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AEHEXEZE T EBSERBENRNER
R RRMFIHE: SkE ERP RYIEE

MER EBC FEK HHEA I W REH i

UM RZHHF FEGOLHLER; M RS0 SR A5 0, T-M 510006)

 E CRJHERP AR, HRITHEIE R G E AR AR OCLR R T A e S i S S sl M S 2R o S0 R FH 4 ) 52
R RIAGERE Oddball X, BRI DR ddea 4 R B Xt B ZE Bl st B v 38 5 e 22 038 43 S0 B T) ) I
N, ST EEG B, 255 & AHHOGIRABEK, s D RO & A 29 AR DC R RIFHA & 1 N2 e
/N, P3UEIREER, FERCREAL N, M HZE T AR, HZGaELRREL T /NG N2 SR AT R P3 IR X%
T35 DR R S 2 AR SR R AT AR SN 0 I B, ELAS R B Z AR S 28 2R £ 0 R 1 4% TR BB 3 S (IR B 1 S I 41
TR, 2B ELER b 24 T HLR 2R T R 3 s S W) a8 B S LA R g, s ke i B s A s b sl
KEEIR  HRE R RO ACAE; whEltk; BUESE Oddball JEx(; ERP

SEES B84S

1 EiE a4 i L ALRFAIFE (Houben & Wiers, 2009).,
PRI RAIE Z —2 A & JCRGRINAT R 15

AR LR Z 48 5 245 Wy (i FH (W) B A7 7 1 2R 55 00 (BEMZN), TE9) B seRE R e G B2 ] (Everitt
W, AFEHZS T H  SifE AW RS A LE, © & Robbins, 2016; Jentsch et al., 2014; Pattij & de Vries,
i SR, A A R . MRS, 2013). SNl s2 40 sh A vl gl = A ) B 22 A
— HHBM R R, e g| BAM RS, rAmE S v 3l P 9 36 B (Bickel, Jarmolowicz, Mueller,
28w RN, B T WU 25 A7 o A i ok R Gatchalian, & McClure, 2012; Perry & Carroll, 2008),
(Yalachkov, Kaiser, & Naumer, 2010; B 2T, JRF34Y, S AN 22 N 23R B JEvR 4 A 2 B8,
W, BREEL, MR, 2015) TEAHOCZRR T, M2t iR B shyE oh sh PEFRE (MacKillop et al., 2016).
Sy Ak, ATUAERADMEE T . HBs0AH T DAL TSR 1) S I A1 ok R T AF R R, 3 AR
B IE OL T AT, AR —F B S A B Y < 15 A DL AE DG e R T TR I D S-SR Rl AT
PEAT M N A R] (Zeng et al., 2018), U Z5HA AT H(Field & Cox, 2008; Franken, 2003; Robinson &
AT, WX FPAT Ay 0L ) 25 e 1 Sy o BV SRUEK, Berridge, 1993),
IR s A YE R 2547 A ) CEMS R, ™ Hn e, RS 1 25 4 1 FH AT BURE ) 0t 5 A0 DGR RO W
HiL, W21, 2019). PR R WL AR VB, FEARIHEATT, @l HE A & &, 1
B vl Bl B RRAE o 2R T 2577 A B et AR 2 7= A 2B B 245 ) TR B AT i o X
Ve, O ERIE SR IKAE T s aa v H 2517 4 ) P [ e AH DG R AT &, Ak 2B, AR
REAT TCI A sh VR SIAE ohsl, X ALE T A e il I FE P o nl A3 s 00, RIS
XF BFRIE R A SERE gl o X SEAN R ) o sl PR R R T IR . AR S B A0 O I,
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S e AR P B SRR RRAE CE S % 4%, 2019),
X FI N NEETE Stop-Signal 1T55 ¥k 5 3
ZEH15E 1 w3 (Brsche et al., 2013), HR 52 10
AR, Rt . Xrlfe2E Bm Ty
P AL RE T VA 2t 28 h 250 SRR i) S SO,
ANie B A 5k I 1R B 28 S AT R I R

MRLRT, M5 AT BRI IR, AHOCL
HOV R AT A ) ORI B R GE, Sl
XF Gy e 2L BESR, A Sk iAT e F Ak
BA Brryrhahitr S, Jowksedl, 590 vhes
fiE s B 0 ™ A M 2R, MR s Ak T 2Y
(Dalley et al., 2007), sh¥WF5E IR, & sl KR
RIS 7E i i AT T, ARt SR AN T T -
[A(Pelloux, Everitt, & Dickinson, 2007), FHH &
F R YR AT N o XA v b PR
A AR B PE T, ok 45 i B 5 B9 4T 4 (Robbins,
Gillan, Smith, de Wit, & Ersche, 2012),

SJABUE A 30 1 25 4T O B A DG ZR R
N AN EI BB o B, 5 AR SR B A 2T B
B i), BRE A B T2, SR ALY Sl
e, XN A T REE T BRI T, A
IBETCVE S L X Fh R BRI T Rk, AL Ak Sy
FAPEAR SR A . EIRERENIER I, IRt —2 %
o 21T R, R BRI SR SRR
PIASBY B, U E AR B SR 2L v s v, BE
VSR 1 F FR A BE 0 X 2 LU ] 32 B Bk
TN 25 b sl Aad, X P
S T H BRI RIS TR, AT BEAEAE A [F) A A BR
filt, BUAEXSIGIEA T3

WLERAT Ry 8l 5 2 A G I 2 38 i — A~ A
H X 2647 A 1 7] BEPE (Boy, Husain, Singh, & Sumner,
2010), Wagner, Cin, Sargent, Kelley #l1 Heatherton
QOIVDMHIFE KB : SWARTT M A E I 2 & RIS
JRURE A I AR L R SRR 3K, TER WAV AT Y
O, HeAb oy B s AL AT o X AP vl LA
I WS 2R Sh e, UK ShVE LSS M 25 1 1
TEMIFR )7 (Yalachkov & Naumer, 2011), Mt
55 VR CHIO AT S A D2 R 1T Al Eb Al A e 2k 2R
B Dy WO U AR SR R W SR S, B
G, A, SAaEA A RERILET
() SJAPEAT g S i A S SR I AEHEAE T, H AR AN
FE o AWFFEHEAH L R N 5 VA SCRIJC B %
KEMZE, 20 E W5 S ERC L R
PUEE 2 o {2 i T 25 (2 WOAT A BIE . Zeng 45

(2018)R I fMRI, % BL5 HIZ5 S VEAHSC L R BRI
R TR R S AR i X B R B Sy, (B T
PRI B 58 T 1 DA B[] X3 2 A5 A0 DG 2R R 1Y il
X 2 T e R b B SR TR 1 (5 s AR O
R DX T )3 A ik A R T 5 25 A e e 1 (S
FHZA 380N AR OC B 1l DX )3 Y, B0 & A 2 o
ERP ¢ AR LU H: SRS B 1 43 % 05[] 1) 45 5 £ PR R
AN [6] S5 4 s T MU 18y T i o

XEHE Oddball L ERP AF5E R, #i—rh
JDCHY N2 B A rp Je=TH X Y P30 25 S A
il 25 ] 3 AR 2 VI AH S P ERP 43 (Yuan, He,
Zhang, Chen, & Li, 2008), N2 AL/ IA by J& 5 v
1l B9 S B Be (R R 9] — A 200~300 ms), £ 5
S W RN ph S AR A5G, N2 iR B, AR P
e g ¥R ) vh 3 P 1Y E J1#kGE (Dong, Yang, Hu, &
Jiang, 2009; #X{, 2010); P3 JL4F (WK I — R 7E
300 ms Zc A7) g Sz R 4 ) I 0 R Y AR SR bR,
B IZ NN 5 5 I 8 B R R SR R A1 4] 4 i e A A
K, HPRE r 2846 AT BE R e 1 2 5 3 S ] S
Wl NI B% IR (Dong, Lu, Zhou, & Zhao,
2010; ¢, 2010): i R 2 CGERE 51 A 1Y
H A FH 2547 R 00 1) 5500 BRVE SR AR ER 21, P3 I
Hi# K (Donkers & van Boxtel, 2004; Nieuwenhuis,
Aston-Jones, & Cohen, 2005; Yuan et al., 2008), {HH
A P3 I ] BE-5 # i 45 32 45147 & (Dong et al.,
2009) o 3X YA ) R A A o ) R A BE A R
J1(Dong et al., 2010),

— I F X% B Oddball 1145 Y ERP AF 55 % 3,
TEAHRZRER T, W% PSR 1 N2 i 5 fdt e
HE LB AH LE T /N (Su. et al., 2017) W3 PR BORE &5
TE Go/Nogo 11451, Nogo HIFL AN Go il rifs & 1
P3 AR5 e SR X BEZH A T 4 (Yang et al,,
2015), 2B ¥ 9% PR O #7109 B SR sz 40, HoR
PRAE wh 3y 400 ] ik A v i v 5 M A o B R ] o L
BB o

5 Go/Nogo iz Z RN i %F /M2 Nogo
B SR A TR], Xk #E Oddball 8520 Z R L
P HHER H KR Go R (bR ) 5 /MR
Nogo Hll (i 2 H 0O MO AN [F] A $2 B8 SO, 9R#b
T Go/Nogo AT:55 H W AH AL T 15 G il AH 5 i
FERYAN R (GE D, 2L, I, 2010; =N, &
Wi, B, ZRL40, 2017). T bR A S B
R STYNS R TR b O v R SR WA R Al b i)
Jof A1 437 ey Xl 2 B S A PRI, AR
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AR A ARG R T 9% R R 2 ) Sy 22 e S RO AR R AIE = Ok H ERPAYFIESS 319

X Ao VSRR %) IS T B R AR 38 S 7 o 224 A 2 o 9 2 B
i, e T A0 ) T s o SR P A R L, AT
XoF i 2 SRR A TE 8 P AT R OBL(E B8 4, 2010),
o SR S5 R i 2 0 S8 A A R R R T ) 25
B AR A SRR B 30 1 3% R 76 R (Yuan et al., 2008; 3%
B 45,2010), 25 1, i B 22 Ik R0
S 22 2 E SRR SR R I TG B, ] % 4%
AN ] A £ 2t B SN A A /b s P B B R L XUk
Oddball {5317 1 H T80 55 ileea #5170 vl sl P 19 G
W5 T G2 45, 2017),

AWFFE R ERP BUEFE Oddball ik, HEA
IR SELR RN, 13 DR a3 A AT S I A B 5 1k
AF D& 8 B LR AE, 1 S AD 1 T U ) i A TE AR [
IR R T S b st PR AE K Ho i e ety i T
PR TE 2 WA R RN 23 A4 A s ki 2] B
FAZGAT R SN, o — 3 45 s S e S 1) G
RN TELYRFTRAS RSO T, ke B
FEore A n SR, ek A s, WA R
PR B AR—S 1047 e, B, AT (D)1
2 L] 2T 140 FEL B4 N2 TR 2 S5 IR A 1 R e
X G R SN B A BEAE AR 2 —; AR AN A
W EAT 0 P3 PR TR . (2) 5 25 T HE
FAE, F 24 shVE 2 % 25 3 mUa # 5 8 1) S o,
TR N2 R AR . P3 PR

2 BTk

2.1 #ik

U R F AR B H R 20
LIS B REE (ARl . 39.84 £3.45 %), A4l
FRifE . (DAEIRE 18~45 % () A ™ 1)k 5B 405
P& RGP, A A T RESE i fh 28 R G 2l
Y1, (3454 DSM-V 254 a2 bR i, (4B R
WHZGIE 20 1A A LLE; (SR EEE R
BE o fEBEXTHRZA Ry 20 A HRER S PE(AEEY . 42.46 +
1535 %), B Atb SWEEA G, A M aRE T2y
VI 27, JORS P09 95 FRR 28 22 GE e s s s, 4F
W% PRI RN 2 0 B ) ORE AR DT L
22 EMBRIERF
221 #E

TERGESRE Oddball JEH, SLH AR R bs i
AN 22 R B (LE )R 70% vs. 30%) i3S, fufh
PR (D) T HS M, W7 B R R br g,

P24 TR B T B Z 0 i 22 R ()& 1F,

“BE KPR bR ER, 2 SR X BB R AR

R 25 K

Pt 2 K VL AL G PR I . — 28l 2 A DG £
RE R, XEE R 2 . HTHER,
FEEFfE . AP R E T H HZsifER R, B
2 B N T4 A 2 T e v v B
St —FONXTIRERE F, ISR WAk 2 Fi
535905 25 W A S 2 R I X I ) H R AR TE TR
J AV a2 H w2 s T 58 AR T T B R 1) o)
EE Ao B 2590 A S I e st BRI |72 K/ L o
iDL K 5 B R R A ey BRI AT REAHE] . [RlE, FH
25 Z A B R BB AR B R 7 g/ R R R AR
B, AnER SR AE LS T HAR T 8k, Dhk iR 3
TR A0 B A [ 77 ) s 380 O 2 o

A ALY U B eSO 24 ) A DG £
RKE R 505k, &k im, s T HE
A, BEAYAE R Y T H, gAY
IifE; BRI &2y . THAAZ S,
B Ab 3, T8 7CRE BRE S HLAG 1 i v R 2 N L
MRRE R E L OHERGEERE, PEMH#FH 30N, 45
1% 39.27 £ 537 %, HEBE N 10 £ 242 4F, 251
T[] R 11 + 5.68 4, MBS 19.3 £ 15 4>
H, AT R — ke B 5 & 0 BRTE R AR BE kAT
0~7 ZF53 o MIBR 1 A TCRCE s, L4593 29 441K
PR e ) PP B o MR AN B 15 00 BV SR T 1]
FOR 3 bR 22 Z AN E R, AR T HIE A
FZIEhVEE 45 16 5k BRI R T 20T iR, &R
2 Y () T SR EE EAON B3, F(1, 30) = 49, p< 0.001,
222 1BF

2 (B AL . g DR SRR | R IR * 2
(EREM: THLR., ELR) < 2 (REFEA:
WYL R A IRER) = HRIRAG BT, HAE T
JB RN . IERAR) I ERP BE(N2. P3 (1
B i A Ry . IENSE g3 2 4 Block, 43
J LR SFAFRBVESRAT, B4 Block £17% 300 ik
WK (trial) o T HL A SE S AR 0007 76 1% 3k (0] F- 5, i
PLEEHR— 2P i e e i T H AR TS5, 59 —Paik
M 5E A E TS o Bk AL =G, £
WAL By . 2R . EREFWEE, JFh
B e, AR ERE R WoR AR 80 cm UK T I
IR e, IESUSERRRT, e AR L
B— 1000 ms B+ FEM A, KAV R IR
P s i 22 R, e R SR S O, S L ]
FBR 1200 ms; f)5 -2 1000 ms BB, 7
B, SR A B IO PR SO b
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AT LN - B F B b v i) A e <P
i, 7 B0 25 N Dk . B Block 45 RS &
PR B TE A A S R, R S min, $2E
P17 N —A Block HRIZ5H . L mAE WA 1,

2.3 LIidFE

TET AR e s A ALA, @ ad oSk f )
HHES 5IR M R, SRE X H T
e, FFAERESSLE ., EALSHFEEE T IR
Wi, TS 59mEEE M FE R, IHH
F] 120 JCHREH .

T 1 PR IR 28 A FE S S 56 ) T — A IR
FEFHE T, BI—RABEMTG . S8 R TR K
ML OB B — X — 38 SR — A S
AV [ TS, R A A T 8 U RE A T A A
3k, BIBHTFRR, IR O BE R0 H LR,
0 0TI N QN 1102 SO S S = S 8 = 23}
P SRARAS ATV, o LIRSS R R, X oRE g it
FEE I bR EAR AR & O B SRR A, IR T 454
AUiR, i BB T B 52505 | & I 1 G 45
2.4 ERP HBICRS N

KH BP ERP idsk 508 24, #EFR 10-20
RGN 64 FHARIEIC S EEG, i Hic SRR 4%
kS % TS, B4 Hrad il %t TP8 Y i1
S, SEPLLLAEMFLZE A TP WP A B % . Hil
AR e, R AL (VEOG) HaL W 23 ) 2 i 7E A2
MR BT 1.5 om Ao 7KF-HR FL(HEOG) HL K 43301
TAAT RS M 0 R A U8 % 98717 4 0.01~250 Hz,
KRN 500 Hz/ T, Sk BHPT< 5 kQ.

S5 5 WS R B HEAT B ER AT, Ay BT R R
800 ms, LA AT HH BLAT Y 100 ms VR HFEZ, Xf
5 2R 25 SR HERINEOAE K Y ERP 430l 2EA T

BN, PR KT+ 100 wV AY trial B0 A3k 5
B, AR 16 Hz (REIEE A, % AR
LR G AR H Y, EZE 54T 5 SN il 42 i 48 G
Y N2 (200~300 ms)FI P3 (350~550 ms)al 4y, Ik
FELLT 12 A B D SR 1Y ERP B H T4811 43
Mr: F3. Fz. F4, C3, Cz. C4. CP3, CPz. CP4,
P3. Pz, P4, Fii AR 53 B H FRATTAIBR T i s KT
+ 100 pV A8 4 NCEPsRa 2 1N, ft B B2
3N), HEHAEAE BB 36 4.
2.5 it

Bty Hr Kl SPSS Statistics 22.0, 1 o il i
S $41 30 0 A3 BT ZE 200~300 ms Kz 350~550 ms 9 7 1]
A 365 0 1) 45 SRR o 3 B R 2% Ay 9 28 AR (s o )
T A 22 30 5 F R A (12 AN R AT o o s
SN G B FE A b, E A A LR N N2, P3O
PP AVE AR, 2P e . AR m
P B e RN s o 90 o 4 i ek R A S e o X bR
A BT R AR AR I R A7 DU PR 2R Ty 25 40 by, Hirp
B IS Y (Vg 95 DR BB L it B X R 2 ) S k) A
w, BREME(THLR., IMELR). LRIEMEZ
Y F R BRZZ) RIS (12 A FAR 0 A
AE . TESTHZE R KA Greenhouse-Geisser %
WEIE H HBE S P AE.

3 4%

31 #HEAMEKXRER

TRE 8% DR P68 2 0 f B ok R 4 A 4F R (1(34) =
-0.87,p=0.39). ZHF MR (t(34)=-1.57, p=0.13)
I EIK - (1(34) = 1.89, p = 0.07) %A B #2%
Sty BUREA WA | R I R IR A, t(34) =
4.93, p<0.001, t(34) = 3.16, p=0.003, A& #ik

B SRR AR I (LT B AR )
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AR A ARG R T 9% R R 2 ) Sy 22 e S RO AR R AIE = Ok H ERPAYFIESS 321

BHIKW BRI ERY 20 %, W SF2LmTE]
A 2054 H, ST A 37 AN A, DARTE S R
A B2 h 0.56 g/ R (ILEE 1),

=1 #HRAELXEFEFRWN=36)

WIS R AR fREENT R
WH (n=19) (n=17) p
M (SD) M (SD)
iy () 39.84 (3.25) 42.46 (12.73)  0.391
TZHEHTR (F) 9.65 (1.41) 11.25 (4.22)  0.127
AR 5 (/) 5.85 (2.08) 2.34(2.19) 0.000
RSO (ml/fFl)  833.82(855.94) 168.75 (135.53)  0.003

FE B IKF- 30.29 (6.35)
EIRWAFER () 19.76 (3.82)
W EERFLERfE] (H) 205 (42.93)
FCWTET Rl () 37.18 (20.01)
VAT 78 38 TR0 )
(FT/K)

26.67 (4.98)  0.067

0.56 (0.25)

3.2 EREREAEH IR ESLEIERERERR

HIRIENR

ERP SIS, XU H BT T8 SR IR
RS I A BRAE AR IR, H B A R R HE ok
TR B R RS A S 15 D o SR FHC X R AR tRG 5, 245
R, A A B R E DA S & o 2R,
H Skt i SR IR o 22 5 (L3R 2).
33 ITASZR

8 X A A T TR R Ol 2 K S g T T 2R 4
ABIL 96%, X M IR 114 1 A 3 G 2 e 1 i 2 )
%, F(1, 34) = 20.46, p< 0.001, n2 = 0.38, SN H} 7
T, FIRCEEARIR) ERON B2, F(1, 34) = 55.83, p <
0.001, np = 0.62, B 7E i 2 4L 14 S0 B b
KT hRER . X p ey | 2R R gk R
) B o 2240 T kR, ZR R PRI RV [F(1,
34) =26.97, p<0.001, n2 = 0.44], LRIFIEIMLZEK
KA AZ TR [F(L, 34) = 7.25, p = 0.011, n) =
0.18] LA 2 1o 25 740 Fn 2 28 28 7 1 28 B A% 0 ok

[F(1,34)=10.17,p=0.003, n> = 0.23]. AIELLI1EZ
YL B NN RRZ 2 ) S g B 34 B 254K T 0 IR 2
[F(1, 34) = 14.77, p = 0.001, 2 = 0.30; F(1, 34) =
5.54,p=0.025,n, = 0.14], BUBEAAENA 2 T A
2 F N 24 Bl VR 2 2R i 1 2 I I ) ik 25 o B
H[F(1, 34) = 11.14, p = 0.002, n> = 0.25; F(1, 34) =
17.70, p < 0.001, n; = 0.34]; WAL 7E 25 sh1ELk
F ERR BT 25 T HL R, F(1, 34) = 3.84,
p=10.058,n2=0.10,
3.4 ERP 73 5%it74H
3401 HNFISNARLE: (RIERF)

X 200~300 ms X [H] (14725 9% i 4047 8 52 0 o
Jr 2500, R I RIS R R0, F(L, 34) =
6.70, p = 0.014, n} = 0.17, 2= fl3%% & HAH He b
THE SR R N2 PR o 7E 350~550 ms X (7] A& BEL i
F RS EROV[F(11, 24) = 14.40, p < 0.001,
np = 0.87] LA K H ¥ 2 20 R A A 5 38 H N [F(11,
24) = 14.50, p < 0.001, n2 = 0.871, 2= Hl3 7 rpr e
THUIX 75 A 1Y P3 I I 35 R TR, #h e m] A,
ARSI, 22 RT3 A AT I
BN
342 FBRERNREANFIGE DN (RE R

HEERKE)

N2 3R ISR B4 B3, F(1, 34) =
6.14,p=0.018,n; = 0.15, AURELIF % N2 PR b
XTI /N, A | RRIR M RS
IS BN 3, F(1, 34) = 5.57, p = 0.024, n; =
0.14, WIEHTEMA 25 L RN IR I N2 I
W28 S /N T X BRAH[F(1, 34) = 5.54, p = 0.025,
na = 0.14; F(1, 34) = 5.82, p = 0.021, > = 0.15]; A%
FaLHAE W 22 2 I N2 iR -5 0 IR &= AH L
WA B EZER, F(,34)=0.49, p=0.487; XHE47E
WUE 252 ZI ) N2 PR RT3 LR, F(1, 34) =
2.97, p=0.094, n, = 0.08, 5%t LA LG, MURELL7E

*2 BRERRAT ERP SLINRIE & IUAE R IE AR KO8 KRB E WK R

I
il () W) t i
A 36.87 (0.34) 36.93 (0.24) -0.72 0.48
FHL (30 5) 5.88 (9.37) -1.06 (20.81) 1.584 0.13
JZHL (60 5) 2.29 (11.15) -2.35 (12.63) 1.06 0.31
i - (mm/Hg) 128.12 (14.62) 127.65 (10.40) 0.20 0.85
#F5KIE (mm/Hg) 81.53 (11.73) 82.94 (9.47) -0.80 0.44
DF RIGT) 75.94 (9.01) 75.65 (12.22) 0.15 0.88
T8 2R % 0.94 (1.18) 1.06 (1.27) -1.12 0.28
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WFE 25 S E LR BT 1 N2 0 0 25T/, F(1, 34) =
8.17, p = 0.007, n; = 0.19; 5HZ T HLRHMH,
BB TE LA 245 h AL R i N2 SR B/ [F(L,
34) = 3.56, p = 0.068, ng = 0.10], MiX} B EWE
25 T A2y shVERTHY N2 JEIRC B & 25 .

R AE W FE 25 T HZ R AN I T HLER
] 5 FH 25 S VRS 2 FXT BRI VEL R ) N2 1 iE 1Y
Tolw 25, XA A A ER KM N2 3
i w2 R T XS IS, F(1, 34) = 6.48, p = 0.016,
n,” = 0.16, JAZY T HAXS B8 T HIC % 22 5% . 14,
B A | R ENE . LRI ST B A2
SN R, F(11, 374) = 3.64, p = 0.014, 1, = 0.10,
BURHAEME T2 shELe R b X rp e XA e
00 D375 22 1 N2 I IR 440 48 25/ X0 R 2

XoF N2 B E AR I B R B S 3 A HE A S [F (L L,
374)=3.26, p=0.007, n; = 0.09], ZRRJETE[F(1, 34) =
12.36, p = 0.001, 0y = 0.27]FRLNE, LA S HL R o5 A
R RIBTER L BRON[F(11, 374) = 2.97, p = 0.004,
N = 0.08], BURELL1E N E 25 P4 2R i v o T X35 &
) N2 VAR 2 /N T BRZR R, F(1, 34) = 8.16,
p=0.007,m2=0.19, XTI ICIZ W EEF . WEAH
TEWLE 2 SV EL R B b e T IX 75 & 1 N2 iR
WE/NTRBEEL R, F(1, 34) = 4.44, p = 0.043,
Ny = 0.12; MURELHAE A FH 2 T HE R f o X
FTrp Y TH X5 A i N2 TR D) I 2 /N T 0 BT B2k
KIF(1, 34) = 3.64, p = 0.065, np = 0.10; F(1, 34) =
3.76,p=0.061,m> = 0.10], ¥ HRA xR EEF

P3 3R : A A [F(11, 374) = 12.76, p < 0.001,
na=0.27], RRAKARI[F(,34)=7.31,p=0.011,n; =
0.181 1Y 3= &80 1 5 H A i Rl 2 3 T 1 1Y 38 B 30N
[F(11, 374) = 6.52, p < 0.001, np = 0.16], LA 5 AN
R AYAZ TN [F(11, 374) = 10.40, p < 0.001,
na = 0.231A BB IR | LR R MR R KR A58
RN B E [F(1, 34) = 7.15, p = 0.011, 2 = 0.17]
B L TE B 25 2k RN IR R I IFE & 1) P3
W ME 34 TR BRZH[F(L, 34) = 8.11, p = 0.007,
ns = 0.19; F(1, 34) = 3.62, p = 0.065, n; = 0.10]; K
a2t AE T i =BT 1Y P3 IR -5 4 B &R A e
WA B EZR[F(, 34) = 1.46, p = 0.236], TMixXfH
HWE YL R LN P3 PR /N T X R R
[F(1, 34) = 6.66, p=0.014, n; = 0.16], 5 XIHE41AH
W, BUREATEWE 25 shEL R I T & 1y P3 %
il 25 0K, F(1, 34) = 13.79, p = 0.001, n; = 0.29;
BB AE A T2 shVE LRI Irigs &K 1) P3 IR

FERTHATEHE, F(1, 34) = 450, p = 0.041, 0, =
0.12, XFRAZHJCiZ W 35 22 5, MURAHAEWE 2 T
HZB R I 08 /D X T HA &K, F(1, 34) =
4.13, p = 0.050, 2 = 0.11, X MR ICI% & E R
R 2 7E UL FH 2 sh A 4 R AN BR sl VEZR R ] 1)
e MR TG i35 25 S [F(1, 34) = 0.04, p = 0.84], X B4
TEWE 25 shVEE & 1Y P30 2 /N T %F IR s
[F(1, 34) = 9.73, p = 0.004, > = 0.22], HLH 5 ALk
R\ . RRERN L H RN BE[FAL, 374) =
4.88, p = 0.002, ;= 0.13], X HRELH HE 17 faf BRI
ST, BB AE Hr g X R e T KR T XA
HENELE P3 IR E R THA THAER,
L AE Hh e ORI TR XY 25 S VR R R U o 5 KT
X R .

X P3 AT AR I 40 B 2 LA I8 2 A A (R (1L,
374) = 26.80, p < 0.001, n; = 0.44], LR IE[F(,
34) = 6.03, p = 0.019, n} = 0.15]. LRLEA[F(,
34) = 11.75, p = 0.002, 0% = 0.26]1ERUM, HLH S A
L RIBTE L BRUN[F(11, 374) = 3.33, p = 0.004,
np = 0.09], DASHEIRISA | L3R E M A AR s 158
HAEERI[F(11, 374) = 3.30, p = 0.004, 02 = 0.09]. &
Ja 2H 76 UL B A 2 2 i85 DXRT Hh e DX & 0 T AR
MR EKTTHLAR, BEAAENE THLRAL)
V2R 2R B 401 DX 75 K R TR AR S99 3580t 25/ T %o B2 (I
Kl 2).

343 RAATEAZZRMAANELRS REHINE
BONXARGRELAN - AATR-XRIA,
R ANE-3FBRENE)

N2 A5ON A # 3 2H  RN 28 28 24 3311 38 A8 i
F(1,34) =5.57, p=0.024, 2= 0.14. J{RELATEMZY
SAE- X RRSIAER) N2 25 5 B0 & 35 /N X BR A,
F(1, 34) = 4.01, p=0.053, n> = 0.11; Pl rE A
T H-XETH EAY N2 23RS AE B ER,
F(1,34) = 1.46, p=0.235, Ra417E 25 shE—x R
SERAZ TH- XTI TH R N2 22 505 iR G ik
XS F(1, 34) = 1.17, p = 0.28; X IEZH7EHZ5)
YE—%F BN AE 1 N2 22 5 05 b 35K T 1 24 T 2%
MR T H, F(1,34) = 4.96, p=0.033, n; = 0.13, Pk
R R BRI S A BN 3, F(11, 374) =
3.64, p=0.014, 17 = 0.10, JIEE L AEH X A rf g X
W R W 25 s VE—XT BEENPERY N2 22 5 5 b 25/
FXFHRL[F(1, 34) = 8.16, p= 0.007, n; = 0.19; F(1,
34) = 9.82, p = 0.004, 07 = 0.22]; PHALBLILAS Mk X
R 25 T H-XF IR T HAY N2 Z530iE B30
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T A AE T X7 & 9 T 245 sh VE—xF BRSIERY P3 25 5%
Wew b 25 T H—X IR T H B E 8 K, F, 34) =
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T E A T AR X e X 245 sh AR X
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AW 5T R ERP AL Oddball 755075 2818 7%
R e e AR R 29 AH SR R R RN, B 5E il B
TOWEERE Oddball i 2 HEAT 0845 10 il 42 i 25
(Yuan et al., 2008), HUREE XT 259 S 2k K Rl &
A2 S ELR RAFAE SN I R RE IR 5 . Hk, FRAT]
I R O TE LR 25 WA DG Z R i, KU o
2 Wi 00 87 B i O A0 ) 4 o B B Y g ) 44 S A
SRS, RIS A 47 o 3 A s I A a4
53 7E B F % 28 B R S X LA ] B T SRR B
B AR RS PR B VR ), I s 1k b 3
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43— (Su et al., 2017), VLI F BUREE X 259
MG RAFTE AN G BB, A7 0210 FR N
XPEPPIRAOCER R, Rl X I 2 sl S R A7 AR SO
P ] S2E 3R L o

= DR N2 R g2 S A i Y 0 B B
L5 ph g W Ao 3l 45 il A 5 (Dong et al., 2009);
[7] Fof -t ] sz e 3of 2k R 1 3l A U R 9] (Carretié,
Hinojosa, Martin-Loeches, Mercado, & Tapia, 2004),
1717 T 725 Bk B e PR AT o 8 42 1 19 — 1> 1 22 (K X (Dong
etal., 2010). Z4WIHI KL R W5 9% R ERE # 1Y

£ & 1] (Franken, Stam, Hendriks, & van den Brink,
2003), 33X B 1] 2 175 & 24 W Ve R B A 2T A5
PR T8 2547 1) B 25U (Field & Cox, 2008; £,
=W, 25, FERE, 2015), FHZGRW], T IEm
JilVE AN W 52 2Y, R & 1Y R I I i 259
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3 Bor5 E BA 4 i i 2 A DG (Donkers &
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(A8 £k P BB S B T 2 5 38 B DA B R i 3l B
TNFNE% JI L (Dong et al., 2010), ifif 58 K1) P3 I &
A RE 5 b7 32 4514 2 (Dong et al., 2009): i
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T AT B RE A S S PR FH 254 T A R I RR, SR B
AL 2517k, 25 E W) ] GETE (Jasinska, Stein,
Kaiser, Naumer, & Yalachkov, 2014),

SEBUREFE N, 1835 2GR ARG
2, BB @SR 2L (de Wit et al.,
2012), Hr R TRIX P3 {5 2l A4 H 3 004 il i Ty
HIEARPRCE TS, 2010), R ETEMALLRT
AFFERT 215 e Bl 22 Tk A i 38 P FH 2577 ok iR 45
A2, Smittenaar 45 & B, 5GP R) 258 TR AT
FHAT R 5 A MBI G XA T8 /N7 58 (Smittenaar,
FitzGerald, Romei, Wright, & Dolan, 2013), B
HEMEL R AT RED R T SRR X B sh VB T, M
W KA KRR RN, 185 A2 S EL R T I,
S A TSR I T2 003, JF T Al S T SR Y0 B
TR, XFP R ZUAVESRARMEND ], RIS AT
rh SR 21T R .

AN, AR KB, FZ5shVEL R X Mok
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Differences in brain reactivity in relation to different types of drug-associated cues and
disinhibition among heroin addicts: An ERP study

ZHENG Zhiling; WANG Pengfei; SU Dequan; GUO Weijie; SUN Nan; MA Yankun; ZENG Hong
(Department of Psychology, Research Center of Psychology & Brain Science, Guangzhou University, Guangzhou 510006, China)

Abstract

Persons who are addicted are known to show cue-induced responses (such as psychological craving) to
drug-related cues. Previous research showed that both tool-related (e.g., syringe) and action-related (e.g., use of the
syringe) drug cues can elicit craving. However, whether the two types of drug related cues can elicit the same brain
reactivity and similar degree of disinhibition is still unclear, especially because of the scarcity of ERP studies on this
topic. Using a behavioral task and the ERP technique, the present study investigated the behavior reactivity and EEG
characteristics shown by men addicted to heroin and healthy controls in response to tool-related and action-related
drug cues.

Participants were 36 men, 19 of whom were addicted to heroin and 17 of whom were healthy non-drug users,
matched on age and years of education. Participants engaged in the two-choice Oddball task, which included two
conditions: A. the tool condition, with a picture of a “cup” serving as the standard stimulus and pictures of drug-use
tools serving as deviant stimuli; B. the action condition, with a picture of “drinking water” serving as the standard
stimulus and pictures of drug-use actions serving as deviant stimuli. In this experiment, the probabilities of standard
stimuli and deviant stimuli were 70% and 30%. Participants were asked to press different keys on the keyboard in
response to standard stimuli and deviant stimuli as rapidly and accurately as possible.

Behavioral results indicated that in men who were addicted to heroin, greater disinhibition was seen in a longer
reaction time in response to action cues than tool cues. Between-group analyses of the ERP data showed that
compared to the healthy controls, men who were addicted to heroin demonstrated a smaller N2 and larger P3
amplitude in response to drug related cues. Moreover, action cues elicited a smaller N2 amplitude in the heroin
addicted group than the control group, especially in the frontal, central and central-parietal areas of the brain, and a
larger P3 amplitude, especially in the central and parietal areas of the brain. Within-group analyses in just the heroin
addicted group showed that the N2 was smaller in response to action cues versus tool cues. Meanwhile, the action
cues elicited a larger amplitude of P3 than the tool cues, especially in the central, central-parietal and parietal regions
of the brain.

These findings provide behavioral and ERP evidence for the hypothesis that different types of drug-related cues
produce different cue-induced reactivity. More specifically, drug use action stimuli, which appear to trigger greater
disinhibition and greater ERP reactivity in the brain areas associated with motor resonance, should be considered in
the treatment of addiction and in relapse prevention.

Key words heroin addiction; cue-induced reactivity; impulsivity; two-choice Oddball task; ERP





