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Effects of magnetic stimulation on c-fos gene expression of rats with spinal cord injury XU Tao" ,GUO Feng-jin,
LI Xin-zhi ,GUO Tie-cheng ,YOU Chun-jing ,CHEN An-ming. * Department of Rehabilitation Medicine and Department of Or-
thopaedics , Tongji Hospital , Tongji Medical College ,Huazhong Univeristy of Science and Technology ,Wuhan 430030, China
[ Abstract] Objective To study the effects of magnetic stimulation (MS) on c-fos gene expression in spinal
neurons of rats after spinal cord injury (SCI). Methods Thirty-eight Wistar rats were used, among them 32 rats un-
derwent SCI with 10g 2. Sem impact at T8 level and were evenly divided into two groups: the MS group (n=16) and
the control group (n=16), the other 6 rats served as the normal control. The rats in the MS group received 15 mi-
nutes, 1, 2 or 4 hours of MS at 0. 5Hz and 70% of the maximal intensity output of the magnetic stimulator after the in-
jury, while the rats in the other groups were not exposed to the MS. The c-fos mRNA levels of the rats were determined
Results

normal controls (3.78 £0.72), the c-fos protein expression increased significantly in rats with SCI in the control group

by in situ hybridization, the protein levels immunohistochemical methods. As compared with that in the
(P<0.01), and this increase peaked at 2 hours after injury (16.49 £1.30). The levels of c-fos expression in the MS
MS can inhibit the c-fos

gene expression in spinal cord after injury, it may be one of the mechanisms that MS protects spinal cord against injury.

group were significantly lower than those in the control group (P <0.01). Conclusion
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AN — R ICTR  JC B PBE D5 G e 8 e A
PR H 80 ARULICK , £ TH & RGN YA
IMSIEAG . ITAER , B X G RIOA A AR A, H
X — LB A3 B TR TR AR TR RS T AT TR
FAL L FEFRATLATE R SER AT A A SR kT
BREHU HA R E S, S — 2B IR ST M 1
Fe ARG HAE FIRL , FATHEAT T o x5 A 4 473 2
4 c-fos FE P FIK A FE I HY BT

R i

— MK
1. SEEOXT R . fdRE Wistar K 38 H, MEHEAFR

YRR B0 2430030 BRI, AR R 4 R 5 152 2 Bt B s [m) 5 152 B B
SR (VR TR IR RIS 2588 PR R

AT 220 ~300 g,

2. WERNAS  PHE 7 W R A e RO R 2 | ik
MR RSRIE IEAE g 1.9 T, A rh BH K2 [ 3% B2
4 Bt B I [ 5 B Bt e 52 B 2 At

3. A Allen & WD ( weight drop ) 155 #8513
B A E RS (F 10 g) FIRERSR I T 4L

4. c-fos L AT BN 1.4 kb, st
A W FARA BRA R

— o

38 H Wistar K H BFEAL B = H 7525,

1 IEHH .6 HRE TR MERNE c-fos 3
PR 114 1 5 X6 B

2. IRITAL(MS 41) .16 HK BB SR fE, 5
FARJG 15 min 1 h 2 h 4 h 25T 05 R0 R F N
0.5 Hz 70% [ e K tH 5 (WEfH R 1.9 T) , &



<4 . rpAR Yy I e 2 5 e Ak 2003 4F 1 45 25 %545 1 ] Chin J Phys Med Rehabil, January 2003, Vol. 25, No. 1

WEAT 30 AR (AP AESE R, Fh RN E] B2 min) 55 B 2 A, %o HRZH R Lk B S st n A
3. XTREAL 16 RO, A REm e, Ak EE JTH c-fos mRNA 235 B AR T X BR A | 2452 45 L[]
= SRR ST SRR (UL 2 B 3 & 4)

0.3% I H 240 (30 mg/kg) [ 0 R , JC 1 4% 20
R, LA T, T BCERE O B ER E AR 2 3.0 mm (1]
TE XA 5 8635 105 X, Allen [C WD B:3E ] 10 g x
2.5 emB I EBE, UL R IR R U, BUR

r

—— %4
//‘\A\-— —— xRa

e HE A (OD)
’ :
¢
®

B B RAR [ A F sl BT Rchese , 2 I o il o) —h— wra
llli‘ﬁ{mﬂiﬁ E&ﬁ% ’ 15 min I 1h HIIHI 2h I 4h
L FAREAHFAE 15 min 1 h.2 h4 h 484 H BL fos BEFEB R 0 205

KW S ARSE, DI 5 XGRS S mm, FPPEAR R

ST LK AR D (6 ) W S )
h .". o : e %) ; "' /

2. Dig-DNA #REFFRIE S SRV 42387 - b iy = fic ik
( Digoxigenin ) VEMARICH) , BEHLS WIEARIC c-fos JiaKE
HERE (I T EAY TRERAR, FERKER
1.4 kb) 3R E B AT A 452

3. fos L ZUL2E R AR fos 2 3 EPLIR
(MFRNEEEEYEARAERAR, 5T 82N
62 kd) , 4% SABC 0 QU] 5 A THAE

4. GESRHE I TITY -300 FIGAL S B0 H 45K 1)
FABERT LI ¢-fos mRNA il fos 2 FAYFR6
I (OD){H, 1% F c-fos mRNA Fll fos RN & &

BT o=y

SEER A HCR A ¢ R, XA Y B AT S 2R
Br,P<0.05 A=A BEEE X,

# =X

— fos HHFRIRLE R

1. 1EH 4L A6 T 8 v] DR ) fos 2K 11 R34
55 BHMEAH ML, B2 23 B il 45 B 53 6 %5 BB (OD) {E
3.78 £0.72,

2. XFRRAL  ARJG KT AT I fos B HFRIBIE L, U
HifNE, RJG 15 min [ OD {H4 5.89 +0.87, 51F
WA, Z 5 A B EE L (P<0.01) , K52 h fos
T FIRIKEIE(OD 8 16.49 +1.3) , LS EHT R,

3. JAIT UL fos B IR TE A AN AT XA T X R
A ARARIGITING T )5 fos BRI IL, SXHIE4
ZHA BEMEE (P <0.01), Z5RILE 1 FE 1,

i -

F1 XBASHIFAER T fos FH OD HLE (% £5)
KB mRNA FIAEXT R (% 400)
a5l 15 min 1h 2h 4 h . .
SfRZH 5.80+0.87 8.07+1.18 16.49+1.30 12.85+0.82 17]' l@
WRIFH 5.20+0.55  7.02£0.26 12.03 +0.65 10.02 +0.62 N . .
P1{E <0.05 <0.01 <0.01 <0.01 — .c-fos %E‘J%*@%ﬁ%&%@%@ﬁ%ﬂ%ﬂ
R LR FR IR T e — P A KX s 2 o0 Th
~ c-fos mRNA B 3¢ 58 55 i BRI BN LT T, WG I, 24 o R o 26 400 0 %

IEHAL A REHT N ] WA AR R c-fos mRNA - S35 05 RSN B i 6] , 25 HHBUAR XA 2841 ¢ -fos T



rhAR Y B E A SR 2455 2003 4E 1 4525 %45 1 ] Chin J Phys Med Rehabil, January 2003, Vol. 25, No. 1 5.

BRIk SR B, = ) fos AR I HUHE AR T i
¥ H c-fos FEFEH CDNA #R%5F AN 2238 18 fos 25 BT
A AGIEAEY) b e iR 32 M R 2200, R X
S P= (RAEAE R S 7 £, AT AN TT sz B DG ot 22
MM T RETE

c-fos JFUJEASE PR Jg T — S P L s 1o 3 [H] ((imme-
diate early genes,IEGS), IEHHOLT, & B IER7K
TRAG, 224 o MU 80 n 240 R A 1 25 A SR nT 5 A
POl R FRIK o -fos T 3 PR 1 2835 77 ) /2 At e A%
MIFRR I 1 , J5 & L DNA &5 & ERE &Y, i
T VEPEPERY A B R 7R S 5% DF9E3RP, o-fos Sk
K ) R385 45 85 A 2R 2 AR SR B e #h 48 70 2
AR

Morgan 25 A TA -4 rotx #2241 it ot 475 7 4 ol
AR 1 I 2 SONE R I AT BB O« 00 3 MR — 2% v
IR Z A (NMDA ) i — — AL A (NO) 7= A — 4
TGN A5 (cGMP B5 38 5 85 H B o — I 2
Hh =R USRS 2 55 ) — 2B A5l i AN,
MIMES ¢ -fos FH%H: 5% mRNA— mRNA 75 Mg+ #1
PEE I fos FEH— fos 5 jun( 3 —EFEHE M) FEZ P
W AW, 5 H R RS 07 S A0 ZE A, Itk —
A H A% PR B 23R B 29X RN B RN
PRI , fos 2 1T LIAE Ry #h 28 0 24 By AR i, I HLAE#G
SARER A5 G s R ATl 5 = {F R ThRe

= RO R O i DA VR

R IEORI) P v . 1 8 P T A 1 SR 2 T A I T il
L1755 1 S R I W 3 , 72 L 2N TR JUE N L 3,
PR AL, TS Ay PR 27 2, i T ARG
I, I AT DASEE Je T 80 BB IT B B 4 i), ik 3
FBCRFR DR fih 22 2H 2R R R 5 A iV T, A T
T8 G FHEAE M AT AR X —HF 2, F R
AT 22 rpoiX e A JE R 28 22 SR 50 1 DAy 5 A
W, AR, A IFERITRA  LASOTRE R AR 1 fig
PERCHE  RERIOR YT 06 1 22 T T RE LB M g N
TTFFAIR BRI YO i dn #6645 405 0 1, # R
PR 25T LA B S N ik B RF I Ty R S Bl
R MK /MBI REN S B MO R E TR
PR ZE G5 DR A5 B s/ RS I A T i

TEFERRBIFFE I T, AT 2 BURE 003 %) B ik o e T
BTG A% 5 1Ty EL K 78 B 20 AR 28T 68 38 2 Jm 35 174 i
ia o 20 L R PN A I g3, ok o g SRR FH D g
I A P TR 28 ) A B I A R [, DT AT
DA R4 1 2 £ 4 g A= T 5 B A, R 8 nT AR
T BE AL LN 1 B AR B (9D A Bk
B INEE R T ar ) D AS BT M Na® -K ' -ATP fiff
TP Ao 20 20 % L A 4 i 356 D] 3 K 1) 2 A )

R, REERIM c-fos B A FIRZ BHMH] X F—2F
FEARFRATT, WA B4 O B DR AP VR e T R
RS T Na* -K* -ATP B 7, MU T L-%I45 58
AR YRR E B 4 AT Cat BN, IR T4
YL DA A6 5 - 28, DAL T 2 AR 410 ) o 22 0 2 3 4
PP E B — R IV R, ] ¢ -fos DR YRR
R LR E W% ORI R 48 2% 41 55 20007 1) 6
F NS, ARSI i FH R R 2 [ A 2 A i
T HP R IR TT AR (70% e KR ) "1 50.5 Hz
IR TR T R . (HA DCER ARSI
Pk R A5 [ AL, DA R B 2 B4R

Z2 £ X #t

1 Pascual-Leone A. Repetitive transcranial magnetic stimulation; Techni-
cal principles, safety, and potential therapeutic applications. ( Ab-
stract) . Electroencephalogr Clin Neurophysiol ,1997,103 .:48.

2 EREh, 2R, ViU, A RO S B 2 A U i R AR b
YRR RS, 2001,16.:4-6.

3 Zhang P, Hirsch EC, Damier P, et al. c-fos protein like immunoreac-
tivity ; distribution in the human brain and over-expression in the hippo-
campus of patients with Alzheimers disease. Neuroscience,1992,46.9-
21.

4 Cole AJ, Saffen DW, Baraban JM, et al. Rapid increase of an immedi-
ate-early gene messenger RNA in hippocampal neurons synaptic NMDA-
receptor activation. Nature, 1989, 340 474.

5 Szekely AM, Barbaccia ML, Alho H, et al. In primary cultures of cere-
bellar granule cells the activation of N -methyl - D - aspartate senstitive
glutamate receptors induces c¢-fos mRNA expression. Mol Pharmacol ,
1989,35:401.

6 Morgan JI, Curran T. Stimulus - transcription compling in neurons: role
of cellular mediate-early genes. Trends Neurosci,1989,12.459-462.

7 Craig CG, White TD. N-methyl-D-aspartate and non-NMDA -evoked a-
denosine release from rat cortical slices: distinct puringergic sources and
mechanisms of release. J Neurochem, 1993 ,60:1073-1082.

8 Yakovlev AG,Faden Al Sequential expression of c¢-fos protooncogene,
TNF-alpha, and dynorphin genes in spinal cord following experimental
traumatic injury . Mol Chem Neuropathol 1994 ;23 :179-190.

9 WAL, . IGRNIRIE . dbat . db st ERR A o P AR RLR
SEHEA R AL, 1995. 148-168.

10 Mally J, Stone TW. Therapeutic and " dose-dependent" effect of repeti-
tive microelectroshock induced by transcranial magnetic stimulation in
Parkinsons disease. J Neurosci Res,1999,15;57:935-940.

11 Pascual-Leone A, Rubio B, Pallardo F, et al. Rapid-rate transcranial
magnetic stimulation of left dorsolateral prefrontal cortex in drug-resist-
ant deprssion. Lancet, 1996, 348 233.

12 Singh H, Magruder M, Bushnik T, et al. Expiratory muscle activation
by functional magnetic stimulation of thoracic and lumbar spinal nerves.
Crit Care Med, 1999,27.2201-2205.

13 Lin VW, Hsiao IN, Zhu E, et al. Functional magnetic stimulation for
conditioning of expiratory muscles in patients with spinal cord injury.
Arch Phys Med Rehabil, 2001,82.:162-166.

14 Lin VW, Nino-Murcia M, Frost F, et al. Functional magnetic stimula-

tion of the colon in persons with spinal cord injury. Arch Phys Med Re-



+ 6 AR E 2 SR 25 2003 4E 1 4525 %45 1 ] Chin J Phys Med Rehabil, January 2003, Vol. 25, No. 1

habil, 2001,82:167-173.

15 Shafik A. Magnetic stimulation: a novel method for inducing evacuation
of the neuropathic rectum and urinary bladder in a canine model. Urolo-
gy, 1999,54:368-372.

16 Lin VW, Perkash A, Liu H, et al. Functional magnetic stimulation; a

new modality for enhancing systemic fibrinolysis. Arch Phys Med Reha-

bil, 1999,80:545-550.
17 2R, SRR, MR IS, 4. R Soxt B B 3 )5 w22 PR 1Y 5
Wi, i E FEA 2001 ,16:129-131.
( Wk H 391:2002- 08- 09)
(AR T B

LEBENERENRGREET

B HRAER FEF AR

FA1F 1996 412 A ~2000 4 12 ARAFARIGTILER
ZEZESE 181 4], Forh R J5 132 R IRYT 149 1,

181 Pl b 38 99 ], 4 82 i, 4E#E 3 ~ 12 %, 1y 7
R 1 ~6 434 3 48 B 20 4, 8L 161 4l 5 R E £
W2 BB LA T 553 5 150 1], S B 405 B e b sk 4% 1 8], /N
JLFE R AIAST 2 61, S5 B AN B 27 495 47 3 s 25 i)
BHNNTF BB AR AR 159 6], X BB i R T JE AN R
S RINBAE" 22 1) ; vy A 457 SRR 56 BE A 170 f51) 5 5 e Jee R e 4
TR BE I 181 191 it S JE A2 Ober AIE BHE 178 1) #5% 345 S nf
TR fih B 5RO 155 B WUF AR SR X A m B
FmA} 23 4, ARG AR —FRITRIERIT, RIEHEH %
P I AT R A IR B R 149 ) KRB Z B IR T I R
& 32 4,

RIGHREE RIS . (1) ARJF Y0 4R LUAR SR 07 i 4
FL, 80T U A 45 e, () ARFH 1R, W
YO TEB R TR RS i S 4k, B H 2 ~3
K, B 30 ~ 60 min, FFIRZEIS MR I LT 32 A% 00, 328 i i ok
JEAETE S L, - E 4 30 i I A A8 A B ) d R R i S
~10 min, #£23 B, (3)REHE4 K, FHBEIL— BN L5, 0T
T 25 > BUSRAE LB ZATE , TE IR 1AM EMO J [ | Jet #5847 #E
KNI, () ARJE 1R, 22 MR B sl A R i 5C 75 N
W R HA R SR, 2 18] PR 2 e XU 38 i, 4 A R AR
R BT R 2K 1 H 3, U R B B0 45 7 F O 22 BRI .
VLl 4 Mlgims:, B P AL EEE, BREE2 N,
(5) RIFEAH N, 45 H 45 T B RYT , DU R, A
B, 8K 1R, 8K 15 ~20 min,

149 BB F L LREIRITE , AT E BIEH , HE
IR S Iras i ] d J o 7 d, KRB 4E B R 2 AN A
32 BIREEZ RE IR EE T, 8 HIEARE 2 FLBIIAR T
W IR  HARERLTREWME ZIEHW  FHEERAEE S,
AR E R 1.5 AN H Bk 2 4 Pk 4 1

e REHCEHE VN LB A% 5 2 LB R
A S A H Y OZR S e R R R R
FOLEE Gy M 5 . FAIEIT BN R 2 AR S A S5 IR Y7 7

VEH BANL. 454003 FEAR, T g 4 SR AT 1T AR 4256 160 B2 B B )
(MR XA ) ; FRLL T o B B o (R ) 5 588 IO 2R At T
We 2 B RIS BT (2555

0, HETA B2 04 ARG FRE IR YT X7 R0 5 1y
il Bl 181 Fl LR ] — F ATy 2afo7 1 Bk
HEAT RGBT S AR B IR AR T 1 R AT LA A
NARJE ARG A LU (1) e AR 2 . 800
JREAS R IVZE A I 5 A REAE N e SN T It i, 27 )
ARASE IS PARE , AN BE T8 vh Sz AL I T 1, 2 S A e 455 [+ BRF 88 P4 A
R NIRRTV RE 25 RIS (DL R R LZE 4 i S5 A 56 15 T e
PR FIRTE I 2540 I8 2 S BUE 3 LA 4R S5 A ZUR
A AN AR | TFARE TG i 46 M R 1Y) 25 4 SRCHE DT, ELIE R JULET
S S AR R R D RE IOk AE R . FRATTR A
GR07 A QB BE I ORI T BEAE | TE S B0 IE  2H 4 4 Tt
Fri o ARJFHEATHEAZIR YT ) 503 T 14 1 149 k) O i
SZRESIG YT 1 B T ) N TR) 4 e, SR R B S T
ey TR, I BLHEEG T AT B 1k R S AR S YO I 2R 4R
OAMTREEME LN LT, FRAFERTERILBAT,
UL B BT [ A R A B REURE, A Z Bl SRR
FEMASWETE . D086 % S AR 4 i A LA 4R B R T
FYIER ARG T 5 R AR S PR I S (AN 4 48 JEAh
BRI A ) INIDY . S BRI R BGE B R S 1S
XUT AR AR A3 DL IE 3 R T LSRR E
i ELE L el EER A OB AR T ROEF, 3)LBIER
Ja RS IIREVI SR A A TR IR K NI, 0 LB LR
AR, A UER R TR T EAR 5 B R AT M A
B REIRIT

Z % X #t

1 RGN, 4T, B8 DNLE R T BB RAR
Ji#t,2000. 377-378.
2 fAURERE, B, XL AR ARG A T ARG IR PR
7R ,1996,16 ;375 -376.
3 ML, EPOR, R A ST B LR AR TR IR YT I I AL
. A E R 199818 :437 - 438.
4 et JLEEESHEE K NIZEGE M X LRI hAe/NLAMEHR
,1984,5.39.
50 ZEP B AR, B, & JLE N IR 45, A R e
1996,16:320.
( Wk B 457:2002- 08- 03)
(A SCHm R . B IE )



	200301 3.pdf
	200301 4.pdf
	200301 5.pdf
	200301 6.pdf

