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[Abstract] Objective To investigate default mode networks (DMN) in healthy rhesus monkey brain. Methods Under
anesthesia, two healthy rhesus macaques underwent resting-state fMRI at a 7. 0T MR scanner. The functional images were
firstly normalized to the standard rhesus monkey template 112SM-RL-T1, and the GIFT software was aplied to conduct
group-level independent component analysis on all preprocessed functional images. Results The functional connectivity maps
of the resting-state networks of rhesus macaques were obtained using this method. DMN bilaterally included posterior cingulate
cortex, anterior cingulate cortex, medial parietal cortex, retrosplenial cortex, arcuate sulcus, ventral intraparietal area, temporo-
parietal area, superior temporal sulcus dorsal bank and a portion of visual cortex. Conclusion With the help of cutting-edge 7. 0T
fMRI technology, It was demonstrated that DMN of rhesus macaque brain highly resembled the ones in human, which could
support the notion that non-primates are useful models for neuropharmacological and neurocognitive studies.

[Key words] Magnetic resonance imaging; Rhesus macaques; Default mode networks; Independent component analysis

DOI:10. 13929/j. 1003-3289. 201709141

7. 0T # B 7 fMRI 4 #7185 77 4% fixg EX A ) 2%

AT R IR AT sk |

(LR UMK FERUR 7 5 B 2B L B0 43006552, 41 A BALTE 5 920 Toll RS IL &
BT E WL RO 430065;3. B WAL 252 B WRIETE 479074, oh [ FY B
AP BRSE BT AL 10010155, I AR R B AR % LS 100101)

(# =] Br ofrdBE G m BN (DMND M, ik R 7. 0T IMRI BR15FR B 2T e fa ) A% 1
I S B 5 L) DPARSE B %o A i 7 2 25 2 RE AR AT T3 AL B, o5 JFC AC 7 380 1 300 A% A AR AR 112SM-RL-T1; 2 )5 FL
GIFT 3G X T ab B B9 2 BE AR IR E A7 2 M SE o A0 A SR SR AN S5 TR T ARty b X 5 i e (2, 25 0008 A7 T4k
AR e A I 1 2% ) A 1 B2 1] 5 Ho b DMIN AR 36 67 T b 42 DX vy ] iy Feedy 1m0 oy O T80 Bz J57 5 s 988 B Jot A e SR i 7
A2 BRA g R B4 O BE A I3 O3B 9 1T 31X L 5 bRV [ R R XA I X, 8538 {8 7. 0T {MRT, A SCIESE
R A BRI I 2 5 N SIS BRIN R 268 T 454 b LA AR | g SR A 20 T iy D i A 245 B PR SR AT 58 L K 2 A IR AT 5T

[EeTE] ERE SR 5E &R 973 1 %1 3 B (2012CB825500) , H1 [H B4 2% 3k 4 ¥ B I H (201408420205) 1t & H R Al £ 3k 4
(2017CFB506) AL 4 = AL 4 A BCE TSR T H (2016234) B REAR BAL LS S92 Tl R G0 WAL 48 5 4 92 56 2= TR 08 0 B (20162nss02A) (X
B R WF 5T A B ZBowF i H (Yjg201614 ., Yjg201613) K 24 A 3 5 4 WF 52 11 H (16ZRA072) ,

[E—1EHE] MR Q977 & X T8I A+ J2., TR BG5S B4 . E-mail: fxw_wh0409@wust. edu. cn

CEEEED ki, o ERF B A P BLTF5E T, 100101 5 il 5 IA BB [ 5K S 96 865, 100101, E-mail: ying. zhang. j@gmail. com

[W7E HHI] 2017-09-25 [feE BH#I] 2018-01-22



« 802 - i E BE 2R R B R 2018 4E5S 34 #5255 6 ] Chin ] Med Imaging Technol, 2018, Vol 34,No 6

[R4A ] BEILIRBLAR 5 6 T A 5 RN 465 5 i ST B 40 43 A
[FE4S%ES] R-332; R445.2 [CERFRIRAET] A

fMRI H AR E 2 F I #i 2 Bk 24 18 1 PR 5 il
5%, T IMRI A9 KGR 48 0F 98 322245 A 55 A5 il
R A IMRI, AL S A& (MR, # 8 & {MRI A it
G A ) 3t 32 Bl AT 4 5 AT 55 o4 52 B Ao et e A
PG 2= R R Sy R M EE T HZ
—[. Raichle %™ 1 UCHE B A BRI W 45 (default
mode networks, DMN) B 5, 32 Bl DMN 74T 55 #H 2%
PRI 2 S AR S T 2RI, BEST.,
DMN A] g #5 K B a9 01 (%) DN R 35 3l i F 3 W 4 R
FIEREE AT i042 TAE S, MG, & 22 &0 4%
DMN J&IF T & 2459 & A WL L 25 97 300 2% i ik 52
Harlm R FEE R 3.0T KL T {MRI % £ 35 17 590% 7Y
U PR AT AT . WEAET R WL MR & & 1 i
7l e A% R b, PR G SR R L R R
7.0T fMRI % % A 3 A5 o B o g 1) P A9 85040 L A
A3 Z GE RTS8 B H AT JLF BT A B MR T 81 R 3 52
55 A 75 Ao = %P A A 45 3 LA SR SR B 1 22 S5 AT
A REFSE . AE A R A2 S P ki 2 Sl 4 S A
AR N 28 WF 52 5 M D 1 ) S0, AR BF 5T T X 7.0T
FVIRT 84 1 8 075 PR bR 245 i B i 3] 465 19 0 B 5
#¥E. R JH DPARSF # ff ™, SPM 127, FSL
5.0. 9 ] marsbar_0. 4457 45 % 43 BF B0 3 4T T
AhFRJS L LA GIF T 550 4 it A7 0k 57 A% 40 20 BT 42 H
7.0T # B A IMRI H W4 ili DMN 2544 ,

1 #RE5FE

11 SEEXt 4 BEHC 2 FRg A7 P fgt 5 1E ] A% (4
g M1 AT M2) KB 5350 8. 7 kg A1 9. 7 kg, 4R
8.5 M 7.8 %, WA FA Ko AR v 24 AR It 5 i 52
K S8 BLAC B, T A5 A b R A B A 4 ) B 5T T
P G R,

SR F Y RREERT 12 h 2506 & RRBERT 3 b FR 4
K o ST RS DK VR0 T LR FH YA (1 me/ke 1A
Jot ) 37 B b RR R, DA B R R A o K T R
0.3mg/ (kg » min) ], S ¥ 15 ] M A0 RO 2 T 4% i 1Y
S B o Nl Tl R & 1 B ) = R
il IMRI TAF & o $5 252 0000 7 0 45 5, I ] B 08 £ LR
PR AS . B0 45 V8 4% 24 0 T 1 R O A R R R BRI
RAE 15~30 min J5 B HEMAREE A MR 4. 5
Bt R S W R R IR TR A R E 2 S
30 min ARFHEE 4 T B 26 R B B

[(XEHS]

1003-3289(2018)06-0801-06

L2 w50k
Investigational Device 7. 0T syngo MR B17 MR 34
ASC, A T =0 3 A A L e R T TR A S8
i O 47 40 R A EUS T RE AR 0 ML M2 14 6
4 B2 R AE 336 B IE 5. TR 6 000 ms, TE 23 ms,
FA 9, HH#i)E% 76, Z/F 1 mm, FOV 96 mm X
90 mm,/ZHN# S 1 mm X1 mm, GRAPPA fill#,
PR T2 25 DL TIW At S8 B2 [l 3p Jop 91 ok 4 45
1%, TR 2 200 ms, TE 3. 22 ms,TI 1 050 ms,FA 7°,
H#ZEE176,)Z)F 0. 7 mm,FOV 135 mm X135 mm,
ZEWN#ES 0.7 mmX0. 7 mm,

1.3 KM HiabsE  J3F MATLAB 7.11(R2010b) JF
KRI85 R DPABI_V2. 0 # {43 i) DPARSF 4.0
for monkey data, SPM12, FSL 5.0.9 M marsbar _
0. 44 R PF X EAS IMRT M i % 4% 1k 47 99 4k 2 (&1
D, HARS 3. O#4E DPABI_V2. 0 #4032 R r %

FSLAIBR i 4141

* M Siemens Magnetom

v
I B3 T 6 4 el TS A AT
LA ) e
marsharitb—2E

Sl A e

A4
bl <
T IE g

0

B 1 B MR R k8 i Ab #1572



[ BE A AR AR 2018 4E58 34 %5 6 ] Chin ] Med Imaging Technol,2018, Vol 34,No 6 + 803 -

HE#% 2, R H MRIcro L E Chttp://www. cabiatl. 4 rp ) MDL b i Ak F 41 2% 51 1l 57 s 43 Cgroup-
com/mricro/mricron/dem2nii. html) ¥ I €12 H 3D level independent components, group-1Cs) it B4,
NITT #% 5 ek 4D NIFTT, I3 F0F f 2Rk 1) B 5% fli it 25 2R S 125 9K J5 A JH 3 843 43 B Cprincipal
T %ot T B AR AN 45 R AR KO pEAT R B @ B FSL component analysis, PCA) S ik 4 % 545 4 E 17 15 A
5.0.9 THALHE BET 21451 B /i 4121, WA 45 1) R34 s P L Informax 58095 X e 4 Jim 1% B0 s 4 98 4725 1]

18 v 2 A ATH AT AE A BE 1 B 1
L, QA7 7E W 5l 3 marsbar _
0.44 454 SPM12 i — 25 il Bk
(D Sy 688 AV 10 0 R0 2050 N7 1) 5% il B3]
Bk A5 2H 2 BEAR O R 6 4> I ] A5
@ FEAT I 18] J2 42 0E 1 2k 3RO
SRS TR >1 mm w5 30 >
1M 58 s © X 5 22 Bl i 47 28
(] B 7 Ak o PR SR 46 19 % i IMIRIT
ol w9 g7 m, RO BN
DPARSF 4.0 for monkey data
SCAF Y I BL B 112SM-RL-
T AR 22 LK, Boxt Ty AR 4G
PR 3 47 5 22 1], % B reorient
A2 H FLE TP ) pitch.roll 1 yaw,
i KMl (9 J7 1] 5 112SM-RL-T1
M — 20, 75 V8 % right. forward
Aoup flE B AR B R
112SM-RL-T1 AR J5 s i & ; ©
Vg T 1] 5 1 SRR AR TC A 2 AH
IR A5 s ORI 11 5T L K Jo 01 g
Y S 56 4 20 3 ) A AR X
TE 7R 5 Y &5 A8 5 1 AT 43 1 5 @ 4K
Eepa e R S N 4 T
112SM-RL-T1 4k L If HR A
N2 mmX2 mmX2 mm K/NH
TR s O ff s 0 % o B 47 25
(8] =35 € 3 (FWHM 3 mm),

L4 Mhoseopgsr oy e R
GIFTY* #4434 (http://mialab.
mrn. org/software/gift/index.
htm) % i 4b 3 /5 19 2 S {MRI
T REAG I 4 2H A ST Ly o3 A
(group independent component
analysis, group-ICA), X Ml
M2 % R4 6 41 e AR B
23k SRR Je W BUE SR A0 95 8 4
DIREAR B . ek GIFTH K

B2 #ESEEA ML 1 AR BUALBES R A~C IR IIRE G A s D~ L. RUCH i
MR (D~F) VH5E 1] (G~ e 25 [ AR i A ~F- g e 45 51 (T~ 1)

B3 fERERARERINR 112SM-RL-T1 A, &R 675 B, MR Ar; C. Al



. 804 -

group-ICA, 3k 4 12 4~ group-
ICs; i T ICA J& — A~ Bl ML AR 31
U N T 3 B R )|
I 454 s R DR UE 53 fiff 1Y BT i, R
ICASSO T H {1 ¥ ICA 5 ik i
17 20 EAL; th group-1Cs HE4T
A AR AT B 20 2y AR A5 R X iz 1
ICs, B4 57 %50 13 — 16
o B B AN N7 53 A 4 A )
T 5 A R R B R,
KRG X s 2, & E
i =>1.5, 48 B DMN 25 1] 53 ffi
S

2 #R

M1 9 1 21 # 2 28 1 g 15 4L
PERALPREE LA 2, JRIG T RE
15 K05 410 55 I 41 230 B 4 4
28 1 I B S T e 18 B B R
A & Ml o4l 203 . R
DPABI # G () Viewer &
0T A ki s o A A 112SM-RL-
T1CE 3>, € [ 5 H T RE 15 4L
it 5 g P R A A A R B
(B 2.3) BI85 6 T i
bR L (& 2)

K A GIF TS 540 % 1 4k
PREC YR 317 55 8] group-ICA, 3K
13 12 i ICs., T3 1Cs 1Y EEL
H 43 5% & K 10 F1 14 FE474H R
STH ST AR IR DL K HoMh B Ry
5 FR—%, 78 1Cs BECH 251
10,1214 Bf, R H group-ICA
D7 AR B DMN %5 8] 4 A3 18 0
K& B8 7E 112SM-RL-T1 #
ML iy 25 5 UL Bl 4, group-ICA JF
AR DMN 45 44 52 3L 1 10
FEME. K 4B " DMN 4 & 1)
G X 3 A AT X S A
Ml (23a/b X)) A 04 1 (24b/c
DX L P T I Bz 5 (7 XD R
TRz I (29/30 X)) o K K 42 A7 2

b X R L
ERE A X FRE S AR I (8Ds [X) LI OBE  X B Cventral 00 (MST RO RG]
intraparietal area, VIP) 75l [ 4 [l (TPO, Tea X)),

o] R 2518 B R 2018 4E48 34 %% 6 1 Chin ] Med Imaging Technol, 2018, Vol 34,No 6

§%

MST =20

B4 ICs BECH 10(A) 12(B) 14 (O I AY DMN 25 4 M5 os 8 (AR RR < {83 ED

X

N

At

P
BN

X Ik (V3A. V4 1 7b X)) %%



[ BE A AR AR 2018 4E58 34 %5 6 ] Chin ] Med Imaging Technol,2018, Vol 34,No 6 « 805 -

3 itig

DMN 2 i B A T 005 5o A9 9 45 5 i e K g e
i EE T RAAIERZ S PONFTE ), DMN & i 8
PEAF 5Tt S F5 A2 4 BRI X 4% . i 56 T 8 T 46 ik
DMN 25 59 To 6 U0 1 7 SC, $2 B DMN (1 7 2 £k
Tt 4 56 3 A7 2% RNk ST A 43 AT . P AR DG 2 BT v
JE I A3 BB ROT AR 1 0 o P10 X 5 7 0 A0 32 42
FERE ., Vincent 25 R FIAh 141 56 40 #7 2 % B RK i 1
T A7 AE DMN, FE AL 5 J5 4147 [ (23 ORI 31 X)) FiTiR
FIOF (7Tm KO W J5 h R B R, R IR TS
850 T00 B Joic (7 XN L 30 [0 ) A1 Ji5 9 2 5% 0] 77 7 2
RE 7 42 o 5 PO 1 450 I B e B R AR A S RS
2 X5 Al AR AR R E &, KBS . Margulies
SEU L A [ %) 000 S 2R AT R SR 5 o0 BT L B T
SRS TS FHE IR, A DMIN AL $E S5 FHE [0 )
GG A G T o N [ AN L s S N e 1 B
FE RN D 85 4, OF 42 BT i JF A & DMN 1 — A4
ARy SRR T 45 R — 3, Teichert %17 Al
FHHE TR 7 BOBF 55 07 B x5 3 L RR B 0 E AT 0 5% L 16 )
R R TR R T 25 R & B DMIN S 45 4 A
I 0 85 I A D 25 . L R I 5 H R Rl T A K
A3 TR BHE W Il DMN B 45 591 R 58 4 — 30 5
PRI JUT A Ty 6 328 422 L 7R AR KRR L e T 1 i o7
MR $E . H BT ARG Mk R IR SR T R A AE
5 5 ) B A B 1 G X, I AN RE 2R A5 5 K 14 ) 4% 25 [ 43
fi bl .

AR LG B 7 AH 5 4 B 3k, 0 SE Bl 43 o AT B B
fMRI 4 fili B8 15 47 25 18] 43 85 ) 28 A 3l 57 i 4% s B A
53 B R — A T BB 45 L AT 3R A5 i X 22 (6] 7 78 421 100
Hutchison 48" Bh 4l 7 5 43 53 7 7 145 3k 5 5 DMIN
H5e UG TC 19 280 N7 B 43 » L 258 18] A LA 4 5 s [l (i
HE ] BRI TR B B L K BN R P9 0 i A R
. %I, Mantiniet 28190 % 10 FfE ] % 76 3 AR 245
THATAE S B EMRI S8 984T Meta 4387 . 45 S 32 0
AT 55 LR H i 2 A B O T 1) A1 8 b B L — st
I DX ZE i 114 T 45 3% 5 i B ek 5 . 92 0 4% AR 4 s T
M DMN, H G5 58 5 B 48 #F 52 /Y 38 T 5 407 0] Fh
TS DMIN K 43 [ 5 {0 AS 4, 45 00551 190 5z Joic
W L4

A 3. 0T & 45, %M 7. 0T &4 0718 IMRI B A
T 0 R R AR A M L LB R A b B AR T
SERJLF B A MR FE 31 F 38 52 56, A BF 58 %
7.0T MR FRA5fd B JpR e 1 o) 4% 14 8 B 25 TMIRT %30

S 7E BF 5% 15 T A i DMIN 45 44 5 1F . A SC R
group-ICA J5 ¥4 K I 2] 1 0] 4% i 77 76 DMN 25 44, £
5 J 0 )T I P TR B R R 5T LA
TR A A 2 3R A kg Yo R 1) 5 bR 3 T A0 R g X
T 7 [ DX TR I B A o X AR R X . 5
B 5E 245 BN ) 22 Ak J2 . AR SC T A DMIN A 5538 43 10
B W AR AL B I

W BN DMN X FR #4555 07 5L 5
B Rz 0T B I, LT PN A B R ST TR /N
W SN R R B R VAR 45 R AR F 9 RR e A T A
DMN == %2 H 7R R o 42358 43 o A 46 J 05 [0 L i 4
A IEL L P TR I B 2 RS R R I, 5 NI DMIN &8y
AHARL

CBO3t: Bt 7 B A 3 15 2 4 4 32 5T 2 P 22 M A2 )
S P B AR 23R o B BB AL I T AR )

[ 5% 3Tk ]

[1] Khalili-Mahani N, Van Osch MJ, De Rooij M, et al. Spatial
heterogeneity of the relation between resting-state connectivity
and blood flow: An important consideration for pharmacological
studies. Human brain mapping, 2014,35(3):929-942.

[2] Raichle ME, Macl.eod AM, Snyder AZ, et al. A default mode of
brain function. Proc Natl Acad Sci U S A, 2001, 98(2):676-682.

(3] Bkybde, T, B, 5. IE 5 & 4F A 8RS I 2 e Rk JE 4R 1
BOA R 2 AT 5T . [ R 24 SR 5 R, 2008, 24(8) :1189-1191.

[4] Agosta FF, Pievani M, Geroldi C, et al. Resting state fMRI in
Alzheimers disease: Beyond the default mode network. Neurobiol
Aging, 2012,33(8):1564-1578.

[5] Kaplan R, Adhikari MH, Hindriks R, et al. Hippocampal sharp-
wave ripples influence selective activation of the default mode
network. Curr Biol, 2016,26(5):686-691.

[6] Hahn A, Kranz GS, Seidel EM, et al. Comparing neural
response to painful electrical stimulation with functional MRI at 3
and 7T. Neuroimage, 2013,82:336-343.

[7] Hutchison RM, Everling S. Monkey in the middle: Why non-
human primates are needed to bridge the gap in resting-state
investigations. Front Neuroanat, 2012,6:29.

[8] Yan CG, Wang XD, Zuo XN, et al. DPABI: Data processing &
analysis for (resting-state) brain imaging. Neuroinformatics,
2016,14(3):339-351.

[9] Friston KJ, Holmes AP, Worsley KJ, et al. Statistical
parametric maps in functional imaging: A general linear
approach. Hum Brain Mapp, 1994,2(4):189-210.

[10] Smith SM, Jenkinson M, Woolrich MW, et al. Advances in

functional and structural MR image analysis and implementation
as FSL. Neuroimage, 2004, 23(Suppl 1):208-219.
[11] Matthew Brett. MarsBaR Documentation, Release 0.44. [2017-



» 806 -

i E BE 2R R B R 2018 4E5S 34 #5255 6 ] Chin ] Med Imaging Technol, 2018, Vol 34,No 6

09-25]. http://marsbar. sourceforge. net/index. html.

[12] Calhoun VD, Adali T, Pearlson GD, et al. A method for
making group inferences from functional MRI data using
independent component analysis. Hum Brain Mapp, 2001, 14
(3):140-151.

[13] McLaren DG, Kosmatka KJ, Oakes TR, et al. A population-
average MRI-based atlas collection of the rhesus macaque.
Neuroimage, 2009,45(1):52-59.

[14] Vincent JL, Patel GH, Fox MD, et al. Intrinsic functional
architecture in the anaesthetized monkey brain. Nature, 2007,
447(7140) :83-86.

[15] Margulies DS, Vincent JL, Kelly C, et al. Precuneus shares

intrinsic functional architecture in humans and monkeys. Proc

WENE UL RLERNERETENENERERERERERERERE RO

[16]

[17]

(18]

[19]

Natl Acad Sci U S A, 2009,106(47):20069-20074.

Buckner RI., Andrews-Hanna JR, Schacter DL. The brain’s
default network. Ann N Y Acad Sci, 2008,1124(1):1-38.
Teichert T, Grinband J, Hirsch J, et al. Effects of heartbeat
and respiration on macaque fMRI: Implications for functional
connectivity. Neuropsychologia, 2010,48(7):1886-1894.
Hutchison RM, Leung LS, Mirsattari SM, et al. Resting-state
networks in the macaque at 7T. Neuroimage, 2011,56(3):1546-
1555.

Mantini D, Gerits A, Nelissen K, et al. Default mode of brain
J Neuroscience, 2011, 31 (36 ):

function in monkeys.

12954-12962.

S R i U i L e S S U U L Y

AT A EEERELHERE(—)

HBAMR)Z AR (computed tomography, CT)

Z 12§ CT (multiple-slice CT, MSCT)

Z H: e CT (multi-detector CT, MDCT)

¥ 43¥E% CT (high resolution CT, HRCT)

2 CT (volumetric computed tomography, VCT)

CT IfiL %% % % (computed tomographic angiography, CTA)

CT #Pki& 5% (CT venography, CTV)

10 FL 38 i /% (magnetic resonance imaging, MRI)

1 HE M AL 4% B 1% (functional magnetic resonance imaging
fMRD

P E TR ED AU AR (diffusion weighted imaging, DWD)

AU IN AU A% (susceptibility-weighted imaging, SWI)

P (RO 3k & 18 (diffusion tensor imaging, DTD

T IS A% (perfusion weighted imaging, PWD)

g 3 P& 1l 4 ¥ % (magnetic resonance angiography,
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105 FLHE 3 7% (magnetic resonance spectroscopy, MRS)
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spectroscopy,s ' H-MRS)

FEMP T RO # %L (apparent diffusion coefficient, ADC)

BT 0 L4 1 % (digtal subtraction angiography.
DSA)
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chemoembolization, TACE)

25 20 & ik BF 9 7)1 4 i R (transjugular intrahepatic
porto-systemic shunt, TIPS)

resonance

arterial

TR B K 1L % 1 52 R (coronary angiography, CAG)
i K% #52 (maximum intensity projection, MIP)
BRI H A (volume rendering technique, VRT)
2610 FA 2 1014 (surface shaded displace, SSD)

/N & #52 (minimum intensity projection, MinlIP)
£ 31 # 7 (multi-planar reconstruction, MPR)

2 -1 B 4 (multi-planar reformation, MPR)

ZH P (volume rendering, VR)

2% #H 4 (volume reconstruction, VR)

HH T 8 4H (curved planar reformation, CPR)

il i 2 7 (curved planar reconstruction, CPR)

H JE 8] 3% (spin echo, SE)

PR H BE [l P (fast spin echo, FSE) B # (turbo spin

echo, TSE)

PR 0] (fast field echo, FFE)

SE-1i [91 3% 1% Cecho planar imaging, EPD

#6 B [ 31 (gradient echo, GRE)

{5 W 1, (signal noise ratio» SNR)

X He M 75 HE (contrast noise ratio, CNR)

ifil % 7K SF 4K ¥ ( blood oxygenation level dependent,

BOLD)

EF (field of view, FOV)

(8] "R BR ik (time of flight, TOF)

B AL (number of excitation, NEX)

2% ] 5 43 B (fractional anisotropy, FA)

L W R 2 4] P 1 (Gadolinium— DTPA, Gd-DTPA)



