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H B CAMZSS R (transcranial direct current stimulation, tDCS)WFFTIERH, 45 #& #MINHi 45 M- (right
ventrolateral prefrontal cortex, RVLPFC)Z4t+ 2 H 4547 (Y EE M X, % RVLPFC W] B & FAR AN TR Stk
LRI IR L o 423 D RS2 HUE AR 8 38 SR ) AR A9 B SR 2 — o A E R UM, H
XF AR I AR I TS 26 VR T RE I BRI, TEARRFTE D, FRATRISM A 48155, BIF9E T8« ARIARACT- 1Yy
PIALAFE ABATE RVLPRC $3Z FITE tDCS Jr AR 25 I8 W RE A ids . 455 RK W], BARR T DCS i RVLPFC
A BBl 15 4 A AR D) D55 M 28 TR0y, L i VAR A Bl iy 67 P A i B 1 AR B ) /N TR
AR KPR . IO SGER I, FIRTA NN LAE L, (DCS AN XS IR T4k s (AR 25 (I 24k %) 38
o ARSI R L s R AR AR e W 2 1 e T B kI SEIRE R, AR KT AR
RVLPFC a5y, JIIE](34 min)fY tDCS B#E, HAFLERTTRE S ARG B W ER T, X PR XHIAR 4
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SHEE  B845; R395

1 515

AR — A ERME Y B 2N IR ), A B
S AL F AL 22 T B 32 5 AR AE /Y HE R AR AR
(Henriques & Davidson, 2000; Kupferberg, Bicks, &
Hasler, 2016). 5t B xd FAH He, PIARAE 8 & 74t &
SEAE TP R B 1) PR AR B BAIR (S DU R, A
M2 52w shPLE /N - AR B AR (Hammen,
2005)c IaE X FARAE S SRR ] A FE AL 23 T RE R
M HLE ST, JFH ARSI ARAE I B G, B
O FRFNAT Ry o] i A 2, %o B i 4 R K7 B

& HEJ% [social exclusion; tH#% A #1 2 & JF
(social pain)]Je A (B — AN HEA) 7 5 G2 b %) 25

W 351 2018-08-01

T Z AT AR A S AR HLes DU SRR, sy
HER MR 285 1 AEIR AT H 8 ARG, I o
WOCTERFE L, Bl sl Bl A s RIME . e el
Wt o Ao HE R R — A A A MR SS RS, B
FEEHE R # 1 B 20 FE{K(Onoda et al., 2010),
XoF N ) LA 5 B (U T 1 5 2 AR ] 7 5 )4 it
i ZU g i) (Baumeister & Leary, 1995; Williams,
2007), H3Z AL HEFR PSR SS 77 A PR 4 1A g
FN2Z 451 /8 5% (Eisenberger, Lieberman, & Williams,
2003), XAt 23 23 5 | 2 BT A B Y0
FE R W (Riva, Wirth, & Williams, 2011), #5548,
AR I B (Y +E 2 PR AR B S O B RS
Koo AR AR A HE 3B B BRRRAR, BRI X 4k 25 4
J¥ B in#UE (MacDonald, Kingsury, & Shaw, 2005).
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BEXS RS HE R g | & 1 PRI A, TR 2
— TP IO R SRS o T AT ARAE 1 PATAE 3 2R B
R B — DAL O RIE B R 1 25 25 I8 (Mazefsky et al.,
2013; Rive et al., 2013; Samson et al., 2014), FfTIA
N, v AR AR B AR e AT T A 2 HE
Jr SR A A BE N A T 45 T RE ), AT RE S R
At 2 DR R AT (A 2T B o A SCHULSR 2891 B
AL L I 52 R (transcranial direct current stimulation,
tDCS), 7% 5% i AR ) 1Y 27 AE Bl T A 25 1 2
G DCHEAZ F UG I, U 2T RE ) S A
P o

KA TCI BT A AR I TR R, EF M
RAH T 57 2 (dorsolateral prefrontal cortex, DLPFC)
I AN Hip %% - 2 2 (ventrolateral prefrontal cortex,
VLPFC) ¥ 16 45 4 15 i % .0 X 5k (Buhle et al.,
2014; Kohn et al., 2014), JEHIZLEGR PG50
(down-regulation) /5 T (Zilverstand, Parvaz, &
Goldstein, 2017), 75—t 45 435 4T 55 th (R 25 5
H A EZMER), IARAEE#E DLPFC FE M
SUIRM (F 22 AR B ) LA S iy $nal j2 )2 30E 5%
(Donofry, Roecklein, Wildes, Miller, & Erickson,
2016) 7E T P8 G PRI 25 AR B I, FERAE 285 1 S
AU ) 45 AR R X BE BT 55 (Rive et al., 2013),
TEPA A 2R T DR A PR 25, ety [ g
)2 (ventral anterior cingulate cortex, VACC)
VLPFC &A% 0 P s X (Riva & Eck, 2016). H
HIHY SEBATFER VACC TEAL 23 HE e 4 25 0 19 i e
TP B 28 SO T R AT B — B 45 R . — BB A
XAk 28 0 VAR 25 A TR 3R VACC Y00 4
5 (Cristofori et al., 2013), fij o5 —ELHF 5% W4 254+
2G4 AT ERE VACC 3% U 55 B %A A8 b
(Somerville, Heatherton, & Kelley, 2006). 5 VACC
A—ZAF A RAR], B AT 22 B —
EEHR W], VLPFC (R¢sl 24 A VLPFC, Al
RVLPFC)7E ™ A4 55 314t 25 HF e 5 B0 1035 1 o
(Eisenberger et al., 2003; Onoda, et al., 2010), <
HEF I EE T RVLPFC BYHUEFEEE 5 H Fe A iy
SR B S AR OC, RN IZ N X TR AL S U T
L A ] (Eisenberger et al., 2003; Masten et al.,
2009) 738b, Xtk HE R SN A A 22 ST B,
XA AF AR B A A5 TR i ANTEAE S HE AR 55
i A PR AR I A D, T IX AR SR DG 2
RVLPFC % # % /K F 4 5 19 (Yanagisawa et al.,
2011), MeAMA &I, HEF BUBME R = B AT 24

SHEF BT RVLPFC (38006 7K P A HE e sk
PEFAK ) N E K (Kross, Egner, Ochsner, Hirsch, &
Downey, 2007),

Zi Lk, RVLPFC J&Ah 218 45 0T i %00 fiki
X, ®TF U, Riva % A (2012, 2015a, 2015b)%
tDCS HERH T RVLPFC X FEAIC i+t S HE R 75 & 1 1
PR 26 BN (U 25 5 At 2 M et ) oA ARAE
o 8K Riva % A BRIIFGEH AR 78 0L
TGI8 55, R4 %% T RVLPFC £ N
et 25835 T AR o /E4 Riva 4% A(2012, 2015a,
2015b) 1Y S5 SEbF 5T, FRATT IR AL 9 i — 00 5 56 (He
et al., 2018 T 4h B tE G AT 55, E—4
B T RVLPFC 7515 26 081 5 T AR, BRIOS i
i X REHE S At S RS 25 VR RO RE T, BRI S bR NS 214k
R . T . etk S A E (S
25 AR H), tDCS  H R8Ok R 22 1 1y T
It R AR AE 28 & B9 IE YT (Sellar, Nitsche, & Colzato,
2016), 1N He %5 A (2018)H 522525, AN
F 5 H 2R R K DCS 3% RVLPFC J& 75 g
o TS o ) > A P 1 4 1T R O, RPB %%9% tDCS
AN A2 A5 AE 2 AR AK B 2 (B A7 AE 25 57 L AR,
AT AEAL S R SR L, B TN A
T2 %A, RIZER W TEAS A Y block H 4351
PETUR A AR AE B R 25 TR B S R T 4
i AR PR A R tDCS B0, ARSI AT L
#7~ RVLPFC XF 4t 2318 45 1 iR e vk, B 21
ZE VAT HEAS N 2R S AR X

2 ik
2.1 #ik

AW PR BRI K AR E K5
Az o SR UL S AR ) 4 (Beck, Steer, & Brown, 1996)
e, ZMEEAE 21 PR, i 2 P R I AR AE
AREGITE, Z3HON 0 3 63, #5543 2R M AR L) .
ABEFAL BT /R < 2(IRIW AR 1) 2H) L K 73 B =
18 (R iR 1) ) ) iR S 2 5 50

AE 2S5 7R DU v 4 AR 1) 4 0 A J5 19— Jal N
7o SEEHT BT A B S AR 11 17 5 K (Self-Rating
Depression Scale, SDS; Zung, Richards, & Short,
1965)FN1 T Bz /R4 45 J57 £ F& i %2 (The Trait form of
Spielberger's State-Trait Anxiety Inventory, STAI-T;
Spielberger, Gorsuch, Lushene, Vagg, & Jacobs,
1983), 7% &R 25 9 19 g 1 ik 2% 32 ) £5 TE Y 52 1
(Amstadter, 2008; Cisler & Olatunji, 2012), A#F5%
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AN 35 M3 B8 A I PR I B A T2 5, DAHERR
FEIE PR XTS5 R 2 AR Zung S5 A (1965)42 H
i) SDS ##5, Bl SDS 7E 0.5 DL N #2758 LA, 0.50
DL ERR . b EHEEIIAR, A SCHE IR SDS A E
A AP . SDS < 0.5 MARIIAR I a1 4 (n = 51),
SDS = 0.5 M MARE M 4H(n = 47), DU HHATE
AR PESI STAL-T P43 E ¥ T i & 22 57 (R 1),
ST BRI (A5 BN 2x2 A A8 &), SDS 15
APFEELH TR RN, F(1, 94) = 7413, p <
0.001, 3 = 0.441; 5 HVAR{E I 419 SDS #453(0.56 +
0.09) 1 25 = TR AR A1 41(0.44 + 0.05), PULL B
AER L EES, F(1, 94) = 0.02 ~ 2.01, p =
0.162 ~ 0916, ¥4 4Bk STALT 1547, iz
TEVULHZ A C R #E225, F(1, 94) = 0.63 ~ 1.47, p =
0.241 ~ 0.454, A TCWRE . oM L, W
I AL IE R o TR O A R T S
K o A AR ) Bl B AL 43 B 2 DCS Bl A
MOhH A, F 50 A AR 25 A, 1%
AR 20 25 A% T tDCS PHPERI . AR 256
T R LGN K B2 B Ae P2 51 Stk . 0561
PR T s RS

F1 FAHREAH KA DFHEFEM £ SD)

ARG R e A AR A )
tDCS Ptk tDCS PRk ARIWARMRIE o AT 1
il 2k gl tDCS PhdilE DCS Philk
(n=25) (n=25) (n=26) (n=22)
iy 20.73£2.47 21.73£3.65 21.55+3.22 20.89 £2.21
e,
B
SDS  0.45+0.04 0.57+0.08 0.43+0.05 0.54+0.09
STAI-T 41.82+6.67 41.81 £4.62 40.88 £6.09 42.23 +3.65

=%
AR

13/13 13/11 13/12 12/11

22 KWt R

%% Elliott 25 A(2012)[WHFFE, ALt & 4
AR, AP AR R R R 2R (AR MR
RS HE R B RO AT 55 (WA AN ETE), B
T T AR g Sy < 2B 50 R A IS AT el /AL 0 RS AT ) )
“tDCS &R (BHM: 3/ O 3

FEESHER B RSB P 1 R 4% 60 5K (18 1A
ok At S HER B A — A gHE R R — B HE R
HEDLZN) o BIRAEAER FAUE —1 A #t
AR R 51— S (He et al., 2018)AH[H], 4>
A ik ) E PR 26 1 % (Lang, Bradley, &
Cuthbert, 1995)4 I [E 15 45 6 R (1 &8, S,
WEE, PR, 2005), 35BS EE G 1E

5. AR 120 5KIE R 20t T 20 £ 1R AR
NIIPEE (1~9 mIF4r), PFE AN MIRYIR A AR A
KeWse i gs, AETFSEA SR l. 7
FELE R R, MRAMEE R S SH R E A AEN
RN (1(19) = —1.33, p = 0.215; Mk = 2.76 +
0.81, ¥4 = 2.53 + 0.72)DU S «“MafREE” (1(19) =
143, p=0.187; ™Mk =342+1.67, ¥4 =379+
2.01) A4k BE I ANAEAE 1 5 25 57 0 SV 1 1R A
() 52 B ORI R 52 B YR A, 7S #5174 1E
WA M 3.0x3.5°,

A

MEREEES  AHREA

B
i B MAE block

—+

1234561789

FHRQ 5) BHWES s) W5 s)

NHIEFE block

-+

12345¢61789

PEH(5 s)

TG 5)

M1 Sesm s EE . A, SLRAEURE]. B, B
RO S (AR SR 7 SR 1)

HEEQRS)

23 tDCSIRESH

tDCS (Brainstim; EMS, Bologna, Italy)f9i &
SRS HTFSE (He et al., 2018){54F—3(, tDCS 1
HL A RSER 5%5 em?, PHIRE T F6 (Cai et al.,
2016; He et al., 2018; Riva., et al, 2015b), BHH%HLHK
B T Fpl (Feeser, Prehn, Kazzer, Mungee, & Bajbouj,
2014; He et al., 2018; Miranda, Lomarev, & Hallett,
2006; Riva., et al, 2015b), ASHIFFT ) H, 7 50 348
J92.5 mA (Bl 0.1 mA/cm?), 12 H Vi #8 JBE E Bl E W X
{8 JE R AF N JE A7 & (Cogiamanian et al., 2011; He, et
al., 2018; Koenigs, Ukueberuwa, Campion, Grafman,
& Wassermann, 2009), M 1E 2 5 56 4T 55 I 4 A
4 min PEA7 DCS Wi, Horh<F Al 1) tDCS ik
HLRFEE B AS R (AE 34 min), Ol B
IFECN 30 so 30 s B L I A 2 3 5 < B
ALY Sk B RG, (HR R IE 24T 55 vh iy fil 22
I 8l 7= 4= 52 1] (Feeser et al., 2014; Riva et al.,
2015b), S H5EEMFTA 98 2T RO 4 i
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Poat Sk B, (GRS B, A Bl
N AT TR B AT 55 W (R 252 1 Wi
24 Witz

S RTHOR TS SDS M1 STAI-T UL K 1% 7]
=
S 43oh 44> block, 43l %R 4 A8 N A A,
A block A7 30 MMaliR . o T ik Gt 45 08 19 4 55
XIS W AT 55 I RE i, 5250 R gl i e R A 7 e 8
EAE S, R BT A M E AR 5 (He et al,
2018) WIAMES5 & — 4t 2 & - block Al
— AN AR E Fblock, “FE2 FIANMA A4S block
HONV5 e AW LEI R e

4 4~ block WIHEFIBSTMNANT o WS WE K
APEE Fr: AFEX s, AR E A e
NS, W B R Ja 3 SR T4 4155 5 i B8 1A
537 B BB A S HER B R AR X e g h, A
GARIEE R B RS AL A, W B R I 3 X
R B T AR AT 28 R B AT V47 o W AR TR B R
FEATIE LN« AEX B LI, IR
KR BB ENR, WA IES AR 4R
Peo BN, PRAT ARG, AR AR5 L 1) 5 S B
IR ARERE, LRSS e ATAT LA E]
RO o 22 S5 T X R (R T A 15 28 R EA T PR3
WAt S HE T B R AT IR 4G T . e A 5
5, SRR R A BB Al AL AR, 1%
T B WG bk, Flan, fRa] IR 4
A AR EE A G AR E PR, T804 7E TS IR
(AR 1 BB — SE R AN SR Y 375 . 2 S i X R 1Y
TG 2 RE R AT IE4

ST A NRIRIRLE 15 s. WK 1B Fos, &
MARTFE T 2 s WP =M, 22 8 s K A
S, DI R B A s UL B s s A
FIERBOR AT . s, #alHdac
(TR T SRR E VEA T PR 1~9 f B PEE (B i S g
BF 5 s), B0k E R RS R . 28T
RERERUN W S o S W LR e A
25 %it

%1t 4> % 1 SPSS  Statistics 20.0 (IBM,
Somers, USA)., BRIEAG MU, #idtEgit=R
IRNCYIE £ BRiE2E” . XAE R T 2 N R ERE
W 2200, BOX P R N B R R AV S5, wk
[B] K2 4L 5 Fn tDCS 2881, BEMAKFER p <
0.05,

3 4%

VU R A E I 07 2250 T R T = A
BB . B G, B4 B ERN R, F(1, 94) =
35.94, p < 0.001, n = 0.276; THZ5 W GAAIEIF)
B4 PRS00 EE(5.17 + 1.24) 8 F MK T 9sh
WMAEAES5(5.70 £ 0.98), %45 FAUEW] T A 5256 b 4k
W AIEL TR SRR A S . HAR, AR 80N
B3, F(1, 94) = 7.75, p = 0.006, > = 0.076; fKINAR
o 1] ZH B 7 PRI B DR B (5.24 + 1.25) B T &40
ARM ] 2H(5.63 + 0.99), FRIK, IR EROW &,
F(1,94) = 14.74, p < 0.001, n3 = 0.135; PHEHI
(9 17 PEAR 25 TR BE (5.17 + 1.24) 5 25K T Oy il ik 20
(5.70 £ 0.97).

E SIS, 2SR T A = EL
T, . RIS A ST 55 Z RAAAE W ) =
LHAE, F(1, 94) = 4.43, p=0.038, > = 0.045 (&
2A). (A7 ER AT B AEON A3 B 3 B, AR ARt ) 2 9 3K
TE tDCS PHM: RIS N A4 55 3500 i b 3, BVAE
18 46 V8 19T 55 B gl A i RS 45 3R E (393 +
1.10) 82 F K T 9 sh M A 1L 45 (5.52 £ 0.92; F(1, 94) =
81.07, p < 0.001, n} = 0.463), i1 55 %0 7 1= 31
ARG 1] 20 TP A S 25 (tDC'S PR 43 : F(1, 94) = 2.20,
p=0.140; tDCS Thlllik . F < 1), FEMRIMARE A 2y
tDCS PRI A T B MR, F(1, 94) = 6.20, p
=0.015, n, = 0.062, Hik, EIHZA . flHER S
155 Z e B 0 — B3 HAEH, F(1, 94) = 5.03,
p=0.027, 13 =0.051 (& 2B), i 8.1 BARL 43 M7 2
B, 7€ tDCS FHM:RIBE A N Bl E 1+ S HEF
R BT 55 00 f 8 35, BIVFEAS 28 0899 1155 T #iak
WA REE (4.39 = 1.34) B &K THishm
FIE55(5.88 + 1.02), F(1, 96) = 77.8, p < 0.001, n; =
0.501, TMiZAE 558N AE tDCS LIl 4 WL A -
RN BEF < 1); 1E tDCS Pl 4 W E 2k
Jr P I 2 AR, F(1, 96) = 8.24, p = 0.005, n;
= 0.084; 7£ tDCS PHARHIFLAL LA A & Fr B 3
PR, F(1, 96) = 5.43, p=0.022, n = 0.068,

WA, 2R KB T A EARH i,
HHIFUE S Z B —EAL BAEH R E, F(1, 94) =
28.37, p < 0.001, np = 0.231; {EAMAR ] 4176 A0
FEITAES NIRRT ®IE4.74 + 1.30) B FLT
W MEAT 55 R I3RE (5.75 £ 0.97), F(1, 96) = 52.9,
p < 0.001, 05 = 0.076; AT 55 %00 1 =5 AT A6 i) 21
FARBEF <1; HIF =560+ 1.00, WH =5.66+
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71 mPEET

£ ol

¥ &0

g 51 ;ST

Hyl fEyl

& #
3t &3t
2F I 2r
TRt | PR Ok Mo g | e ol

RIS {RAARA MR AR

Fl 2 PR EEITEESE R, A, 5. 45)F tDCS 2

ERAEAERH ., EP RS (error bar) B RPRIEDR

0.99). HR, HIPAHE S ZMr —HA2 B 3, F(1,
94) = 19.24, p< 0.001, > = 0.169; tDCS BHE:H| #4240
B TE AN VAT 55 F I I 4R (471 +
1.28) 5 H MK T 9 sh W B AT 55 T AYHEE(5.64 + 1.01),
F(1, 96) = 41.59, p < 0.001; 2% 53+7E tDCS Thilik
HPREE(F(, 96) = 1.31, p=0.255; HIF =563 +
1.00, $ishMA = 5.77 = 0.94), FIK, KA EBH
fE45 Z MM —HEAZHAEH B3, F(1, 94) = 65.05, p
<0.001, np = 0.409; 1T 55 &40 FE BV A +E 2 HE)F
E F B i 3 (F(1, 94) = 78.92, p < 0.001; I =
4.96 £ 1.29; WEHME = 5.94 + 0.96), TiWE MK
KA < 1; EiF = 5.38 + 1.14; #EshW
F =547+095), HJa, HABIRARIEZ RK) 838
HAEH R, F(1, 94) = 13.87, p< 0.001, n; = 0.128;
tDCS O A7 7E TSN AR i 7] 4 (F(1, 95) = 14.10,
P <0.001; BHERIFL = 4.72 + 1.28; Phililik = 5.76 +
0.98), T IARE ) 2 rh 3 AN B (F < 1; FHPE
il =5.62+1.02; hHI#% =5.64+0.96),

4 g

tDCS AMH 2 5 KM D) BE A9 Al £ (Filmer, Dux,
& Mattingley, 2014), i 4F -t # kB 22 b b FH 2141
ARAE 58 IR IT H (Sellar et al., 2016), A SCR I
HORWEGE T = A AR K P AR A AE S W 155 25 98 7
45 H RVLPFC i X 5 5 4 25 8 75 D g =[]
IR R . LR EZERIMA W F—, (K3
AR 7KW AN SR AE 232 tDCS BB R 84 1 [] Bk k47
TG, FLAAR DS 2 Y PRI 26 0 B I 2 R AR, (H
1 AR AT B AN SR o 3 6 IR AR 7K A A 1
RVLPFC%&tDCSiﬁiﬁF,ﬁ;‘r*?%ﬁ”ﬁﬁEﬁﬁﬁﬁmo

LR IUE T RATRT I A5 H B9 4518 (He et al,,
2018), R RVLPFC 17 28 V19 FRAZ 0o i IX o S5 IR0

RAY=EREAEH. B, 115 . K HEHEF tDCS KAfH) =
*p < 0.05, **p < 0.01, ***p < 0.001,

ARAKEAAAR L, = AR K AR ) A RN B
I I PR 82 {f (MacDonald, & Leary, 2005), 7&[RIFERY
TG B (R T A NBUE T4, RABRIR . &
B [ A% tDCS 11 AT BB AS 31 I fod %) AR L A P A
LRI P ROCR o T A 52 A1 TR 2138 BR R R & B,
it B A 4 1 P LA 3 1 28 0 1T A R0 L DF SR )
REAR AR 30 31 () S PRI 25 0 B, SAMERS 25 s
FAEREE B RO Ry R, Elel Bt iE R 7R R
RN DXt AR A B9 B [H] B4 (He, et al.,
2018) o 2 4 DU 5E A4 H10 AR TA A1 BL A (Beck &
Bredemeier, 2016), fIARFEFEE H 3% B A F E =X
0 = 11 K11 G g e N S S A 1 (AR @ e
W2, MATEFFE S SR BN —m, Ay
IAERREROIR DL 2 — BAFEE T 250 TEARS S,
PEFAFORE PR R AR R IR L A C &l
HAE) e B A I =X v A A g 44
qjﬁéﬁTﬁgE/JE *ﬂﬁﬁ?ﬂ:ﬁ it 34 min Y
tDCS 1 71 I =A< BH I ol 5 3 4 1 19 1 24 000 19 g
J1o MHTA LR T 48 1, tDCS MRV AR # 55, H$
X (Horvath, Forte, & Carter, 2015)#: % 5 K (five
sessions) tDCS AT Ay >k 1 A0 1) 5 ek 28 AR AR M
13 3% (Aparicio et al., 2016), A SCHT = AR K F 9k
IKAYSE AR, £H%F RVLPFC #1519 tDCS 577,
WhIN R FH 22 YR 52 I A RT RE el E AAE AR
AY1E 25 5 BE T o
55—, KM tDCS #i% RVLPFC i}, #lifiid
182585 AT PE SR w6 ) vT DL 35055 A s HE TR
SR B GRS 25 RS, F A 28 U8 9 RO X T R A
R PETE BT | & I T M1 45 TR 1T RO R 55 0 X —45
RAE7R, VLPFC A — MM 15 28 1 19 1 o 22 il IX.
(Buhle et al., 2014; Kohn et al., 2014), EibXfft2s
He R G at S MR BE 1G4 1 B R . Jenn
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8 Bl JC AR e 3 e B, R TE AL 2 HE R I B T A
) RVLPFC 1540447 [l (dorsal anterior cingulate
cortex, dACC)¥4 B I} ¥ 7% (Eisenberger et al., 2003).
FATHEN VLPFC n] B2 945 dACC i 3K
AR AR R A 2R AR . A SGE A tDCS %
1% RVLPFC DA 52 i X X dACC B 35461, A
W15 O IR A F) ety 1 SR Y B M s 2 ok
. AT ST R % & VLPFC il dACC
P~ tDCS #, 0ks tDCS 5 il (5 4 AR 45 4 e ok
i — 2P Z At e HE R I 45 0R Y B I L R (Riva et al.,
2015a) . MLHTE A — 2L WF 58 FH R tDCS B
RVLPFC LIAYT H FIE 1 R B fs i 46 00, ol
FBCE TR I 47 45 45 i D RE (Scarpa & Reyes, 2011;
Pitskel, Bolling, Kaiser, Pelphrey, & Crowley, 2014),
SRR TTERTE T, FRATHE N T AMA SR R AR AT,
I3 3 X A A 1 ] e Rk 2 B0 PR TR R B LA L
%, TERT AWF5E(Eisenberger et al., 2003; Masten et
al., 2009; Onoda et al., 2010; Riva et al., 2012; 2015a;
2015b; Yanagisawa et al, 2011)AY JEal FiERH T
RVLPFC Xf L2 1 45 1 HA Rl o LA SRR
RVLPFC Al fig 367 L2 HEFe 1 2508 1Y Bt 19 fie L
FERU AT, SRJH tDCS MR %0 XA B e mph oy
Ly BE R i SR (AR AE . A SRR BIE . B AE
R G 250HTBE J7, SGEMAT M Ak 2 D EE
(Rive et al., 2013; Kupferberg et al., 2016),

T B o, AT AR I AE55
tDCS R AL &y 2R AU 22 a] i) DO 52 HAE (R
SCHIPOEAZ H RN . F(1, 94) =223, p=0.139), &
AT Y 8 A2 A B R, S AR AR K- B A e,
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Abstract

So far as we know, three studies demonstrated that that the right ventrolateral prefrontal cortex (RVLPFC)
plays an important role in down-regulating the emotional response to social exclusion. In a previous study, we
explored the causal relationship between transcranial direct current stimulation (tDCS) and dominant emotional
regulation in the context of social exclusion. Depression is an disorder that shows deficits of social functions.
Compared with healthy controls, depressive individuals enjoy less in social interaction and the activation of the
lateral prefrontal lobe of depressive subjects usually reduces. The current study aimed to explore whether the
anodal tDCS targeting at RVLPFC could also improve the emotional regulation of social exclusion in subjects
with high depressive levels. Furthermore, this study added individual negative images as a baseline to test the
specificity of the RVLPFC on emotional regulation of social exclusion.

Before the experiment, we classified the participants with a Beck Depression Inventory score of < 3 as low
depressive tendency group and those with a score of = 18 as high depression tendency group. Participants also

completed a Self-Rating Depression Scale (SDS) on the day of the tDCS experiment. Finally, a total of
ninety-eight participants were included. They were randomly divided into anodal tDCS group (including 25 high
depressive and 25 low depressive subjects) and sham tDCS group. All participants viewed social exclusion
images and individual negative images separately in two blocks. In the no-reappraisal condition, participants
were instructed to passively view images; in the reappraisal condition, they reappraised images so to
down-regulate the negative emotional responses. Ratings of negative emotion experience were provided at the
end of each trial.

There was a significant three-way interaction of group, tDCS type, and task. Simple simple effect analysis
showed that in the reappraisal condition, anodal tDCS over the RVLPFC resulted in a decreased negative
emotion rating in subjects with low-depressive levels, while this task effect (i.e., emotional regulation) was not
significant in subjects with high-depressive levels. Another three-way interaction was found among image type,
tDCS type, and task: when participants were presented with social exclusion images, in the reappraisal condition,
anodal tDCS over the RVLPFC resulted in a decreased negative emotion rating in the emotional regulation
condition; however this task effect was less significant when participants were presented with individual



552 SEPHPEAE: A MO AR X e AR A AR A 2 1 2R ROAE T . — i tDCS BIFSY 215

negative images. Besides the two three-way interactions, this study also observed significant main effects of task,
group, and tDCS type, as well as two-way interactions of group and task, tDCS type and task, image type and
task, and group and tDCS type.

The current findings indicate that the improvement of emotion regulation via tDCS targeting at RVLPFC
may be invalid for depressive patients if only one session of tDCS is performed; thus multiple sessions are
highly suggested for clinical practice. Furthermore, this is the first tDCS study that compared the RVLFPC role
of emotional regulation of social versus individual based negative experiences. The result provides evidence of
direct causal relationship between RVLPFC and emotional regulation in the context of social exclusion,
highlighting the functional specificity of this brain region on emotional regulation.

Key words depression tendency; transcranial direct current stimulation; right ventrolateral prefrontal cortex; social
exclusion; negative emotion





