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HLII:EI’J iﬁ&ﬁ%fiﬁ@ﬁ(ﬂiZlEﬂE’]%%o IjJHbLi LR, 220 OMPFC Eﬁmlﬁl(Angular gyrus). =10
OMPFC 5 XUl 2R #%(Caudate nucleus). 47l OMPFC 54l RARAZ TR 4% 5 R i PV 8 A OG . A% 247K
PRI HT R 2R — 20—, AR RAZ R4 M OMPFC RGN % H 5 M e 22 i 3B ARG, LR SR 451
THRMNERHEREERMG, XM, FERET OMPRC 5 BRI MER S RV ERHAEE BN LR,
KR NG, #EASTIREHALIR, DIREEEE, AONIEEE, A 2RI AT, NESR I ETA Y kA
SEE  B84S

1 %Ié & Siever, 2015; Siever, 2008; Nelson & Trainor,

- 2007), 832 B85 IV P T 77 2 T R I T

S i i (reactive aggression)J& $6 15§ il 7 M2 )25 2T X A S BEE 0T .

Ja PR B ) . AMEBRFE ] 55— ATEXT O A B 58 5503 AR 95 AH OC BF 98 (1 Coccaro,
15 A0 % 8917 A (Anderson & Bushman, 2002). T McCloskey, Fitzgerald, & Phan, 2007), % i iz %t
BN 2 AR R At /53, 3z 242 (RNt vy XSRS NN |2 LRSI S NG £ 3 SN R RS
27 DB G Z R )T K (Herpertz et al., 2% 5(4n Motzkin, Newman, Kiehl, & Koenigs, 2011)
2017; McEwen & McEwen, 2017; Fite, Rubens, e S BN T BT AL, X R BN
Preddy, Raine, & Pardini, 2014), IT4%, #FF5E& K B N B AL R 2 T B A S R E
SPIAE 2L EP N VAN ) S R AP P VA dSL e FH, AR 0 A RE BRI 142 19 SR RS I DAGIE S 5%
AP ZEMLE A TR . A X B B s Bt e H A, ET&@‘@W%E@&E@&%AMEQE
NUA B AE & NSEAT I AR W98 6 B, W BEAEAE— (Bettencourt, Talley, Benjamin, & Valentine, 2006;
A28 5 B P B A OG, XA 28 A HE A % Ramirez & Andreu, 2006), X JG5E J 57~ HAFZE L
(Amygdala; McCloskey et al., 2016). JE4R#%(Glenn il o TAR KA RIME . UL, ARk — LBy T
& Yang, 2012)F1 OMPFC (Beyer, Miinte, Géttlich, & f 22 1ais 20 8 0 T 0 28 8 R AR R R B g
Krimer, 2015). 50 #E— 2045 i BEAR A T4 K2 Pt s LT, Horh, Taylor X #558(Taylor
JE 95 3 5 T B9 KRR i DX TS Sl (A A Aggression Paradigm, TAP; Taylor, 1967)J& ) F#%
BRAZ) FTARESL A S8 T RO B R A (Rosell R )32 (1 — P £ L 1 2 7 5 K (Riva et al., 2017,
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Liu, Teng, Lan, Zhang, & Yao, 2015), 7EZHL{)
Taylor Wiy, FiLHBIAL S 5 — (B R)
XF AT SO AT 55 B SE €, A G A b EE PR
—J7 AT LAy B 18 i — it n T (MR ), SRS AR
It 00 P P PR 3 M A T e 1) S5 g 1 I
i CAMFRERY, 28 EA RIFRUE (Giancola
& Parrott, 2008), 2007 4F, Kriamer, Riba, Richter £l
Miinte # 1 #2 Taylor By 20 Hb i kg Aot 38 ik
AN, 3 5k O 5 RO S F, NITTA] LA %
ST SRR S M B R e (ER, 25
BT AR A X IE W ARER A A Taylor vzl %
AR O I P B B R 2 WL R AT B 5T (Beyer,
Miinte, Erdmann, & Kréamer, 2014; Beyer et al., 2015;
Kriamer, Rib, Richter, & Miinte, 2011; Kramer, Jansma,
Tempelmann, & Miinte, 2007; Lotze, Veit, Anders, &
Birbaumer, 2007)7] L& B, X ZEHF 57 1) S5 56 5
A AE, £ 2 R — MRS I T H A E
X ] —yE A TN R R EE p i ek, PR AS B A 4
WA, IF HoEDL BHEE T I . B4, B
A AR B — R AR e i FE bR, ik $0 3 S KON P
dOC R, ST RO M X i s L e 2
28R A R S AR D) e g S AR B R S FRATTHR L
TR

i S S Ty B W Ik B N A7 L9 A 55 1 PR
FHI 2y | REAE W] 58 M 20 KM N AE Y B & T 3h4E
PE#(Zuo et al., 2010), B 7z N H FEFE LS5
NIBFFE T, DU T & BAARLE # BRI T KM i
i 05 HELe P | R LA S AT N I G &R (Fulwiler,
King, & Zhang, 2012; Wu et al., 2011; Greicius et al.,
2007) . DI RE % 4252 %) J 135 3 i HH R AR 2 i X Z (7]
MYER FR A B X I 2R 5 FE A RR S 1.0 BRRAT 2
[6] /) 5% Z& (Takeuchi et al., 2012; Zeng et al., 2012;
Hahn et al., 2011), JTEK, %7 IEAE BT PEAH 40
WAL T — 2 B L5, #lin Hoptman 4§
(2010) A5 B, HLACIE & K, AR 3
S P N T A A A2 5 0 iy 40 P ) ) g i 42 BRI,
I By i 5 Ul e S A SR R .

SR, R FE I 02 R AR DG 43 B ) O v 75 4%
Jiki DX 22 (6] A IR ) A, 3R AN RE S e il IX. 22 (] 47 B
NS AR R B, ARSI
S DI REIE RN 1253 R (B SR DI fig 3% #2 (Functional
Connectivity, FC)5%U i % % (Effective Connectivity,
EC). X TR &/ 73 rrh, A% 22 28R 70 dr
(Granger Causality Analysis, GCA)Z W55 & 1Y

Iz REME R, B EEEA A HEL MR T
2575 B il DXCAE 5o 26 B — I [) 6 A9 7% 302 5 AT
DI BRBAE 55 A —A 1 DX 036 s A O, T LA 7 ik
[X 2 [a] BA ] (1) [K] SR 5 22 (Hamilton, Chen, Thomason,
Schwartz, & Gotlib, 2011; Chen, Hamilton, Thomason,
Gotlib, & Saad, 2009),

Coccaro, Sripada, Yanowitch F1 Phan (2011)3#%
T LIAEWFFE 45 i, OMPEC 5 J W 1 24 <l % U 4
K. OMPFC fgXf Mrai nh sl A7 47 4%, Pietrini,
Guazzelli, Basso, Jaffe 11 Grafman (2000)%5 #1325 P
— R 3 5B SR a0 ) 5 Rk X HR AL Y
Heike, 452 R S ot wh 3k, OMPFC i
TG BN 1T OMPFC 5475 i 95 AAS BEX SR
N HEFT IR (Koenigs & Tranel, 2007), /< A8 15 %
##(Damasio, Grabowski, Frank, Galaburda, & Damasio,
1994), OMPFC it 54t 2 E 45 (5 BN TAHOE, Beyer
45(2015) B BF 9838 35 7 TAP 0 X A9 e 5 [ B 22 B3
T FL (RS B ), ok B SRS AR RO P iy
PR, 25 R S BT FLES, OMPFC (934
TR 5 RO M A G 2%, iX 3R] OMPEC
XAt 21 2545 B(RP, 1% 45 T L) A% B iy AT D ) 5
B J 1 S R MG AT oM . New %5(2007)7F HLA A 14
S N BRS04 1A 55 1 SR 0 DK B 5 31 0 B
K, IR 2t A RS 1A, 15 A
R OMPFC 5 (4% Z A ARl 5" BE 5 o A, 1B
IR H A, YR BB R T LR, B ] e
R BB 1R (B PR B3R )OMPFC. 58 (2
[&] %) ) E 3% 4% T % (Coccaro et al., 2007), da Cunha-
Bang 5 Q017)WF5T BN, HWlIERW A, # IR0
ZERMBMES, RN EIGE R, AR A
W B TS o B T, O R AR AR i DL S A
% — A Y DR O R AR . DL BRSSO
OMPFC 5 [ W PEHC 8 DIAH 5C, AT LA 45 S B
PR Bt hsh #eA T, JF BRI RIS
B J2 T i DX i 4 e S M i bR s AR
Mo 5356, TAP {3 T M B T Y 3 Bl 1l
T S5 3 e TP AL T — e s A FUNBR X 0 1 9 55
T (Giancola & Parrott, 2008), HA 58 it 2 H 5
£, Il OMPFC 7EAt 231 4517 BN T G 4 PSR s
1, JUHIEAL 2 B 8l 50T A4 B AR ] (Rudebeck,
Bannerman, & Rushworth, 2008), Atk OMPFC 1] L)
YERAWF R F T 5

25 LRTR, ARWFFEHLE I OMPFC VN Fl T A,
T Se iz T 528 D) e 3% 45 5 vk R 2R HE & 79 ) i 40
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I — R J2E T il XY ) RE 34 42 S Ry M T ) O
iy HWK, k2D am AR 22 S DR A 2 A 0 i
SROPRAE T HE T P00 A7 480 — B 22 i DX 2800 32 432
K5 BB HCHE  O6 R o B T DAE R AIT 5 45 2R (da
Cunha-Bang et al., 2017; Coccaro et al., 2007; New

et al., 2007), FA K% OMPFC 5 Kz 2T I X (5] 4,

A AR R E L 5 B P T S e, Ry
OMPFC 5 B2 i X A 32 55, A4 Sz I
Yt BA%; RZ, 4 OMPFC 55z J2F il IX 14 3% 42
B, A BB B . TEBIS R I, AT
T 5 25 D RERE L IR £AR 1R mUBETT T AT 55
S RE MG LRI 5T A 32 AT 55 B2 A [) 7 5 B0y 25
WO B R, N ATAM B R B2 T I X 2
AE I 12 -5 S P Tty (9 5 R E S S 3t T3 B Sk
RS, Sy Ax e s SOV S R R 2 pL ] SR A T
B R TURE ., TESCRRIZTE, AT AL LI E R
S5 IO A T i S ) A A A DA R A 42 = T 0 A a2
WrE it Hs e

2 ik
21 #id

ABFFEBEPLIERL T 43 A EHRA R T 1ER K
A, HhBE 19 4, otk 23 4, FiRR 18~22 ¥
(20.05 + 0.92), A # il 8 E BER B H
T, ORI s A FARIMG s o AR S 56 38 i
T VYRR M BUR AR R B b UE, S TR
WA TR, ELRE RS T —E W
e o
22 XN

ARBFFERICT 812 Taylor Yrifiii=X
(Taylor Aggression Paradigm, TAP), 17 h2#%#E %
RIH R E-prime 2.0 #E47. B 1 23T AL
WHRE, B fEpia L — a2 8 s i
P+, BRI B o LR e e (1 5
B 29, TR AR, BRSO
1~8 (103 FE 1 MR FE T A e B 2 ORI 5 4 S g
BHAE S5, BIY GRS B —A> e 5 P ) e
WU AT RE TR AR, B A S B Ik |15 Y
e o 1) 485 SRR T A B ) AR R

TSRS, TR LRI A BiE
(R A% T 5 Bl 3 7] 58 T 4 S BT 55, T A

"Level 1 2 70 db, Level 8 iy 105 db, F:4%4H2% 5 db, 7EZ: > B,
WX T & T Level 2. Level 5 1 Level 8 fif) g 3555 3

1) S A5 AR A2 FL I % a0 S BGHEA T I E PS5 X T
1 EJRAH SREER 1~4 WERE, P38 2.0, RAER
KA T 2 SR 5~8 MEERE, IR 6.5,
HPOR A R T AT SR B BT S, RS
34> run #AT, B run PAELEE 20 4> trials, #iad
BB —2F o S T BT B 25 A Y EL S,
FA12% LITERFSE (Maren, 2001), X4 500
P T IR RCE s 7ES A run, BOXS 1 SX T
M ZEgr R 3 R, R 7 IR, #RS 2 SXFR
e R 7 R, I 3 IR, FESE A run, #EIKS
1 SXF FRzEF R 5 0k, R s W, #ids 2
SXFFRTES R A 5, RIS G FESS =1 run,
POk 1 SXFRysE PR 7 0, R 3 R, B
Y5 2 SXFFRsER MR 3 Wk, KM 7k, BIRE
BT, POz B a9 AR O EOR
23 LEIERF

WA LR E G, HhAEEMNNEFE, A
Je i FEA SRR, BT I 2 A 5E i )
SEHG, BORBE TR T B IT BRI A SO,
SR R DUR R AT %, IRUGHE TREAS
155 5 M Es F AR 1 42
24 BIEXRE

MRI $dli R FHVE ] F 3.0T #ELARfaH#i (YL
(Siemens Medical, f2[E), #i AL H MRI 3
AR AW D Sk 3l . HHHT, Tl 4
S M, DLk A A 4 e P A B
B4 FUSAR T A S, [R] B BT A i 1) 4 S
T T A RS M RO R B S R R
HREE R A IR I & e fe b AL, OREELER
NERAERD), NERFFRFE

T1 JAES KA A TR A 1 A P ds >R 4R A 12 (o]
% ¥ 31 (magnetization-prepared rapid acquisition
gradient echo, MPRAGE)R 4, BARHFHISH N . &
&2 it [A] (repetition time, TR) = 2600 ms, [F]Hs} (]
(echo time, TE) = 3.02 ms, 5% ff(flip angle) = 8°,
JZ & (slice thickness) = 1.0 mm, %E 4 (matrix) = 256 x
256, RZE K/ (voxel size) = 1 mm x 1 mm x 1 mm,
A9 176 J2 8 w5 2K

i SIS BE# ] EPI (gradient-echo planar
imaging, EP)FFIREE, BAAHISEHCy . SRR
[#] (repetition time, TR) = 2000 ms, [FiH A} [E](echo
time, TE) = 30 ms, % ffi(flip angle) = 90°, ]2

T RIEATR, A SO RIUT S S PSR
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v IR R el % YRS T i
12345678 LS sean, 1 || Ak
8s 6s 28 4s 6s . >

K1 semm R

(slice thickness) = 3 mm, JZ[H]#i(slice gap) = 1 mm,
HH % (matrix) = 64 x 64, 1K K/ (voxel size) =
3.4 mm x 3.4 mm x 4 mm, JZ%(slices) = 32,
AR 8 Jreh % 4 70, HL3R1E 242 A ] s I EIA
25 HIETMAIE

i BB YE i DPARSF A4 (http://www.
restfmri.net/forum/DPARSF)i#F1 7 #ilZb B (Yan & Zang,
2010), HARmRBRALE: 2, ¥lh DICOM %t
Pafedly NIFTI Bdlis =, o8 20, O 7kt
AT 5 FFHLET A9 A B2 A il W I 3 A 33 ARG
ANTE HE R RS, I BR AT 10 4 a9 B s,
L4y 232 DI ST IS SR ab B 55 =20, I (A]
JEAZIE (slice timing), 2% )2 2 A4 1l 41 4 o 7
rh s T ] ] R — 2 SR 2R, Sk ah AR IE
(realign), B Fa# T 2 mm siE s T 2°
R HE AT HERR ; 28 B AP, K BR 1M AL & (nuisance
covariates regression), 3% 6 1~k BB HOM A (5
5. WEWAE S 85754, RJT DARTEL #1775 [H]
Fi 1k (spatial normalization), B K% Fic ¥E 32 b
MNI (montreal neurological institute)%s [d]; 25-E 42,
= 3735 (smoothing), FIE % (FWHW) = 4 mm; it
J&, PEF7 U8 (band filter), YFIH 0.01~0.1 Hz,
26 HIES
261 1THRBIESH

R TR R SR A SR R E R A P, o PR
ST B A AR B AR R B AT ECX AR A ¢
K, SR K ol s B 0 AT A8 ZL S B S Bk
TR AR A8 PR
26.2 fMRI BiE5HH

F A SPMS8 (http://www.fil.ion.ucl.ac.uk/spm/)
A marsbar 1. H.fi(Brett, Anton, Valabregue, &
Poline, 2002)#HL OMPFC 1ENFhF 41, &% LIfE
SCHk H A% (Beyer et al., 2015; Tzourio-Mazoyer
et al., 2002), 735l ¥t AAL #EA o 2 A W)
MNI_Frontal Med Orb I MNI_Rectus fill{E 2= 47
fill OMPFC BY/22%ilik X (Region of Interest, ROI),

FI ] REST (Song et al., 2011)AY T HAL T Y FC
THITE OMPFC 54 1Y) g i% # (voxel-wise),

ZJE#H SPMS8 B9 £ It [HH (multiple regression)fk
R 7 BB OMPFC 54 ik 1Y D RE 144 (voxel -
wise)5 W PR T A S A DX, HE Rl R )
EEE N PR T4, B2 ok, b
F) X A7 ROL, A REST T.HALFH FC T
MU OMPFC 53X £ ROI [ FC {H (ROI-wise),
T FC H5 WY Pearson 5 R %L
J&, FIFH REST T.HAL N GCA T.H 15X £ ROI
5 OMPFC ) GCA {H(ROI-wise), 15 GCA {5
F2 i PE BT Y Pearson #H 3G 2245,
FTEERENSE, BT FC AT IERME, W
W K BN DI ReE WA, ATTHEITT Fisher-z
Eedn, I HAH z #5405 E R Tk — 0 .
Tk, BTG AR B S AT I R A A 2 AR T
g SRy iR 2, WIFEEmadrd, EHEZEK
Fp < 0.001, FHIKFp < 0.05(# ] FDR #4174
H L IE), HH RN cluster sizes) > 20 K ZAE
9 S
3 7

3.1 {TALERER

FI G A7 N EER ] SPSS 16.0 BEAT /0 Hr . Whik
K5 AR R 2 E T Bk R A B ST i R R A T X
FEAS t K0 2SRRI, R A N R X - 1E 8
(AFE ST R 0 2 o TR & S T BRI AT B s
BORE M =391, D =171, JEE S M=3.11,
D =1.49; t(38) = 3.44, p< 0.01, Cohen’d = 0.55.,
32 BRGHEIELER
321 INEEEELER

¥ OMPFC 5 4 ik i) D fig % He kA7 Z T [l )5 43
B, ok S RAE R 4 Ry AR s ol . 4 SR AR,
ZEM OMPFC 545 A [m] . XU R DR A LA B WU
A A9 P %) ) i 3 1 5 R MR T A G B, A
OMPFC 545 F2 R AZ LA K A P AN i 45 - A4 2 B
5 RPEYGEOC R, WER 1. T AIETE
HARJE T2 FRGIX, PR 22 5920 B R AT 22l
OMPFC 5 EAMRAZ . A E LA M OMPFC 5 EHR
Dy Re e 5 R N E R
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el L
#z1 W OMPFC IREEEER

R X Bk MNI A8h5  RR ARG t

ff 5. ZEM OMPFC
4 lul vl 48, -63, 51 51 5.58
R s -12, 15,3 30 4.85
1 18,15, 21 27 437
PR A0 i 4 - i 33,48, -6 74 5.66
vl 51, 30, 33 32 4.95
s —-42,48,3 88 4.55

fl 5. 47l OMPFC
BRI pa 12,0, 15 54 4.41
PA A iy 5 i 33,51,-6 69 5.92
vl 42, 33,39 48 4.75
s -36,45,3 45 4.32

e RFE K p<0.001, HH/KF p<0.05 (ffi ] FDR i
TTLH IR IE), HH /N cluster sizes) > 20,

I
&=
=
>
@]
B

& 2

TN OMPFC 5 j2 )2 F i X () T ik i
5 RO HEBGE R R, AT — PRI E— 2
i E Y K2 R IX 55 OMPFC Y ) RE 14205 5 S v
P Pearson A2, 53R IR, ZM OMPFC
HAHMMAE @ = —0.44, p < 0.005, WK 2). ZM0
OMPFC 5 MM (r = —0.53, p < 0.001, WLIE
3). ZEM OMPFC 545 R (r = —0.59, p < 0.001,
UL 4)LA K A5l OMPFC 5 45 ] R AZ (r = —0.61, p
< 0.001, WL 59 FC {85 5 Wi Moty £ W 2 71 AH
K, FEHAZ BRI (R4 Dh B i 2 H 5
WO & A5 AT B3 B R Pk s B R G 1
P < 0.05). #TIfgiEEAE 5 SN T AE DG B
Wik 2 fR.

322 BEAREARDIFER
F T ) Tl i 422 5 R 7 A2 ik DX 22 ] A RH OGO R,

SR ()

2 OMPFC—7 0 # [ 4 2y R 3% #5255 B PR B0t A O W 35 (FC (LA 2 etk 2 J5 B 1)

E: BEWBTRR, TH

FC Vallue

S REAETGE (&)

K3 Zel OMPFC—Ze il FEIR A% i D e 14 42 55 B M Xl A O Y 3 (FC AR T z #8462 )5 i)
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K 5
F2 IEEERESRNMBEEIEXER
e TN ST S PE

AR R BRAM ik (4
ZE OMPFC— . .
e hp— 0.43 0.36 0.44
ZE OMPFC— " "
SRR 0.50 0.46 0.53
74l OMPFC— "
. 0.51 0.54 0.59
£ OMPFC— "
AR 0.54 0.55 0.61

T« A% T R BB Y i AT I N 1 T RE % B (E 51X
H1) I %5F 17 B AT S FE AR 1) Pearson A6 R %L, "p < 0.05, T'p < 0.01,
"p<0.001,

ANBE S AR A A BT, PR AT — 2R
FH GCA 50 DX 2 [R]85 3242 1) S -5 S g 1 I

FC Vallue

Q
=
=
>
Q
B~

r=-0.59
£ <0.001

RBPETCET (&)

A OMPFC—77 I R KA 1) 2y R 12 4 5 0y 1 A i AH G 8 25 (FC EAE T 2 #e Ak 2 ) 19 1HD)

B Z I Z . 1 F ROI K- GCA 43P Fh i i,
BRI B ARG B, 1R 4 AN Thakid e —Itr=
A8 AR IR . RIZEM OMPFC—Z: il R A%

2l OMPFC—A M 4R A% . 2] OMPFC—A5 il £
[l A OMPEC—A MR . Zofl AR — 22
il OMPFC . 4l K% —Z- Ml OMPFC . A5 ] £ [1]
—/cfll OMPEC VLKA M AR —47 ] OMPFC,

GCA srHrmas R s, HAa A4 R — 4 il
OMPFC Y 3% 42 5 I by e Xt 3% Ml o6 (r =
—0.36, p < 0.05), HAhON % 3 5 S v T A
5 (ps > 0.05), il 6 Fon. dE—Extik . Ak
PR ST B RO M e 5 AR R A — A
OMPFC 1) GCA fHIFATHHIC AT, 55 FM, £
R4 M OMPFC 53Uk 258 19 S g e iy
WBERAMET = —0.33, p < 0.05), 1 5IEM A &M
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SREETCET ()

K16 A AR — 45 M OMPFC Y34 N 3% 4% 5 2 i

TR RS A A B3 (r = —0.31, p > 0.05),
AR 3 B AE S RN M M A DGR FE N’ 3 IR,
BUSEIE 6 frs .

*x3 VR EZRESERNMHREFHEXESEIT
rAIR N & T B VR 3 & SN

. CAEBR %) k&) HYEE R
aenm 02 0o oo
f@%éﬁ% 021 ~0.01 .11
Egﬂﬁgﬁl;c 0.08 0.02 0.05
gﬂﬁﬁﬁg 021 ~0.16 -0.20
Eﬁﬂ%j\j{\ﬁ; —0.19 -0.17 -0.20
EQ&%@ 024 0.10 0.19
fRRE— e .

£ OMPEC

0 FAE BT BR824 T B X R Eﬁxﬁli@%ﬁ 5
BT (94T 6 KR Y Pearson M R 4K, “p < 0.05, “p < 0.01,
“p<0.001,

4 Hig

WS R TAP 25X, 12 i 23 1] 3 HE A
(D REREIL IR BUAREAR, PR S BT 1Y
MAHURIFEAT T I REIE AN I F b, itk —
A PR S S I A AS AR I T SIE SR . fEDIRE
BT, AT BUA M ] SRR S 72

SRS (MRS

A e R O 3 (e R ROREPE T A DOk AT B RO )

OMPFC HJIIREZEHE L A M ERAZ 54 OMPFC
AT REE 2 5 RO B A G 3 . i — 2D A%
AR M b, FAT A B AR IR A% B A
OMPFC 880 3% 27 s g 1 iy Hh e 2 2 AR
H, 35 DR AT 55 S T e wg IR BOR a5
PRI B 2 DL K R AR AR AE SO PR Bt i i
AR A 45 A — 2 (Kridmer et al., 2007), 1 H.
fif I B e g LR 0 F BT A s i AT A
2 FbFE

OMPFC TEIFHAMCHRE, L HAEA 2 H.3)
o RIS 245 PR D 3R Ol B 2 M4 FH (Rudebeck
et al., 2008), UI7E Gage 1> L/U)_Z — B
i OMPFC ZiiZJm, MAREG BB, Btk
(Blair, 2012; Damasio et al., 1994), HAKIfi 5, OMPFC
Yt vhah SR RN AN EIAT 5 (Koenigs & Tranel,
2007; Pietrini et al., 2000), FEARFFEH, FRATEEHR
OMPFC fENFh 7 S EEIEH A#E OMPFC 5 HAh
ki DX 1) O Z AE R PR B AR, 45 AR Rt
OMPFC 5 MR 1Y 3% 45 5 Sy Pk Mo 40 5C 1 3,
XYL OMPFC 5 475 (49 Ay 1 il 38 22,
i HAEIEH ANBE, OMPFC SRR E#HEN Y
B B B VTR OG o BRI, FE AS R 98 rh R R
OMPFC fERFPF i1, A 25 s il 7 [ & it i i 5
At i DX A IR ) 4 A S s P e R R

FEARAZ S DR AR SR 1% 07 %o P 1Y) o S X
X BB ) S A B A T A B I T X AN A 42 B
T A5 5 WA [ (Zink, Pagnoni, Martin-Skurski,
Chappelow, & Berns, 2004), #X1fi, A JLFPZEA AR
RFRNEAR AT LAVETE R R A, X R WA RE A%
T PP A Sl 2 R, R Dy B SR s S i) AR B AN HLAT

FOMERT, (R A & BT 5 0 1Y (Zink,
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Pagnoni, Martin, Dhamala, & Berns, 2003), fff55#&
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Abstract

Reactive aggression has been widely concerned by researchers because of its serious impact on society,

such as violent crimes. Existing neuroimaging studies using patients with high levels of aggression indicated a
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network of brain regions subserve reactive aggression, including amygdala, caudate nucleus, and orbitofrontal
cortex. Furthermore, researchers believed that reduced prefrontal activity along with heightened subcortical
activity in the context of provocative stimuli poses an increased risk for reactive aggression. However, evidence
for this theory in healthy population is lacking, especially this independently of the experiment task.

In this study, the modified TAP was used and the punishment levels selected for the virtual opponents serve
as indicator of reactive aggression. Based on the previous researches, Orbitomedial Prefrontal (OMPFC) was
selected as the seed to investigate the relationship of reactive aggression and the connectivity between OMPFC
and other brain regions using resting state fMRI. Thirty-night undergraduates (mean age = 20.05 + 0.92 years
old) were enrolled in the experiment. The resting state functional magnetic resonance (rs-fMRI) data was
acquired using Echo Planar Imaging (EPI) sequence from a 3-T Siemens Magnetom Trio scanner (Siemens
Medical, Erlangen, Germany). This scanning acquired 242 volumes with TR = 2 s (lasting 8 min and 8 sec).
rs-fMRI data was processed and analyzed using the REST (Resting-State fMRI Data Analysis Toolkit) toolbox to
calculate Functional Connectivity (FC) and Granger Causality Analysis (GCA), which reflects the functional and
effective connectivity among different areas, respectively. The results of FC indicated that the functional
connectivity between the left OMPFC and right angular gyrus, left OMPFC and bilateral caudate nucleus, right
OMPFC and right caudate nucleus were significantly correlated with the reactive aggression. Furthermore, the
follow-up GCA indicated that the effective connectivity of right caudate nucleus to the right OMPFC was
correlated significantly with reactive aggression, especially in the provocative condition.

The caudate nucleus plays an important role in flexibly responding to the environment. It is activated in
response to reward. When the individuals thought the aggression was valuable and seemed to receive reward
after the aggression, the caudate nucleus was also activated. Furthermore, a study combined PET and fMRI and
revealed a strong relationship between the caudate nucleus and cortical areas associated with executive
functioning (i.e., the function of prefrontal cortex). Another study demonstrated that violent offenders behaved
more aggressively and showed significantly higher brain reactivity to provocations within the caudate nucleus,
as well as reduced caudate nucleus-prefrontal cortex connectivity. To sum up, these results suggest that the
connectivity between OMPFC and caudate nucleus is closely related to reactive aggression. It provides some
evidence for further revealing the neural mechanism of reactive aggression, and firstly made a systematic
analysis of reactive aggression using resting state functional connectivity and effective connectivity.

Key words reactive aggression; resting-state fMRI; functional connectivity; effective connectivity; Granger
causality analysis; OMPFC; caudate nucleus



