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Effects of high-frequency repetitive transcranial magnetic stimulation on remyelination

in a rat model of focal cerebral ischemia
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[ Abstract ]| Objective To explore the effects of high-frequency repetitive transcranial magnetic
stimulation (rTMS) on the motor function, proliferation and differentiation of oligodendrocyte precursor cells
(OPC), and expression of oligodendrocyte transcription factor 1 ( Oligl ) , myelin basic protein (MBP) and
NG2 in the striatum of rats after focal cerebral ischemia. Methods  Sixty-three adult male SPF Sprague-
Dawley (SD) rats were randomly divided into model group, rTMS group, and sham group, with 21 rats in
each group. Transient middle cerebral artery embolism (tMCAO) model was prepared by thread embolization
in the model group and rTMS group. Subsequently, the model group recovered naturally without any
intervention, while the r'TMS group received high frequency rTMS treatment every 24 h for 10 d. Each group

was further assigned into 7 rats at the time points of days 1, 3, and 10 postoperatively, and modified
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neurological severity score (mNSS) was used to evaluate the motor function of the rats. Then the brains of
each group were taken out for further analyses. Immunohistochemical staining was performed to observe the
expression of NG2 and MBP in the ischemic striatum to evaluate the proliferation of OPC and severity of myelin
damage. Western blotting was adopted to detect the expression of Oligl, MBP, and NG2 in the ischemic
striatum. Results rTMS treatment significantly reduced the mNSS of tMCAO rats, with lower score in the
rTMS group than in the model group (P<0.05) ; It also promoted the proliferation and differentiation of OPC
in tMCAO rats, which presented as a higher level of NG2 in the r'TMS group than in the model group on days
1, 3 and 10 postoperatively (P<0.05), as well as a higher level of Oligl on days 3 and 10 (P<0.05). In
addition, although MBP expression in the model group was consistently lower than that in the sham group ( P<
0.05), the level was higher in the rTMS group than the model group on day 10 (P<0.05) , suggesting that
rTMS also promoted the repair of myelin sheath after cerebral ischemia. Conclusion  Application of high-

frequency rTMS can promote OPC proliferation and myelin repair in the acute phase of post-ischemic stroke.
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HOK AVEFREE I B R 2 —7 KRR s ke 1t
HCh g o B VE TG, T ™ A e 28 D g e
BEHS A S AR T LAY B b 2 oc E i, S AL
5% HEmEsE B RN oA RS, EE4
fifeg #1184 ( repetitive transcranial magnetic stimulation,
rTMS) 75 A —Ffr it ) A 22 H 2E SRR , TR TS
JCR IR s T T AR 22 R Ge i /B R RS IR
S R T —E YA, ' TMS TEIlE RIF 58 53
T, I HOBOCR 8 2 1 B AR T IR DG T T TS
XoF G SFe XL J5 4 227G 4o 28 T A0 L RTAH 20 i 45 1 s el L
HERT vTMS o fft 22 50 2% A A B3 ), W] LA
Z il o I RO R AR A TR LN B
T34h, KT TS Xof il e 1L J5 6 45 2 52 52 ) i) 0F 5%+
I3 B O T 5 40 52 Wi g T BIE S Bk =
ARWFSE LA LB K b 3 Jik ke ZE (transient middle
cerebralartery occlusion, tMCAO) &I HF 53 % 42, &
B ATMS T 1007 ¥ , WA Bk i 1R ik 25 b 2 v A
A YTMS i K Bz 3l 2 RE S E #1852 1A 1 52 .

1 HM5H®

1.1 BsHhhs 454

8 JEIW SPF 2% {if B i AR I Sprague-Dawley K il
63 H KA (300+20) g, Hi 5 PR BERLR 2= S50 34 v
O, S8 UES SYXK ({7 ) 2018-0003 , >k HI Fifi /LA
R ABEIZE ' TMS 21 IR TR, fdH 21 2, &4
RIS 1.3.10 d &3 7 Ko SEk g B irf sh i

A DG 1 A2 L™ i B s 50 40 6 RO DO 0 88 415 P 1)
HHIALE AT o
1.2 ZE&XAE5E

A4 < B B 2 (MBP) — 47t (BUTFEE IR A=
YRHA R A ], 585 GB12226) , GAPDH —47 ( iX
FEYLRAE YR IR F], 525 GB12002) ,NG2 — i
([ Santa HEY) A W], 175 SC-53389) , /D58 Jise ot 241 i
s 7 (Oligl) —#Hi (£ [E Santa A ¥ 28w, 575 sc-
166257) , HRP ARic L -4t K B (I ZELE /R AR MR
BHRRAH], 525 GB23302) , Western blot 257 ( 7V 2&
IR AR BR WD) 5 28 s AN (oD S 1
B A B AR IR ] ), R o i (B R BLAR A=
YR A RA T ) , MCAO 4% (bt PHV B A IR
Al) o BUERAE RG4S R BERL R A A B2 2 B
fefto
1.3 SRR &L R0

ERILL FTMS 2151 4 47 tMCAO BRI K
BT 3. 5% /K5 ST 1 L/ kg JIR T S0 BRR TR , AP RiMOZ [
SE , F R B 8] 11, 3 18 A 5 30 ok 5 o 3 ik
FT SN Bk, B S 7RSS 3K S5 3 K I g 45
FL, kI I AT BN Sk , 7ESIM 3 ki 25 Be b8y 7+ —
ANEL KGR A A S 3L Bl ik 43 S Ak A 35N B
JR 528 AR Bl bk , A ATREE Ry (18. 5+0. 5) mm,
BHZE 90 min J5 B Lot IR MR BT A LA L il
2T 3 2 8 R R A I #5058 30 ik L 33040 3 ik S5 50
Bk RIEEE
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1.4 Tk

‘TMS 2 T HA I G 24 h A A8 (TS, B 7
FERAS T AR BB T R BT A TP B 5 . SE R 8 A
12 6.0 cm, UL IRORBEZREE 3.5 T, fe s A%<y 100 Hz,
SRR AL Ry M A7 > R, RO 10 Ha, 3545 2 s,
18K 5. 0 s, BRI 960 Bk '™ o Sk T I S B fh
22 , R UK PO 1 [T A% . BERVEH T AREAATAL:
il 1, AT
1.5 B Reirs

TARKE 1.3.10 d R G EIATIHAL, (R R
TR AN 25 Iy BE R4 3F 43 ( modified neurological severity
score, mNSS) ', mNSS #4040 1532 31k B (6 ) L JEK
SR (2 7)) PR (6 4)) SR (4 43)
PRI 0~ 18 73, IR 73080k 0, 73Kl , R W2
ARG YIRS B
1.6 M

THBSINE 1.3.10 d, ¥ KEUH 3. 5% K55
M 1 ml/ kg I TS0 BRI, {1 1] PBS 00 JIERE 12
Wik, UK B B Rk ZH RSO & TR R P O AT, TR
4T Western blot ¥ .
1.7 St & R B

HAY) Fr i SP ke @Ak 2], U0 5 s K Ak,
BT ERYUREE 5 il b TR0 N AT B
BE , BSRABHG BT PBS ki 3 v, W A A
3% H,0, ¥ HH & IR EEDEIE T 25 min, PBS P, Il
THEM 4 CHRMAT 5 NG2 MBP —HiliF i, M
0.01 mol/L PBS {4 3 Ik ¥V i 545 HRP 1L =4t
REZHi—i& 37 CEHE,DAB B4, & YL A A%, i
IKE R 6 BB E x 400 TR AE T AR AL
AR, BORIRTEFR A 1200 pumx 1 000 pm, 45 H EUR
3R R WS AT 1.3.10 d &3 H G TR,
fd 1] Tmage J Xt NG2 P44 200 M 7R 47+ 55, BHH: 40 A 2%
BRUABE T i AR g B T AR 1% BH 4 40 i %%, Tmage Pro
Plus 73 #7 MBP 2 (1~ 456 % )&, Graphpad {473 #r
DL b2
1.8 Western blot #&] Oligl ,MBP \NG2 #9 k& ik

FEA AL P EL 30 ~50 mg 4140, 4140 H il
PBS VTR SE 2~3 U, BT, i B 2H A R ST 9K
12 000 r/min,4 °C , .0> 10 min, {4 3. A BCA &
F e S8 I s 1) & 2 VR B . SDS-PAGE Hi Uk, #%
Z PVDF 5, BEME, i A 2F 05 2 P41 30 min; Bl i i
NG2 (1:1000) .MBP (1:1 000) ,0Oligl (1:1000) —
P4 CHFF IR GEIE, FRE —H0H TBST 221 1:3 000 11

FeBI AT 30 RS, B F 30 min, PRI, ST A KGR TCL
BA, KR RGRER 7, GAPDH fEN 2, i H]
Image J KA HT 45 557, LA H M 2 L% [N 2
A G AR FUELVE o H 8 P 355K
1.9 gt 447

KM SPSS 22. 0 GEit b PR . 5 4Lt
OB xxs o, 21 R 800 LU BCR TR IR &= 5 2647
Br, 2HN U BCR R 52 00 507 22 40, <R U R
LSD #5:56 , J7 22 A5 ] Games-Howell 556, LIP<
0.05 JZEFAGIE L,

2 %R

2.1 rTMS 3457 7T A& tIMCAO J& 894% 2 25 fe e 3 4

AR tIMCAO KBRS B3 o T RE e i, 7626
1 REHERIZH 5 Y TMS 2 Eb 3 mNSS 1743 ToHH I 25 5%
HIFr ¥ m TR T AR (P<0.05) ;1697 555 10 K,
rTMS 41 1Y) mNSS PP IR T AIZH (P<0.05) , rTMS 244
10 d 5 1 d #HH mNSS P75 B] 2 FEAIR(P<0. 05,8 1),

®1 JFEYRABRMEIRERIRITS (n=21, xx5)
it LAES GIEEN 10K

L EIE 13.429+1.902"  12.143+1.345"  10.000+1. 633"
(TMS 41 12.857+1.723*  10.286+1.604°  7.143+1.215°
BFARA 5.571+1.272 2.286+1.113 0.429+0. 535

a:P<0.05, 58 F R4k ;b: P<0. 05,5 rTMS 281k 4%
c:P<0.05,5 rTMS 0% 1 R ki

2.2 1TMS 57 T4 8 tMCAO Eya it X 'V = IR AT
4k 41 i, ( oligodendrocyte precursor cells,OPC) 3% 74
AT B NG2 BRI ko OPC iy 4578
P RIEFEARRE o 1.2 Wos ARTF ARG OPC ¥y5 5y
i, HEF RS, B SOE SR A2 OPC %KL
HAE 1~3 d AW, 5T ARAEAM L ZE R 5T
F R X (P<0.05) ;rTMS 2 h# {k OPC B % HoA
Wikg i, 10 d i 5P ARAM 22 A g it X
(P<0.05) ,Jf Hu] W% 5] OPC i ik, B (I EE , i 31
VFZ LRI/ IME, |8 3.4 B8 MBP 1JES 21k, &
FARAPIGLARAT WL BNV 2 22T 4E, T LT 4E R
V18 1] 375 WA ] DAL 5 ASE TR 2 e 2 Ak RHE S RSO ASY  3E )
AN sy TMS 21 AT LS 30 i 28 21 24 5 27 2 oL, 21 4 R
HEP SR T AR LU . TS 41 MBP ~F-1y
SREETE 1~10 d FEAIG, BEAUZH 5 «TMS 4140 Lt MBP -
Yoyuif BE R .2 (P<0.05) .
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a:P<0.05, 5 A 2a b4 ;b . P<0. 05,5 +TMS 2A pb4
¢:P<0.05,5 1 d e, d:P<0.05,15 3 d sk

2 FAXRRMMERE NG2 FREH ALY

2.3 IMS FHk 42 IMCAO /& 5k 35 5145 a9 42 5

BIRIZHAE 1.3.10 d [ Oligl ik S5 F R4l i
BRIk (P<0. 05) ;1TMS 411 Oligl Fik7E 1 d B F#AK
A3 d KR B S5 RFARE KR ,3~10 d A
Wit , 76 10 d B RB S5 IRF AR 2= A Gt
RN (P<0.05) , 3 HAE 3,10 d fyF BRI
B (P<0.05), LK 5.3 2,

Western blot 6l 2% 5 g 7w : BEHI 2 NG2 ik 51|
FARAMLAE 1 d FEAL,3 d BT 5 1 d #25, 10 d Bf 3%
ST EEAT SR TR T AR AL (P<0.05) ;xTMS Z7E 1~
10 d (Y6 AW, 10 d Bf 5 1 d i S5a Gt
RN (P<0.05),1.3.10 d B iy R THIAI4H
(P<0.05), W& 5.3 2,
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rTMS 41

RTARL

B3 fEAtfedmtnMarRiEhiEsEesiRE (Sp)

B R 2
B 'TMS 21

. % ab b TR

B 1.04 a

;R ac|

o c

4 ac

& 05 cd|

=

0 -
1 3 10

[ ) /d

a:P<0.05, 5 A 41145 ;b P<0. 05,5 TMS 411k
c:P<0.05,5 1 d4; d:P<0.05,%5 3 d rbix

4 FHKXRERMMSCKE MBP F 1458

HRIL] MBP ik 5T RALKHAE 1~10 d #7R
fR(P<0.05),10 d B 5 1 d ML 22 57 A Gt A X
(P<0.05) ;1TMS 411 MBP #iA7E 1~10 d AW R,
R FHIRILL(P<0.05) WK 5.3 2.

3 itig

MEAE K, e L1 R 2 v i 400 L 2 I ) 6 8 2 I i
BT AR RS I R R s
HSE Rk 5 RF B AIE S AR IR 2 4k
L FA AR5 , 00 2 N PA) 20 5 e o 240 o i
FET, SECM AL A AERS L AR T A A
HK 2 22 5 1 B T JSLAT I, ot et e i A v
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BFARA T2 TMS 21
1d 3d 10d 1d 3d 10d 1d 3d 10d
) S P WD S— — P g— p—

Olig1 (40x10°
NG2(250x10°)—> A — D -~ — — o — -
MBP(35x10°)— ‘s oy G S — — — — —

CAPDH(3TX1(7) >  —— e cm— e a— a— — — _—

& 5 Western blot il 28 fx 2B 22 Oligl NG2 MBP &ix

*2 HARAL Oligl NG2 MBP F3xKFE (n=21, x+s)

Oligl NG2 MBP
2151
1d 3d 10 d 1d 3d 10d 1d 3d 10 d

BRIl 0.631+0.060™  0.364+0.034™ 1.110+0.069°" 0.393+0. 134 0.321x0.085" 0.721+0.129%*° 0.771x0.081°" 0.420+0.074°" 0.309+0. 076"
TMS 20 0.741+0.057°  1.21320.064* 1.313+0.067°  0.593x0. 136°  0.874+0.057  1.047+0.068° 0.953+0.096  0.710+0.094° 0.483+0.095
BFAR4  0.997+0.061  0.961£0.042  0.937+0.046  1.126+0.056  1.100+0.127  1.006=0.131  0.940+0.069  0.893+0.031  0.8140. 149

F Al 70.285 564.558 65. 065 76. 274 127.113 17.088 10. 497 77.915 37.626

P <0.01 <0.01 <0.01 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

a: P<0.05, 58 F K4Llrk4x; b, P<0.05,5 rTMS £Btb# ;e P<0.05,5 K485 1 Rib#

AP ZE e Bl TR A0 1 A R A A T
TE BGHT FOBETRNS , 231k B 14 /0 26 Je TR 200 - T 3
B, I DA 8RB 7 A ) /20 58 0 o A4 i A4t 4 1 2
SR ST A B A B RE BB &R . Bl IS 4540 AL R B
OPC B , S W44 5 5 30 254040 IX S 2 il 5 Jie
TR M, P E BT 1O B f g2k 2 T . GELOSA
A UER T R AT R OPC 7R I AS rp 2 v 0 1Y
B AR HETH VK 2 s A S SR E i B CXCR4 8
T CD147 Nec-1 258/ T OPC 3L, #4300 % e Jit
AR RO B OPC 394 78 75 e I 1 453 475 1) 1 U
PRI S P 2208 | BT ARG 4H 21 Bk it S e v 20 L
WA MIFE T AR 3 OPC I SRR I 2 G T 114 T 22
B,

‘TMS 2R GV E T i s & R 40, Wit
0 IX R 5598 XA ) e 1 22 0 B DX R A 7 4, 5K
PR 2O RE X P g, e M ThRE . ' TMS HHT7E
IR EARE) T T2 BB, I IR YT R R <1 Hz
FACAT I AT > 1 Hz 7 = A50R8, — R A 1 Hz 5%
1 Hz DL B9S03 f fe 0 > 3k, SR A 5 Hz 85 5 Hz D
L R 23R i RR M 2 1R 3 AR U i IR IR
RG22 R, HACR 3 AL G 22 002%
TP R 2 A S L R o P AR e 2
TEAEEHIRE 1Y L B BT ST 32 B 0 b 2 00 2% Ay
PEAT BB S W A ) U0 B BT 5T 2 I
vTMS A {12 HE ol 25T 40 i (0 94 5, 18 508 ot 28535 1 5 38
A — LB I 7 e L 45 405 0 R A TMS B T /N
eSS40 L 43 9 BDINF" 5 228 1 B 37 L 250 348 T 98 3 fi

A v a2 2 I TR 4N N P A T RE T A R /NI
AR B AL E AT 5E T YTMS X B 5 5% ik 1 BF
FAHERR,

AWFFEAE tMCAO J5 1 d 4 A 10 Hz ' TMS, R5500
LR A2 3697 5 142 3l T e 28 4k R0 i 1 14 453 05 72
B, SERER AT R IR B mNSS PSR, 12 3 T
ekt (BT ARG, OPC 457 43 A5 78 ik 41 41
LA B I AT 25, X BE TR 252 AiF 45 R 1
W —3 s m B TMS T TS, OPC S0 45 1 K
/b 3R OPC Al REAFTE B IMAYE#45 , 767 10 d J5 , OPC
Kokt BT, TR TS LR OPC iER 3 T 45
X3, OPC JE 25t % A= i 2% , 200 o A0 45 e Jie BB, o
W47, F W OPC 0 HEAAS 2293 ZLWr Bt . MBP
SEH R 00 BB AR, B A M2 A U S R
FIWT AP RE I EIRFRE . ARWF5EH MBP ik
TEJRIEE R GRS 1~ 10 d AR [, ) igi 28 41
L5 % A BB RS 8 VAT JG 7T WLEE 8] MBP 23k /K
BT B AR R A, 'TMS S T AR SE 4 e 1)
SRR RS  (HIG YT J5 MBP Fis KK T TR 4L,
AT REE OPC [RGB AE B IR 245 F ikl . Oligl
7E OPC A3 W/ RIS A ) A vp &8 X B 76 0F
H L Oligl 28 1 35 B4 T 40 M 5 v, i 28 41 %
PR B LR A0 I R 2 AN MR N, T S B R 1L B
AR fE Rt OPC 434k R /DS BT A M . A5
BRITJS 1~3 d,Oligl Feik RWiFHAK, Fika#h 5 MBP
PEAT , 554 WEAE BRI T 00 B M 50 005 05 22 30 A 41
41rh Oligl TS50 T MBP AL, 1SS 1 HEHY
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B4 1677 )G Oligl & HFRBK-F- AW, MBP %15
e TROTIZE , AT BEE Oligl fE#E T OPC A,

LR LA A FE 45 SRR W TS /b ik 1t 4 i

R SR S ST IARAN M BE T, 2 2F OPC 3g 58 Al
BEFEE S, NI 2E K BUZ Sh D REMK S . {HCF +TMS
Jve] s e sl L 1 i A v S BE RS 18 S OPC 145 41k
FIBLHIAT SR AR, I8 T E i — AT R .

SE

(1]

L6]

[7]

[9]

CAMPBELL B C V, KHATRI P. Stroke [J]. Lancet, 2020,
396(10244) . 129-142. DOI. 10. 1016/50140-6736 ( 20)
31179-X.

XN, HEEEYE, IR, hE S PEREESES iR
20190 1], AR 2R, 2019 (4): 252-265.
DOI; 10.3760/cma. j. issn. 1006-7876. 2019. 04. 003.
LIUM, CUILY, LIU J F,et al. Consensus on the diagnosis
and treatment of hemorrhage transformation after acute cere-
bral infarction in China 2019[ J]. Chin J Neurol,2019(4) .
252-265. DOI: 10. 3760/ cma. j. issn. 1006-7876. 2019. 04.
003.

A6, 23, . Ak N A b 2 R0 h E R R
40 2018[J]. FhpEZE 2R, 2018, 13(9) : 956-967.
GUO W, LI D, PENG P, et al.
emergency first aid Chinese expert consensus 2018[ J].
J Stroke,2018,13(9) : 956-967.

PATEL R A G, MCMULLEN P W. Neuroprotection in the
treatment of acute ischemic stroke[ J].
2017, 59(6) . 542-548. DOI. 10. 1016/j. pcad. 2017. 04.
005.

VILLA GONZALEZ M, VALLES-SAIZ 1, HERNANDEZ

I H, et al. Focal cerebral ischemia induces changes in oligo-

Acute ischemic stroke

Chin

Prog Cardiovasc Dis,

dendrocytic tau isoforms in the damaged area [ J]. Glia,
2020, 68(12) : 2471-2485. DOI. 10. 1002/ glia. 23865.
IGLESIAS A H. Transcranial magnetic stimulation as treat-
ment in multiple neurologic conditions [ J]. Curr Neurol
Neurosci Rep, 2020, 20(1): 1. DOI. 10. 1007/s11910-
020-1021-0.

LAING R J, JAKUBOWSKI J, LAING R W. Middle cerebral
artery occlusion without craniectomy in rats. Which method
works best? [J]. Stroke, 1993, 24(2): 294-297; discus-
sion297-298. DOI: 10. 1161/01. str. 24. 2. 294.
LEFAUCHEUR J P, ANDRE-OBADIA N, ANTAL A, et al.
Evidence-based guidelines on the therapeutic use of repetitive
transcranial magnetic stimulation (¥TMS) [J]. Clin Neuro-
physiol, 2014, 125(11) . 2150-2206. DOI. 10. 1016/].
clinph. 2014. 05. 021.

GUO F, HAN X, ZHANG J, et al. Repetitive transcranial

magnetic stimulation promotes neural stem cell proliferation

[10]

[(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

ischemial[ J ].
10. 1371/ journal. pone. 0109267.

via the regulation of MiR-25 in a rat model of focal cerebral

PLoS ONE, 2014, 9(10): ¢109267. DOI.

XU S, LU J, SHAO A, et al. Glial cells; role of the im-
mune response in ischemic stroke [ J]. Front Immunol,
2020, 11; 294. DOI: 10. 3389/fimmu. 2020. 00294.
PEKNY M, WILHELMSSON U, TATLISUMAK T, et al.
Astrocyte activation and reactive gliosis-A new target in
stroke? [J]. Neurosci Lett, 2019, 689. 45-55. DOI. 10.
1016/j. neulet. 2018. 07. 021.

AO LY, YANY Y, ZHOU L, et al. Immune cells after
ischemic stroke onset: roles, migration, and target interven-
tion[ J]. J Mol Neurosci, 2018, 66(3): 342-355. DOI.
10. 1007/512031-018-1173-4.

BONFANTI E, GELOSA P, FUMAGALLI M, The

role of oligodendrocyte precursor cells expressing the GPR17

et al.

receptor in brain remodeling after stroke [ J]. Cell Death
Dis, 2017, 8(6): €2871. DOI. 10. 1038/cddis. 2017.
256.

RADAK D, KATSIKI N, RESANOVIC I, e al. Apoptosis
and acute brain ischemia in ischemic stroke[ J].
Pharmacol, 2017, 15(2). 115-122. DOI. 10. 2174/
1570161115666161104095522.

MA Y, WANG J, WANG Y, et al. The biphasic function of
microglia in ischemic stroke [ J ]. Prog Neurobiol, 2017,
157, 247-272. DOI; 10. 1016/]. pneurobio. 2016. 01. 005.
KUHN S, GRITTI L, CROOKS D, et al. Oligodendrocytes
in development, myelin generation and beyond[ J]. Cells,
2019, 8(11) . 1424. DOI. 10. 3390/ cells8111424.

DIMOU L, SIMONS M. Diversity of oligodendrocytes and
their progenitors[ J]. Curr Opin Neurobiol, 2017, 47, 73—
79. DOI: 10. 1016/j. conb. 2017. 09. 015.

HUGHES A N, APPEL B. Oligodendrocytes express synap-
tic proteins that modulate myelin sheath formation[ J]. Nat
Commun, 2019, 10(1). 4125. DOI. 10. 1038/s41467-
019-12059-y.

GELOSA P, BONFANTI E, CASTIGLIONI L,

Improvement of fiber connectivity and functional recovery

Curr Vasc

et al.

after stroke by montelukast, an available and safe anti-asth-
matic drug [ J]. Pharmacol Res, 2019, 142, 223 -236.
DOI: 10. 1016/j. phrs. 2019. 02. 025.

PATEL J R, MCCANDLESS E E, DORSEY D, et al.
CXCR4 promotes differentiation of oligodendrocyte progeni-
tors and remyelination[ J]. Proc Natl Acad Sci USA, 2010,
107(24) . 11062-11067. DOI. 10. 1073/pnas. 1006301107.

LIU S, JIN R, XIAO A Y, et al. Inhibition of CD147
improves oligodendrogenesis and promotes white matter integ-
rity and functional recovery in mice after ischemic stroke

[J]. Brain Behav Immun, 2019, 82. 13-24. DOI. 10.



http : //aammt. tmmu. edu. cn

=R KRR, 2021,43(14)

1311

[22]

[23]

[24]

[25]

[26]

1016/j. bbi. 2019. 07. 027.

CHEN Y, ZHANG L, YU H, et al. Necrostatin-1 improves
long-term functional recovery through protecting oligodendro-
cyte precursor cells after transient focal cerebral ischemia in
mice[ J]. Neuroscience, 2018, 371 229-241. DOI. 10.
1016/]. neuroscience. 2017. 12. 007.

LUBETZKI C, WILLIAMS A, STANKOFF B. Promoting re-
pair in multiple sclerosis: problems and prospects[ J]. Curr
Opin Neurol, 2005,18(3): 237-244. DOI. 10. 1097/01.
weo. 0000169739. 83793. e0.

ZORZO C, HIGARZA S G, MENDEZ M, et al. High fre-
quency repetitive transcranial magnetic stimulation improves
neuronal activity without affecting astrocytes and microglia
density[ J]. Brain Res Bull, 2019, 150, 13-20. DOI. 10.
1016/j. brainresbull. 2019. 05. 004.

PENG J J, SHA R, LI M X, et al. Repetitive transcranial
magnetic stimulation promotes functional recovery and differ-
entiation of human neural stem cells in rats after ischemic
stroke[ J]. Exp Neurol, 2019, 313; 1-9. DOI. 10. 1016/
j. expneurol. 2018. 12. 002.

CUI M, GE H, ZENG H, et al. Repetitive transcranial
magnetic stimulation promotes neural stem cell proliferation

and differentiation after intracerebral hemorrhage in mice

(27]

[28]

(29]

[30]

[J]. Cell Transplant, 2019, 28(5) . 568-584. DOI. 10.
1177/0963689719834870.
CULLEN C L, YOUNG K M. How does transcranial
magnetic stimulation influence glial cells in the central nerv-
ous system? [ J]. Front Neural Circuits, 2016, 10; 26.
DOI: 10. 3389/{ncir. 2016. 00026.
BRAUN R, KLEIN R, WALTER H L, et al. Transcranial
direct current stimulation accelerates recovery of function,
induces neurogenesis and recruits oligodendrocyte precursors
in a rat model of stroke[ J]. Exp Neurol, 2016, 279, 127-
136. DOI: 10. 1016/]. expneurol. 2016. 02. 018.
TANAKA K, NOGAWA S, ITO D, ei al. Activation of
NG2-positive oligodendrocyte progenitor cells during post-
ischemic reperfusion in the rat brain [ J]. Neuroreport,
2001, 12(10): 2169 -2174. DOI. 10. 1097/00001756-
200107200-00025.
ZHAO H, GAO X Y, LIU Z H, et al. Effects of the tran-
scription factor Oligl on the differentiation and remyelination
of oligodendrocyte precursor cells after focal cerebral ische-
mia in rats[ J ]. Mol Med Rep, 2019, 20(5) ; 4603-4611.
DOI: 10.3892/mmr. 2019. 10713.

(Y275 :2021-01-27; £ [2] : 2021-03-03)

(44t R





