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[ Abstract)

cognitive dysfunction in vascular dementia (VD).

Objective  To study the mechanism by which transcranial magnetic stimulation (rTMS) affects

Methods
a control group, a VD group, a low frequency rTMS group and a high frequency rTMS group. Two-vessel occlusion

Thirty-six male Wistar rats were randomly divided into

was employed to induce VD models. Low frequency rTMS group rats were given 0.5 Hz rTMS for six weeks. High fre-
quency r'TMS group rats were given 5 Hz rTMS for six weeks. Morris’ water maze test was used to measure their spa-
tial learning ability and memory. The ultrastructures of the synapses in the four groups were detected with transmission
electron microscopy. The expression of synaptophysin ( SYN), brain derived neurotrophic factor ( BDNF) and N-
methyl-D-aspartate receptor | (NMDARI) mRNA and protein in the hippocampus were determined by real-time PCR
and Western blotting. Results
expression of SYN, BDNF and NMDARI mRNA and protein in the low frequency rTMS group and the high frequency
Conclusion

The behavior and morphology of the rats treated with rTMS improved. The average

r'TMS group were significantly higher than in the VD group. r'TMS can provide a rehabilitative effect
for VD. The mechanism might be associated with enhancing the expression of SYN, BDNF and NMDARI in the hip-

pocampus.
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Transcranial magnetic stimulation ;

Synaptophysin;  Neurotrophic fac-

nial magnetic stimulation, *TMS ) Ay 5 fiit il 3 384 1) — Fp
T A WFFERI, rTMS Xl 25 v B ) 15 R
TG IABAE S5 AR GF IR 7 VR T, X A DA R i A
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B, BRI 2 AN UNZRI B (B4 8 INNFIR 44 1)) | 8]

b5 8 h, FE IR BRI SR 4 Wk, Ar Mok T 10,
IV 4 4G BRA K SR BT ) B i A K Bk
By o [0, $E SRR B K R R IR I 5 T4 R
A AYIFE], BEEE ORI B KBRS & FIFEE 2 s
JAR BTG, WK RAE 120 s NRERE &, UDE
HEIZEF-65 158 20 s LRI IO G008, 1t
PeREE R HTT R 120 s, 9 6 R DDA S 36 By 1) 52
45 AR AR FRAK A B 38 235 oA 8 ) B

2. FEHERRR S5 KMETA, THEIZBA
KR A o I BRUTET ] St BE A K R 38 SR K BRTE 2 min
W2 ShEal TR SE T4 BRIV sl ) e 5 T
GBREVK FEFE b7 B UK BEFE A AL

T4 RNA (428K

‘TMS Y87 6 7S5 45 20 AR BTk B | bRk B
HUEE TS Trizol™ 452 BUIK 2 ZUAR AR 1 &L RNA, 5%
1% Byt B WHBE I FEL VKA DU A5 AR A RNA SEeM:  RAFE T
- 80°C AR I T,

75 .BDNF NMDAR1 1 SYN Y mRNA ¢354

SR SE B f A SR R A Wl BE VL (real-time
quantitative reverse transcription polymerase chain reac-
tion, RT-PCR) #; {1 BDNF ,NMDAR1 FI SYN /) mRNA
#ik,

1. W5 SR . 70°C T ALFE 5 min, 37°C T Ab 3
60 min,70°C F 4L P 15 min, 2R J5 ¥ <DNA % 7% T
-20CF,

2. P14 SYN BDNF NMDAR1 H i 5 Bt:SYN 5]
Y F %) FiiF 4 CCC TAC ATT CAC CCA CTT CTC C, F
itk TTA TCT CCT CTC TGC CCG TTT C, F Bt K JiF
363 bp; BDNF 5149 J¥ %1 115 GTG ACA GTA GTA
GCG AGT GGG, Fif# & TAT CCT TAT GAA CCG CCA
GCA, i B K JiF 278 bp; NMDARI 514 % %1 i M
AAG TAT GCG GAT GCG GTG ACT, Fii#h CAA AAG
CCG TAG CAT CAC TGA, J Bt i 392 bp; B-actin [~
i#h GAG ACC TAC AAG ACC CCA GCC, Fifl TCG
GCG CAT CGG TAC CGC TCA, Fr BK J& 445 bp,

3. RT-PCR J i : i f] LightCycler PCR £4t, #41
Vi B P AT R, RT-PCR BER Z 20 pl, A4 2 pl
¢DNA 0.5 pmol/L RN 51 ¥)#1 PCR IR A Y.
N EAF95°C FALER 10 min, B )5 ¥E4T PCR, 3L 35 Mg
F£,95°C FALER 10 min,60°C AL 10 s,72°C T AL
20 5,87°C FALH 2 s, I FHEERE A% R ekl BDNF
NMDARI 1 SYN ) mRNA £ ik, UHEERES
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T,
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SARE Epon 812 403 ; )i il LKB-Nove %8 #1 F #L
VIR SRR AN FrEERR s MU, 135 51 L BE T g
R o MG T3 % 28 fl 7 1ol 2% | 28 s 0%
Wt ( postsynaptic density , PSD) JE & 5 fi 1 14 + i
LT E =T,

Ju gt

FrAEE L (& +5) 3o, R A SPSS 13.0 &t it
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PREEFR 7 RS FE A B 2 LI B FRAR (P <0.05) ;5 VD
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W SIEE X BAH LE, P <0.05;5 VD @i i, P >0.05;

5 VD BRI HLEE, P <0. 05

. 4% BDNF NMDARI F1 SYN i mRNA %3k

VD £ % 41 () BDNF . NMDAR1 ! SYN /iy mRNA
FRK V- E T IEH X IR (P <0.05) ; VD fIR45 41
F1 VD EiZH i) BDNF NMDAR1 #1 SYN /) mRNA &
KK T VD AL (P <0.05) ; VD iS4l 5
VD =4 4H i BDNF NMDAR1 F1 SYN Ay mRNA ik
A, 2R g1 E X (P >0.05), WK1,

VD {4541

A ERSHRAL VD B4l

VD AL

B a

100+ W
5l

mRNA REMMAM R/ (X100)

RSSNNNNNNNNN]

BONF mRNA SYN mRNA

NMDAR1 mRNA

BDNF .NMDARI #1 SYN () mRNA kX ,*P <0. 05
B 1 441 BDNF NMDARI Fl SYN A mRNA #ik

— 441 BDNF NMDARI1 FI SYN 5 4k
VD #L%I 4] SYN . BDNF NMDARI1 [ 8 4 367K
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TR ERTIEFX R4 (P <0.05) ; VD {4520 F1 VD
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SYN MR IR A KT A, 27 BRI 2 L (P >
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A IER X4 vD BURIAL VD (R4l VD m il
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o]
w
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.

BONF NMDAR1 SYN

BDNF NMDAR1 FI SYN [R5 M X 5, 2P <0.05
E 2 440 BDNF NMDARI Fl SYN #4363k

VU |35 5 H B A A DL
ML T LSRN, VD B2 K U B CAT X5 fih
BERBAEH X IRH L (AR AR i/ S
NRIE SATIE ; Al X AT | 5 i/ Ml IR
8, LRI E R ; S Mo DXARBB N , % il i AR 52
LG, MR , R EHIEH LS, 5 VD S
oA, VD RS VD Rt K BURE 5 CAT X5 fi
TR, S ERIE ; &M AT XN B 2004, 2
PR BESE R LD s S XL A A, SR iy
Ji HEEIE L 5%, (L fh 3 B T BN, 080 S A5G AT T
EH . SAKREMEED CAl XEMAEHSHILE 2,
F2 AAKEIED CAL KAMEHSHILE (x +5)

. " S fi L THT PSD JEL ¥ G b 16 Y
gﬂ 77'] /D\ﬁ( m—lqg&i (nm) {(E(Hﬂﬂ
TEH N RR 2 10 63.51 +£3.11 287.34 +61.35

1.123 £0.021

VD A 10 1.020 £0.014* 55.02 +3.66* 201.56 +62.22"
VD AR 8  1.081 =0.023"™ 60.06 +£2.55%™255.24 +52.76"*
VD A 8  1.073 £0.035% 60.01 +4.12% 255.89 +66.43%

TGRSR L AR, *P <0. 0555 VD BSR4 LA, PP > 0. 05,
5 VD BRI S, P <0. 05
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DIRRIT, WAl T i B 1 20 Pl A 1 e SR A
PEYBOAOVEF, P R0 S5 R R ARSI
o REUR & A 0 25 R A 3T A S A
T, S EUE R4,

SYN 25 MlEy X A iy E R R 12—, Al ]
PE I WL Sk O B R R AR O, R R I BE R P
FEHLART . SYN J2 1985 4E Hy Jahn 250 3 507 KR
oG PN 2 R — R G 45 A B [, TR A2 T AR P B K
Jii FEE B GELR SR T4 28 R A 2 fih
X 2 i SR A 1 | R 2 Mk T R A R S M i
SYN 2 5% iz HEBCR FAE IR, 1T B8 7655 25 Tk
A e 235 o, U 2L PR RELERY, | A A R P R R e
FWEH, 0] 82 5 5 il 1Y kA, T i 5 ik L 3 3L
A, ARSLIG AL B AR & B, VD AR R 41 5 il H
BEE R X I £ (B2 flE 25 0 B oo |, 2540 I B ak
W, [ ASBFFT 45 A 7R, VD AR RLZH SYN ik i
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VEh SYN (335 i T VD B | F04) 53 fl 45 74 36
FIEH . 2L UL v TMS o] 42 #F 28 fh % A= A0
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VD HLH Z — .
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A P SRR E IR T AMUBEEHER
A Ak, dE R AN 1 L B i e 4 e
A ELA VR FE A 0 D E RS T i
LHEEERNS ) BESE & B, rTMS 7] 3@ i F % BDNF
IR | SEPH G Bl B L2 AR R 1
ARSI AR5, A ¢TMS 75 BDNF 223558 5 1
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BDNF 3 PR A 23k, T Se B oA Bl gt

NMDAR #9 43 i 16 1 & CAl X % h % 4,
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P NMDAR A5 119 2% a7 P 22 L R 119 40 it 25 PE AR
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NMDAR /D85 fi A% 15 D BEFE 547 5¢ . NMDAR1 119
G FE K B FEBE 58 (long-term potentiation , LTP) %155 5
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T T8 A TF R S PR b R R il R S E )
NMDAR W 5457 (1 5 12 AL, #F 1M 52 I NMDAR 4K #i 14
LTP A 774, vTMS 7] gl i3 {2 #F BDNF &5 i 2275 37
.%&Hﬂtﬁfﬁ. c-fos ZF TR, B9/ NMDAR 8
TP TICA R, 45 S v b 184 58 2% fi 5 350 ) | NMIDAR
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NMDAR #5540 J , 45 25 38 5 PR, 5 A 40 e 9 34
TG B PO R, AT S R — R AR E A AR ol
ARG Mk (AL R AL RE , fE 24 ST id I e s . LR
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Zi LT N TMS 18 LS B TTIR T, MY

A2 RN H S, i Lk B e vE v 2 Th e e &2
PIVEH , e a8 28 nT . AR5 R &8, VD
KB 2H 2 v 55 00 1 T B AH OC B9 SYN, BDNF Al
NMDARI ) mRNA %ﬂ%E%Lii’ﬂEﬁ T IE 5 X B2
{EAERLH (TS J3 97 — B ] 5, 13X = Fh A ﬁmRNA
KMEAWFRB LA M, h ik, ?iaﬂﬁﬁvlﬂj TMS %I
VD BOA M D RE RS A IR E R, BRI 8 A R
HE— %R,
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