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Effects of magnetic stimulation on expression of Robo2, RhoA in oxygen and glucose deprivation of neurons
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[Abstract] Objective To observe the effects of magnetic stimulation on the expression of Robo2, RhoA
in neurons of oxygen and glucose deprivation, so as to explore the possible mechanism of magnetic stimulation
inducing neurons axonal regeneration of oxygen and glucose deprivation. Methods Primary cortical neurons
were divided into control group, Oxygen/Glucose Deprivation group, Sham simulation group, Forty percent of
maximum stimulus intensity to stimulate the OGD group, Sixty percent of maximum stimulus intensity to stimulate
the OGD group. Cells were stimulated from the second day to the sixth day after plantation, and cells were drawn
at the same time on the seventh day. Inverted microscope and RT-PCR were used to study the morphological
changes of neurons and the expression of Robo2, RhoA at mRNA levels. Results In oxygen and glucose
deprivation group the neurite length of neurons were shorter and cells refraction declined, and Robo2, RhoA
mRNA expression significantly higher than those in control group(P<<0.05). In the 40%, 60% intensity group the
neural neurite and neural connection between cells were both significantly more than those in Oxygen/Glucose
Deprivation group, and Robo2 mRNA expression was significantly higher than those in Oxygen/Glucose
Deprivation group(P<<0.05), but RhoA mRNA expression was significantly less(P<<0.05). Conclusion Magnetic
stimulation may increase Robo2 expression of damaged neurons by inhibiting RhoA expression, promoting
damaged neurons axonal regeneration, which may be one of the mechanisms of magnetic stimulation promoting
damaged neurons axonal regeneration.
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AT A A 22 (1) B ) S 36 R B 1 45 J R 48
FiilRE 94 Crepetitive transcranial magnetic stimulation,
rTMS) V897, TP AER . oL, ) BRIl
IS TR0 AR b 22 2R 8 HAT S JE Ao 20 4 I 4 5 140 5
M B3 e rph e shie po e s . it i A B 0 i
TR AN I AR L AR SR A IR 8 0 2% A
REf A S M A R I B . WIFFT R I e L 3 4% =
PR T e B R BLAEBEHLEI P B8 RhoA {5 5 il
HHE N EVIN R . RhoA 15 5 18 I 2 1 35 25l 58
A RAKR FEE Sl M. R, BUE RhoA
A RS A K HE R At AR, RO 2R AR
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ROb01/2 2 F [l i m K et 28 704 5 A= K 1 7 3 4% 0.
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e S RO G R AR G X B UL Robo2 5
hORARKBE DI, X Sl B e A B S . M
HHRKANZ RYE 215, Robo2 21555 T fhgiha i
AR, HATE AR WA RARIE . AR SR AR AN T
2% 41 o e SR R BE 405 Coxygen/glucose deprivation,
OGD) #7, PRAMERL S fx sk M B4 . N RT-PCR
DA R SR LA 28 7T Robo2 Fl1 RhoA KX,
PR 0 P R 17 (1t K et s o s 4 A 48 TG il 92 P-4
SLRATRENLEL, il RN E 5 h 22 T e SR T IR R
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R (R (32[E Sigma 4 #]) , TRizol & RNA $#2HGA
I CRARAERHEH PR 27D, RT-PCRRFI & (%Al
13 s A PR A D, Bt NeuN (FR&ToRZ R S8R
) (Millipor A7) .
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FEARKLM AR A, FTAEREFERP HUEE AN LemX1cm
(BB o 15 AR TR 22 TR, I 2 T 20 min
Jois WRIEREFER T 2 R AR, NG R 10% FBS
() DMEM/F12 (i) Rigl, & T 37 °C. 5% CO;
MR, I AT R TR, PBS W
P2 W, HifEdnpEsgEE (& 10% FBS [ b
DMEM/F12 B3 3570) Tt — R Bl

3. PREICIN o3 Mt 9% B2 15~18 d SD Kt
Z g, JCREHCH R B, PSR, o S B T B A
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FIRTE 37 "C 5% CO, 4 k5 FR4H 1402 30 min )5,
TN TR S5 &% 10% FBS ¥ =il DMEM/F12 159523 (5¢
AREFRIL) STERL LA, T B B I AR AT 4y
B, 200 H AN ML o RE I8 5 BT 1 A0 i R
W TG B B0, L 800 r/min 3 50 5 min,
v LG, e E R, BRI R IRET .
DAl 1X10° ANml SR AT Ja P 148 2 BRI Ak
HHK 6 fL 96 FLEFFRI B 2Bk A1 6 fLiRR, E
T 37 °C. 5% CO, Mg fuF s AT IR THE9%
240 J5, SHMOEEE R GF, SN e B T 4h R ISR,
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A2 eI . LGS 3d Bl —k, FRREH—F
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FBIE A 72 BB 240 i i) AR KA D
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Y iE s 6 FLE RS ISR &, AL
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{h A5 10 min; 0.01 mol/L PBS M5 UE4H il 3 7k,
X 5 min; 5% BSA %5t F41 30 min (37 °C) 5 WXk
VI (AU, B IN—5t (bt NeuN 1 2 10004 C
B E LA, BT B 0 PBS; 0.01 mol/L PBS ¥t
AP 3 U BEHK S ming EIAHNAEY) 4 —H1 37 C
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A 3 UG, BER 5 ming i IR I A A B bR ad ST A
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3K, X 5min; U SSLA I, DAB B, W
s P, AR RS &AL, FRKE 5 min;
TARZEYAD 2 min, WPESE, HROEME Ls; 70%4
BE, 30sX2 K. 80%ZMEE 30sX2 k. 95% LM% 30s
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ORI 6 K, DMBHUARSMETHU N e i 72
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Ko (40% of maximum intensity of stimulation,
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e TAY TR A RS, FFHIWF: Robo2 (160 bp)
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5-TGAAACTAAAGGAAACCCAC-3'; RhoA(327 bp)
514 5-TTTGGTCTTTGCTGAACACT-3', il
¥ 5-ACCAGTTCCCAGAGGTTTATGT-3'; GAPDH
(450 bp) L3514 5-ACCACAGTCCATGCCATCAC-
3, Rif514) 5-TCCACCACCCTGTTGCTGTA-3".
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HUPCR 39774 5 ul &% Marker ££ 1.2%35 5 B i s v
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BIBU W5 LL % ] One-Way ANOVA 73#7, 821K
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# X

— KRB TCH ARSI ME TR A& M52

PRE AN BN B R E Y, gl oy, Pt
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S WK, MBI M, AR
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T KRR R A i 2 4 A 2 R e

P2 TCRr R (NeuN) M eI et
BEE. KRS 6 RN Z Mg fidt1r T Ht
NeuN 4 Jfil S 40 oAb 2= Al 3 s AR R G 4 i P
PEL MR G A TIRHME (B 3D, 10X 40 f5HLET R
FLHC 10 SRR, THEBHEA I & %, M4t
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= BRI S N A0 i T A R

BRI, AN IS S ROE A ARk
HIIE, SOEWH4akD, fhadn ok E4gs, SRt
DR R, Ptk R, SSRIEYERL, 5
Iy AR I, A0 MRS RAORT, ARSI EE, Bl
Mok > (B 4) 5 ARG R e 2 40 s, 4
MO R BRI 4, IR d MoK, fB A 5k
R NP Mg (5

DU RO 244 #2600 Robo2 mRNA Rk 13
Wi

1EH 20 ) Robo2 mRNA Rk gy, A b i1
Ji Robo2 mRNA KRB IEH 40 AT B 3 (P<
0.05) , FE/RHLIMI G Robo2 mMRNA [#)ZIAH i,
BRI 5 AR o 4 AR LL M A48 (P>0.05)
M1 41 M2 B4R b4 Robo2 mRNA 314 B3
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PEHESZ 3P4 76 Robo2 mRNA [#)Z k55801

F£1 £ 50 Robo2/GAPDH. RhoA/GAPDH
KEHE (X+s)

A5 Robo2/GAPDH RhoA/GAPDH
IEH41(C) 0.4798+0.0274 0.6156-0.0247
B BLRE41(OGD) 0.7410+0.0262° 1.0711+0.0239*
BRI+ GRA BB 2L(S) 0.7769+0.0273 1.0366 +0.0205
40% T+ Sl BRE 4L (M) 1.146740.0290° 0.82460.0283"
60% T+ 441 (M2) 1.1909+0.0313° 0.7688+0.0232°

e SIEHESTRAILR, P<0.05; LEME S LE:, "P<0.05

T BB 25 A #h 28 70 RhoA mRNA KA 15
M)

IEH 411 RhoA mRNA RiEIRSS, S5
RhoA mRNA Fik o 20 B W34 i (P<<0.05) , 42
JNELIL 45 5 RnoA mRNA fZ&ik i in, Bl
LA shopE 4 AH LS 248 (P>0.05) , M1 4,
M2 ZHIR BB 20 RhoA mRNA ik B BR% (P
<0.05) , FERRLRETTSZ B LT RhoA mRNA
FKIAAHERAEIER (K1, K6, 7B) .
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0G0 M i R ) A P EREE o AR ISR i R 16 5
TVEGHEAR G B LS A AT I35 FEARTIE I 5 52 R 4 2
B2, ARSI, nT LAIK 31 1 42 00 42 41 i T
BHAENSE, HBRANE R ER, SCigR
Fasg, EEMEL . ARSI N 4 15~18 d SD KU
B R, ZE A B DT T K BB RN T I
RIGFE, MG T KM Rz JZ P2 i Ao A KO 72,
PIEANE NeuN e di b 2z et e LAl fg, W
BT PRI 41 A R G Ry af P . PRTTIR 4%,
725 6 RIEARM& o e &ty 90%LL |, A
T LK el g ks 7% . B, ARaMiE
SRR R % 7 | 20 G0 52 A A AR S i k11 g5
S RIS, )iz MR FH e i SR A o 25 4 P T
Sy T B BN T, T i M S BRER A
R, ASZERgm ALK, MHS 1 mmol/iL
NayS,04 [HILKEE DMEM/FL12 55 55055 5% 40 M 3 e ph 48
2 P B AR B, 45 R & B OGD 30 min P #HZE TG AR WL W
B, 60 min R T4 H IR, B 40 i H
BBET, AF3E2E TR, TEARAM R ML T i ik 160 455
i,

AHF G AR AL OGD A3 7Y it g ol

S M, B B R 2 J2 A 8 4 i P e i ke
AR, ARS8 KB IR M TTHA B2
PG, PR IAS TRV RR B 0, 020 4t i L B0
i Proett FRE. BRI AR ZE L SR N 45 AR
B, AT W EE A M T 4 RTINS [
FERE MBI 45 TH% K 1 Hz, 40%. 60%g Kb
SR (PRGN T0 ), SO ph 2 o A i R S
BOGE, ARPTCERL, MEA LR, EHEK
S S AP R I 4%, i W ) 5 ] i
ZAPNZ IO S B I . A7 SR i A
Bl fh 28 TG R Bl 58 AR A AL AT B AR LA 7 T -
rTMS RS A MK i s 31 40 B A MES 5 -3k B s T
PRI S A SR AU s $R v T S2 A0 A0 R X 6 A B
TRECAE ST, Ao R AR 52 s 9800 Mo A 1) A4 R RN 2]
PRE AT T BORIRT LAE I DNA &G RNA #
S RS VE T & A i A MRS | (% B (1 Tk
WA I ThE, IRES TG, B2 ARl
Robo2 i EEAF R L1 2 15 rhoik o 48 Al 5155 )
oy S, WS KR B I 2y P, BF R
B : 75K 52 5 Robo2 BRIk J2 T h 28 TG IR 98 43 5,
Y Robo 4 U bk BENE 3t Robo PHE#RZE T oL i
12T, bk A= A TOM AR Y« B K S B B3 (spinal
cord injury, SCD JG 4555 3B 47 R 7746 Hi B Robo2 mRNA
FikFral BRI 7 d KRG, HEIE R
T, UHEBEZ UGl T Robo2 fIZik Lif, fieit
A5 P AR S A S AN A D RE I
JTEAFRATTIAh, Robo2 AW AEHERF IEH #H4 RGN A4
KEH, WAL mmas RGN HEA . ALkl
FEIEF A Z TCH A 599 1) Robo2 mRNA £iA ., ek
BB 3401 JF Robo2 mRNA (A s, $/n KT
JEANEZE IGAZ 455 Robo2 1l fES 5 T Sl okl i £ 40 i
MESEE.
BB : rTMS R 38K SR i 1 o 22 41
JH60 L R e i P o A S AR A 3 X AR AR DG AR
1k, (R R AR e E R AAREIIER, M
B E TR . DTN AR A % PC12
AR MHEAT TI0, T B S e Sk g A KB T
AN, BRI RS R 2 B g o o B A, H AT
I o ARG TR g 1 Hz, #8580 |
A0% s KA SR (M1 41D+ 60% K 5 (M2
M) AEAN[R] R L RS BB 2200, I ML A
M2 414l 4o B K 1, H Robo2 f&ikHt—b
BN, IR HERIO SR A SR 2 oA (e 2 A e 2
TCHIGE A IIVE R, U BRI TR A OB ik 22 7
Je, A AR HE Robo2 ik iy L, Mol HEfE 58
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E6 Robo2/GAPDH. RhoA/GAPDHAKJEAH AR L. "Il 51EH A IMAUMOGDAL L B s A gl L BT 1-5
SrFeR IERAL, BREERELL, S BB, 40% T BB, 60% T+ ESEE4l; M: DNA MW marker
(DL600) . 7A: Robo2 mRNA RT-PCREZ#IZESE: 7B: RhoA mRNA RT-PCREG &5 4

A,

BEAE WL R A Robo 244 5 5 slit2 456 4 e k4%
HoE . WO AR AP IR o T AR R A T 53K
Robo B3 slit fE A KAER- A, AHAREAL T[]
FiRobo A1 (%) AN ) Robo - ] G 18 ik HE A% il
WURAR AR, RG24 K1 B2, 25
slit2 A3 N, ARSI WIS R GRS i
MY, Robo2 [RFkALRIMLAE—A RGN, HEE
SEE PS5 (1) B84 I 30 1 BRI OT B dE Robo 52442
() FRT A B Ptp [0 A FH i R R 5 P2 o T R R X A
PERESZARIAVAH BB IR B4, ] Rl i o 2 ool o
190 25 1) T S Sk SR 20, R34 Robo (3 i 1 i
5V 2 28 IR N 1 S AR G R EOE I B e it 5 1R
ISHHTE, rTMS 67 il R 4 P K RS, 78K B
L URIR A Ok 40 M J2 . CA3 X ds i i 2878 FR- N 1
(brain derived neurophic factor, BDNF) ik BH i1
Ji, BB rTMS wlidEsd BiR BDNF (3RIE, ST
e Pk 0 L P e 20 AR T A ST e o BT

TEHEZHANZTC Robo2 [AI4RIL, $&/R: rTMS 7] gl
ik B Robo2 [13IA, 1 KR AR AR Bl A 22 70 1)
oA . 5 rTMS Wi if#3 Robo2 [fIRIE, #l
TR, AR i,

RhoA 7rli 5 F A b R vl S FH L W0S J5 S 3L
HTFWHT (1 ROCK. PKN, 44 22 5/ I 2 1R ik
Mg e, s T LEh-BREL 1 R G0 5 2 S B 5
ARG, oA, Bl AR S
T B AN T R S A K S R . BIF R AR
BEAZE A I, WEALK RhoA 2 ok 58 (4
K8, AR T, Fu P B A £ A 46 2540
il RhoA, n{EREHp &g iy ) A1, & mra it his
BIIREMIVKE AW TUR I F C3 ALl 5k Y27632
FHLIT RhoA 5 53t I ] DAL RE 5245 K 4 48 R 45 1) il
FETRE T s I i 2 T g e s B0 S ik d 4 SR
i, HE—PUFSE RhoA 7EHIX M RGN G P4
1B SR K2 ThRE R AT Re e EEAEA
ASEIGAE ORI I A4 A9 RhoA mRNA
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RhOA {555 8 I KA b 2 b 28 Te Al S 12 L kil 58
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g L PTIA WG VOE k32 45 0 48 06 RhoA
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SRR TR R A, I AR T RE IR PR
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Robo2 [HZIA Wi ifi# RhoA {55l %, BFdE—
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