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P 28 Pt B FEL AT T DU S T B2 S, BOsRAE s A5 5155 P AT o Aefe . Segidt

A 34 ZIEH R, YOKHTIE IR RERLE 2 R ORI, PIUCRRRIEIRG 7 K, R paX7e ez = 2
FEMUFILE SAE 55, FFERR LT 58I Stroop (AIRMESS | RITRWATE . BU7 ARG . 4R BLERIEAE
TAEE SMUBTE B J2 )5 45 1055 S 350800, (H ORI T B iz a3 . ARl TR T4
MU B J22 00 28 P R AR T AR S SR RE T, A O M A Bz 22 e S 17 o ol o i X

KA SN FAMURTERI B2 25U R A

S35 B84S

1 His

FIAIES, AL LA rad Sk
iz, ERRES A E, FRATIEI NG T — R ARG
SRE, ANV 2R RG], RATPRX R
PO C 2 T8 B Bl A 2R 1 89y R S 1 490 il (Andrés,
2003). S W il (response inhabition) & il £ A £
A YT B BN S AT N N RE DT, IR AT
REAE X AR A0 W FR B A5 th R TG ) . HARTE AT A
(Logan & Cowan, 1984), 2 ITINRERIZ.OBLST o
O A V2 OB AR S5 it o, S T LA R
BR M 3= 14 S H i 9 28 (response inhabition network,
RIN)HYAFAE, RIN BSCHENN X A4 . 95 SMIU A A it
K2 AR A% BT B )Z 5 (Menon,
2011; Bari & Robbins, 2013),

5 HMIFTAR I )2 (dorsolateral prefrontal cortex,
dIPFC)J& £ 52 JTE 1 — > X3, B 7 S b 4 il v i
YEIE 32 28k i 2 05 H W EM, AN
HAEAFSE BB dIPFC FE ARG FE rh o i 5 24 AR
t, I SERIPITIIREE UIAEC , WA FoE & )

AEREILHR 14 (functional magnetic resonance imaging,

s H 3: 2017-05-29

fMRDFE AR A [F] A B9 Go-Nogo 145 B AE Fr s
B A0 DX AT T 5 A5 AT ] & BRAE AN TR AR 19 Go-Nogo
55 v M FT AU B )2 8% I 205 (Casey et al.,
1997); [RIFEA ARG fdi ] fMRIBF5E T dIPFC 7E 2
E R S 2o O 1 (W S 1 = e I 4l
Go-Nogo £:55, it 5t I T FUE AL
b, B A R 8 AR TP IR BEOWLE R, I
KB Go HPLAAR SN . L g R, 18
Nogo L4, 4 M dIPFC 5 A2 M3 36 72 i o 5
(Konishi et al., 1999); 7E W 18 LR &8 #4776 S b
il BE A B Bl b, LA T T R R SRR
#IXTE Go-Nogo AT 55 H 1 1l 5 7K V- 4K i (Blood
Oxygenation Level Dependent, BOLD)##: [, & BL7E
Nogo TEHE T, W8 pURE 8 5 7E XU dIPFC il DX 1) 1L
SRS iR AT T 1E 7 #1(van Holst, van Holstein,
van den Brink, Veltman, & Goudriaan, 2012); Pl I+
WFFE 4RI dIPFC 2 S 0 il 1) 22 i 1X

FR P B ¢ T dIPFC 7 s b 0 il b e #5224
FH B W 5% B Al A 90 R 1 E A2 28 P g L
(Repetitive Transcranial Magnetic Stimulation, rTMS)

FORBAE T dIPFC 78 S S il A B AT o A ATTxs fa

* R E SRR AT T E S I H (KJ2016A355)  LERERF KA L RHIF 2L 4 (X0201521) . EK B AR #EE 4w B H (31771222,
31571149, 81771456), Fe4: e KWFE R4 A0 H (91432301)% B,
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JSRE A 7 [) B — S 9 BRF ] Py 3 ) s o v 0 24 2L 8]
WO PR, W EEA e e 9 T 34 22 Pk R 3 1Y
TThEA: SORRIBR AR L, ERBESRE Mot T
SRR B AR A, RSO A 45 3142 T+ (Hwang,
Kim, Park, Bang, & Kim, 2010), 3% —fJF 5% 5% 1 i il
# (brain stimulation)AJFE AR, SRBUAE H AR B )2 I TE
AR, WIRERICHR FIRIE T B K2 X85 S
P 2Z 18] 1 OCHK

IS AR — P 4 Y AR A M I ik ) 3 R
AR —2 /5 B J 34 (transcranial Direct current
stimulation, tDCS)#E A T H WML . 5 tDCS
HEEHT BIr R )Z AR B Z, (TMS il i
TR F T ) FEL 48 A R T] PR S, el JR R & B
PTG, WG 38 R PR T A K R 7 A S T g
AR, AR DIREE R E AT Bk, 5
rTMS AL, tDCS %47 150 1 H T 2838 il i il
AEal ok e i LR, N PRI B A b,
KT rTMS 58 0y Bl S v i B g 22, B ™ E Y
BT R o tDCS AA {8 JR 4L [R] 458 (1Y)
RO . BCPE, HTRTM G tDCS 35 A M 1Y A,
A1, tDCS & —F L e 4 iy 2 il o X . HAH
B rTMS, tDCS BAMARAKER . #5775 8 . #RAER
FSESI

tDCS & 38 A8 T 203 H Al ™ A= 553 R U 422 TR
H #5 )% JZ (Palm, Hasan, Strube, & Padberg, 2016),
AT HE = AR R . PEARRIEL . AR R R O o
P, RT3 PHARORI B RE 3 e o %Ak, Bk
I RRARG B 2% A PE (Nitsche & Paulus, 2000), M
P2 TCIK 534 tDCS AR FPLH A BR FH AR 3
A AT 4 A VR, BABRORION] 7 A 8 2 Ak T
A RIAE o e AR 8 R 16 22 %) ¢ FH A6 DA R0
28 IWGIRHFSE B 45 24k, e 46 e
dIPFC 7E Al A e, Ak, a2
SRS LT I . WA WA A DCS Btk
YEF T4 dIPFC, WEHE7E Go-Nogo 1F55H 1Y
7Bk, R R, s fg
FEAI%, T tDCS BHAAE I T4 M dIPFC 21K REdE
46| 58 71 (Beeli, Casutt, Baumgartner, & Jincke,
2008); FH] tDCS YEM T dIPFC, Rk 315 Fi5t
R 7% A e e A2 R S AT o e Ak, A IREH
RS e R AR, LAUL 6 dIPFC M DX A4 40 il
AE 1% B A1 9k 35X 19 4100 51 B8 7 (Penolazzi, Stramaccia,
Braga, Mondini, & Galfano, 2014); {fi F tDCS %
ZEM dIPFC, 7€ Stroop i ial4E: 45 o & 30 Bl 3 40

G = Ry o N A L T o (A s P 1
52 dIPFC & S o7 4100 il %) 55 % i X (Loftus, Yalcin,
Baughman, Vanman, & Hagger, 2015; Brevet-Aeby,
Brunelin, Iceta, Padovan, & Poulet, 2016); 7E— DX}
IEH N pEsE, BEEE ] tDCS BHB 43 %)
YEFIFA dIPFC A/ dIPFC, & SAEWFIRIEL T,
B8 SO A i 68 1 19 K BEAS 242 T (Dambacher et
al., 2015; Brevet-Aeby et al., 2016),

2 H AR 1k, tDCS HJi# dIPFC gl 52 iz i il i
TBFFEA R D, WFRA R —B, EEHNT
DI PITT o 1 SE e AR X R e AR 2 R,
HAXAM dIPFC TE S i b AR IR b
Hk, ERFa s e 2, DHoE I
03k ) B A4S Stroop (AT 45 | 1) AR BEAT:
% (anti-saccade task)fll Go-Nogo 11:55 . & 117 54T
% (stop-signal task, SST)5%., #5738 H Stroop f41H]
AT 55 T3 22 S WK o DR P T S o) S e R 1
=, R nT a8 =B S HIH A & (Nigg, 2000); 7F
B2 HRBRAT: 55 v, T 1ol MR B 5 e 1o MR )k ] 7 A A
PRI 22 S 2 8 T 5T 2R, AR S i e i) 2y fig
fyFE bR, (HFER IR BEAT 55 Hr, DB S il R Bk 3]
BB BB A AE — B e A B 0], A i 9 35 o B
236 2O Bl S 40 i 2 B 75 48 19 AT SE % Go-Nogo
1555 FH HE T Sz o] R B AT: 55 B 9K ok A 1 0 AT 55 i
T £5 B TR X6 B F5 40 1 D) e 2% & i s, (HA A 5R 3
A K Go-Nogo 1155 H#iA X Nogo Hlli# i Jz i mf
AE 2 Hol o e M AL Z 4 T Nogo L, 1M
ANEBAF T (Rubia, Smith, Brammer, & Taylor,
2003); AH# R AR BEAT: 55 F1 Go-Nogo 11:55, SST H
FLFE Go B, A% Nogo Kk, AT AT RE M & [
IS RE ) SO Al ) 7 s . SST FF & 2% Eh i A B
W, FELLRTRIIN Sy SN 00 i 0 S I 2 P AH EL 2 ST
I SOAH B 4 A N o A, 2 3k 380 B g [ PR 3 ke
BEJE AT A (EER, 452485, 2010), SST HAufi—14K
RE LT AR R, BV L5 5 SO0 (stop-signal
reaction time, SSRT). BREFIEBEIIAY SST H SSRT
P T Go RT H{H sk SSD ¥J{H. SSRT M, T
IO ¥ A50OR i (F 3R, 28R4, 2010),

JE, TERRTEC A BAH GRS b, AW
TEHE T A dIPFC X DX, & ] 0 s 1 4170 ot B
Pohaigeat, BTER SST, @il tDCS Btk
EHIF A dIPFC J2 )2, Uo7 gl w5 174
K AR ABFTER R, BRARORIECS ) dIPFC
SRR A, RIAEAT R F oK ERTE
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FUPRT IR SSRT ZE{ELH Dy Rl IAT Jm A7 dk 25 22 57

2 ik
2.1 #ik

FI 2016 4F 12 H & 2017 4E 8 A, HEBRIi145 i
o ORI s S, R DU R I AR (Hamilton
Depression Scale, HAMD) . X % /R il £ (& & &
(Hamilton Anxiety Scale, HAMA), fEB KT 7 4319
AR, S 34 K15 BB 19 BALE)EE
H, BN RRBERR AR AR (B L BF5EAR),
SRR 22.06 % (N 19 £~30 %), FIZHEE
PR 15.68 4E(M 13 5:~20 4F), Arf #ilds b 45 ) F,
B, Tohf 2K pi 22 i B v 463403 g B2, e
I SOOI R s, MU IE R Bl RS IE R, S5
seaHE, RAEHEGAN N ANEE, LRI RET
PR B S S R B, SEIR A R AT D —E 1 55
%1%
22 SRRt

SE R B t, B[Rl —# i e 7 K
BEIL 352 W0 YR (— L . — ORI, &
tDCS FIFLHT S 70l 58 % SST, H-7E AR LI I by
Hi 8] HAMA \HAMD ) £ il A IS AR K7, HE
B £ EAMAR K T 7 A0 kil it 5 LE ko3l
SE B Stroop (AIRME 55 . B AT 55 L 1B A,
I T AR P a4 52 RS B SR e A T
Uige . TARICIZ . B min b5y L E T % R,
HEBRA AR 22 5% SIS S5 SR A RE M [R] s SR ST S
AR ZE S LA b, DO SR B AE 12 A2 FS
TEPATIIRE . TAEICAZ R 4k g i v 7 T B9 A2 Ak o
2.3 tDCS

AH 5T K Starlab i %, NE (Neuroeletrics)Zy
F) AR 1Y StarStim 28/ I FE A . T Y S T
BN 35 cm? (5 em x 7 cm) 45 FE AR, JFaE W 2T
) PR DR PR R R 2R . ARl EEG10-20 &
G54 R 00 AL b FIRE O i I Bk A% % L 1 5% (Jurcak,
Tsuzuki, & Dan, 2007) . ¥ BH M HL bz [ 2 il 8 7E Sk B
F4 {78, BAMCHAR [ E7E FP1 A E (WK 1), ©F
Y tDCS W5 38 5 fill 4 AT K 24 5~30 min (Palm et al.,
2016), A WFFEHAEFRAIEL S min B 2 0] LILER 24
7 880N (Boggio, Zaghi, & Fregni, 2009), %
B BRI A, PR A B 5 H R
WHE N 25 min, H TR %E, AR
SRIEBE N 1.5 mA. PHRIBEEEIET, R 1.5 mA
ROt 55 B B ORI 30 s (Loftus et al., 2015),

ZJE A5 1R R BT AS B B AR R 5, fE B O B 7
i3k fe BB Ta] Rl RE 2 25 min, DARAR BRI T8 42
2 W SRR FP SRR - TERFIR LA S, A4
T T A X I v S 56 ) HAAC IR AZ, Xof 3RS JH T K
F AR T DA R, #aa H i 4 PR ORI O 22
5o FLRIECR AR RISRAE T, R O 3o 185 AR a8 D )
]34 8 s,

(NSRS R A

24 SST

K H E-prime )7 7E B 23 SST 1145, 1F
F5ALFE 199 A trial, SCEFFURZHT, MR B TE
T, TGRS, H PSS N . TR
Af, B0 e rh o 25 5 2 B G T BB AE R T LA
200~400 ms i 54 P&l A 11 3 1 0 ) e s A e Sk
fEM Go 155 (Go Signal), ZLR# i F 2 H A H kP
MR I N, B Sk AL HE CFORE, WA R,
Horp A e by i Sk 38 AL 68 20 A 1y 67 Sk B
Stop 5 5 (Stop signal), & 2| 3k A8 £1 LR gl 4 1
HEfst s (LA 2).

1200-1500 ms

200-400 ms

- m

Nogo 1200-1500 ms

K2 LGS Es R
I BRI TR
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31 EMRIEATRMEOEENIELSEREER
Xt BN BT IS Y stroop BN i (stroop 8 —
stroop 7). BUF T EEONRT | A1) | B RmTE, &
WA HIAT HAMA . HAMD, 43 %{#i i} SPSS 16.0
HATRCRTAEAS t K56, 45 58 o FLARfIIHT HAMA
TRFEZES, 1(33) = 0.32, p > 0.05; EAhHELH]T
HAMD G i # 22 5%, t(33) = 0.49, p >0.05; ELHi#%
R ECF T B (811Y), t(33) = 2.23, p < 0.05, Cohen’
d = 0.22; PhRIHT S 07 B (BIEY), 1(33) = 3.65,
p < 0.01, Cohen’ d = 0.48; E HI A5 17 1E R % ME,
t(33) = 4.86, p < 0.001, Cohen’ d = 0.60; Th ¥l FEL A
JEIRTE T, 1(33) = 5.75, p < 0.001, Cohen’ d =
0.93; HfAgit=E X, JFRE B ERKFOLE 1),

F1 EARHEIEHREOBEMNEEREE
21 51 M+ SD t{A pH

HE I BHT stroop R & 6.79 + 4.58
0.49 0.628
EHHIELRT stroop &N 732 +4.67

HIFSET S stroop R -0.99+452 -128 0.209
PHIHET S stroop RN -1.36+4.09 -1.93 0.062
FL TR R () 7.94 +0.24
1.44  0.160
PR AT AT B ) 8.00 £ 0.00
IR S BT T R (Y 0.03+1.17
. 1.00 0.325
Pl R B EORY)  0.00 +0.00
AT () 6.06 + 0.95
-0.73  0.473
PATIFRT AT BE (8175) 5.94 +0.95
BT JE BT BE (1) 0.21+0.54 223 0.033
Oh AT 5 B T (5 ) 0.44+0.70  3.65 0.001
LT R e 27.26 +5.46
. -0.49  0.625
£hy 3] 38 T IR 9 e 26.79 = 4.93
EL T S TR R 3.38+4.06 4.86 0.000
D 338 1 5 TR I e 447+453 575  0.000
. B4 n=34
32 SST EHBITAFER

ffi HH ANALYZE-IT Zr#r#kfF, 15 H SSD Hl
Go RT Wy¥{A, 45 SSRT {4,
3.21 RIHAT SSRT ZFELE

X ELI R 5 O R SSRT (B SPSS 16.0
HATECRTFEA t Ko . 450 WoR BURIAT SSRT
(306.70 + 44.78 ms) 5 PARIFELHT SSRT (291.57 +
33.21 ms) L EZE R, t (33) = 1.84, p> 0.05, Ui
DR TE $2 32 U5 O BT S A i IS 22 5
322 RIMATE SSRT EHLE

X BT 5 AP RIS SSRT H 73 5l #E4 7

BOXTREAS t K56, 255 R BIAT S SSRT 2257
3, t(33) = —2.25, p< 0.05, Cohen’ d = 0.38; {h#i
BHTJS SSRT Jo i E 25, 1(33) = 1.99, p> 0.05 (il
* 2. K 3), Mk RS (DCS A& AN
225, X ERNET IS 55 2 SSRT (H 478 &2 I &
T5 28030 45 2R Wos BRI S 55 2o SSRT o i %
2% F(2,32)=0.50, p> 0.05, Al tDCS W1EHATE
N ZES A E 4, Kl 5).

#* 2 FMETE SSRT EFHEK

A5 M + SD i p1H

FLI AT SSRT 306.70 + 44.78

-2.25 0.031
EHE SSRT 290.82 + 40.97
hHIELRT SSRT 291.57 +33.21
1.99 0.055
45 SSRT 302.13 + 40.50
E: F4n=34
400
* = AT
350 — R
B
= 300 -
a
250 -
200
BRI PhlE
B 3 JIPHETS SSRT {H
340 -
-~ J¥RT
_ 320 4 - s
g
£ 300
a
280 -
260 : ]
P %
E 4 FEREM S ET S SSRT 1H
340 -
-=- IR
320 = RS
g
£ 300 1
@
280
260 . .
B pracs

Bl s EHIFLHTE Y & SSRT A
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3.23 FIHAETE SSRT ZEERLEK

X FLHINVCRT S 5 D RNATS SSRT () 2 (H AT
BOXTREAS t K50 . 455 WoR ERIBAT /S SSRT 21{H
(—15.88 = 41.11 ms) 5 PhRIFLTT /S SSRT 22{E(10.56 +
30.98 ms)ZE B3, t(33) = —3.68, p < 0.01, Cohen’
d=0.73,

4 g

AWFFEE A WA tDCS AEFH T dIPFC )5, fi
FRIFAAE SST 4155 94T sl A8 o ARl S g 245 21
AL, FHAR tDCS ELHIFE A dIPFC J5 SSRT W3
INTARRIEL, R tDCS HEA M dIPFC AT LAY
RN AMTEIRE ), 5IATH 2 i B AR AT, Jf i —
HUESE T dIPFC S Sy 41 il i) e 2 X

AHFFER ] tDCS FHARIHCA M dIPFC Jm, #
TSR LA OV I 8 35 4 o XA AE 22 S S IR
1 B N3 Bl BH AR «DCS fili =M dIPFC., B
% tDCS #H A= M dIPFC, S2%6H {ii il Stroop €717]
1T 55 F1 Go-Nogo X # Ik 14T K AL AT I &, 25
K BB tDCS A T 2 M dIPFC 2 15 1 L7E Go
255 g IERR AR, B el i S i 68 07, i A
tDCS FEHI T ZEM dIPFC 9038 1 Bl iak i 5 1o 11 441
(Soltaninejad, Nejati, & Ekhtiari, 2015); X%
B w2z W PO AREREST BB tDCS R ]
dIPFC, Jffdi 1] Go-Nogo 1T 55 W - B i 1% S i il
45 2R R 2 Ry 0 N REAE 3 32 RO B vz 41 il 45
PGP G, RIAEAT 77 KF E R Nogo 1ET
R = (Weidacke, Weidemann, Boy, & Johnston,
2016). I, AT 5 DA RO 5E 45 SR B UESE T
tDCS 7] LASUE B 1 SO A ] o X6 fedt B i 47 Atk
17 10 Hz =454 5iiE i) (high-frequency repetitive
transcranial magnetic stimulation, HF-rTMS)Z)#4E
T2 dIPFC A4 dIPFC, i FH G A% B 3h
{1:4 (Negative Affective Priming task, NAP)EfLHili
H A Bl 4 5 BAHIRSREE, 4581 & I HF1TMS
YERI T4 dIPFC 5, #ixt 5 rEAE S Re i A7 T
R AN (Leyman, De Raedt, Vanderhasselt, &
Backen, 2009); 58 4F & (0940 i 68 S AFE L4,
X R IEAE R HEAT ' TMS IRIT KB, SRAT 100%
B 3 B RUER A A dIPFC, REAS MGE 1
ROFN i B8 1 (Zhou, Wang, Wang, Li, & Kuang, 2017;
Nordmann, Azorina, Langguth, & Schecklmann, 2015),
ARG AR A —, RIs@E A 0 dIPFC BE8
KBS KAl BB . H AT tDCS VR T4l

dIPFC DIl s i i A8 AL b o B =, TiAS
I 5K Sk oy BT T AR B A% e 2% J 1o 100 i £ ) 4
HET 25 TR AR il XA A —RE R D) RE,
AN BT 55 Hom TAHLI A BT TR, ELR X R 5 2%
A A OB R M AT AT S5 TR R R B T
AR YR S H DA SR I A 9 0 BRI T A AR - I A
I, BB SSRT {8 BRI, FRBI7E4 M
dIPFC B 2o R s in, walre x5 k15 5 ik 17
T EE, s R AR A0 T AR AR A R i R AR ik
) S B R, AT 3 0 s T 90 a1 st e s )
TE SN I TA] 9 4 e (E BR, #5J5E7E, 2010; J7#, K
M, AR, TRAE, T, 2013), LA ERFSRARLL, A
WY R T 2835 SST, B R4l iy & 17 [ i
il GE S AR

AR, 78 Davide % A—I
WEFEH, T 20 44 R AR N3 2 B, 17 £«
PE)#EA T A tDCS AR T4 M dIPFC K& Btk tDCS
YERTF A dIPFC, TSR 20 4040, H4s
W15 5 E 1R 52 SST, 455 B R PiRhE R 1
L8 39 A o5 3 1) S5 41 1 BE 7 (Stramaccia et
al., 2015), B 561X A HE5 tDCS Jll AT A [ A
X, —RKTF tDCS {RITIARAERY meta S3HTHE i,
tDCS F AT 2% HAE PRI ™ A 1 25 52 1 (Meron,
Hedger, Garner, & Baldwin, 2015), TEAWZEH, Hi
Wt Ry 25 438k, BIXEAS ) dIPFC fi X 47 T 8
SRR A B ETE, FIL AT RE S BT A dIPFC i X H
BT Sk I 3 A RO, SR T SRR AEA T R 2 1 R
SSRT fHMRFAL, BI s il 6e Iy py$em; Hak, nl
B tDCS H35 w508 4E+5 K 4R A ¢, tDCS 3%
S BRSSO 5 RS L NG B O, HRIEL
Je RN 2 Bt A B D AR, (R AR IR A A AR
1% 4 (Nitsche & Paulus, 2000), AH# T Davide 2§ A
MBI, AHIFFEAE R4S 3 B 20 L4l 52 B SST,
F UL T B S 30T AR AT AT 2 R
2SR 5 Davide % N BIWFFEHH HLEL, ARFRHER
PEREFSE T tDCS AEH T4 0 dIPFC Xt S5z hiz 41 il 2k
LR RDZI BN, TEZ SR, FRATK X tDCS
BN P FE S ) [B) R TT 3 — 2B [ BIF 9 . BEAk, X fe R
2NN 10 Hz, 100% #5532 31 (A rTMS 1
T2 dIPFC, #ESE 7 K, BK 1K, 1ELKITLR
M E R R 5E R Stroop AR 55, 45 AR,
FLH A B R TE Stroop (A IRT 45 B A, R0
fit 1132 k% (Li et al., 2017); R 5 Hz. 100%%k
S22 2N BB ) rTMS X3 2 RS B As £ 1) 22 )
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dIPFC #EATHI, M R e b sk R B E 1
NI, fa R, FERESZ T 15 IRIK fTMS
BIT)E, BEEIZRE LSS WE TR, shshik
PTG . HHIBE J1 2% (Reyes-Lopez et al., 2017), 7E
2017 4E Y —F% meta 3B h 328, Hz-rTMS /EH]
FZEM dIPFC, RE#S B0 50 38 AE £ 3 09 30 i 5 )
(Zhou et al., 2017) . RIN 1% S5 i X AL 45 £ dIPFC,
JIr LR rTMS AR T 22 dIPFC, s BB A% 3k 31| i
TR R AR B . FEASE ISR, AT
XFZEM dIPFC 7 5 R A il v i VR FH AT 9%, itF—
AR A2 A AIPFC 78 520 4 il 68 1 h & ¥ AE Y
KN,

KT EMRI X 45 ) dIPFC 7 537 30 4 o 4 4 1
PEAT T 5T, M2k Go-Nogo 1155, &ZBLAE Nogo
BN, A0 dIPFC 44 % W & MRS, U4 M
dIPFC 7 S v 41 il v 473 v 25 22 ) €5, (Asahi, Okamoto,
Okada, Yamawaki, & Yokota, 2004); Hughes X #{ i
£ Go-Nogo 1T: 55 [ R I IEAT T M S REAR 453 HT, TR
FERILTE Nogo L5 1HEE T, k4l dIPFC 2
PURFLLPE MG, E— 2B 00E T4 M dIPFC X 5
F2 W ] 25 VI A ¢ (Hughes et al., 2014), ASSZE Y
S5 SRABHE— 2B ESE T A5 ) dIPFC £ 5 o 41 il vt 5
BZAEH .

Ak, Nigg BIBFFE48 H Stroop (o ia{T: 45 1 fig &
TS INAIIHIASE, PR 22 S5 Bt 00 SR 38 1
B Lk, A Stroop RIS,
SST HEME T A 35 4 2kt 52 1y 410 il B 77 (9 A5 1k
(Nigg, 2000), — %% meta 3 #7145 i, tDCS 1E T4
FERAEN, JEA e B 7E 5T B 5 1
AT 55 H 19 2 BE (Horvath, Forte, & Carter, 2015),
SRR EERAN—8 ARV, BRI P
W, BORAERCT T (7)) K S T AT 5 b
BLERAFE T TE, A FA LR hpilE (DCS
TR e UBCE ) A S E A AT 55, Ta] B fa]
R, PrUAVTRE B T 2R R0, HH 330 758
LEg

NR T B L E A AR IR IR B, X IEHa Y
(L G O NI I o VA N S b
T, SR RS N A, B A AR AT,
TN E R AT R, S8 T4 B A A7 R ok, TR S
e 5 BATH A 5 BB AN G . BSOS R
IR, TERRZHLHIKF -, A0 dIPFC 1% X 5 5 R 41l
HilAE S B A B B SCIR RIF 98 3£ W, tDCS
XHARAE . WO 2EB . AP Rl . Kl

IiE  F 4 AR A 2R AT AL o AR IR S A 2
P27 tDCS TEAEFE AT B AT T e A R K A iz
FAMME . FHOCIG PRUESE R, S iz 410 i 58 77 7 ki
FEAET 220800 b, sRindE . Z3ESF ., tDCS
ARG HEWITE | 20 Joh] | JCRIVE S, Xt
T w0 KB S ) 8 T A R B g FH T 5

AHFSE B IR AN dIPEC 78 52w 3 6w A 18 FH
AL T HZEYE, A TAEADE I T I R X 22
dIPFC £ B W A il b & 45 W Ve AR T, BT DA JE i
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Excitation of theright dorsolateral prefrontal cortex with transcranial direct current
stimulation influences response inhibition
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Abstract

Response inhibition is a cognitive process required to cancel an intended movement and can protect from
danger. Functional magnetic resonance imaging (FMRI) studies showed that the dorsolateral prefrontal cortex
(dIPFC) is a crucial brain region for response inhibition. Repetitive transcranial magnetic stimulation (rTMS) is
a technique that can determine the contribution of specific cortical regions to behavior. Previous studies have
found that repetitive transcranial magnetic stimulation of the dIPFC affects response inhibition. In the current
study, we used transcranial direct current stimulation (tDCS), a non-invasive, painless brain stimulation
technique with no known side effects, to alter neuronal excitability. A number of tDCS studies have suggested
that tDCS may affect response inhibition. However, to date, limited work has been done to explore whether
tDCS over the right dIPFC could alter response inhibition. Therefore, this study aimed to investigate the anodal
stimulus effect of tDCS on response inhibition. We hypothesized that exciting the neural activity of the right
dIPFC with anodal tDCS would enhance the ability of response inhibition.

A total of 34 healthy subjects (15 males, 19 females) participated in this within-subjects study. Stop-signal
task (SST) was established with E-prime software. Participants received both active and sham stimulation on
separate days. SST was used to measure the participants’ capacity for response inhibition. In the active
stimulation condition, we delivered a 1.5 mA direct current for 25 min (fade-in/fade-out time: 8 s); in the sham
condition, we delivered a 1.5 mA direct current for 30 s at the beginning and 30 s at the end of the stimulation
time. Anodal and cathodal stimulation electrodes were placed on F4 and FP1, respectively. Participants
completed the SST, Stroop color-word matching task, Verbal Fluency test, and Digit Span test before and after
the stimulation.

We first calculated the mean reaction time (RT)in the go trials and stop-signal delay for each participant
using ANALYZE-IT software. To calculate the individual stop-signal reaction time (SSRT), ANALYZE-IT first
computes the mean RTs for all trials without a stop signal and then subtracts the mean stop-signal delay from
this value. We performed a series of paired samples t-tests to compare the SSRT of each experimental condition
with the SSRT of the sham and active conditions. There were no significant differences in SSRT pre-stimulation
in sham or active stimulations, indicating equal response inhibition capacity among the participants.
Interestingly, the difference in SSRT before and after stimulation was statistically significant in the active
condition, t(33) = —-2.25, p < 0.05, Cohens d = 0.38. This demonstrates that participants who received anodal
stimulation over the right dIPFC had significantly reduced SSRT change scores on the SST compared to
participants in the sham condition.

This study demonstrated that transcranial electrical stimulation of the right dIPFC can regulate response
inhibition, in that anodal stimulation improved participants’ response inhibition. We confirm previous work
suggesting that the right dIPFC is an important brain region of response inhibition.

Key words response inhibition; the dorsolateral prefrontal cortex (dIPFC); transcranial direct current stimulation
(tDCS)



