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Study of gender-related iron deposition in brain using T2" value*

Bo Wang, Sha Ma, Mao-ping Rui, Jing Chen, Hong-jiang Zhang,
Hong-ying Dai, Yu-hui Chen, Jie Zhang
[The First People's Hospital of Yunnan Province (The Affiliated Hospital of Kunming
University of Science and Technology), Kunming, Yunnan 650032, China]

Abstract: Objective To quantitatively analyze the iron deposition in deep brain gray nuclei and frontal
white matter in healthy population and its correlation with gender using susceptibility-weighted imaging (SWI)
with 3.0 Tesla scanner. Methods A total of 128 healthy subjects (64 males and 64 females, aged 25 to 85
years) were scanned with routine sequences and SWI sequences by 3.0T MR. T2" value was measured in left
and right frontal white matter, red nucleus, substantia nigra pars reticulata, substantia nigra pars compacta,
globus pallidus, putamen, head of caudate nucleus and thalamus; the correlations between the T2" value and
gender were analyzed. Results The T2" value was the lowest in the globus pallidus, followed by substantia
nigra reticulata and red nuclei. The highest T2" value was seen in the frontal white matter. The T2" value of
the right substantia nigra compacta and substantia nigra pars reticulata was lower than that of the left-side
one in the males (P<0.05), and the T2 value of the right substantia nigra pars reticulate was lower than
that of the left-side one in the females (P<0.05). The T2" value of putamen and thalamus was significantly
different between the males and the females (P<0.05). Conclusions Using T2" value, a significant correlation
has been found between putamen and thalamus iron deposition and gender in health population.

Keywords: magnetic resonance imaging; brain iron deposition; gender

Wik H 3. 2015-12-04
* HATH . Z A HE TR A4 T S50 H (No: 20152052) ; =R A 55— A R E R A - B R 112155 B (No: 2014DS008 )
[Ef57EH] 3Kk, E-mail : 994100457@qq.com; Tel : 13808709420

. 81 -

PDF pdfFactory Pro www.fineprint.cn



mailto:994100457@qq.com
http://www.fineprint.cn

PDF pdfFactory Pro

RS EAGE

o526 %

TERR AR AE R D, DA —epp 2R 1T
PRSI A B AR D, RIS — i MAE
FH o TIAE 2SRl 2R A T IR B T, 93 P 0 A 3R B3
e BV AR AN LR, I 55
(AR B AR R A DGR H RITREEA T HERS T
PR ENIE 7 e alll Vi o B ERZIE -8 25 g U] L= ]
TG UM AL 1% (susceptibility weighted imaging,
SW) B RIS AT AT RAEAT e ARk & il i . A<
TFF 53— 2L A1 R DG TC P il e s N AR B A P ik
RS SWI A4, WF 5 i PN W B A% A1 B 1 e 1X
{18 i 2% 25 5 P R R DG o

1 #BETE

— g R

EHR 2011 4F 1 A -2015 4F- 7 A AR 128 B4 7
T AR R R B AR T G, A7 o il
9% %45 (magnetic resonance imaging, MRI) 14 &
SWI KA Jo s, Hoh S PR M Lot 2R 45 64 1], 4F
I ULHC, 25 ~ 85 £, 71 58.25 % . T A i JEE HERR
AT RESE AP 22 R GE 0 2R Ge e S8 S AR s , BE
TETCHPRZE R GE KGRI B, 39 T 12 25 28 S 15 [+
FER U

1.2 AWAE

1.21 MRI #5423 {fif] GE Signa HDXt 3.0T #
SRR IEARACR 8 WA Mk ZePE (7 GE
Swl) . FMSECH . B FE R T 51 (spin
echo,SE)T, JIlAL &% (T, weighted imaging, T.WI):
F A Mf] (repeating time, TR)2 820 ms, |1l ik i [ii]
(echo time,TE)111 ms; V& 1A 5 Ik 2 5% Kk B Wi 1%
(fluid attenuated inversion recovery,FLAIR)SE T,
TALEIE(T, weighted imaging, T\WD(TR/TE:1777 ~ 1
823/26.8 ms,T1:860 ms);FLAIR SE T,WI(TR/TE:8
002/146 ~ 153 ms,TI:2 000 ~ 2 250 ms). SWI £ %
{3 :Oblic 3D Mode, P 4 AR Af 2 0] 355 (fast spoiled
gradient echo,FSPGR),TR/TE:68.2 ms/6.06,13.44 .
20.81.28.18.35.55.42.92 .50.30 1 57.67 ms, =& /
JZ A - 2/0 mm, G /A 200 155 B (number
of signal averaged,nsa)l, FIFEMLEF (field of view,
FOV )240 mm,Bandwith 31.25, i[4 512 x 512,

122 T2* B e A8 A T2x fhegnl & FEM
JGAE aw 4.4 TAEE ) Functool 4% SWI 48 Ji F1l
FROL B A5 ST GG Ab B, 15 B AR AL 1A A R &
T2* G TEARGLIE R A b R BT X A5

11

PB4 th 2 2 MRI BRI ]2 3
T 2R IR AT SR 1 X 204 AR B
R SRR Rk e A BRI R
(g T2* (L (ILIE 1 ~ 3) FFIBCHIE LU AT eI A
NERZE , AR WAL R R 18— BRI

= [

8 3
- s [ A |

LT SR LA ; R AN R BRI 5 AR o BB RRR
B2 4% BREEZH ERMREBRNBRIEE

FHASER R RSk s LB m 7ok IO R SR8 F Bk 3
R
B3 BMERZL EZ EAREEMENBXTEE

1.3 SHitFEAE

K SPSS 17.0 Beit#k Ak A T4 b, T %
AL LLIEL + ARifE2E (x £ 5) R, FHECXT ¢ K5 5643 31
FeA B M M Aot e« A A A 1 5T X AR o
KA T2* {8, FHASTAEAS K50 A S a5 4otk
LA [0 5310 5 ik R A% A B i 1 B X T2 {8,
PN 25 53 WA 3 A 45 8 11 BT DX RSB A T 1 42 53]
25, P<0.05 HEFAGIFE L,

- 82 -

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

%515

LA T2 PPN R SAE Ak B ik B S P B AR S R

2 HR

21 BHARTHAZERMBRMBGSESH

TR T A A BRI T2 (E AR, ol
JRT R LA U B IXC A T2 (B L D6
BN F A P A BRI AR & e f i , Lo BB
WRIRAT LTAZ% , B 1 R X A ek & b e b . B
2o AT SRR R A R SRR B T2 (H R, &
BOXT ¢ K5, 22 A SR X (1=2.052 F1 2.525,
P=0.044 F10.014) , L2l 22 A ER 5 AR 1 T2*
B LIRS, ZleXT th g, 22 A gt X (1=3.317,
P=0.002); HAYVEOLER X 1Y T2* (H LA 25 % B4 it
RN WFERL2,
2.2 BHMASLMATEM A& RS X A 5Nk
SELE

B VLR 5 Lot A R0 551 45 J % IX () T2*
HHLEE , S RS (A5G, 2R A Gt e L (L
M5EH% : 1=1.995, P=0.048 ; 45 M| F:i - 1 =-2.072, P=

x1 BHELAMEE

0.040) , it B 2 M AE e I Mgk 75 S AIK 2B 4 1 e
G P P 5 e e TR M o AR IXIER) T2* fH LA
ZRTGFE L W 3.4,
2.3 KEAREBMEX MM SES R MEXE
P A1 08 10 18 P 2K o 4 R o
IASTRABER 55 P20 5 2o MR AR AR DT e LA B AF
U4 TR ) o AR B0 R I R 7 2553, L ARy
DA PERIVE R A AR i, DA A X Ak 15 2 11
LM o 45N RIS R IX S AR IS (RIS AN AEAE
ZLHAEH(P>0.05), £14% SE 0 IR 8 B30
TR B ER L RRAZ Sk B R XY
T2* (HSFIR Z MAFELE LR (F=11.276,10.540,
11.673.52.928.18.688.,11.741,30.454 F1 6.952, P =
0.001.0.001.0.001.0.000,0.000.0.001.0.000 #1 0.009)
(WLIE 4), ¥R IS, 2042 BT AR R
JRECETS A Ak RS, B R T2* {H
R e ¥ (F=0.013.0.991.1.592.3.479.0.056 F

BXAE) T2* EAIEE  (ms,x+s)

G2 1% SR R AT SRR el L HER e Z2INZES I 5 X
e 28.12 +3.48 27.36 + 3.69 4182+510 3264+473 27.06+3.38  47.65+4.89  38.00+579  50.53+4.73
el 27.74 £ 3.60 26.49 + 3.45 4032+4.89 3223+450 2630+344  47.13+449  37.14+573  50.63+4.52
il 1.084 2.052 2.525 1.164 1.853 0.727 1.375 -0.174
P& 0.282 0.044 0.014 0.249 0.069 0.470 0.174 0.862
xR2 LTMHALE AMZBMEXE T2* EHOLE (ms,xxs)
HRAL 1% PRI bR A LY € el &k e FRZk A X
ZEq) 28.10 + 4.50 27.05+4.34 4046 £546  3080+5.64 2585+3.65  48.84+500 37.69+7.26  51.08+5.78
) 27.89 + 3.89 25.64 + 3.68 39.73+491 30.92+576 2561+3.17  48.68+398  37.03+585  50.40+3.75
1l 0.590 3.317 1.310 -0.442 0.727 0.227 1.147 0.909
P{E 0.557 0.002 0.195 0.660 0.470 0.821 0.256 0.367
R3 B XMARSBMBXAMM T2 ERLEE (ms,x=xs)
HRAL 1% SRR bR A LY € el &k e FRZk A X
Fp 28.10 + 4.50 27.05+4.34 4046 +£546  3080+5.64 2585+3.65  48.84+500 37.69+7.26  51.08+5.78
Pk 28.10 + 4.50 27.05+4.34 4046 +546  30.80+5.64 2585+3.65  48.84+500 37.69+7.26  51.08+5.78
1l 0.026 0.431 1.454 1.995 1.935 -1.364 0.269 -0.592
P{E 0.979 0.667 0.149 0.048 0.055 0.175 0.788 0.555
R4 B LUHARBMBXAMR T2 EHEE (ms,xzxs)
HRAL 1% PRI bR A LY € el &k Fefigi FRZk A X
Fp 27.74 + 3.60 26.49 + 3.45 40.32+4.89  3223+450 2630+3.44 47.13+449 37.14+573  50.63+4.52
Pk 27.89 + 3.89 25.64 + 3.68 39.73+491  30.92+576 25.61+3.17 48.68+398 37.03+585  50.40+3.75
1l -0.239 1.346 0.681 1.366 1.180 -2.072 0.115 0.319
P{E 0.811 0.181 0.497 0.174 0.240 0.040 0.908 0.750

www.fineprint.cn



http://www.fineprint.cn

T AR R 2 %26 %
45 1
. 40 1 *
£ g
o =
* *
= a
i X
T 40 . S
E
30
20 40 60 80
Y | %
40 1
o O
= =
* *
al e
= 2
= el
B iy
i HE
B B
25 1~ E S :
20 40 60 80
R |
351 o a2
@
g £
o o
* *
a2 e
X &
#2 o
Eal
10
20 40 60 80
R |
60 7
w é
E ~
*
a n
%j;‘ i
=
W
L
35 L f 20 g
20 40 60 80 20 40 60 80
R | % R | %

PDF pdfFactory Pro

O SO Lot SRR FPEA KK T2* (E AL M A 5 MR 2R A I X T2 (B A2 [ 7]
B4 T24ERFRTLHERE

- 84 -

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

%515

LA T2 PPN R SAE Ak B ik B S P B AR S R

0.055, P =0.910.,0.331.0.209.0.065.0.813 F1 0.814),
UEHTIZ 6 Nl XA T2 (B 32 P 531 25 S5 ) 52 0 5 17
FA I T2* S5 R, ZR AR #E
X (F=4.204 F1 4.961, P =0.042 F1 0.028), i3t B 4 51]
XX 2 A XA T2* (A 5200

3 ifit

3.1 SWIHMT2*ERNMEKSEN T E KA
T

SRR RE S AN E 5 S SWI T K 8 7 i 2k 4 A
() A JEL A SWI SR )23 2 — 4R H L B
BRI RHATR A 2 T T AT S A T ) A
TSRS , AR ST () D S PR A fe ) LG o
i, A8 AR SR R E o R TR ARG RN, P 4
i T2 s 5K T2* B94E T AR SRR, R
G AR TR T2 {EAH OGS, A o B
Sl P AR T T2 R R A 0 Ik O RR A A AR Ak
Sk R LR R DT A0 AT 0 O 58 AR b R —
FRT S A0 3 ARSI vk
32 RE¥HIHFREE

BRI 202U AR MR R R Z—,
Z 5HERNAS S A S NG sh A 2 i
L AR . PO 2 R K4 IR T Y)hE
PRHULFLRN , IF H 2 5 %68 B TR IE R B A S
AT o 4 BB AR B 0 AN —2, JF HAEAS R IX.
BRI IR ARIR], PR IR 9 o3 EA AN A,
Ul B AN [i] ity DX X6F 42k 1 5 5K AN [R] JE AR (] 14 By e
X, JEHOE S H RS SR B RRIRA R & i 2, )R
ERTEHEIAR N R HA E 20 3 SPATZOF 1922 4R
Perls L a0 1 S dFA T IR & F 1 R G 9T , KA
A2 A3 A A — B, TRERA% A B e, B TR 2, 1 B
K. FfJ5 HALLGREN Z5:00%} 81 {5l 3 3 ki 7 1)
HAUE2E IR SIS SR, SR D 2R ke e
1L ORI, A A . AR RIS IR & AR
1 BRI i fem , HAOR O SR BT RR AT (204%
I 0 XA a5 SOk — e,
3.3 FWMR%KSENESR

AMFFE TS LA M PR RAY . BRI A
ok R ZE ), L 2 A A 2 5 P bR B2k 25
KFZEM, AT HRIX 208 IR A% Sk Fek
B HERFL G2 A Ik 1 12 b, 22 e it
SRS URIAZE A0 SR BT PR AT | R B SO ki
P RAAEM2E 5, 5 SR AN — S, AR A

SR FH i AURK P AR TR) AT 63 1) i i i s 3 M ik 75
U T I, BRI B A ek R
PRAZSK L BB A TR X AR A A R T
e, A5 AE A PR P 25 () B e AR AR AN R
XU ZEUIRE AR A Fe A% 8 Bk BB L Fe ik DA
BRI 5 IR 5 S A A 1 ke e A 2
FEINA A FER 5 Bk | DR T I R A% ik 1 it
RFZEm, e v] 585 ANz sh D Re 2 eR L $2s
S R 2 R Gk 56 SR R AT an T - Dk
DR X R o AR TR BRI A, A A 11 2 i
YT i) 245 K 3 O 1 B )2 T SWL TR N T aE
AT, FETE MR M ) MK 1% o s @R T A IR
XU 5K 50 ) 45 120 FH A A SWIAE A2 178 A%
1 E I ANER 322 AR, SWI RS J] 2 0k S 3 ki
PR R e, (R A S AR 2 TRl Y
Y%t G R A E— SRR M AIESES, WAKSE B
BRI T2* {ER VPN I DU G A AR AR Ak, B AR Ao
{H A T 5 o B)Rb JE A 114 35 BB B30k A o 1 Sk
T IE B NGRS IR TR P B 2 A A, B A A
(TR R T IG Z20e10 ARG 25 SR IR IR I, Rk 45 fii
X1 T2* {H SR 2 [BIAF AR G R - R A ST 16
U AHVC BC A 32 0 HEA TS24 BT, SRR AT 2
AxH IR A S, B LA B 3 Ry v B R v
34 REHESESMHIMERME

AR5 o Lo A SRR B AR A AT, T
e 10 g Ak 2 e s T R R I R X R
ARAF R BT L0 ORI RIRAZ Sk Te )
255, 5ICHGE A —3", BARTZOKIS 5P G
Yo R2 38 JinH R Xof i 4 1A 00, 45+ M 2k
FrRAFAENE R 225 T XU 2588 78 1] ( 55 1 40 4],
4k 38 1))V AE IS TE 22 ~ 70 % By UAE ft B ok S 35 ik
A7 SWI 14, B BB 2T 4% 1 Bk ek Rk
3k RN BT XS AR AAE , 2 GE TR Ak
B, PRSPk e 25 R ICG R S, A AR
NIRRT AR R 22 5. bR , 5 g0
e JEOGIR XN 2E R IR O B S A
LN 22 51145 %
35 MZERRSETHEBNEEDIMKSETN

B Y A 237 24 B ST SE , A 28 R S8 A PR
FBE AR RN 28 R SRk ) S i U0 1820 o
1445 A1 4 #% (parkinson disease, PD) , Bl /)X 7% 1% 3k
Ji% (alzheimer disease, AD) iz S 4 TR M £ R 48
FEGS . TN SWI Y T2* (B Xt 40 15 &

- 8 -

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

RS EAGE

5 26 %

PEMA 4 AR 2 I 40 AT A S AH DG FC (9 1 5 6
HRAH AT 8 IS B SWI B 944 , & R 7E PDAY
S PRI A K 0 S DR, Sk o i i 1 in 5
FAANE AR PD (&I A O, {H S0 1 4 AR B G
K s PD 5 DUR BB A A 75 DL o 35035 L B )
AR LW, HE AR T ik R R IR TG .
SMITH ZFRIRIF53 & BRL, 4% 5 U\ 0 ) g B 15 (mildcog-
nitive impairment, MCI) (1) 23 B2 Jo R/ NI 4945 6 5
T, R SWIXF MCIL S EPET 4 AR 2R, &
LSRN AD Y MCI R A2 78 A% ik i b 4kt
JERR SR ZE e A S B N v g 5 A1) Rk
IR DIA

25 LR ARWETEAT AT o B R A
o 3R A R L e SR B ik B A AR ) 22
S AR AP TESTAZ R e i R Ak S A e )
25 RIS T A RS T Ik TR i
— R, S R 28 T e R s A P 2
BRUTRR % 5] Kl R I W B A i

& £ X #:

[1] TAYLOR K'S, COOK J A, COUNSELL C E. Heterogeneity in
male to female risk for parkinson's disease[J]. J Neurol Neurosurg
Psychiatry, 2007, 78(8): 905-906.

[2] BARTZOKIS G, TISHLER T A, LU P H, et al. Brain ferritin
iron influence age-and gender-related risks of neurodegeneration[J].
Neurobiol Aging, 2007, 28(3): 414-423.

[3] HAACKE E M, CHENG N Y, CHENG Y C, et al. Susceptibility
weighted imaging (SWI)[J]. Magn Reson Med, 2004, 52(3): 612-
618.

[4] SEHGAL V, DELPROPOSTO Z, HAACKE E M, et al. Clinical
applications of neuroimaging with susceptibility-weighted imaging[J].
MagnReson Imaging, 2005, 22(4): 439-450.

(5] e, S5, BlTr, 5. IR S MIAE AR A 2 AR5 SWI IR BRILER
B2 BEFFE ). TG R R 2% 5 15 4%, 2013, 24(4): 234-238.

(6] 5K, sk, 0T, 55, WEBURINAUS G R IR 4 AR 1835 ol ie
R AR M B RIER[). ®EHAR AR, 2011, 2(5): 353-357.

86

[7] MOOS T, NIELSEN TR, SKJORRINGE T, et al. Iron trafficking
inside the brain[J]. JNeurochem, 2007, 103(5): 1730-1740.

[8] SPATZ H. Uber den eisennachweis im gehirn, besonders in zen-
tren des extrapyramidal-motorischen systems. 1. Teil[J]. Zeitschrift
Fiir Die Gesamte Neurologie und Psychiatrie, 1922, 77(1): 261-
290.

[9] HALLGREN B, SOURANDER P. The effect of age on the non-
haemin iron in the human brain[J]. J Neurochem, 1958, 3(1): 41-
51.

[10] B3k, S8, T3, 45 MR JE o BB B PPAG IR Ak & 1)

WIS AR 7 4= 5, 2014, 48(9): 730-735.

[11] XU XJ, WANG Q D, ZHANG M M. Age, gender, and hemi-
spheric differences in iron deposition in the human brain: an in
vivo MRI study[J]. Neurolmage, 2008, 40(1): 35-42.

[12] 5T, SEHE, TS, 45 IR 5 A A% AT 5 a0 A B AR AT 5

P MR BEHUR UG W) 2 058 [3]. 55 O 2 2435, 2012, 28(8):

1159-1163.

HAACKE E M, AYAZ M, KHAN A. Establishing a baseline

phase behavior in magnetic resonance imaging to determine

[13]

normal and abnormal iron content in the brain[J]. J Magn Re-
son Imaging, 2007, 26(2): 256-264.

[14] ZHANG W, SUN S G, JIANG Y H, et al. Determination of brain

iron content in patients with parkinson's disease using magnetic

susceptibility imaging[J]. Neurosci Bull, 2009, 25(6): 353-360.

HAACKE E M, MITTAL S, WU Z, et al. Susceptibility-weight-

ed imaging: technical aspects and clinical applications, part 1[J].

AINR Am J Neuroradiol, 2009, 30(1): 19-30.

[16] B, HAEF, PhIE. B SSURIAS AR LA A R TR A Bk 5 1 1],
rp [ B2 R, 2009, 25(6): 996-998.

[17] BAESR, XU, (AR, 45 BEMBUBINABUAR AN TE 5 A KIRK BE
BRACHI]. P IE BEE R HEOR, 2009, 25(3): 377-379.

(18] T, WUy, T 58, 55 MAa AR I N ER TR SWI € BT
T[] B SE R, 2012, 27(11): 1174-1179.

[19] SMITH M A, ZHU X W, TABATON M, et al. Increased ironand
free radical generation in preclinical Alzheimer disease and mild
cognative impairment[J]. J Alzheimer's Dis, 2010, 19(1): 363-372.

[20] de REUCK J, AUGER F, CORDONNIER C, et al. Comparison
of 7.0-T T2W magnetic resonance imaging of cerebral bleeds in

[15]

post-mortem brain section of Alzheimer patient with their neu-
ropathological correlates[J]. Cerebrovascular Diseases, 2011, 31(5):
511-517.

(FEFST i)

www.fineprint.cn



http://www.fineprint.cn

