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Abstract

AIM: To investigate the best techniques of in
vivo two-dimension multi-voxel 1TH magnetic
resonance spectroscopy (2D 'H-MRS) for rabbit
liver VX2 tumor.

METHODS: The liver of 8 New Zealand white
rabbits was implanted directly and respectively
with VX2 tumor lump after abdominal cavity
was opened. 2D "H-MRS acquisition in vivo and
unenhanced MRI was performed respectively
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from the 2nd week to 4th week after VX2 tumor
was implanted. With knee coil, in vivo 2D 'H-
MRS acquisitions were performed respectively
with different TR, different TE and different
NEX at 1.5 T MR scanner when other parameters
were the same. The distinction between groups
was analyzed by SPSS11.0 with baseline and
signal-noise ratio (SNR).

RESULTS: From the qualified MRS spectrum,
there were up to 6 peaks which could be iden-
tified: methyl lipids (Lipl), methylene lipids
(Lip2), methylene lipids with double carbon
bond (Lip3), glutamine and glutamate complex
(GlIx), Choline (Cho), and glycogen and glucose
complex (Glyu). Baseline and SNR had no sig-
nificant differences between TR = 1000 ms, 2000
ms and 3000 ms. Baseline had no significant dif-
ference between TE = 30 ms and 144 ms. Except
that SNR of Glx with 30 ms in TE was higher
than that with 144ms in TE (1.95 £ 0.36 vs 1.24
+ 0.26, P < 0.05), SNR of other metabolites were
similar. With NEX increasing, the distinctions
of baseline between NEX =4, 8 and 16 were
significant (x*> = 10.000, P < 0.01). SNR of all
metabolites increased when NEX was increased
gradually. Both of baseline and SNR were the
best when NEX was 16.

CONCLUSION: It’s practical of in vivo two-
dimension multi-voxel 'H-MRS on the rabbit liver
VX2 tumor by a 1.5 T MR scanner. Immobiliza-
tion, pre-scan (reaching FWHM <t 10 Hz and WS
= 98%), knee coil, TR = 1000 ms, TE = 30 ms and
NEX =16 may be the best to acquire highly quali-
fied spectra.

Key Words: Liver; VX2 tumor; Magnetic resonance
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ing technology; Animal experiment
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¥t RABRXTYTARE, EA AR TGE
HTF a3 AREHTR. TEFARNEXBEATE KR
2D 'H-MRS42#5, 2D 'H-MRS#H, vk
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LR R FRAFA T HT2D 'H-MRS#H £
& % T A B oA T Z 0 Rt M kvk: Bg ey
AE(Lipl). B fred I A% (Lip2). & ek
BG4 RE i I P S (Lip3), B-AUB Ao 5 5UBR
2 4AM(Glx), PRaA#(Cho), ¥R A= H &
¥ 5 A4 (Glyu). TRiZ #73E % (1000 ms. 2000
ms. 3000 ms) A &K AFlfz I L L FZ M Z
. TE =30 ms 5 TE = 144 ms#9 A & LKL
R E 5, IRT GIx#g/3-IATE = 30 mshf
A %(1.95+0.36 vs 1.24+0.26, P<0.05)A 4,
H AL LA RS 09152 L E R FITER 2 % 1+
% 5. B R # (number of excitation, NEX)3#
K@K, 8K 16R), #HEKEZANBK(
=10.000, P<0.01), R Hp 15y 4
NEX# ¥ kMg k. NEX = 16K £ & % F
#, 13RI R 5.
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AREAE 4 I Fodp K2R ik B KIEFWHM<
10Hz, WS=98%. & JAMk%& T & B. #£FTR
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AT SR ] P AT I AT 335 A H-MR S PR ATT 5038 7 484
%, AHB AN K 0 A i 4 RS o B, AL TS
BB, H2 5B R vRig rEms AT JF )
RECIRBT ST LS MR I 5T 0 17, "H-MR S[1)
WFFUAR D, JUH S e s 4k —4E 2 R R
'H-MRSIR A HA, [F WA Z REHEDIT.
FATLAARSHE VX2 0y S50 52, 0P ik — 42 4k
#'H-MRS(in vivo two-dimension multi-voxel 'H

magnetic resonance spectroscopy, 2D 'H-MRS)

N AZAA A AR N P B B it

1 MRS

1.1 A4 R IHITE 22K 58, 5-6 mo, A5k
51.7-2.2 kg/ -, MEHEAS FRCH R RS HE — s
Be S S 06 A L) . VX2 RR A V X2k 41
g (R 28 DU 42 15 K2 A e AR, R T i
Jeq HOMORE VR 7 D 3 ST ARV X 29 RS AR . e
5 2-4 wk N0 T AT 47 9 SR EAT MR LA 2D
'H-MRSK: &, BT HML# A EEGEAFI1.5T
Signa Twin Speed@i3EARAL. FT i fd K FH30
/LI LU 2280 B e K RR e, - B 3K, /e
i Tt A AN 2D 3G T LG 22 DR AR IR
o UR FERRIOIR S RUAT DO P A B 2 [l
HI(FSPGR)T1W LA sz 4 it B Ji [ 6 ik e
FF%(FRESE)FRESE T2W IR 7 [fi 414, A
WLk, F1 2500 R FSPGR TIWI: TR = 400
ms, TE = Minful, 514256 X 192, FOV = 20 cm X
20 cm, /255 mm, [H]EE0 mm, PR E (number
of excitation, NEX) = 47X, 14} [1]5'12"; FRFSE
T2WI: TR = 3000 ms, TE = 80 ms, #if4320X
256, FOV = 20 cmX20 cm, Jz2)55 mm, [#]#H0
mm, NEX = 4, $4fi [ [7]3'18".

1.2 77 % 2D "H-MRSTHUSER: 1% A JBICT4;
FE] -+ B IR T R ] 5 2 A T B L 245 BT ) T 2
Ak 6T B4 [ s RIS 0 s B R T
FH ) I R K (R R0 S TA 30 7K U 1) 2 15 56 (Full
width at half max, FWHM)<10 Hz, #ll/K % (water
suppression, WS)=98% A K43 s 119
i EGRIEAT A F TR, AFPITE, ASFH
NEXX2D 'H-MRS[# 52, 8 M 4435l A [l
TR: 1000 ms, 2000 msF13000 ms, 1fij HiAth 2 HAH
[FA(F1D)4&AM F3E 72D 'H-MRSFIH, 5% J7 i)
A/P, FFhrbinge: JK, HalzKMEiie. 8 - &
S A FITE: 30 msfl144 ms, ifiiAh 24
A 44 R #E472D "H-MR ST (1), 8 147
SIFHARFIINEX: 47K, 8UCFI16IK, 1HAbZ %
FHIF S F T 472D 'H-MR SFIHl(F 1), B
[X (voxel of interest, VOI): LAT2WI ki it fift 1] 5
A7, VOLE R AL FE e Lo 3o Tieg Jod [ 50
o3 KR FE IE R AL AR, TR — A R B R
FIEHOR/N . ACEA R VOL S & #EF AR
ERUAE, e 2L R R A (D). T
PR FERRRFRT, YIRS B sh it
T2 AIK, iIEFIFWHM<10 Hz, WS=98%
IS A AT IE B R AE.

www.wjgnet.com



PRAE, . RITVX2EDSIA _HAER 'H-MRSBYEG SR 615
= 1 GEFVX2EBRETR. TERINEX{E2D 'H-MRSEERSE] WA # 3 5
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%8 5 TRms)  TEms)  NEX  FOViem)  1BIIERE  EEmml kg 0 VXEASRD
. e — # 472D 'H-MRS
TR: B STEAM 1000 30 8 10% 10 10% 10 10 13'28 ok FILIFAESE
BxT STEAM 2000 30 8 10% 10 1010 10 26'56" 2D 'H-MRS#
BT STEAM 3000 30 8 10x 10 10x 10 10 40'24" i
TE: BXD STEAM 1000 30 8 10% 10 10% 10 10 13'28"
BT STEAM 1000 144 8 10% 10 10% 10 10 13'28"
NEX: BEETH STEAM 1000 30 4 10% 10 10% 10 10 6'44"
BxT STEAM 1000 30 8 10% 10 1010 10 13'28"
BxT STEAM 1000 30 16 10% 10 10% 10 10 26'48"

B 1 2D 'H-MRS
ELIBRVOI
TR: 3000.

TE: 80.1
= NEX: 4-'()?
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MR SRAL Fr 15 I 22 pLs B A5 0 2 AT ik
FFuncTool 24bFE, W] [A] 5045 PUFN KT, BI4L
TR L B L AR R DA T2 W LR A i
e g A 55 A 0 2 Pl (TR AR AR P ). W2
AN F S A1 P ARAS B I, 4R bR AL 4
FEL NG ORI 38 e (1) 45 142 LY (signal-to-noise
ratio, SNR). HE&k: H-F4a 1) JLE AR R e 1 3 By
AT FES . MR PSR R TR R B
JE T AT BT S g R S L UG 1R 5 T K1
SRR AHI, B TAEMR S B i 3L 2623 4
S OG-FEEOHT TR, AR P Ve Sl s i T,
SENT KW RTR BT (Lipids) U kb A4 i G 1
Hove . wAR, EEACIYIR IS Y] B E S, 105
IR RS, AR EEA B I TN,
VT 7K e oI5 g b BE 2 46 . AR Ak i 4 B2
W58, FEAAWYIBIE A ES, EMaNT
VR 1/2. 290-SE G ANAR, B0FE i TG AE 9 1R
W 38 58, SLHRWEAL A7 Bl M AR, A 4188 Vg B % 8
P s R T IR 1172, 3R-FLE“TEARTE, itk
BIZelL e =, AR AN T RN, BOG R4
PHALIRN 2 BRI RS T 3 VP, X T ARk
PEA A 2F03 94 141 1% P by 1 LA U A2 0 W I8 2k
B, MECLRARG AL, ANREH T R — B i, 1
A LS S ORI 5 1) Pl A 43R A e 2y 16 ] A 42
Wk, BEHI TR — R HRR I . SNRZACHH
Y3915 S E 5 T8 S A bR 2 () LA,
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HLA% 51 7 M A Func Tool 200145, HAKT7 v
J&L10.49-0.70 ppmyis [ h TLARE A A X, Wl
BEAMEE A S ETERWIE 5 5 AU A
TSR EE. LAVOIN T 4K 22 SNRF) 714
HAE R Z IR P SNRAH.

St A0 R HISPSS11.0X} i A7 $ 4 3k
TEi F A B AS[A S AU MR S P (1) 9k 26
Y i TFriedman MAGE:. ANFSEA4 AR
YIS NR & 58 HEAT 1 25 1 56 F1 07 22 5% M A
5, B A MEAT B R 2 U7 22 4 M (One-
way ANOVA)FILSD-#4 46 5 P AL FE A AL
FIAFFE 44, MR K ruskal-Wallis HAG 56 A1
WilcoxonFk A K. P<0.05k 22 5747 i 5 E X,
P<0.01 4 2 A B S 5 PR 3

2 BR

2.1 RHFVX29% & H2D 'H-MRS# B A1 {E
ThaRA el Hi k2D "H-MR S#% P (i v [
0.49-4.30 ppm)ix % 1] & 264> 3= L AR H
e, HAC2ENL RS 530 g R (Lipids) i34,
FLFE LI (Lipl), {7 7°0.8-1.1 ppmIF A KLU
(Lip2), £ F1.1-1.5 ppmFl& XURREE 0. F kU
(Lip3), {7 11.9-2.3 ppmB AWM B HIRE &
¥YJ(glutamine and glutamate complex, Glu+Gln,
Glx), f77-2.10-2.49 ppm/HTHAL &I (Choline,
Cho), f773.1-3.3 ppm#l J5t MIA %4 2 54
(glycogen and glucose complex, Glyu), {7.43.35
ppm-3.90 ppm"" A Lip2 & P E b
BT SERIE, Lip 0% 1 5 IR AE, o
WY 73 J¢, A IR BN Lip2 47 ) — ) i
e TG ARAT R, PN R Lip(142)7F b
AN IEIE I, K N Lip. Lip3th5Glx
WEPE M L ES . Bia, AR, RIN R
PR e, AN TR W] LN DD TeR
BLRIEDS. B B B EChol MGy ukEAgh
37 (El2).
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m2AZE A 8736 MR Units  SPECTRUM B 10132 MR Units  SPECTRUM 2 2D H-MRSIRLE.
R T A L 8000 L A: P EENRITYIRE;
2D 'H-MRS & 7000 - Lip2 \ B: 2D 'H-MRSJ %[
R R P A2 6000 | y \

K Ao A otk % 42 =t
BT A 5000 |-

4000 |-

3000 |- | k

2000 |- L3

1000 - Clyu Cho “%=P

_42(5) L | | | ! | 735

4.303.72 3.12 2.53 1.93 1.33 073049 ppm 230 0,49 ppm
A B C
7836 MR Units SPECTRUM 7396 MR Units SPECTRUM 7836 MR Units SPECTRUM
7000 | 7000 - 7000 |
6000 | 6000 i 6000
IR
5000 | I ) 5000 |- i 5000
4000 |- I 4000 |- I 4000
3000 | . 3000 M 3000
2000 | '&‘ 20001 [ 2000
AN N\ . [\

1000 ;/// W, v!’ \\,\,J// \\// \ 1000 1/‘/» \\} J" ‘\.\ v,‘ \\‘ /‘/ \ ‘\__ 1000

oL - 0 \/ S N . 0
-820 | | | | | | 375 1 | | ! ! -900 | | | | |

4.30 3.72 3.12 2.53 1.93 1.33 0.730.49 ppm

1
4.303.723.12 2.53 1.93 1.33 073049ppm  4.30 3.72 3.12 2.53 1.93 1.33 073049 ppm

B 3 2D'H-MRSREIEE. A: TR = 1000 ms; B: TR = 2000 ms; C: TR = 3000 ms.

A B
6040 MR Units SPECTRUM 6040 MR Units SPECTRUM
5000 5000
4000 - A 4000
i
3000 [ 3000
8
2000 |- . 2000
AA /‘\ o
SV _ \
1000 R \»\ / ”\\N/’ A\ 1000
oL o s 0
-535 ! ! ! ! ! ! -535 ! !

B 4 2D'H-MRSHKIEE. A: TE =30
ms; B: TE = 144 ms.

4.30 3.72 3.12 2.53 1.931.33 073049ppm 4.30 3.72 3.12 2.53 1.93 1.33 0.73049ppm

2.2 TR, TEFA*NEX#2D 'H-MRS# %4 7& HAh
ZHAFEIE LR, TR = 3000 msHAITR = 2000
ms N3 TR = 1000 msit 345 F12
5, (H3F IR G TC W 2 5 (= 3.429, P =
0.180, #2). B4RTR = 3000 msltf, Lip, Glx, Cho
FIGyuftISNRAEIJLLTR = 1000 msF12000 msif
TR, AR Geit 2 5 X (P>0.05, &3, K3).
EHADSEA R ST, TE=30 msHi144 ms
(LR UL JE W 2 22 (3 = 0.200, P = 0.655, 3
2). % T GIx{EM: LA TE = 30 msi & T'TE =
144 ms(P<0.05)CAAb, LAt J UM 9 (145 Wk LL
TC b V2 S (K4, B4). Wi RIS A ). 75
AL AR FE REO T, FEENEXPIEK, 3 &
FELR DL B35 (5" = 10.000, 2 = 0.007, %2),
PG T Sy A R . A K SNRAE A
BE A NEX 15 KT B {2 35 K (P<0.01). NEX = 16

ORI FITARAS IR B2 S SNRIY U] 2 AL TNEX
= QYRS (25, BS), {HAE, A A5 IN 1) je i 5 K.

317E

BATRIAIL.S THEILHRAON S TV X298 5l ) A
RUBEAT2D "H-MR S 2, BIIRA (11 P i 2%
55 SCHR AR IE [ FF U 35 A H-MUR S i BT 43 160
T R A B, PSR B Lipids(
FiLipl, Lip2, Lip3), Glx, ChoMGlyu%s T %4t
I, V1S TRE L IR SGRAT SV X298
TR Yl 2 A H-MR S & AT il 474, it T
"H-MR SHBUK A AR, JF HA3z B4 K
PR JE b B AR RIAE #EE ) SR R FR s,
FIF 1A "H-MR S Je A% 1) m] 4 4k 5 0, FH 11 2 5
ZNEAFAE R ORI 22 B, e i e A5 i,
O3 R A M L A5 0 B A N 0 OB B
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& 2 RAFVX2BRETR, TERINEXE2D 'H-MRsi 3% [l & 4 RFVXBRAETEE?2D H-MRSRESNRIE tmean = [ ALK
KIE5 sD) ppm: F 3k IRk i
o A A AR AT R
B #1 )% ¥ T
AR, AAFE

R TE NEX(2 TE .

(ms) (ms) R 2\ (ms) p B 180 1551 o0
1000 2000 3000 30 144 4 8 16 30 144 S ok, LA
0 1 2 2 1 2 0 1 4 Lip 573+0.54 3.73+0.79 —1.121 0260 #4553
1 5 5 5 5 4 4 5 3 Glx 195+0.36 1.24+0.26 2.770  0.020 ﬁiig;?;
o g R
2 2 1 1 2 1 3 2 1 Cho 220£037 188+029 -0801 0423 LT 0 0

3 0 0 0 0 1 7 0 0 Glyu 201+023 1.54+0.28 1263 0235  (ppm)k AT

R 3 REFVX2ERETR{E2D H-MRSIIHESNRIE T (mean + R 5 REFVX2BRETR{E2D H-MRSIIHESNRIS Eimean +
SD) SD)

TR(ms)
1000 2000 3000

SNR

Iy P

NEX(ZR)
4 8 16

SNR

iy P

Lip 5.73+0.54 5.78+1.26 6.43+1.44 0.551 0.759
Glx 1.95+0.36 1.78+0.28 1.97+0.53 0.624 0.732
Cho 2.20+0.37 2.12+0.25 3.18+1.84 0.869 0.648
Glyu 2.01+0.23 2.15+0.41 3.64+2.35 1.104 0.576

Lip 4.37+0.63 573+0.54 7.14+1.09 11.100 0.004
Glx 1.50+0.26 1.95+0.36 2.38+0.24 8.833 0.012
Cho 1.41+043 2.20+0.37 257+0.78 8.625 0.013
Glyu 1.34+0.26 2.01+0.23 2.84+0.81 12.599 0.002

A B (o]
3578 MR Units SPECTRUM 7367 MR Units SPECTRUM 5052 MR Units SPECTRUM
7000 5000 [
3200
2800 6000 4000 -
2400 5000
2000 4000 3000 -
1600
3000 L
1200 2000
800 2000
1000
400 1000
(1
I | I I -350 | | | I | | | |

S170 | a1 | | |
4.30 3.72 3.12 2.53 1.93 1.33 073049ppm 430 372 312 253 193 133 073049 ppm 242.30 3.72 3.12 2.53 1.93 1.33 0.730.49pm

5 2D'H-MRSFILE. A: NEX = 4; B: NEX = 8; C: NEX = 16.

TR AL AR S RN [ A U . AR
PR IR . R TR A RS L
8 P8 A5 B ) 52 (R RN 1 4% VA AR i IR
FOh, RS MEIsh . SRR, g .
VOI. TR. TE. NEXZ:H) fr 5 RS 5024
Xt 22 A 3 TH-MR S $fi B BOR i [ 5 7 AR A
IR IR 5. 76 H R0AT BRI S 4 ' H-MR S 3¢
ik, S EOR P IR R Z RGBT,
ATER 6 —SET] E SE MM R S15 M A4 H 2 1 1]
#, AR SO R R R T B &
R IE AT RIS

Z R FEMRS KA LR AR Z MRS /),
MR SE 3 IR A (130 BB X 1) 0 22 AR /N
a5, R AR NI B Bk AT e it MR SR AE 1)
I AR AR, B 52 VPGS ) (1 5, 24k
FMRSK A I (7] LG, BT LUKl ) (1 2K 5
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e, R AR AR I S IREIRIE S Tk
A ARG AT B R AT f . AR
WU R 2 % PR JRR R I 24 ) Bl 5 3 s 140 75 5.
TR ok BRI 4y J6 O ) B LB Sk, VR D SRAT
Py EREL, FEMRIIERE AW N> 53%
BEEL LG 22, R AR B ) A A I ] R A O
RFEEOR IR RRIFAR S, W] A0 05 P MR T
I HLBIT b T b S R ) I L B 24 3
SRR LT, [N, FRATAESh R T e 4R
WIRIEIIE R, BUIMARAR IR o b, AR IR 4
e bl v ok, BERRI T ARAR K36 Bl, S T
WU I B M J5E . B AT 88 oK HRC2E 3 s gl
BEATHHE, KDL A5 B0 ih e 2 2R D b Fe e
HARE, SRR, AN BE WA oA QU g,
HT A W B AR TN b+ 7™ W B 0§ B D3R A5
T AT B MRS 2 A6 2% 00 8% 1) 1k
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FTEEL

NBACREEAT T, TR T A AL 1 AR A )
KON, — BRGNSk 25 38 AR 5 HE LA
. ARSI I 1 SR AT o R R I D
W IR AR TR, FAE ' H-MR SHFSTIAR
W= & AR, B SR TR K & =,
A KA SR 22, AR 11 L3R Ve 25 52 3] 7K 0
(50, FE 4 e, "H-MR S ] K I FWHM
W SEEFR br K Wi 37 35 5 M AR FEE. 4]
W R, FWHMPE BRI, H7K8 785, WS
R e, 30l PR S B P AR A A R L
a5 B BN T 56 A ARG RE . AR B,
T FFFWHMAK i, 7KW SIRAR, Frfei &l
By AN, FEIT KA IE LR T, AR
Glyulf £ = Cholg #4252, W8 4R,
B WAE. FWHM<S10Hz, WS=98%n {51
. DT DATE ARSI Hh FRATT R A T
ML FIFWHM< 10Hz, WS=98%I 4 #E479
R, 6T O A il h i Rk 2] Bk
PR, FREEAT — IR T, AT A2 38 D o 4
VO &, WE T w2y, 50 fise—
ES R Ik B 1)) S A K R G AT 1E 2
UEREGH

S S P A& AT 3K MR S A (1) A
LR, A g o AR e L, TIGPFLEX 4111 4%
Pl A 2 T s 5 e s R 2 P, R TRAT AR il
SR LR T =R B S, RIS T ARX 2R
TN SEIE B, SR BB AR KK, 132
BRER VBT B SR, [ M S5 K, 7 AN T4l
By, [ 5 RIS s i 3 2850 e e ) AN
RO L Pl RIS, AR BT &, #eie 2k e, pl ks
MIZEZRN, A5 Lt 25 BRAR, /N 26 Bl 2 05
T, AR LG, O DU 2 B Bl
FEA W L BT (2R P8l "TH-MR SIHV O {55 4
J5£ 5 RS A4 T AR AR I L, VO K AT
DAB =5 e L, AR50 SR FH ) S50 Zh - f, A
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