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fIEAK, BAEF?, &2, 4’

HEZE] B B R (LFS) % i 58 K R 26 ) BE RIS ZEA ik 2 200 26T A0 (NSO A . I AR s . 3k
YRR BRI RN rh 8 DA FEAR B (MCAO),  FEAILA IRFARLA . XIS, A N8 7 df 14 d AN, BT
12 5, RJG 2 dJFIA#EAT LESIAYT . SRR B 2 D RE BT (NSS)ITAL K B 2o S RE BRI FL R , 38 F S 28 e (ke o LR
FEA i 5 2 114 2 A 55 J2(SVZ) 11 5-TR PRI I 8 S8 A% % 1 BR (Brd U, 107 FH TERIBR A7 78 W% RN 5 s (ELIS ARG 00 A VA A6 K ki
MY SE T A AT A N7~ 1(SDF-1) . AN AEKFT(VEGE) Fig. &% LFSVAYT)E 14 d, 541K EUNSS W43 BH A X FE 41 A
BT ARLL(P<0.01); LFSJAYT 5 45 BF 7]y 52 56 20 K FURE SEAN K Ji (1) SDF-1. BrdU Al VEGF 7K - 3455 6k HR 20 A7 S ) R 8 B4 8 (P<
0.01), £5it LFSRESGEMGIEFE R I aERanT, HrT EMLME 1T #0% SDF-1/CXCR4 §il, #E1 %& #5 2 #2F NSC #4411 Fn i 45 732 1
M.
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Effect of Low Frequency Stimulation on Neural Dysfunction in Rats with Cerebral Infarction HE Zhi-cheng, YANG Wan-zhang,
XIANG Yun, et al. Graduate School, Guangzhou Medical University, Guangzhou 510182, Guangdong, China

Abstract: Objective To investigate the effects of low frequency stimulation (LFS) on proliferation and angiogenesis of neural stem
cells (NSC) in cerebral infarction side in rats. Methods The rats with permanent middle cerebral artery occlusion (MCAQO) were randomly
divided into sham-operation group, control group and LFS group, each group was divided into 7 days and 14 days subgroups with 12 rats in
each subgroup. LFS therapy was started 2 days after operation. The degree of nerve function defect was evaluated with Neurological Severi-
ty Score (NSS), and the 5-bromodeoxy-dine (BrdU) positive cells in the subventricular zone (SVZ) of cerebral infarction side were detected
with immunofluorescence. Stromal cell-derived factor 1(SDF-1) and vascular endothelial growth factor (VEGF) in infarction side were de-
tected with enzyme-linked immunosorbent assay (ELISA). Results The NSS score was lower in the LFS group than in the control group and
the sham-operation group 14 days after surgery (P<0.01). The number of BrdU positive cells, the content of SDF-1 and VEGF in the isch-
emic side were more in the LFS group than in the other groups (P<0.01) after treatment. Conclusion LFS can improve the neurological func-
tion in rats with acute cerebral infarction, which may associate with activating SDF-1/CXCR4 axis.
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Wi B AR . MRS AR RS, (AN S A, A
M AR ERGE SRR AT o T 2 ik 2 Wi, LFS b{ELiATJQEPETqig%%/L ZiiEZ a0
BB R R BE, 2 A AR N 80%, HE (neural stem cells, NSC) 345, M i 7= A & 52 32 it
M S35 %) H H A 1S TG S RE T o A A VR 52 R 3 i g PR AUAERY, (Eanfal i i NSC 34 5H F 3 56 i 72
RERENT, PEE AR H R A TS IS SR 1 B ATk FESE M UARMAORARRT . Bedlr, AT & B 20
AR S o ARSI 3 (low frequency stimula- fi7H= A F-1(stromal cell-derived factor-1, SDF-1)HEfE i7F
tion, LES)ANUHAT 4 R N i A B AR, —J7  NSCHFH, 1fii—Le 567 B LG 4= /5 SDF-1 1)
TaniE o O s R LRz 3, LT, B EALA AR, RIS, SDF-1 1475 2 AR5 1 A= 25 DA
YR T, SR A RO B S R A, e A A AL P AR AR IR A A, XA
fEdEh A2 RGE R E Y, LFS LIEZ N T8 M (EFRA AN LFS 7] figJ238 i3 SDF-1/CXC chemokine re-
A, IR R BCIS R S RS, LFSHS  ceptor 4(CXCR4) {2 i/E NSC B4 5 F i 4% Fi 2k, ki
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MO A I D RERR RS . RIIL, ANIFST 45 SDF-1/
CXCR4 Hili#R 1 LFS 236 K Bl i A vh 5 2 e Fe i
IBLE o

185 A%

1.1 SEB S 420

I Sprague-Dawley K 72 H, 270~300 g, 7~9
JE, BT ARA SR SO R BN IR
. XPHRAAISCER A, A Ak 7 d AT 14 d AR
HOTMTARIET7d, 14 dAFERE), BT 12 2,
1.2 AL 1

Z: [ Longa 85 ™11 77 7 il 7 P R v 2l ik
(middle cerebral artery occlusion) sl ¥ H . F 10%7K
A AR T SRR B, VR SUE 2R VI TF Je bk, i
PO B AEMSTUR Sk . AL Sk K s shlbk, 25 FL3
SABIKGE O S ANk, SRS Bk, 4 EARN
0.26 mm H At O L 2 HA S KB AB NIk, N
BB AY AL A 24920 mm,  BELWT 2200 % v 3l ik
Infit, ARJE 1 X7 R Menzies TETFSr, LR
JRE st A N R e i A, 1 R LS A e Tk
F AT ) A5 s B M AR R VR )y, B Bk Rt
Z—H WP AAR SR R s s ged, ITF AR
LRARATRE N 10 mm, A A LA BH A 3 bk i 4t
1.3 P REEBIER PE4)

ARJE2d. 7d. 14 dRAMZIIREHBIT 7 (Neu-
rological Severity Scores, NSS)"' ¥ 5 K i £ g %2
PG R . NSSHIGEsh TRk, [ s shill
1 N 4 W 1 W1 S o e (S o
5y, BEASTAIR WK AL DIRRRIL, /A, ek
B MEBIR, PRI REIK A BT, 13~18 43 A
FEM DI Rem, T~12 50 A R AT Redin, 1~6
Iy MR EM 2 DI RER A
1.4 LFSIAYY

RJG2d, SLEHKRNSS I, A LFS A
J7 Y (NeuroTrac™ , Continence, Verity Medical A 7], &
) 28 i W SO B R, 6 BT K B L LFS R
JPAUASCHHLIE, P ARAKREA TR T, B
BARZ B, BiF 100 Hz, K% 200 ps, 50 JF 3~4
mA, HEWIL S5 s:8s, AU FRITH, LA
R Wb i 48 s b B, AR 10 min, BER 29K,
YK [E] B 22 /0 10 min.

1.5 5- 75 bR W5 W i 480 4% M8 A% 4 iR (5- bromodeoxy- dine,
BrdU) {5 K vk Y1) A il /R

e HAR, AbFERT3 d I8 FEST BrdU IR, 4

K2, HFXIEIREZE/D 8 h, BrdU i i A= B K oh

B BrdU #3 K (SIGMA 23 1], B5S002) e il i i, ¥
10 mg/ml, #% 50 mg/kg FlwHEH", 25T ARF7d
14 d, BEEEREUS TLLOHERETE . e A2 150 ml
IR 2% P (PBS, 0.01 mol/L)F-#E A £ 150 ml 4% %
RHWE(PFA), 12 KR4 B Wk B . w2
YU T 4% PFA 24~48 h 5, B2 25% AR H =
DU, VKRR pKZR U] A MR IR 2H 21 2 5 i
T JZ X (subventricular zone, SVZ)¥J i, 30 pm 5tk ¥
A, A& B E ALY 0.01 mol/L PBSIAEW 11, 4 C
TRAER
1.6 Gy RN

U] F 8 T304 0.01 mol/L PBS 1924 fL#k, & i
30 min J5 0.01 mol/L PBS{E 13 K. 2 mol/L £k DNA
P37 °CF)20 min Jii, 0.01 mol/L PBSVEYE3 YK, i
Jndt W ED 0.3% PBST(0.01 mol/L PBS+0.3% TritonX
100)+0.03 g/ml/NMF G AR, $EIRBEE 1 he T
B PRSI FE S 12 200 () —PLs (48 F- 2401,
ABCAM A F) Ab1893, I &t 41 i # B¢ B T $2 JK 30
min J5fEA 4 CUKFE 1~2 d. YIRS, EiR30 min )5
0.01 mol/L PBS V3 WK, W+ —Huidi, in—bt
VW (Y4, 1:200, Dylight488, ABCAM /A )
Ab96939, FH 0.3%PBST i B), #ELHEIRMEH 2 he
0.01 mol/L PBS {0k 3 5l -, 1% DAPI Bl ¢ 6 14
Kt R, s O R A 1 U (Leica SPS)H A4t
Tho MEHRA A K BRAEFEM KA 9 SVZ, 450 2 6
HKR, AR KEBEVIER S 5k SVZ i R Bk Yl A
T BEHC T~ 0.15%0.15 mm A [ %2 X 388, H] Image Pro
Plus XS HZ XN BT A PR A A (/mm?) .
1.7 ELISA £l

FAN6 R KRBT ARG 7d. 14 dACKE G Wik B,
FH10.01 mol/L PBS w4 2 3 i 2 439 ik, AR
Hiki 2 28 F 5 576 1 ml 0.01 mol/L PBS Hr 473 (fik iR K #F
1), SIFWRET<—20 CHBEER . P%-al s
AN R, KRB A B OHL, 4 CTF
12000 r/min Z5.0> 5 min J5 $E VG, 37 RIAG I % 4
BEMHAFT<—20 CIBE . FEAKIAAE 53 71 4% I SDF-
1 AL P9 B2 A= 4K I F~ (vascular endothelial growth fac-
tor, VEGF)i{ 7] £ (EIAab A /] . E0477r. E0143r)iji
PR T o RN 450 nm AL OD R, 22 il kv il
LA EFEAURE (ng/g B pg/g)-
1.8 ittt

K H SPSS 19.0 St 3k i AT it Ab . SE5%
IS BHERF (x+s) Fon, PIdLIA] L A5, 240
Z R EL R R R D7 22500, B MK o=
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0.05,
Q4R
2.1 NSSPF4

T AL K AR S5 45 B 18] 5 59 NSS 43428 0,
WMAIAGT, RIF2d, 7 dFS2E64H 5 %5 IR ZH NSS
R4 T0 B 3 25 R (P>0.05); RJG 14 dBF, 2304
K FUNSS P53 2 IR T4 R ZH (P<0.001) 0 X HEZH KRR
AJG 14 dNSSTPFArM BT ARG 2 d, 7 d (P<0.01);
SEERZH R FUNSS PFo 258 TR, ARG &0 a] 5
PR LR A AR B 5 25 7 (P<0.01) . WLER 1,
2.2 SDF-1 %4

AR5 7 d 14 d 5256 2H K BRAEZE M K A SDF-1 %
B R T B AR T R AL (P<0.01), XJHEZLYY
I 5 TR AR 4H (P<0.01), XFIRZH AR5 14 d SDF-1
S BT ARG 7 dP<0.01), SZEHMETEARHEAR
J&5 7 A 14 d Z [R50 B R 25 5 (P>0.05) . WLER 2,
2.3 SVZ BrdU FH: 2 %k

BrdU e & o YLt 45 2 k3, ﬁﬁ%?km
SVZ VLA ZE 40,1 BrdU FHE 400, 52 24k HE51
%ﬁ?mw%&?m%H,lmmﬂﬂﬁﬁMo&
F AR K SVZ 1 BrdU BHE: 40 I o A 38 i, X R
21 BrdU FHE AN SR B 2 I 3 22 177 SI2 56 21 4 Xt
MLl a4 . WLIE 1,

AJ5 7 dFI14 d LI K RAESEM] SVZ BrdU BHE
I A IR i T B A R TR 4H.(P<0.01), X} 1iE
HIW B TR T ARHP<0.01), SLIHARE 14 dW
BARTARJE 7 d(P<0.01), BFARAMXTEHAARET7d

75 pm

RFARLAR)GET d)

75 pm

BFARALAST 14 ) MIALCR 14 d)

XHEA(RIET d)

114 d Z [A34 00 B P25 7(P>0.05) . WL3R 3,
x1 BHIMAREZHEENSSIEH

AW n ARF2d AKFE7d RiF14d F P
MFARH 12 0.00 0.00 0.00
STHEZH 12 8.75+1.42 7.83+1.47 6.17+1.34* 10.357 0.000
SIESA] 12 8.92+1.38 7.50+1.24° 2.25+0.87** 105.810 0.000
t 0.291 0.601 8.517
P 0.773 0.554 0.000
F:oar SARF2dHE, P<0.01; b: 5ARF7dRE, P<

0.01
F2 BHAREHESEFMAMRSDF-14 2 (ng/g)

A n RIF7d AR 14d t P
BFERH 6  1.40+0.47 1.31£0.29 0.391 0.704
Xf 2 6  2.58+0.40° 1.91£0.27*  3.443 0.006
L 6 3.74+0.54* 3.67+0.32*  0.307 0.765

F 37.061 104.248
P 0.000 0.000
a: SEFARALE, P<0.01; b: SXTHRALE:, P<
0.01
F3 BHEKREEEREEMAKIRSVZ BrdU PRI AL
(/mm’®)

A n RIF7d ARJF14d t P
BRFEARH 6  1110£205 10954216 0.123  0.904
pajiisa:) 6  1523+230° 15154252  0.054 0.958
SEGAH 6 2910+275 21454307 4.540 0.001

F 93.762 24.532
P 0.000 0.000

T oar SEFARULLE, P<0.01; b:5Xf 4L, P<

0.01

75 pm 75 pm

TG (RIGET d)

75 pm

75 pm

SR A (AR)E 14 d)

E1 HHEKRSVZBrdUBREMAEEGOEILERE, 200%)
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2.4 VEGF &

AJ5 7 dFI 14 d L5041 K BUBEBE M KK VEGF &
T A i T B AR TR ZH.(P<0.01), X 2 Y
B TR T AR (P<0.01), SZEZH AN RZH A S 14
d VEGF it 8 TARJG 7 d (P<0.05), BFARHAARG 74
114 d Z [ TG B EPEE R (P>0.05), WLFK 4,

x4 HBHAKRK7T7AFN14 dFEFLEM KR VEGF S 2 (pe/g)

HAH  n ARF7d AR5 14d ¢ P
RFEARH 6  93.60+£6.25 90.67+6.26  0.813 0.435
X HEZH 6 110.82+6.83"  120.08+4.95* 2.690 0.023
SCHG2A 6 126.12+3.85*" 154.14+£7.98*° 7.748 0.000

F 47.403 142.657

P 0.000 0.000

T oa: SETRALE, P<0.01; b: SHHIEHLE, P<
0.01
3iFie

NSC ) & BT T #2820 i AS e 75 A= A2 2 00
& MHZZ RS, T8 NSCHEFE 5 b i iR B &
AP AR, NSC T B B0 I S 5 52 B A1 2L &
B, Az N 2B R SR A fh 2 AR M
B, CAPRERHEZMERKR . OMLR
A £ B I I A5 T A 200 A BN b 8 A e D B A
H QIMAT R NSCHRHULE I 38 GNSC 1y n]
TR Z AT RS2 5 () 28R I A5 % T A4 20 AT
IR G A% SR ML R B ; GNSC Liihg
AW AR ARIC . 8O Mg Fon” 2
UEIIE B P2 AR BTG T R A 1A N
FEANBEL Ao 28 o A0 ] LA B A S A B, BT
N2 P AL ) L 200 B 5 5 o =[] ¥ A AR FH RN 3
BV, FUA IS NSC A5

A AL FITIE B 5T /D, SDF-1 Al fE
TEHIE RS EEVEN . IER A KA I
JKF[#) SDF-1, CXCR4#%ik; Wi )5, SDF-17E41
o R HE A R . KA S - 1(hypoxia induc-
ible factor-1, HIF-1) g 1E FH R Rk Bl ', SDF-1
T2 B Pl ki kS B R R B AR R, ik A
TE I AN B D4t P T sk, SDF-1 B & ] RE &S T
2 o AT HL R AT e i R A IO B i B s T 4
MO 24ar i, IR IG 2R S A SR SDF-1 (7K -,
HETT SDF-1/CXCR4 Al A= A= &4 . SDF-1/CX-
CR4 il GE18 12 4H i SMJR 5 8 1 kil RNl i T JUL S 3-33%
W 20 AR PR 2 ARl I SR I P 2 A A
Jitd (endothelial progenitor cells, EPCs)Z 5 [fil & ¥ 4% T
&, fEUEmAE A", UL, SDF-1/CXCR4 HhEEAEfE
AR R HE S AR, TRBTERN A S ph 2t

A8 BT IR B % B MR .

ARSI FHNSS v 4 1 DAk i A 5 K BRUpf 25 D) RE
(452 shIfe . B DI RE A1 D e S5 Wk & 1) 1
M, ERER, SCIGH NSSTEAMEHT R, AJG&N
[) 5 22 (B A A 35 P 25 5 (P<0.01), 177 X AR 4 B
FIARJG 14 dBFNSS PF53 A H B & R FE(P<0.01),
B LESYAIFTEAR G 7 d i B 40 s H s R i 22 30
REMIVERT . ARG 7 d 5256 20 NSS 1435 XF HR 41 TG i
FEZEF(P>0.05), ARJ5 14 d BS54 NSS PE i 3
R T XF FRZH (P<0.01), #E/nBEE LFS IG Y7 i) fY 4k 4
SPRCE IR, X5 5 ) = T g R AR — 3K

25 BT R, U LES G706 T IR AE K B
LIRERIF KL A 35 AR BN, RJF7dH 14
d S5 H () SDF-1 7 1 Y4B 4 /5 7% I 4H(P<0.01), 5C
ISH AN R RS 14 d SDF-1 SRR TARF 7d, H
o, SEEAH ARG 7 d 14 d Z 1E] G EE 2 R (P>
0.05), TiXTIEZHARSS 7 dF 14 d Z 8 WA JEH B2
Z R (P<0.01), $E/RLEG4] SDF-1 7% & — H A FFE 5
R K, TGS R A B AR R e, AT,
LFS{AY7 A REME T SDF-1/CXCR4 %1, #E LFS 1F 2
3 X AR FH AR S R R 28 D R ek 2

IR BB Bl 28 A e S SVZ RN By 4tk ]
(dentate gyrus, DG) Y il % T )2 (subgranular layer,
SGL), ARSI 1 UG FEM SVZ VE A AR X a2
BrdU Sz — 7 i JJ ws e A% 1 25014, 7 400 it 8 B ) B
(4 S H3 R R X 0 i e g i A\ DE 7 &2 1 21 i A% DNA
W, T R ARG S A0ME, H R NSC 35 Y
PRy, BEAFEH . AL B 040 00
AP P, AKSZES FH BrdU AR NSC.  AHFSY ) Br-
dU 32 2GR I 25 R -5 Matsumoto 254 57 45 5 P2 4H
I, BTG 45 ] 5 3% & 3 /0 1 BrdU FH 4 41 i,
AL ULAR B AR FER S T K BUR P IR 2 ) NSCAAAE .
AR5 7 dF 14 d 256 2H AR ZH BrdU BHAM: 40 it 25034
TR AR (P<0.01), 33X HE 7R i A AE A2 i) 54k B
Jili I NSCHGFH Y — N EHEHN R . K57 dH14 L5
20 BrdU BH 4= 41 H %522 BA f2 & %0 BR41(P<0.01), =1
ki 5 4 R B IS BRI RS NSC 1B, (HIA%H [l R I
ANEE T LFS BEGE R AL R BRI 9 NSC Y37 .
B S O NSC n] RESL AL BT IS TR AN . /DA,
HEMZEIC, SH5MEPL M Z M4 S5 5 TREN
HA, BEZHMMAL™, LHAHRE 14 d BrdU
B P40 A A TR S 7 d (P<0.01), UiBHHR M7
() NSC MELLFENG o AS XS F NSC iy o4k . 58 K
HATE NSC AT R ARAEDE— L gL, IS E
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FR75 10 o
VEGF $E B2 0 M4 Ay s S e T B

AT, RS SRR IS AR AR I, R

CFR PRI, SR SCER A0 VEGF DL T i 2=

JE R BB M AR . AT RR, TFEAREARE

7 d fil 14 d VEGF & 8%, H G W35 P 22 5+ (P>

0.05), $&7nAEMEEAE R UM A AR IR ATRER . ARJ5 7

d Fil 14 d X BELH RS20 2 VEGF & i34 i TR AR 4

(P<0.05), W] ik A% AL B A0 R U 8 A 10 A P24

AJG 7 dFI 14 d SCH 41 VEGF 7 I i 3 1% B4l

(P<0.01), X ULH] LFS BEQE N AE A Bl it it A0 i 7

AL P4, ELIMAE A R RO $32 LFS 1R T 1Y

IR AE R B Ry e o I A8 P-4 BE A NSC 8 1 R4 1 SR

i, {ENSCREHE B ZWIMA L, AL LS R p

7R, LFS Al figif i #4075 SDF-1/CXCR4 5, {2

MAFHE, B RGO, AT IR R 23t

MBS o il i BH BT Y SOUE®TSE . SDF-1/CX-

CRA M 5P A4S K LR IARSCHERF IR SE N2, FRATTHY

TEA e B S R R THR Y

ARFGELE R B, LFS BERS M5 i A8 K B

MTfe, JERE L IRAEAEMI NG ZH 2L R BrdU FH 20 i

ORI VEGF & i, HA] RE R BILH it il 4 % SDF-1/

CXCR4Hl, 2 T4 JC Ho Ay i BE0E Il 28 %28 I

EHEMSE B R R EHRANT .
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