RIBGREE(T)  BERIEEE 3 X BRHEGE e X MAMIMEE 9 K
0.0 3.41 0. 167 3.46 £0.342 3.06 £0.298
0.38 3.78£0.257*"  4.08+0.365*" 3.60+0.439**
1.14 3.36 £0.291 2.99 £0.381 3.00 £0.290
1.9 3.25+0.204 2.88 +0.313 3.12 £0.265

50,0 T HEGREM L, * P <0.05;5 1. 14 T.1.9 T Hl3e i
M, #P <0.05,2 P <0.01

3.MN 45 M 41 DA KL MN 456 3 K
0.0 T.0.38 THAIZE 6 K 1.14 T 1.9 T R E T
DA K4 M ZH B R /b (P <0.05)  HAth 22 5+ o 4e it
FEL(P>0.05),

i

Davis 45 & B, XA 42 20 FR o 8 BRI 4 7
R ST, 1E L & S T 8 TR A2 Sl R X R
Jry AR IR IE I, [) s £ A B4 3 B AE B i G RE R R A
FRE  FA *TMS A BESIG T B2 T E PR 28 P ol
2858 ik B LCIR AR B 0 1 AT %Ay, R INIRE AHRGE,
TGS A1 o 22 0 AT 6 2 A

B ARSI 7= A B SRR P 375 7 2H 2 Hp ol B AR 1
L 52 BT ATy ) 54k P R IR 1) R s Y R
TR L, F T v TMS 7524 HS AR L 3 /N S 2 4
FIfE SPERE BIE HE , B S PR RE R I A 4L 40 (il &2

JC S SR R RS A 2 i, Y
JRINT FL A P B B A o o 0 2H 4 A Y RN 2
EA A LR AR PC12 MR L
XL Jhe B A 25 e A R i o e 0 35, O 5% L 2 ke o R 4y
W DA KPR AR Ak 3 8 7 B R A T PD B HILH
SEEGESE IR BN 2 AAERERIBAE T PC12 4 ) 58
W L o HDL 114 T HIEEREE B E (P <
0.01) , FFEE 45 R, B ) 3 s o] A S 565 9 R
AT R SRS R PC12 4R AT AE S Ak
PC12 4 AR fb I 20 R IE0Ks Hh 80 Z2 A AR Ak, an i
NARAE R BERR AL 0L PN 8 S 14 0 A5 L e 4 i P i
BEEETREHATA NS EA L H R 2 —
1M Starikova 25 % 16 T35 S0 PC12 i 2:
AT R 234 0, 245 T FRATT G R AL BE PC12
it T P BECH ARSI, MN A% RS M 2 A X
ME A, MN dHo8 i fm 3 £ (P <0.01) ,NGF 5
R TRV FH s i 1 S A R MR B o B B, R
JETEL. 14 THIRR R (P <0.01) fHAE 1.9 T H5®
R TR, J 5 0. 38 T HIBE L, A A
NGF J& P THE R P, 23 A B0 i e 2538 i, NGF gefe if
MY 1k, 76 PC12 4HAEES FE MO A —E i1 NGF
J , 40 B AR A R AN T 3R T SR, NGF 5 &
PC12 4oL AIALHIIR 25, b 4 it A8 Ak T ) 3
PC12 40ft534k , F e K+ AL FE 40 i =4k )5, NGF #] 18
i1 Ras/ERK il cAMP {55538 Bl ph 2 Rl A= K, &
WAk dlisom 1T Ca®* A1 CaM I EEAK #1514 S B Hh
[FfEF T NGF i S o34k, A B 5% F #0003 1E L F
PC12 4y, i H 4% 4k, in A NGF J5 o] Ggili i ik #l
Wil it — e dF PC12 4 MEsrfb, = F oM 2 4178
1. 14 THIFGRE T b B2, HATiE AR, T i 5
SR A SR R FL I /NN [ r 5 1) 2 i A
ANEA S, MRS RIE |y TMS 5 K BRI R ) R
AR IR AV BH 1 £ 2 1 22 ) A6 3 1A bk 52T 6 SR ot
UEZY v e i e AR (VAT

AW LI, AE 0.38 T HERIBAAMHERT 2 1%
E R KT d 2 v T A SR BE (P < 0. 05 R P <0.01),
Bifi 25 BT B B 388 K DA KR R B A it X
TR AR T e L0 A0 MR 0L B A2 375 fL I o SRy i
WAk, TR 3 T 7 A i d Al i KA R —
FES | S 20 0 P 5 3R 88 T v —— R ok 2o i AR AT I |
P P 1 4% 605 30 T /M PRI, S S0 94 R 4 0 A R
S DA M PC12 4o AR B 32w rp U2 MN
H5 M A0l T5 3 K 56 K 9 KA MR
JEFEATTT DA KBk B 22 S g7 3 5, ul i R
SR NGF SRR B A E R nl i H et 2 Axt 2 e
Fie i JG IR AR EVE R . 2155 9 K DA /KR R I%,




FRAE Y E A SRR E 24K 2005 4E 12 A 4527 #4512 ] Chin J Phys Med Rehabil, December 2005, Vol.27, No. 12 - 731 -

B f) R FsF ) ) SE G |, 22 L e /K T e (GRS A B
FEARWE D) X AT RESE P R 4B N DA f A7 rY e 2 A B
(), PRIH o0 e W i S A — 7 BIRE ) , B  EF [1] 1) B
K DA ZHTFEHE , 5 DA B Z MR B, T Tke-
da 25 HRGE /N BRI 28 KA TR] (20 d) TMS H3 5 £
PG 2 R mRNA FEaB3 N, $7R 22 B g 1 R34 n
Y I DA B4, 5 1AL DA sk,

ZE LT, ATV #ER A YY PD AL o] BE
S RGO PD R G £ EU R RE AP 2 e HAA e 1k
Vi, T i 8 038 P AR F NGF X0 28 5T i 434k 5 384
DA [R50, FEATESE , FRATT L5 SR e 5 LA
0.38 THI 1. 14 T Mhf LRI 1 F A IE H

2 £ x #t

1 Pascual-Leone A, Valls-Sole J,Brasil-Neto JP,et al. Akinesia in Parkin-
son’s disease. II. Effects of subthreshold repetitive transcranial motor
cortex stimulation. Neurology, 1994 ,44.892-898.

2 Siebner HR, Rossmeier C,Mentschel C,et al. Short-term motor improve-
ment after subthreshold 5Hz repetitive transcranial magnetic stimulation
of the primary motor hand area in Parkinson’s disease. J Neurol Sci,
2000,178 ; 91-94.

3 Seth K, Agrawal AK, Aziz MH, et al. Induced expression of early re-
sponse genes/ oxidative injury in rat pheochromocytoma ( PC12) cell line

by 6-hydroxydopamine: implication for Parkinson’s disease. Neurosci

Lett, 2002,330 . 89-93.

4 wlRE ) MO, SRIREL, S RAE I 4 R T DA 4 2R T Y
FEEIRITAE R . AR B b 22 S HER 240k, 2003 ,25 :672-674.

5 Davis KD, Taub E, Houle S, et al. Globus pallidus stimulation activates
the cortical motor system during alleviation of parkinsonian symptoms.
Nat Med,1997,3:671-674.

6 K, VBT AR S 22 R A TR L 2 A 1 S
ke, AP IRRE 7 5 FEA 285, 2003 ,25 :267-269.

7 PN G DR, 2R P R U A BE. [ A B 2 N i B 3
2002,10.:432-434.

8 Starikova AM, Pogorelaya NC, Kostyuk PG. Long-term depolarization
changes morphological parameters of PC12 cells. Neuroscience, 2000,
95 : 923-926.

9 5KJ7HR. NGF %5 PC12 UM /- AL A A J8. [ AR B2 0y 1
A% 53} ,2002 ,24:165-168.

10 MR, fa 4. 28 U S AR RE S B 1 BRI A o g R
AL AR AR T AR k. P02 BR 0540, 2001 ,22 :1384-1387.

11 2B, ERDG, BF0, % e T oI PC12 4R Ca”*
WREETHE L. 3 22RO 24,1998 ,19.:343 346,

12 Fies FRfe R A5 I TR % A0 -0 14 v, 2 R e 2 4
AR RGN, A= BEAA AR, 1999, 15 :41-45.

13 lkeda T, Kurosawa M, Uchikawa C,et al. Modulation of monoamine
transporter expression and function by repetitive transcranial magnetic
stimulation. Biochem Biophys Res Commun, 2005,327.218-224.

(&1 H 1:2005-09-27)
(ARSCHAE R W)

LR S

TR ¥, XL R S B e Y A o e R ZE BT O

MRE K v

Mo 2 v J (e A AR K 25 A v vl e B A A 2
RIH b BRIy 1 SR g, A = 5, B 2 AN RE
B8l RATHEG A T e R R AR X R A Ak
WHEAE X, AT 1999 F 2004 4312 FHAR oA 3 354
5 BIAYT I A T R R, 5 SR R A o SR BB b
Gt I 2 TP e AR B RS BURE T,

— BB 5 5k

L. I PR} TR B £ B i IR 24 v 5 (i S5 3 80 481, I
PRI PO AR e , AT AS [ B A LIRS 2 Sk A CT
MRI R i S5 A o 450 0 s i o i, Eeep 58 47 ), £ 33 45 4%
%42 ~83 % HR 1 ~28 A~ H s IKEESE 57 4], I it il 23 4], B
A BF RS AT, SR 5 RIE RN 38 43 %) R 2H FULgE
2, LA 40 91,2 PR AR R RIS LLE, Z R S
P (P >0.05) , HA W Htt,

2. JRIT IR O BRALR F dh 2 N RF R I2G 03R97 , R IR
YUESZERAN A e B B sl B R BOCT , [FISR A

e F M

YE# A7 310006 UM, WiV LA v BE B g R B

S5 1%, HBUAB A THOEE i Ak 2 (R i IR 7 25 )k S R R £ ), A
FRTFHRIA 1.5 ~F B 35 — 2k (RO o R [R5 K ) %
&) AHETHEJEHRIA 1.5 5F, BTk ZEHRACK R, 1715
FOP AN i AR BP A 5E 200 YR, 4% 1 min, 46 h, B H 1
W HESHAIT 15 WO 1 ANYFRE 36 2 A7 A7 R 22 JalK
B85 d, WERAIFELL AT I LR AT AR5 L R A R YT,
SR H AR 7= SSPIRATU K i 22 BRI 7 A, 5% R 1 ~ 10 Ha, Bk 5
50 ps, BRI 40 W T2, B F =B 0h—
W AN AT —A BB R B —A, RS 5 Ky
R 520 A L AR 1 R R B 77, BB YT 20 min, B H 1
W HEESEIRIT 15 KO0 1 ANT R, 46 2 A7 R, AP R Z TR
B5d

3.0 TR ik B B VR YT AT S R IR 1 Ash-
worth PEAME I 400%t b R TIESY , R Barthel 1550539
PEAT H #2423 T 3 (activities daily of living, ADL) & J1 953,
W53 > 60 43, LA TCTh RERERS , TCARH N B ;41 ~ 60 43, DI fE
R, FEARH A T 5 <40 43 108 I IR 8 58 RO R 25

4. GEATEoNT R ¢ K28 o AER TR Ridit AT TSR



	728.pdf
	729.pdf
	730.pdf
	731.pdf

