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W OEIEHRT YR AR R AR TS T AR, SR DR RSN RAE T, HETIRAT
X P B AE LR AR AL 1Y TR AE A BR o 8 N BRI 45 TR A% O X, ARG 0 ) - AT 55
JESN AN ETE, JFR T 2S5 B L 38 (transcranial  direct current stimulation, tDCS )T AN R4 4% 1] 2 M8
A HT45 - (ventromedial prefrontal cortex, vimPFC), 4% /I X 7E N B 28 8 19 h i R SRAVE T . 45131, vmPFC
BB R (SRS, n = 40)E N RIARIETERE B0 454 T L tDCS PhIEEZ (X FREH, n = 40), LEWLE Sk A i
it T S, FE R RS & IR IE ALY (late positive potential, LPP) i B AIR(LPP /21525 R 50 1%
HIEIAEDR) o RIS, SERLH X FRAAFE R SV R B @ 30 SRR A A X P ISR (P Sy AL e R B A 2 W

BhR)o Lh BRG], BUE L vimPFC A QR 1Y U4 A (B BB 5 N B i 48 R 19 ASCR, 38 B il £ 7k
SR R B . AR R A DCS BORFBEER 25 R 1 Bt 4 8 40 e sk, BFge sl RAMBERI T L)
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KR RAMIETE, NI, ZBERBRE, H3h, INAET

2SS B845;R395

1 55

18 L5 VR T XA R GE R O PRAR R | 38 N AL S AT
|43 8 % (Gross & John, 2003), J7 XYL H A
FETEAG 26 2 A 2 vh ol il OB AR | AT o RO 5
KT | IR I 1K (Gross, 1998). 1
2B IREICI R NI = W 3 R S 7))
(Braunstein et al., 2017) PAAEIFSY £ B340 (F
AR ESR)EE IR, 0k — LT L,
TE T R DO BRI, Bl EL
AN B FE LM T A (1ateral prefrontal cortex)
AR R B ) W R (Gyurak et al., 2011; Koole
et al., 2015; Koole & Rothermund, 2011), P& 1% %4
RIS RE AT A5 AR AR 0 1 1 8 1A 36 BORH DG A L I 1 (4%
21, N, 2018; Mauss et al., 2007; Wang & Li,
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2017; Williams et al., 2009; Yang et al., 2015; Yuan,
Ding, et al., 2015; Yuan, et al., 2019; Zhang et al.,
2020). SR 540 AT L TR, B ETRAT AR
155 258 5 IR S AIL I A T kAR A R o

545 N T A2 A58 (Etkin et al., 2015; Phillips
et al., 2008; Rive et al., 2013)38 1, AN BIEZE AT
S ST ] ) SN R B2, AR A
fill 57 %5 ' (dorsolateral prefrontal cortex)F1H&E ZMill Aif
Zil (ventrolateral prefrontal cortex). M PN 201 25 17
00 A AR R, B T EARORE P ) i A
(medial prefrontal cortex)FIH{]F14s [7] J7 JZ (anterior
cingulate cortex, ACC) TAE . NI EIN N, AN
| 7 %7 ' (ventromedial prefrontal cortex, vmPFC)HJ
AEJE P G 2 8119 B SCBRE IR X vinPF C e 45 i T
AT B P A GE A S A W ESOR
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A DIREEHE, $EHUIG 25 A0 G B 015 B, RG24
S HEAT PPAS OF SR i P 1 SN, R A3 17 B
BABMARSEMEMRENELS, WS
Bl DT Bk AE 1 2 RS ) B 2 VAT SR N
(Delgado et al., 2016; Diekhof et al., 2011; Hiser &
Koenigs, 2018; Motzkin et al., 2015; Roy et al.,
2012), i A 79 200 8 45 — M SO0 00 7 i 4 S F
vmPFC 7E N Ba i 26 8 19 3 R v i G SR T o 3 I 330
A 9 [6] i) R T T) BE % w3 3R 1% (functional
magnetic resonance imaging, fMRI)F1Z: fiil & i B,
¥ (transcranial direct current stimulation, tDCS)$
Ao Hrp—Ibts L8, KA DCS B A ET#
(4% vmPFC A JB BG40 B2 J2) 2 5, SEue 2 v
AR WA B P A0 B B i 1 1 PR Y 2 0 B I
FALT DCS PB4 4 5 #Y I 23 (Abend et al.,
2019), H—Hi&kB, KA tDCS F#iF vmPFC &1
AHEE T ORI A, WX 7E B ) 388 R X g5 &
RAE LG, vmPFC G 340, T 155 1% 25 1R 56 ki
X ACC FIHT M & s w5, HAA A -4
W2 238, BRGNP ERAL, b)E
P BCEAT AREAL, 45 R 428 vmPFC 7E AL
P55 R I 3R 3K 7 T B A 2R (Gilam et al.,
2018), 7 B REMIE, XIAFRALE S T S
vmPFC JJraly K 15 26 23, A WG 45 98 0 kA T
SEE PRGN, PR DL ORI RS 28 n ek R e
BRIl 28 VRTT  RR  o EE X eI, ARWESERE P BRUG
SRR O A A AT RN, ST N R 45 T
TG s A R OC R, I tDCS TR
vmPFC, WL 10 P BUis 46 PR 1T R 1 ek s, i
7 PR BT 28 VAT A% ki DX AR DR SR P T A
T R ) N BRI 26 98 19 155 kO XU 1 3
(priming) HE 37 [H G H AR, MHRXTZIE 48
HFriEAT H 3h1kiB 3R (automatic goal pursuit) (Custers
& Aarts, 2010), 40, Yang ¢ A (2015)f# FH & 4 1%
25871 18 SCHY H AR TR R 3 8l s g RN I —
HAr, B IS5 2E i8] thak 85—~ 5 H brid
(T SCAH DG C A e 00T, AT 38 3 1 SCHn T3 72 Sk 1
R ATELE VT B, Z N BRAE 2505 15 shor
PR A REIEVC AL 457, XA, Yuan 46 A (2019)%
SR AT LI 78 A 18] v Bk 28 pd A1) 2H B —
AEPGEI A, e TR RIS A — M E 4
TR TT R W B AH S TR (B A4z 32> | MUEH: F 4R, iX A
B3t T DL e v SO R A A R A B Y 2
PRI 1T SR W (B 4N 45232 TR, acceptance). %N BalE

VIS B SRR ) T 55 AR
RI, LA shIr Nk i s 4507, ANERE
S RRAR SR M1 2 ARG, EL K &M i 40 P 14 A 20 9% U
THFER /L (Mauss et al., 2007; Williams et al., 2009;
Wyczesany et al., 2021), |4, Zhang % A (2020)%
B, PRI 28 TR T AT AR A A A B A1 A A
kG DX T T AN 2 75 0 T4 o i X 2% %) B
0 . AR H (event-related potential, ERP)iIE
Pt o, PRS0 TR A S g,
e B A7 4 5 A THUIX. LPP P IR/, HA SR
HiIX P3 PEHRAY I AR, S EBOA A R A A
£ A HIFEFR(Yuan, Long, et al., 2015; Yuan, 2019),
AN AR LG AR LG, PN I 2 R T A S L
R EC7E SR AR A R e il
Williams 48 A (2009)%& BL, 7 & He 7 463 A A1 9
MG B T, B T AR DA RN TR 1Y P B A R D
(cognitive reappraisal) /g Hb 4k 2 I\ AT PF 5 3 & 1Y
P T EE B AR, XA ) U™ B A7
AR AE SRS PR B E T S, BARMBATAN B A 2
] SR W (1) T DA R D) B T80 R P AR R 3
KT A (Campbell-Sills et al., 2006; Garnefski
et al., 2007; Garnefski & Kraaij, 2006; Gross & John,
2003), {H 1 P BRI 25 015 DI REVR A B a2 4.
i an, 58 K B AR B TE N B 3 40
(distraction) % W& "~ BE A &8 B ARLE % 47 4T 55 v 19 7
WG 28, (R IAT AP 0 530 SR B 20 AN g A )
ICTH A8 15 ROCR(ZELL, 2N, 2018). T NI
20T A BRGNS 2 T R TA R R
2L EAA B2 A IS O RTIG R 48 5 2 o
ABIFFE S XTI BT T 0 AE A% O ik X
vmPFC, #§ tDCS L5 gkl & &, 4L tDCS
TS LRI D SR 2 T A TG 28 ) T ROR i 25 57 o
i 25085 7] LUl i Z A g S, P R E TR
WS Fe HL PRI 3 I M, T R W SRR A B e AE, B iE
I R iR R AT 2 SR P 2 (i, DA AR 1Y
£ 75 155 (0] |50 DT 08 55 1% 45 B (Gross & John,
2003; Ochsner et al., 2012; Suri et al., 2015), ARHF5E
5 & A RN PE AR DG IRl ) 4] AR B 55, IR ik
HEDE AR, 175 &g AR g AR E PR A 3
Ak 383K (Williams et al., 2009; Yuan, Ding, et al.,
2015), SEgeHr, SRR 0 S04 5575 A pl ik £ 1k
1525, IR Bds . 170 R, FATRERL
WL B 5K RS 4 25 B 3RS DE 00 DL AT 55 45
FE /NI IS B B R B PEA3, A5 28 N a1 26 1
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I BAM S v PFC 114 R RS 350 SR A0 5 Asf 1] P B 4
2250 v (Mauss & Robinson, 2009), Hi A= B2 1w, A<
5% Sk I ERP 1Y Tl IX W 1F A% 43 (late  positive
potential, LPP){E A1 24 [ W 1 2 W6 F o LPP 38
TEE R 500 ms Ji B, 76T X Gk 3] i K
{H (Foti & Hajcak, 2008; Hajcak & Nieuwenhuis,
2006) A3 SBT3 A A 28 5% i (Hajcak et al.,
2010; Liu et al., 2012), TE1E 2518 15 AH 52 Hh g
T WetE 25 517 B RCHR (Schonfelder et al., 2013),
fan, DAEFsR RV, TR Arg L4 LM% LPP i
i %) P {I% (He et al., 2020; Yuan, Long, et al., 2015),
H LPP il i F1 32 0L 5 PR 18 26 V753 Z TR A7 AE i 3 AH
J(Li et al., 2022; Zhao et al., 2021),

ETEA KRN, AUFIRBE: vmPEC JE N 1
R AR R DX, N BRA N P ) 0T IR B P
TEEERYS . EMFE AR b, #07E N B A E P A
B IR A RS 25 P SE N IE M . TiX LPP
PRI R R AR LG T ORI AR, SR tDCS 3%
vmPFC ] £ 155 P Bl 0 8 D B I8 TR o AR5 AS
{HREGRAL TR AT PN BEct 28 115 Bk ALl A B A, & m
ok tDCS $EE BRI RE ST . GEIARIE
S5 N A% 2615 B g4 At I IR 48 & o

2 ik
2.1 #ik

AW SEEARAR A s 436 80 44, A
HALI N A FITF, ToR 4 R Geps i B w493 52
Z 550 i B AR, ) B IR T IR . S
I THNE R, 55 RBURM 100 6. A&
I B 3 T IRV AR 2 51 S b v . A s
TS (Abend et al., 2019; Gilam et al., 2018)3%
BN R /NCE nﬁ = 0.24), f#i/l G*Power
3.1.7 MEEAR R AT (o0 = 0.05, B = 0.2, 7240
Br: BRI, Pl s BAER), W4k
B 7 ZRIMTA 3] 80% M 48 K56 1 (power) ., A
I ASBIF 5 A AE S Sl oK

FEHRPORIHE LT &% Ve ik R
WX (Beck Depression Inventory Second Edition,
BDI-II; Beck et al., 1996) . 37 Bz JRAFIAR 4 o 45 JE ik
%% (Trait form of Spielberger’s State-Trait Anxiety
Inventory, STAI-T; Spielberger, et al 1983). #5241
97 ] 4 B9 1A A E I F & % (Emotion  Regulation
Questionnaire, ERQ-R; Gross & John, 2003). [ /5 KB
B B AL 3 I 3] BH AR S 2 R DA R 2 . kG 5,
WL AEAERS . Mol . MARZK P (BDI-II) . 5 57 £ i
JK(STAIL-T) . TAHIHE DT 5 W& () FH 9 19] (ERQ-R)
IR EZES, Wk 1R,
2.2 B

AR 2 (ashZER . INHETE/EL) x 2
(tDCS £ = PR R/ O O TR & 52 e B3
H g gh 28 ol N2 &, (DCS 20 5]y il []

=N
AR

FHG AN block ZH A, 43510« L
NHE P WS sh 44K 1A). B> block 1)
S J5 R AE g a] S, block [EI R EFT 60 min
M ICFAT S o 1 block £ 4] T H(60 N AR)
FEL R R BE (30 MO PIFIESS . &4 block TR
i, PO Z R N 1.5 mA f9 tDCS (FHAR M
PR B L RESE 10 min, ORI A] HAETF LRI 45T
1 min AJHLIR). tDCS L5953 ZITF IR 5080 . ik
HAEHAT 10 BRI A) PR SS, BIEE T S
WK E R YRS, KB 6 . INEITH I E
ST L ) P DN AT 55, R T AR5 19 )i Bl
BN

)RR 55 TR S N RS 2 R . R
AT 55 (B 1B)BATT 7 30 s I 5 AN FTRLIGUT
A RTE PPk 4 AN, 4L — AN R A )
(Mauss et al., 2007). #3075 (5 7 H ik /)Vege 208 4 4>
1) 14 7 5 AR UK i AR B R AE Y, TA N T
block 1, B R FIEE - 5IAHEH
TEHR W AF DG 1 1Rl 5 4 1, FEZk block A AL 54T
] S5 4% 25 V8 R OC R IR B R . SRR, A

F1 AHARWARKLHAOFHEE

i AL (n = 40) FEH 41 38 4 (n = 40) Giiloh R
FEI () 20.15+0.29 19.52 £ 0.30 t=1.49,p=0.139
N (/5 20/20 20/20 x> =0.00, p = 1.000
HAR(BDI-II) 5.58 £0.95 5.05+0.85 t=0.41, p=0.681
R4 B (STAL-T) 40.25 £ 1.50 38.18 £ 1.35 t=1.03, p=0.306
N E I A A (ERQ-R) 30.38 £ 0.65 30.65 £ 0.77 t=-0.27,p=0.786

TE: PSR B (UR) . RPRINIR SRR M + SE;
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A l B

tDCS: AR Bk Dl
#(1.5 mA, 10 min)

tDCS : PHAR I B sk Dl
#(1.5 mA, 10 min)

IR 22 G R 0122

|
! R30Ik, 100 s

JEEh10iRK, 100 s

A Y HEEGIC P B+ EEGIE 7
FS5IRK, 36 5 5K, 36 5
_EH6K | #k830 min | EEOK
Y Y
60 min o34 p @%ﬁmfﬁn
L |

TRTLA 2047 30K 4804 S

INAE T block FELR block

VIR 2 HIRE3RT DL 440 Sk

<30s

7 E 2w

200 ~ 300 ms

5000 ms <5000 ms

>

K Seld . A, (RS UREE B, AT RIUL S A EDR B C, 1 0 AT 55 #Y SR YO R

TN E PR LA, AT S SRS 2518 SR T
IR A Sk B AR sR, MR 2 P Bl 25 98
AOZS R (Williams et al., 2009; Yuan, Ding, et al., 2015),

B R D YA 55 FH T R ok bR I 46 . 72K
FYEAE S H (B 10), Bkt A RS s, it
WO AT AU I R O g 2, 1 ik
Ja, 75 0~1 BELhR RS A O YR g 46800 -
% 28 PV 38 o FRUbR PRl G o L, R S R
20 SRR IEL B, BEE TR A (1 4R
RN, RbrSd e Lo b @4
FoR S E), #OXTEAE 5 s WEUIEZEEE . ik
VIR I

F AL AN S, BT B A R B
Y 60 KIE R AT 9 SN PE( = ARFIE;
9= W), LAE NG L5 IR & tDCS
ES 3 G

TR LR P BRE A R T BRONAA E, SR A
WE XA BRI T T MG A, BT B
2T EM, YIRS R RS ES T T IR
WA
2.3 kI

M Br % B8] B 2 4t (International  Affective
Picture System, IAPS; Lang et al., 1997)F1+ E 15 %
I F & 8t (Chinese Affective Picture System, CAPS;
FIfs 55, 2005) 3Lkt M I8 1 60 5K . #AMASE 20
2 R BT IX 60 5K KR BZKA R i B 51 7 9F
E o G X S8 E T3 4 L B A block Hr, At
SEREAS ¢ R IR BRI, KR AR R R R TR
P> block [H] 370 1 2 22 5, A AU 2 (1(58) =
0.13, p = 0.893; 2.54 + 0.11 vs. 2.52 + 0.14), Mafiifi

H((58) = —0.50, p = 0.622; 6.31 £ 0.16 vs. 6.44 +
0.19) (1~9 fHPF4r). LIt T, Frf B LI AR
(55 B FNXT LS R 7E LCD BRFenyrhde, Mifa-h
3.0x 3.5°,

S AT 10 A IA B DA DG A AT 10 A1
SEVRT G TEA] o N PEA AT R S — 1 5A
P E VTSR W AR S A s BhiA) o B an, <A 7RI DARCAR O
ST b Rl A 2 ST vl v el L P N SR R R (R
5 26 V81T SR MG AR DG A IR1I o AN, <R A AT LA 3 4R
S (K 1B). BAMASE 20 2 A5 gk a3 ix 20 4~4)
F BRI AR BE ATV ST FEAS ¢ K g (WU )
FOH, NN EE P AH OC ] RN 2 R 1 T ORI HE R A
AL B EES, AT RN R @(18) =
0.26, p =0.794; 6.18 £ 0.10 vs. 6.13 £ 0.17), R
H(#(18) = 0.96, p = 0.342;5.99 £ 0.12 vs. 5.83 £ 0.11)
(1~9 S35 X 20 M) FAESCI h EE M 6 1k,
B R FH B B AL 3R B 3] I A (7] A 35 5
) (SRR TR, PR 3 A A [R]85 vk ok A
(] F1%) ) - 5 S ER A T R SO TR R
24 (DCS SHIZE

AW R B4 tDCS fil %, FEIRHA
T AR Y tDCS 23 AE A L A vl R A R
Dt R A T R | Ak PR R L R IR AN TS R, R
PAAPAT IS5 -

FKIHTCE tDCS F St (NeuStim, 1WA R
WARAFE, HERIMN) . AKX vmPFC, £
HE IR e +E vimPFC 8 5 i X 1Y tDCS i, Abit
FEKs FHAR FE A [ B i FE 10/20 RS Fz
Fpz miZ RO E, BAIMAE T F e, [FE
HLUR MR EE X E N 1.5 mA (Bulteau et al., 2022;
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Junghofer et al., 2017; Winker et al., 2018, 2019,
2020; Yin et al., 2021), 24 Junghofer & A 17
3T A RRICH (DCS L IE [ @RI, SXFPH
B A2 BRI R 3 S 0 B ] L A 2L E s vmPFRC,
F 85 I RREE ek /0 %t A XA 52 Ml (W Junghofer
N 2017 AESSIIIE 1),

W — X R KR a1 3 em x 3 em K/MEY
VLR FA N 1.5 mA AOTEE L. A/l
SIRBANIE, TERIBLA TT A 2SR B e e T
30 s [ HL % TG 5% (fade in) FZ Tk 55 (fade out)
(A o BHAR RS A i 1 A2 32 1.5 mA FLE 10 mins
FhRIE A B8 R AEX 10 min A 1 min #2528
T B R SR T Y LR . L FSE R, 1 min ()
FL 9 0 0 2 L A 3 38 55 T R A A AR Sk B2
TR, RN 23 18 35 5 ) i 2 2 B AT 45 v R ) b 22
% 3l)(Mungee et al., 2014; Riva et al., 2015),

BT S IG 25 oR R i A e HAZ (DCS HLA
PR P TR MRS, A E I R ) A B A7
FEEE RS R 55 . 1~9 SPF4y, JME R %
TN PR R B R B
25 WMEBESXESHSW

i B A 5 SR £ 0 P 32 3l 18 JGZR UK % (NeuSen.
W32, [ B A R AR, PEE M) RAE
2R 250 Hz, HRFHPUIET 10 kQ. FELiC T LA
M FLZEAE R 225 e, B2 M i L4 i F- 34
NEHITES %,

i Jf] Matlab (v2020a)4K 4 X3 v B, 5 38 HE A7 15
Re3, DL R TF IR B BVE A R 2, R T LA
REF . ES % JEI0.01~30 Hz). 5B (—200~
5000 ms). FEZEHFIE(—200~0 ms). S5 b
£150 pV BIRK ., THIX LPP 4B AH FH Pz M
HJEE A (P3. P4, Pz, CP1 I CP2)AYF-H4 3k i

T, e MR AL O A Sk B(Li et al.,
2022; Zhao et al., 2021): PAZR 8L P3 a0 45 o Mk
M, NERIE R a2, R R 235
1~5 s ¥E2 LPP BF[A 6 o & 17 5 Ai G R T IX. LPP,
FATTHE i L B A 2 B XY PRy 37 SE 6 AR
R R, XA X PR CGRIE T, SR
Ol. 02, P7. P8 WYV MRk, (A i AR 4
B A CHRIEEC A 100~150 ms (Clark & Hillyard,
1996; Gu et al., 2020; Zhang et al., 2022; Zochowska
et al., 2022), ANHFFT K )E sh2E AR «DCS 21 5%
Pl MRS, A5 Pl PRI ZE AR ER2E 5
2.6 ZitFiE

i1ty MR ] SPSS Statistics 20.0 (IBM, Somers,
USA). iRt ERm Al + frfEiR.
FVEARFBERE N 0.05, 2R mp VE R T7 2253 W (5500
B X HIRIGLE I . B4y . TIX LPP i
WL BLDX PR A3 i A T IR 3R A D o T 25 4y
Mr, Bl N R A «msh KA, gl R A
“tDCS 257, >R FHRUR K IR b AH X PR AR et i1 7
PREEM T .

3 4

31 1TAZR

80 ZBlikrh, X 5 2 il g e e i ] % v
BT 9 H A s 9250 b 2 S T T 45 R (FH
Wit 3 4, PR 2 &) o 3k RHR o Bl it
(94%)TESL 56 Hh b T N BRIB 45 IR S . B & HIPR
I 5 AT EAXTGETH 25 R A W b e . 2% i
WG EE T (DCS B RV | 25 5), A4y
5 T 80 AR SR R .

PR ZH B A6 tDCS F Y SR A7 A 3 2y 5 5,
HARTFAELLIR 22 5 (3% 2).

® 2 FWARIX R R R RS

FRAR HI 4 (n = 40) Bt

i PRI (n = 40)
PRI 20 R BE (R 2.15+0.22
S SR 1.54+0.16
A B A7 A B (AR 2.10£0.16
POt 2.02+0.20
(2 0 K 1.40£0.15
]9 Jk 1.95+0.21
SRRk 2.18+0.21
T B 5 IR U 1.38+0.18
RS PR o 1.52+0.22

2.62+0.28 t=-1.32,p=0.189
1.79 £ 0.18 t=-1.03,p=0.304
2.29+£0.26 t=-0.61, p=0.545
2.22+£0.26 t=-0.60, p =0.550
1.56 £ 0.20 t=-0.65p=0.516
2.61 +£0.27 t=-1.84,p=0.070
2.22+0.19 t=-0.17, p = 0.862
1.75+0.23 t=-1.26,p=0.213
1.91+0.22 t=-1.25,p=0.214

T I RIER 0 1~9 5, 1R FEIARE, o MR G e, ML HA (BB RIS FRR N M = SE,
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BIE AIERe R NI = M= o NIV E S SR TE

F(1,78)=34.4,p <0.001,n2 = 0.306: \FIE T 5
AT B IT43(0.30 + 0.01) LR 41N E
(0.26 + 0.01), ZEE R UL T NBRE 207 )5 3
B 3ME . tDCS 4L ERON A, F(, 78) =
1.6, p = 0.211, mp = 0.020: BHB A AL A1 25043
(0.29 + 0.01) Eb ORI ZH A O 1E14(0.27 + 0.01)0 5
FEREIIE, JHshZRAUN (DCS 5132 HAEH
W F(1,78)=5.7,p=0.019,n; = 0.068 (I 2A),
] BN A3 BT 2 B, AN E IR ST 3h 45 14T BH AR 3%
ZH 15 43T 43 (0.32 + 0.01) b Al I 184 28 o A 1F 1k
(0.28 + 0.01), F(1, 78) = 4.2, p = 0.043, n? = 0.051;
R 2 ) 22 S e R 2 A Bh 45 R AN 3, F(1, 78) =
0.2, p=0.670 (P : 0.27 +0.02, PhAlELL .
0.26 + 0.02), HEMEMI KR, HHITHEER 59
T R T AR TR R AR KT B EE (R 3, 1] 2€).

FAT 55 25 A A /N a5 R S50 T o 4 2R
R, FEZERIM ERON %R E, F(1, 78) = 3.8,
p =0.055,m; = 0.046: KA PG 2 508 T 1o
PF53(2.96 + 0.10) b i I 2 45 44:(2.90 + 0.94) B
1IEYE. tDCS 450 FERLN B3, F(1, 78) =9.2,p =
0.003, my = 0.106: PHM B WAL T 53(3.38 +
0.14) Fb AL 2H (2,75 + 0.14) 5 Jin iEPE (& 2B),

32 MWEBER

LPP IR R RN, JAshny ER0W 0%, F(1,
78) =70.3, p <0.001, 0} = 0.474 . IANFITE VTS 5 55 1
T LPP JEME(1.39 + 0.18) % F A T A4k &1
(2.50 + 0.16), tDCS 4135 F R0 3%, F(1, 78) =
7.9, p = 0.006, n; = 0.092: PHARFEIFLLL A LPP % iE
(1.51 £ 0.22 pV)IR T PARIELH (2.39 + 0.22 pV).
FEMEIIE, BRIV (DCS 451128 BAEH
W3 F(1,78)=5.7,p=0.019, > = 0.068 (] 3AC).

tDCSZA 71
L Dy I PHARR%
05 A —_— 5 g — i
F‘ Eff: O O
= = F;
L 9 O g. © 8 A
" § 8§ s+ 8 g o °
8 g & 8 o :
§0.3 i ;% 3—3 .
& - S,
02k
g 2
0.1F
0 — 1
FLL HEIR
e r = —0.380%* 05 r=—0266*
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Ventromedial prefrontal cortex plays a critical role on
implicit emotion regulation: A tDCS study
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Abstract

Emotion regulation is crucial to mental health and social life. Traditional view conceived emotion

regulation as a deliberative process. However, there is growing evidence that emotion regulation can implement

at an implicit level without or with limited involvement of the lateral prefrontal cortex (LPFC) that is

responsible for cognitive control. Unlike explicit emotion regulation, we have few knowledge on the neural

mechanisms underlying implicit emotion regulation. Here, we investigated the effect of excitatory the

ventromedial prefrontal cortex (vmPFC) using transcranial direct current stimulation (tDCS) to provide causal

evidence for the key role of the vmPFC in implicit emotion regulation.

This study had a mixed design, with group (anodal vs. sham) as the between-subject factor and priming type

(reappraisal vs. baseline) as the within-subject factor. A total of 80 participants were recruited and randomly
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assigned to the anodal group and the sham tDCS group. The task was divided into two blocks, i.e., the implicit
reappraisal block and the baseline block. The order of the two blocks was counterbalanced within the
participants in each group. At the beginning of each block, participants were required to complete a tDCS
session (1.5 mA; 10 min for the active group and 1 min for the sham group). The anodal electrode was placed in
the middle of Fz and Fpz and the ground electrode was placed under the chin). Then, participants completed six
sessions of sentence unscramble task (10 trials per session) to prime the emotion regulation goal. Each session of
the sentence unscramble task was followed by a picture viewing task (5 trials) to evoke negative emotions. The
self-reported emotion rating and EEG signals were recorded during the picture viewing task. Half an hour after
the end of the picture viewing task, participants were asked to rate the valence (1 = very unpleasant; 9 = very
pleasant) of all viewed images in the picture viewing task.

The results showed that the experimental group (n = 40) reported lower negative emotional experience and
showed lower LPP amplitudes (measured as the average amplitude of Pz P3, P4, CP1, CP2) when the vmPFC
was activated in the cognitive reappraisal block compared to the control group (n = 40), indicating that
excitatory vmPFC could effectively facilitate the ability of implicit emotion regulation. Furthermore, we also
found that excitatory vimPFC can reduce the P1 amplitude (measured as the average amplitude of O1, O2) under
both baseline and reappraisal conditions.

The above results indicated that activating the vmPFC could not only facilitate implicit emotion regulation
but also reduce early attention distribution to negative stimuli. This study is the first attempt to use the tDCS
technique to investigate priming-induced implicit emotion regulation. The results directly reveal the causal
relationship between the vmPFC and implicit cognitive reappraisal, suggesting this brain region as a potential
target of neural modulation to enhance the ability of implicit emotion regulation in clinical populations.
Keywords ventromedial prefrontal cortex, implicit emotion regulation, transcranial direct current stimulation,

priming, cognitive reappraisal



