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Alteration of functional connectivity of caudate nucleus in heroin-dependent individuals-a resting state fMRI study
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[ Abstract ] Objective To investigate the resting-state abnormalities of heroin addiction by analyzing resting-state
functional connectivity of the caudate nucleus. Methods Fifteen male chronic heroin users and 15 age-, gender- and nicotine
dependence-matched healthy subjects participated in the present resting-state functional connectivity analysis. All the
participants undertook a resting-state fMRI scan with GE 3. 0 T scanner and the obtained data were analyzed by Statistical
Parametric Mapping (SPM) software. Functional connectivity was analyzed based on resting-state {MRI data to identify the
correlation between the caudate and the other regions on the whole brain scale by SPM. Finally, 7-test was applied to determine
the functional connectivity of the caudate between the two groups. The relationship between the connectivity of specific regions
and heroin-dependence period was investigated. Results Compared with the healthy control group, the caudate of heroin-
dependent group had significantly enhanced functional connectivities with the lentiform nucleus, amygdala, hippocampus (1=
2.8, P<C0.005;voxel>5) and significantly decreased functional connectivity with the dorsal anterior cingulate cortex (z=2. 8,
P<C0.005). Besides, the functional connectivity between the caudate and left amygdala (= 0. 68, P<C0. 05) and right
hippocampus (r=0. 59, P<C0. 05) was positively correlated with the duration of heroin use. Conclusion The resting functional
connectivities of the brain regions for rewarding, memory and motivation/drive are increased after heroin dependence, and those
of the cognitive control region are decreased, which might be related to heroin dependence.

[Key words] resting state; functional magnetic resonance imaging; caudate nucleus; heroin dependence

[Acad J Sec Mil Med Univ,2013,34(9):969-973 ]

[YFEEH] 2013-05-05 [(#ZHH] 2013-07-15
[EEEN] HEI. L, FHRE. E-mail:35810035@qq. com
* 38 {5 VE # (Corresponding author). Tel: 029-84777933, E-mail: m_d_wang@ hotmail. com



« 970 -

R KR 20134F 9 AL 34 &

FE MR A A U b 5 320G L TE HL T U (posi-
tron emission tomography, PET) #ff 5% 2 I B Ik #%
2 UL i 32 A A 8 B0 e s R R T L R
Je BARIZ T RE 5 g 2 50 L sh HLUK 3l A4 i 2 fiE
AEBIRRS W% B B RS JC A
RN 46 i By, 5 BOH TE X — 28 H R 1] 1
B (N5 W ER) AT N R S e, ACHIE SR L
B MRAZ R IR X (region of interest, ROD) , 7E4 i iE
Bl A 4% 5 H D R % 4 2 1% i DX, A LS D) fiE
RS B I3 A AR A T U DA R AL )

1 BERIFGE

1.1 #ArRs% EREMEEEFEAEE 15 AL 4F
(32,445, D%, FHZHEF (10. 2£2. D, W
B IE] (96. 954, HA-A , [R5 5B e R R &

15 2 18 (33.3+7.5) % P ZHE (1. 0£2. D
M, ZREA YA R T LR A& ISR A ZHE
AP PR R U AR E AR RIS A 2R DU A P R 2 R AR BR Bl
B 2E A3 25 03 e b 32 9 76 K A 0 34 Bk 0 4
Mg N K5k IS BRI F A

1.2 B4 FIH GE 3.0 T @4k, s il k
2 Bl SR B N 4 Ak LA e Dy i RIS . o R 4 4 i At 1)
THFH ATHEST R, A 2Rl A
FRIG WL, PR L JF 08 HOR BT I 20 B 4E05 3 . 94
SR A6 B [ 35 SF- T ARy B R B L E A B . 2 000
ms, [ BF (] . 32 ms, LEF. 256 mm X 256 mm, i
M. 64X 64, 280:32 )2, )2 )% 4 mm, i, 310
so EVBR X AR S )RR K BUIN IR #% A4 S RO,
THE ISP 2 B (8] 7 3, 9 7] Ath X360 4 A 4 2 B i)
JEANHEAT A OC 3BT (B D)

B1 MEBRNSREMEREIEADEERSTHBNBX

Fig 1 Regions of interest for functional nuclewsconnectivity analysis of bilateral caudate nucleus

A Coronal view; B: Sagittal view; C. Horizontal view
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Tab 1 Demographic and clinical details of participants

n=15, x+ts
Heroin Control P value
Age(year) 32.40+5.7 33.3%7.5 >0.05
Education (year) 10.20+2.7 11.04+2.1 >0.05
Amount of cigarettes 19.00+5.7 17.7+5.3  >0.05

use per day

Dosage of drug 1.334+1.38 — —
use per day mp/g

Duration of drug use z/month 96.90+54, 4 — —
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Fig 2 Regions showing functional connectivities of caudates in the control and heroin-dependent groups

The upper portion of image represents the control subjects; the lower represents the heroin-dependent group. Color bar indicates the ¢-

score. Minimum cluster size > 5 voxels, t=3. 8, P<C0. 001
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Tab 2 Significant cluster in the two-sample ¢-tests comparing

functional connectivity between heroin-dependent and control groups

Brodmann area Talairach Peak Clusters
- y > t-score

Heroin>Control

L-amygdala —21 —1 —18 3.9 15

R-hippocampus 27 —18 —12 4.8 39

Putamen 27 —6 —2 4.5 136
Control>Heroin

Anterior cingulate 3 13 27 3.9 21

t=2.8,P<0.005; Minimum cluster size > 5 voxels
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Fig 3 Differences in functional connectivities with the bilateral caudates

as seed area between control and heroin-dependent groups

Color bar indicates the t-score. The caudate of heroin-dependent group shows stronger functional connectivities between caudate

and lentiform nucleus, amygdala, and hippocampus,

Minimum cluster size > 5 voxels; t=2.8, P<C0.005
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Fig 4 Correlation between functional connectivity and duration of heroin use between

the caudate and R-hippocampus or L-amygdala

A shows stronger functional connectivity between the caudate and R-hippocampus and L-amygdala in heroin-dependent group.

The connectivity (B: caudate and R-hippocampus, C: caudate and L-amygdala) was positively correlated with the duration of

heroin use (B; r=0.59, P<{0.05; C: r=0.68, P<(0.05)
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