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Ex Vivo 1H MR Spectroscopy: Normal gastric less spectral peaks of the §4-MHz MRS were bunched near
and cancer tissue 08, 13 and 20, and 2.2 ppm in human specimens wﬁhqut
respect to layers. In a specimen (Borrmmann type II) with
a fubular adenocarcinoma, the resonance peaks were mea-
sured at 1.26, 1306 and 3.22 ppm. All the peak intensities
of the spectrum of the normal gastric tissue were reduced,
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Purpose: In this study, we attempted to ascertain the proton Assoc 20033:151-157)

magneto resonance spectroscopy (H MRS) peak charac- Key Words: Magnetic resonance spectroscopy (MRS), Gastric
teristics of human gastric tissue layers and finally to use the cancer, Histopathology

metabolic peaks of MRS to distinguish between normal and SA ol 7| 2HED 9|e & Euiz| et

abnormal gastric specimens.

Materials and Methods: Ex-vivo 'H MRS examinations of

thirty-five gastric specimens were performed to disfinguish A 2

abnormal gastric fissues invaded by carcinoma cells from
normal stomach-wall tissues. High-resolution 400-MHz (9.4-T)
'H nuclear magnetic resonance (NMR) spectra of two gastric
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layers, a proper muscle layer, and a composite mucosa- ShE o AHel e AL dWEHR ALES Aol
submucosa layer were compared with those of clinical 64- ol AA3 A GERFI o (1-3) HZTY 2A 3t
MHz (15-T) MR spectra. Three-dimensional spoiled gradient b Fokell ] fe] XA vl go] G FAIE
recalled (SPGR) images were used to determine the size and AL Mo} ol b2 ohA] Zoko)| Hlsle] Y53 =
the position of a voxel for MRS data collection. L gL AT Yol sjerel] WE 27] Atk 7 X2}

Results: For normal gastric tfissue layers, the metabolite Wjle ZosldD & % Qok.35) Lakdow sjok Ao
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peaks of 400-MHz 'H MRS were primarily found to be as © gasirofiberscopic X-rayt} fluoroscopic X-ray FAHE o] &

follows: lipids at 09 ppm and 1.3 ppm; alanine at 158 ppm; ¥ - e o) 1=
Macetyl neuraminic acid (sialic acid) at 203 ppm; and TR b, A SR, WA EF‘L} s 2
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7] o] AFEE MR 9L 7R E o] Fo]F o), MR
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1) MR &4 9 24

E Aol A 64 MHz (1.5T) MRS (Signa Lx 8.3, Hori-
zontal bore magnet, GE Medical Systerms, Milwaukee, WL, USA)
S} 400 MHz (9.4T) NMR spectrescopy "84 (DSX 400, Vertical
bore magnet, Bruker, Fallanden, Switzerland)E A-S3ldch &
HERY H5 AL AR WA 2= MR 442 3D
SPCR WS Afsldor] 94 WE repeiition iime
(TR)echo time (TE)=80/4.7 msec, Flip angle=45", field of view
(FOV)=9 cm, dlice thickness (TH)=2 mm, number of excitation
(NEX)=22 3}k MR £% A3 point resclved spectros-
copy sequence (PRESS) 7|'H-2 A8sle] 3 7)2) vozelol A
TR/TE=2,000/30 msec, NA=256¢] W55 AHgsle] 2551y

of AL £ voxel Gl FEY MR Ei2 531
AN quadratwre® 8] £ - L AR £F 2LE A7l A
£3l5ch A4 MRS &% 24859 7§ Y& AESPE
ol S ERY) E4 glo] o] % T P HA voxel I E
4xdx4 mm'olo), AR B ATl Azg 49 29E
o] 3l H& voxeld) Z7)F 333 M 2% FY F ¢
Dok Voxel 74 AAL A% region of interest (RODZ 5
dHel| A Atk 3 Y ROLIE 2R-Z5olA AA3)
3, o ROIE 933 Aebsla-3 E3he G994 3
ok Aeksn A& 77 @ $F32(<3 mm) ROL
9 @7 A wifel EelA H5E ¢ glgch

2 ¢l =8 Al®

B oodqtel = 20039 186l H 52 Aole Fek = 3
off g1l BE3 35709 § 23 AHE ALl ex
vivo MR B35 5 #5315k o] SollA 137 & 23
ol 3, Yzl = A4 = AR dFHels gA A
ol vebdohTable 1) 2AE AHE 54 Wik B33
ol MR E3AZE L5315k

(1) 400 MHz NMR 4 22 33459 NMR 74 B
#2718 3 2FeAH 400 MHz NMR £% 7] (spectrom-
eten) & ¢| 83l Sk o] 9 3 AlE Y =240
3 g8 AL A 9 A =Fo® dEneE A
A ABRE g HRAE Fol ZF 2FL 4x10 mm*Y
27|12 FelEa) 2 A5 Al AE 283 2
FT59 AEoz Aoslgdd, o3 AHEE NMR A
HH =5 mm)ol] ¥& Fol] NMR ZFAZE BE5315
ot A4 24 dlelele A=Al 2559 AE
oA ZAH 3 ¢ =7 deolHe 2aTFel 4433 27)
9] ROIA BE5314dc) o] 8 A9 ROLE A4 4o
3, e A] ROIE A<k F29 A 99o 2 43350

(2) 64 MHz 'H MR 22 64 MHz MR 5-3-& 2279 24
233 2178 e 2FAA A d YJRAE Fel
HED 2HEL 257 am’d 7|2 Arksle] Felold
& FA7) (WA =3 em, 50 mD)2) T AE2 Fobel] 92 4]7)
3 FEd BYAE o] 83l 234 shalel & 2RAIF

Table 1. Number of prepared specimens and ROIs for MR spectrum

Nen-cancerous specimen  Cancercus specimen

modelity . MCHSMC MUS  n MC+SMC MUS
400 MHz 1 2 2 1 2 2

64 MHz 21 27 31 12 28 24

* = number of specimens. MC+SMC = number of ROIs selected
in mucosa and submucesa layer; MUS = number of ROIs selected
in muscle layer.
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% UL ROIE Agelol MR £ AL HSaloleh.
& 2ol AL ArtEpdstelel A 28719 OIS ZEEF
oA 60z 2] ROKE 43 sled MRS HlelB{E #H5elaleh 2
gl g &leA = AukEmd sS4 28719 ROISH
aF3 ZollA 247019 ROGIA MRS fiele]E olodc)h

3) EjO[E 24

HEs] & 248 A WE MR B33 oy
w4 single voxel) M el 3WE ol Esfe] EAEGITa2) 7|
F9 vhE Z2A iy MR ¥ T4 9l 7 B4
53 HAEEER] peak $IXE FEI10-111418) A
(ipidy, 3-3ho| =54 H-E]ZAH 3. hydroxybutylate), ebd(Al
anine), oF S Acetatic Acid), 5 8K Glutamate), B2
=l{Glatamine), 0}l (Creatine), EAE T ol gl (Phosphoc-
reatiney, ¥ (Choline) £-2] wh4HE74S vl @3] B g7
A B A 9 290 ed 23 AEEY WAEE peak
2 Aok B oA 45 NSRS peak 21H
AR AT R EEH peak F1E 24 Y H
Y& ‘-?*b}"ﬁ‘}}‘:]'@ﬂblﬁ 2). At gt 252l
HE3) BaAde uiag siele] $PSS (Vemion 100 for
Windows, Chicago, I, USAYE A &sle] 53 FE t(eas)
Mann-Whitney u-test 3o 2 37 E4lg Ajsfsiqivt

4% w3 AR o5& B 2 R

Table 2. Assigrment of 'H MR spectia

Metabolites Funtional Primary  Peak intensity
growap peak (PPM)  of mimor

Lipid methyl CH, 090 l
Lipid methylens LIy 133

Lactate LH, 1.33 1
Alaine CH, 147 il
Acetate -CH. 192 l
N-Acety] neuraminic NCIL 205 )

acid (sialic acid) ’

Clutamine/Gluamate  p-CH, 210 !
Ghyathion 22

OfPCr CH 312 1
Formalin HCHO 321

Choline LHy 32

Artow impHes variation of the relative concentration of carcinoma
cotnpared to normal stomach tissue. Cr = creating PCr = pho-
sphocreatine.
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Fig. 1. A: 1.5 T MR image using 3D SPGR sequence 400 MHz
'H NMR spectra acquired from B composite mucosa/
sybmucosa layer and C: proper muscle layer of human
gastric tissue.
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1) 400 MHz NMR T2 B&

-Uﬂ— _[4 7.214 @UL&!)@UL‘L}.&-}% %{}%‘-oﬂx«} X;E[%‘é‘]»
A BAA 5T 400 MHz NMR F& B3 AE 5 0.9 ppm,
1.3 ppm, 1.58 ppm, 2.03 ppm, 2.25 ppm X101 A1 SE8{% peak
=5 FFH2E et Eg 1B-C. ¢ peaks tE
71%e 2R R MRS B9 7Y 9 97 R R B
72t AZ(CH) AR (CHy), $ehd(B-CHy), ﬂo}?‘f‘?(NANA
N-CHy), S5 &(CH) 528 238 gl o} & peak
9} FelslAs AT AR AEEE RPN peak
52 Fol Table 201 ALk doZpgusl st 3

oA HEY F BFAT 2lo|ofli S peak® 4 ﬂ
]2} F7F ZA Kol A gL o ﬁliif%(Pig- 1B0).
¢ 24 A5 NMR $423 252 9o AAY
2798] ROI 91X 2718 15 T MR 94 A&HolA ¢
3D SPGR -dell ZABIYvh(Fig 24). MUSISE 4]

a2 EedelA ¥ 4 YGrHEE 1A) BT
#2408 28 MRSE <471 913 ROIY
o

3D SPGR %G-&& ¢]&3l%ich.

®

ROLE #%F 4 %(Fig. 249) 3T E)0 2 BB WoiA gl
A4 BT Russ 14T Solglrh 2y MUS2E
A ROZh— & A%Ez;f} &L 27 AIEE Y 9

o BT g ol AAslyict MUSIels HEY g
A zw:&%‘ Hﬂr%tza:lg 2Bl = 080, 1.30, 1.59,

2.03, 2.25 ppmd A X AA peakrl FFE gick. 9 AET}
¥ TEHEFL] MUS2 HXoA (& EBF 208
3.26 ppm®) 2% peak {Pig. 2C2) peak AFS A9]3 A &
T peakSo} AtHo® 1 3Y7) TAE ol eyl
o A7 Aa" 24 MR 239 £3F Ui peak
#Z77} Eol % A%E FALEE 55ulfe] A E &
ﬂHﬁ% FAE ik Fg 2C) 1.3 ppm®] A tHAEZE peak
= 27171 A o T A9 peakE VG A= A
2 A4 lactate)e] B /‘E*W 1 WiF2.2 4= rl®@g 202
peak B). 22| 3.1 ppm H22] Ewl peakd AiH e =

717} 7AiM ViR XhelE B girhFig 2C9] peak A).

2) 64 MHz MR =4 23

YA Ee] Mol Yol g8 FAoFE o] ueR
Al Agde 9 22l i3k Bk ow AR (Fig 34l
A MC+HSMC1E MUSIE ZATE S T+ A2 3D SPGR
o 4Fig 3B)P1A MRSE 417] #1% RO 248} =771
X HEE shyink e 2] BB G4 AR (R 30 Ay
& ROI 449 zHo| 4"“%}2 HoFa gk 44 15
T MR A8l 5 o] 85ld] o] % ROIGEA 92 64 MHz MR
Gl ol peakT-S(Eig SD«E} 400 MHz2 NMR F-hollA]
Holy vA4% £ peakEofl(Fig 2B-C) ®|3le] Fo] Ko
o| & olsle] O3 WA M7 HA e 4L By A
o A 9 234 F3d MR B34 s 409 ppm
& 1.3 ppm), AJFEAM2.0 ppm) Z2]R 2.2 ppm (F-FELA]
23 59 AE peakSo] HHEGrk MR £ =2 peak
o] x| deIR 55 FA Aetel FAT 2 A4 9 =
AdlA EAF T peakEY X o AUEARRS A4 090

Table 3. Statisticaily calculated average position of the “H MRS
peak of mon-cancerous pastric tissues

: {Unit: ppm)
Mus2 eale
L L T Lipid (CH Lipid {CHy} NANA (N-CHz) Glutatbdose
() Layer
Fig. 2. A: 1.5 T MR image of carcinoma specimens with gastric MC/SMC 0.96+0052  130+H0022 2030026 2.23+0041
uicer. Comparison of 400 MHz “H NMR spectra between (2128} {2828} (1428) {5/28)
normeal muscle layer and cascinomm muscle layer of 0910055 13010025 20140036 22140031
gastic issue sfored in saline. Br Spectrum. obtained from (5960} {alyaly (25,.’6(}) (2360}

ROL of MUST in proper muscle layer of nommal stomach
tissue. Ct Spectrum. from ROL of MUSZ in muscle layer
invaded by gastric carcinoma cells.

Pasentheses = Number of observed pea.kaoia.l number of measur-
ements.
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0052 (21/28), 13040002 (28/28), 20310006 (§1/28) ppm,
223+0.041 (528)5 vebdy, wg-Zgol i 0910055
(59/60), 13020.025 (60603, 201+0.036 (25/60), 2.2120.031

UsT

et NN M

Fig. 3. A normal gastric specimen. A: photograph of the spee-
imen's section, B: MR image obtained by 3D SPGR
sequence. C: H-E stained histopathological image. MR
spectra obtained from D: MC-SMCI and E: MUSL

@360) ppmell4] FASGckTable 33 Y FR teus)
Mann-Whitney wtest& Asiato] 5 Fo 78] peak FT 92
et At oy BellA F 8 2= F Aol B
# AR R o7t givks A3 GPckp 001
400 MMz MR 234 A1 204 2.0 ppm, 2.2 ppm#] ¥ peak
(Fig. 1B-Cr= 64 MHz MR #3 Al&ol A z227)7) af] $- Fe}
HEepy) ol P A AR HHA B3 BGE A A
7t ggol o ARl peakE Pulated Zdaizlrt ool
v} IRgE 400 MHz NMR 3eelld 2283w 1,58 ppmd

-
L
e

Fig. 4. A0 A photograph of gastric tubnlar adesocarcinoma tissue
(Borrmmann Type I} B: comesponding MR image of
SPGR sequence and C: histopabtological image. D: MR
gpectrum measuged from ROT indicated by box in (A), (B)
and (C). Thin arrows indicate meiabolite peaks of lactate
and thick arrow peak of choline.
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peaki= 64 MHz MR T3l A= 22 (CHy) peakst A &
23517 o# Yok

TALE AES 9 233 FE 222 (perigasiric
adipese tissue)7FA] 25 8HBormann type T A2 5] =3
ol A2 Fg. 4A)0l T 3D SPGR F4ellA FA7F 5
97 25T F99) ROLE 47831 Fig 4B) 64 MHz MR
Fi THATE 9ok A9 rRole) § A FEA A5H
AL HFee ARow 34 5 xidFg 40). GAE
7} AFTETA g o] 23 AN B53 BakFg
4D)ell A= 1.26, 1.39, 321 ppm&] 1) ollA) peakr} aH2EE 2}
ol A A 289 B3 3D, Bl A4 13 ppmd
A peak’s 37|17} ZAsHs FAle 126 ppd 139 ppm
270 Z4t peak® A IA 9 A¢xA9 EakFg. 3D-E)
ol AE g 321 ppmd] T peaky} S7HE AL Hold
¥ 9 cHFig. 4D).

o &

£ gdtel AL dEE 5 24 A "
sl9] FA7) ghold MRS HolEH & H58 o o] 83
voxeld) Z7)E o] F & Eftle] 333 mm’ Q7D
2 shdok LA o] 2A L voxel Z7|RE GhE Al
I AdbslSoll A E AEA I MR EFAEE whE B5Y
T ok 2 AN AR voxeld] 27 TR 2
B oE 7)1 2F el A ALEE vosel 2719 18 mlol]
Hj3te] w27 wj ol A5 2717} el vl wl-$
ZHg pubo]] gick o] E3) B4 A2 9 #A BE
7t £ quadrare F 8 F - A AL 2945 A59 27
of| @& F7|(WA=4 co) 2 AZFsle] AgsLgeh(13) o
A% UL Agslw il ol 4] MRS E ool o] S 4
£ FEZLHA=18 comyel] HI3A Lol izt %9 =7
H|go] < 400% AT W AEE AFT S} Qgoh

Al Heg o 23 A4 2HAL 94 TY 400
MHz NMR T4 2% 2x]el|4 #2223 An 3 =34 7
WAEZE peakE 2T 5 YK D). AL 29
3.1 ppm peak & A3 BF 2717t T E)(Fig. 2) &
4 239 peakdhs AKol7l U5 HAUSEH 94 T
NMR 239 9]¢ 249 Avterz 49 #8448 45
5 Poick 15 T9) 64 MHz MR 545 3E peakd] Zof
3 o] 3l peakET FH HF Zoks JEh S ¥
gt opJ e} A%ol wlEh e =77} Aol fHEo] W A
= JdohFig. 3, 4). ol AR A2} 22575 £
A=) A5 721 signal-to-noise ratio, SNR)7} £o}A]
7l difeld. AESyAERleat 2525 254 09,
1.3,2.0, 22 ppm BTl 9 peak ol FEH LR PE
ol & 7 7k EAd AN 78 Aot gle s ¢ 5
PR HP>0.01). 94 T E3oll A Fa3lA 9w 1.58 ppm

8] gdebd peakE 15 T B3l AT & F2ANA] 2ghe). <]
MR A 8 AR FE7F SNRTY 30} Hol
A ERE T 9 tdAEZe] Ak =6 15 T A #
TR depde WA} oEy 2e 590w
A Hok A3 MRS £42 ;A E 34 T ARA7ZAE
2 2+ MrA|7) 2 a3tk 400 MHz MR 2% 213014
B9 2.0 ppm, 2.2 ppme] F peaki 64 MHz MR 23 2
Foll A 27)7} wig Aol FE7] ol AY A% FHA
PEA] 2.1 ppm®] 3 peakit Q1 AXF FED A4t A
Z/AslEdA 28 23 5 29, 2FTSoNA 60 5 F
581 9ok o) o 53] 20 ppm, 22 ppme) F peak’} B3R
o2 ghg3lr] e Al dgtol @ AR "ol ok

B oodyte] Ag9 127 A 249 e 3= A9
10719) A& JaARgo) 3, 1 AARET PFihd
dFol ¥4 P ALE Jehgd 28|32 JeA] 119
A8 FARETHR FFAALT] dE SAAELE
2% Py Pd. gogsAwel el Adde 27704 ROl
oA 8, ZRTFeA A 24709 ROL F=IA 570
8 G E FRHAEE F2E 7 Yo o) ROV}
Aoz A3 239 A G A D7) wifel MR
T4 B AV GRY AoE 47, o 9 & AE
7} A9 239 ROIA & B3l AE 13 ppm £
8] A2 peakEE HIE3 FHE peak 777} R4
o712 1.3 ppm®] A2 peaks 2717} FASHA FA0
T 709 peak® Wil A2® PAEHFg. 4D). 27,
AT AR, A, A 2 A3 AN MR F4
THNEE A58 & A5 ZAAE 1213 ppm H)
A9 lactaeflipid A2 7t 24 S7hsle ALR ¥ adgich
o] = laciaie®} threcnie?] methyl =427 7ledsle] mo-
bile newtral lipid2] acyl chain®] metylene FAAx}el] 23
AL 2(11,14-18) & A5l A 1.3 ppm 724 peakr} o
£ AfeE sidold =3k fjok Al X7 AEe =30
A% Fig. 2C9) peak A%t Fig. 4D $hHE7} 7)e)7) & 3.2
ppm®] EH peak 7|7} AHH 2% Sl 9 PAEY
Ais e A 2R AL 7 g b e Xolu
Ak AA & ] AR AL 239 3{T FH
wrsA el A A 2402770 F 97012704 ROTe
A 322+0.016 (3.20+0.026) ppmS] T peak F7)7} 7}
Hol Jelwdch skAR o] Ao o & a5y B e dhd
8 AEoR ¢do® Ho AL A5 Hey FEelu

Fow E AYE ex vive AREAF obdz} in viko A3
= B Xob A3 8 299 diAE2E &4 243,
Ake] A% Aol whE ] 249 TH MR £HNE |
3t JAIE ok A dol 9ok T B Aol e
A 8 230 3 ex vive B2 A9 e, A7) 2
Aol 3 MR B340 482 F S 71E3 g =
B3lA Ao 4 549 754 ZEQ in vivo MR E3
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8] Bakell )= A4 228 MR B34 Jehde 22)
A peakE9) 277 FOEYT 321 pmd] D peak’} S
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FollA dojuie tAEZS WiE MR ER7EeE &
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