s DRFR2 W I B 1T 5 'H-magnetic resonance
spectroscopy DA HEICBE§ % Bt5E

AN

ETFERARFAEEEE

T L iz

W& (nuclear magnetic resonance :
NMR) i3, FEEEHTELECELI LS
% { OEFFRIIFTZED - Wi 3 TBY, ZOFik
W2 & % RS OB b AR T B,
BRI, L AW SR Tw» SRR AR E

(magnetic resonance imaging : MRI) i3,
TER A & FEE AR O 2 MIBIRRAIE & LTI
NTw525, EEOHBE L BERICEEIhDE
] OMEERLTES EIT 2w, —H, JF
{REEAY W BN RE DI b ATRE AR SR IR 2
~ 7 kv A 2 ¥— (magnetic resonance
spectroscopy : MRS) 12BWTH, fHEZE~
DIERARRA LN T VDB, hTHNERICD
WTEPRVFELIIFREINTE D, YBET
b X ES T B 1 5 MRS OF M2 HE
FHLTW3,

ARETIE, WS LRIk, EBELCRES 2
B8R 2 FEREEMICBE S 2 L3RBT D 2 fiffEic
O EREf L7z, MRS 2 & 2 [l OfARRS W7 1 BE
T AR, BRI LVF—) VBIEETRY v
Mt/ TATMVCERLT, V> 31 RS
HIEZ 27 ho 23— (*P-MRS) ®Hwiz
Wrzen® 3ER S B 28, *P-MRS TIX#NT ]

BER BB DI L b H D, IEHHS
LR OECBELIBREICE L - Tn 5,
Flz, AT MVOSRERRE DTS LEE
27, TOLOTFHERESMNTEIZITEE-S
Tk, 227, I0ELoREwECET
3 IEWHBE S N5 H-MRS % v, HHLES
NIk %E in vitro R TEIET 5 Z E TAR
7 WVOSREEEED T, FLT, IEEMHEEE
VR FEEERIC VT, NMR A2 MV ESR
FEHEE I I TE S - AERREL, ERkraE
B e OB R HE L, MifEOEBZInck i 5!
H-MRS 0F R OWTHRE LD THRE T 5.

B & HE

HIEFENC 1L, BFERRENEREEE =4
BT, FEEYIRRMNC TR & h e RS ERE
e 7o, EESAERROMRRE K O
{LEOWERIE, FLIRLEEH27HITHY, »
T b BEHE R MEFERE 21T > TR
EREOMBE AW, MR, FBRECS
V> ORI I SRS AR & TR & L IR B
HEBD> b, EEDOELEVESERW.

ARSI —40°ClIT THEHREL, FEH 10
HLANIZ Folch 39 WcESWTHiH L7z, Folch
BRAREEOMEFEE L TERSNIZDD

% —r)— F lung cancer, discriminant factor analysis, *H-MRS
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R 1. NREG OB CHHBFRMEE

& Z DIEFIE.

TR R O FEFI%
TEH FiAE 27
it 78 A 27
SR

[SFax] ) 6

bR 3

il 2
i3 ¥

[pan el 4

oL 2

1ESME 4
/N B 3
g il 3

TH 555, 'H-MRS THR L 2 2 €S TFHEEKL
EY% in vitro B B EMSEERT I L,
BUKMESE E U CHIETE 255235 5 D TH
Wiz, BEE 0.35~1.89 g DR, 20 FED
yuanmkivh, X¥7—)v2 I 1EAEERC
THREYFA AL TAR, WL CERERBREL
7z. AT 1/ 4 EEOKEIMZERME 4°ClcT
24 BFHIRHE L, BIKMERUBUKED 2 B2/
M L7, 2055 REOBAMEREY % 48
BRI HC R U 72t8, EEOK 0.25 mUC ML, 5
mmEREHE 12 A NMR HIE 21775 5 7=,
NMR % 13, &4 ##6E FT-NMR (WP-80
SY-WG, 1.88T) Bruker ##i%#H L, 5mn
HEE 7o —7 2w, BERERE 80,13
MHz, »SVRIE T 3 us (90°7SVR) , ViR
URFE 214, 1's, A7 MIVIE | 1kHz, BE
EI% © 64 [ THIFEL 7=,
BoONIARI MVIEB T 3R E—2 DRE
%, DSS (dimethylsilapentane sodium sul-
fonate) ZHMEWE L L THY, XENOW 2&
R 2 LRI K EEYEDARY M)V L T
5L THERL, EY—2HEBR b>TENE
NOWE OB ERIHFIT 287 X —5 —

L7z, ZLTC (EFRMCHEEDS L B 51
BOYE % EFRIC BT 5 MRS OF| & % F|
L, B—2ZAXR7 MV EIZBIT ALY — 7 EEL
DOBMEDERE (EH) EROMHE
BloofEL L7,

7 — % OFHERNIE L, FHEOEEER
FENCIE student’s ¢ test Wz, %72, RFEL
BEHE L BRIEOFBNX, MRS HFIcB LT b GH
SN TP HFISH'Y 2 FH THRETL 72,

& R
R B 8 B O AT AL A ' H-NMR 2

~R7 M,

IEH IAERE & & IR O R EH 72 X <

7 MVER1IRL:, RS E—2D >
HbEZY DL, B (Lac:3.9~4.2pm, 1.3
pm), ZV7F> (Cre:39pm 3.0pm), 2V
(Cho :32mm), V¥ (Gly:35m) 7>
=Y (Ala:14mm) OSYETHZH, ZD
HHREMO 4B HK L TS D50 &
BREL, ELARWETIE, FiRECBLT
FEEEE ~ D IMAT BT & RS DS RIS C i3 2 7z
O, BRKUEMRNEC X 2 ER 2T A E RN b
5 Z o, SEIGHEBONRYED SERILL,
al)y, JvyFy, JVvy, 77204
WEZOWET L, zzT, avy, &
ZAXAV Y, TEFLA) LDE— 27 BFE—E
Fricin s 7z, Tho3YWBERZ X O THERE
EavrevL, 2vryFy, Jv7F=y, K
AKRZ VT F BT HEBROBEE» S 7 1
TFrEeL %, 1D33mmiz (M) &R
LTHBE—271F, HIHEFDOXS /-
RODE—ITH5,

IEH PhER & SRR b3 5 &, 2
V7N vy O — 273w oMiEERC
BWTHEMNCERAMER 2R L 72, LaL,
JVTFET T =D — 7 IXIEEER R

19914F 4 H15H3 % 19914 6 A14HTkET

AIRIEERSA  T020 EETANL-1 BFERAFEEFEBE EEFA
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U FET BRI 258 U TR B b 2580 5o
7z, o RMEMEHBIC DWW THE T % &,
R B VT a ) > DY — 7 HMbo fliEfER
g Ui 2R Uleds, 70y y, 2v7
F, TI=2VDE—2ICIFKREREERD

ipofo. IR L EE & B OSBRI
B BREF 2R 2 1TR L2, B9EE %58
CTCINS4AMEDOE — 7 12K ERELIZERD

mﬂcm ™
Cre(—CHz) Cho(-N(CHa)a)
Lac(-CH)

Sizn-o ez,
TE 5 iR R O a8
g ('vEh) DR,

T EMEDE

Cre(-CHa)

F22iF, BVWEOEEL R EEMER, I
FESHERER, SIE I X FHE - EREEE T
ALTHD, 0D BIEEMER: £fiEz
Y2y, aV /752y, PV TI5=
Y, JVFTFU/TVY Y, JVvTFY/a) v

Lac(-CHs)
Ala(-CHa)
EE A
i, %
mELEE
M“ LR
B )
(EHMER)
Lj o
/A fE RE R

4 3

2

chemical shift (ppm)

1. IEERHEBAR R EREERORER T "H-NMR 22 bV, 227 MVOREIIZEE— 2 0O
EEME LR, HEhix DSS (dimethylsilapentane sodium sulfonate) %E:# (0pm) 12 L7-&9)
BOHEY 7 M ERL TS, £z, AT MV EOKE— 7 EESZNENOWE OMHGF SR
TGS 5., AR UBRR TR TCORRHOERUTOWE 2R L Tw3, Lac : 9L, Cre :

Jv7 Iy, Gly: 7V vy, Cho:

aY)y, Ala: 7= M: X% —),
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—_—

1 T I 1 [} ) T

4 3 2 4 3 2 1
chemical shift (ppm) chemical shift (ppm)

LR B
Sxeuls Lac(-CHa)—_ EHLE Lac(-CHy)
Gly(-CHz) Cre(-CHz) Gly(-CHz)
Cre(-CH) (M Ch°( N(CHa)) Lac-CH)Y | Ala(-CHj)
Lac(-CH)-x Ala(~CHa) ~ lCho(—N(CHa)a)\
Cre( CH,) \“UL\M\ JLM
(LR b i)
L: o i L KoL E
1

X 2. RFLRRE & O &SMEEI 81 2 KFEAZ "H-NMR 2= 27 h L,

=2, [EHEMAE MESESE, 2B cs 28REWER OSSR, A<
FvEDBENT-REEIL (B %2, mean+S. E. TRU., (7, &BHE
DIEEMHHBICT T 2 FEEREOBRERL TH B (%% 1 P<0.001, 3 :
P<0.01, x :P<0.05),

n | Cho/Ala | Cre/Ala | Gly/Ala | Cho/Gly | Cre/Gly | Cre/Cho

R LA | 11| 1.2840.14 | 1.6740.20 | 0.8%0.11 | 1.55%0.14 | 2.08+0.20 | 1.37£0.15
M | 10| 2.10+0.3% | 0.810.73 | 1.23£0.11 | 1.69+0.28 | 0.66+0.09 | 0.45+0.07
K H B | 3| 130,70 | 1.41£0.23 | 0.790.23 | 1.68+0.05 | 1.73£0.18 | 1.03£0.10

SRR A | 3| 1.8140.16 | 0.680.14 | 0.76:£0.23 | 2.40+0.93 | 0.98+0.20 | 0.65+0.07

4 B |27 | 1.6120.15| 1.22£0.13 | 1.01£0.07 | 1.71£0.17 | 1.39£0.16 | 0.91%0.10

E % Bf|27]3.09%0.23|1.39£0.11 | 2.24£0.16 | 1.49£0.13 | 0.67£0.05 | 0.51£0.05
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SEIOVLTIUICBWTS P<0.001 TEEEY
wLTe, 2V /7oy, Vv /T
& B LU IS TE 23 TE 5 Bl At U B R (R (A
BPRLIZOWEHL, ZVv7Fy /Ty, sv
TFv/a) vERE, FESSIER R
BLERICEEZTL .

PSRRI B 5 L,

X 312k, FigEEBREC B 28WEDE
'#ibe, HEBEMOBREREORKEEZRL T
Hb, bhrobhrdtRlc, JVv7iFy /7)Yy,
JV7F /A rEE IR AR I R
WxfEzRL, ZV7Fv /7y R s
WTRF LS KR I BEERRO X
Dolzb DD, ZOMOEAELRIZTRTPL
0.001~P<0.05 TEEZ%ZRL, WINLO&EE
iz wTh R LERE, KilareE, MifaE,

Gly/Ala ratio

BRIEDIEICHD T 2 EA 2B 7.

251, BEBEOSMOMEER RT3
ez, 2v7FV/ IV y, JvTF/a
D raREez N s i e D, Y
EHEEEETRL 2B DEK 4 1R Lz, K
WRTERIZ, Zhe6D2O0EELEZHET S
ZECEMBEEOSFOREN LD IE> & D
LTK %, HoRFLERE: KifaEx, 7v
TF/ TV ERBEOATIES &Y Lo
TR OFED, 2 DDERILOFFAIIC X
Sh ko7,

Wiz, BRRANCHEE DR, R L EE B
FEOBHNNE ORERRECTH 0%, 7V T F
YITVYy, JvTFv/a) vEERREER
WCLUHRIAITc X DT L7z, 5 i, &
Buz vz 2 DS R R h it & i

Cre/Cho ratio

3. FESAERRE (] - RFEEE (n=11), L KHIREE (n=3), L/NRESRE (n=
3), E B 0=10)) KB 2 EWEDOSELLE, mean+S. E. TRLTH S, %72, SiEMk
R B 5 EEEREDREREZT L Th 2 (3% 1 P<0.001, % :P<0.01, X :P<0.05).
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Cre/Gly ratio

Cre/Cho ratio

4, FEEMHEME (Sq: R LEE (n=11), La:
FHERERE (n=3), Sm:/MfEE (n=3), Ad: #E
n=10))cB8F 3, Z7v7F /7Y v (Cre/Gly),
7v7Fv/ay > (Gre/Cho) &8It % 7 N2 i
LRI & D, RAEMEEIC mean+t S E, (@)
TRLTH 5.

Cre/Gly ratio
N
e

w-

T
1 2
Cre/Cho ratio

X5 RELEE (@ n=11) g (O:n=10) i
BF3, 7v7Fv/7) v (Cre/Gly), 7VTF>/
a1 > (Gre/Cho) &EILOSH, MHPOETmy b
WEEFNCIRT 5.
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Cre/Cho ratio

X 6. RFLEREEBREOSMEEIC BT 5 K, 7
vy Fv/7) vy (Cre/Gly), Zv 7 Fv/al) v
(Gre/Cho) &&Lb%zZh 2t iz eEn, B
¥R (B (n=6), HoEE (n=3), K5
BB (n=2)), :pEGEHMEE (=4), FoHEE (=
2), EMEE (n=4)) OFMEEUCDE Ty PLT
b5 (@ EBHEE, A had], O ESMEi).
M, M0 7oy b BEEFICIRT 5.

e, RY¥LEEEBEOSEFICOET Ty
FL7zbDERLTHS, RELEED 2 F1H
BRI BRI X 72 D8, BIFRER 95.09% THE %
AT B ENTET,

R L BE O/ HMEENC BT 5 HE,
B 613, MR CmuMHEEERL Y
VIFV/ VY, svTFY/a) vERI
2HAL, RPFLEEELBEOSMEBIZD &
HBLI:bDOTH L, EHBED RV, RF
b BT R B s - TR ER 2R
U7z, HUBEMEE & R bB OB IRAR T
otz —H, BEOESMEELZDOWTHEL
L7208, B 5 b bR S bRE I R
HESAIIRE Lo Tz,
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z =

g OB L ik, EERZE & N
BroSERLY & 72 o T B3, %%%%%ﬁét
DB 2L EE T2 05, JEX
R & 2 BRI, BRRE i#m&ﬁ%
W AR BMfThhTnwa, LaL, RE
DK & X RFAMBEIC L > T, FERFTR
BESNBEWERNLDENLSTHL I s,
MRS % BV 7B 2 Wik ORI E £
nz. I THENE, MiEOHEBRZIEE LT

D'H-MRS OF it L RFIZ DWTEZE LT,

KRG DA DRI, in vitro REBRET
% L THERRR EE DRV NMR A7 b
VRED LRI, SHEBO A7 v IR
weonsayy, JvyFy, TVVY, TI
=V OERE, R THRT 22001289
BHEOEELE Ao ERIL e T ViR
ujbf;)ﬁbua‘éé é%bu, % Eﬁ*ﬁ@—i?f
ThHY, EROEE % HWTI V—THEOHF
2175 2L 2B ET HHBISMTIC LD, R
R EBEOBA AL I THD, B
e 2= =3 5Bl T, ¥P-MRS
WX BV RAKRIVT T, TT VY

3D VER/EREY v, RAKRE S TR T/ IR

Y VEOE R E WD HipE s h

TWBH, Wb T 3)LF —ERCEAH
REORBERE LBEROD I EREBAVON

Tw3, UL, REhcBL TizE v Iic HEETR
nYETYH, H—HEBRNCBT 2MEROGE
iR 2 2 &icid, BB SHER = R
DB S »DOERNEFONLAREELDH D,
EHEADICAbRAZEZ 5ND, £ I THAN
2213, IR IR R O S iR O 261
BHESTS )Y, JvTFy, JVVY, T
—r i ELSNEEEREEPEEC L CHES
Lz,

IEH AR & M fi ot iy, av > /7
S=v, AV TV, JVvTFV/T) Y
v, VT FV/A) CEERERVWA LT,

BARE W SAIS 2 M T & o, IEEIHHER & i
M OERNZEE L TIE, Onodera 5% 28 in vitro
SMP.MRS I2& W ESNTRAKRY LAY YOE—
7 OBEFWCERL, WEOHBIZHAA TS,
I DREIR A NV RN B EBEOYE T
HL, #OEEOEER M OMEEIC LW
1%, FED A% S THOBZKICBTHITbh
Tk7z, L, RFFEORICESEL 2R
7ok id, FifE@acBE L TiEsR72 8,
fiifE S AN B 1) 5 Tk, KikaRE &
INRERE DEFIBORRIZD B8, 2VvT T/
J7Vvy, svTFrv/a) vEREHETS
L, BEAYXOHEBEETEREICRE L 2EET
L, MiEEAHMER R D 29 mERL Tz,
F 72, HBISHT 2 B 1o BRI & BRE O
ANZEE T 2HET T, W Tl &
THIENTER, BROEM» SRS L, fif
FESALRRE DR T LI U ISR W oS R 7o
3 DIE, BEBIOPCRCEENEVRF¥L
gL, MRS CER S <, foMEBE
Fog UAITRT i IERE L AR 25 5 2 e LIE
LT L WIEDERNTHY, ZO/FIKDONT
i, ZJvr7F/avy, JvTFV/TY v
SEILZHALERICB W T, WEIZES »
RSNt ER L. 17, HRISHIC &
BT C bR 959 & REFRFERME ST
e, WEOEMNBHICEB T 5 ZDFED
ERMMEIECEEZ 5. LrL, HROE
Bl DOV TRT =P DV DOELZVIDHY, I
PREAE R 2 sl R 5 7o 121X & 51T
HNEET L, Fi, WFEREOREDINEHIE
EOBEL W) AT, OMBIE L BEAE O
Hip W /NI OER bR LCRIEE R
23, ZOEFHICOWTH, IheaEEHA
L 7z HERIz 8 THREDOARRREL & IZFERIC R L >
fesrtaRm Uiz, Las L, ZINHRRERE DEFISLS
Dl T DI IERER R HRERD 5 2 L I3EE L
W,

R bR HE & BRE OSBRI 3 B HiR T
X, RYEFEC3ZEMEBIEICR YR S 125
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ERETD b OO, FEFEPDPEHNI b D
D, NMR A2 L bRk HES 215
B3 T&ERpolz, B, BRECEL TIX
B LB R b 2 AR ER IR D o 7z,
ZOFRICOVTE, EEMEOBEIEE B
TRFELERBIIpr2 ) B—EME LTz 3
DKL, BETIIBD TESD XK E {20,
ZOEBREE I LI L Tnbd &
EZzohsb,

AWFFEIILL LD X 512, in vitro "H-MRS &
& B B D A7 NV R TRHETERRR T &
G, SS5CFDALY ML EICFEBIZHT
Kr2VBEOSRELPHEECHTHRN L, %
DFER, IEF IR O fiiE A DR A -
TRETH B Z e¥bhrolz, iz, SHEITES
MR X 2 ERER T ANEL, ABEE
B 5B L THRET &2 280z, &
OPBEIZOWTY, o 48 LERCER L
LTHWS Z EWREE i, B3
LEARE X EHIEE A ENEZOND, &
nix, 'H-MRS 23l offfzwmicsn»t,
FRREED—DI 2 0 B5 2 L B2REY
5HDTH5.

MEERBIZHLY, CHEEBD E LIE
FERAEREH - HELTEREE, S
SR, WO, SMEEEI SR
TR B WA 5T

W, AFXOEEO—HIXE 16 B H A
HEBEESKRE CFR2HE9IHF2H, £HEHE

) WWBWTHKL L,

X B

1) J. N. Kasimos, T. E. Merchant, L. W. Gierke, et
al. : *'P Magnetic resonance spectroscopy of
human colon cancer. Cancer Research, 50 : 527-
532, 1990.

2) T. E. Merchant, L. W. Gierke, P. Meneses, et al:
3P Magnetic resonance spectroscopic profiles
neoplastic human breast tisues. Cancer Research,
48 : 5112-5118, 1988.

296

4

8

10

11

12

13

14

15

16

17

=

N2

=z

s

)

=

)

)

)

)

)

)

)

~

(1991)

B e, HWPECHE, SRR P AR SRR
k2 RHHEEFICS T 2R 3L F —REEE
OfFHT. HAb&sE, 91 : 77-85, 1990.

W. Vine : Clinical diagnosis by nuclear magnetic
resonance spectroscopy. Arch Pathol Lab Med
114 : 453-462, 1990.

H. Bruhn, J. Frahm, M. L. Gyngell,

Noninvasive differentiation of tumors with use

et al.:

of localized H-1 MR spectroscopy in vivo : Initial
experience in patients with cerebral tumors.
Radiology, 172 : 541-548, 1989.

o, EHREITE  IEE R T C 51 % pro-
ton magnetic resonance spectroscopy OH HHEIC
B9 2 W9, Mt stl, 19 @ 412-427, 1991,

R. H. Knop, D. N. Carney, Chi Wan Chen, et al.:
Levels of high energy phosphates in human lung
cancer cell lines by *'P-nuclear magnetic reso-
nance spectroscopy. Cancer Research, 47 : 3357-
3359, 1987.

K. Onodera, A. Okubo, K. Yasumoto, et al. : *'P
nuclear magnetic resonance analysis of lung
cancer : The perchloric acid extract spectrum.
Jpn J Cancer Res, 77 : 1201-1206, 1986.

J. Folch, M. Lees, G. H. S. Stanley.
method for the isolation and purification of total

: A simple

lipides from animal tissues. J Boil Chem, 226 :
497-509, 1956.

J. P. Charles. :
spectra : Edition T,
Milwaukee, 1983.
BOBIE .  BESREIR A b v, HRE, 27,
890 : 243-235, 1990.

D. Morvan, P. Jehenson, D. Dubco, et al. : Di-
scriminant factor analysis of 3P NMR spectros-

The aldrich library of NMR
II. Aldrich chem. Co,

=

copic data in myopathies. Magnetic Resonance
in Medicine, 13 : 216-227, 1990.

BRNER, BF #SEEFEFOERL. BEK
# OB, 1990, pl27-166, 211-242.

IER BEC PRERSLERE, FEILE, A, 1987, p.
23-34.

R @ REX T AN RA I E—DK. RBEIL
H, HIE, 1982.

PERER, WEEK  SEX7 7 A /N—R3E—,

%@%&“t;ﬂﬁﬁ@ﬁ*ﬁ E?‘ Be, B, 1989.
P. E. Sijens, W. M. M. J. Bovee, D. Seijikens, et
al. : In vivo *'P-nuclear magnetic resonance study

of the response of a murine mammary tumor to



g OB WT < B 1 5 'H-magnetic resonance spectroscopy

different doses of y-radiation. Cancer Research, cology Biol Physi, 16 : 155-164, 1989.

46 : 1427-1432, 1986. 19) dbfe s B, Wi W, B E AR, fil D adjuvant
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Utility of 'H-Magnetic Resonance Spectroscopy
in the Diagnosis of Human Lung Cancers.

Hideto HANAOKA

2nd Department of Physiology, Iwate Medical University
19-1 Uchimaru, Morioka, ITwate 020

Proton nuclear magnetic resonance (NMR) spectroscopy (*H-MRS) was employed in vitro
to examine the correlation between the NMR spectral patterns and the histological types and/
or the degree of differentiation of human lung cancers. Samples from each normal lung and lung
cancer tissues were extracted with chloroform/methanol mixture to achieve satisfactory resolu-
tion of the spectra. Among several substances clearly identified in the spectra of both normal
lung and lung cancers, the peak areas for choline, creatine, glycine and alanine, and the ratios
thereof were profitably applied as parameters to discriminate different lung tissues. Of the six
possible combinations for calculating the ratios, choline to alaine and glycine to alanine ratios
showed significantly higher values (P<0.001) for the normal lung than lung cancers. In contrast
the ratios creatine/glycine and creatine/choline showed significantly lower values (P<0.001)
for normal lung compared to the lung cancers. The latter two ratios were found to be the most
powerful discriminators in the differentiation of the four lung cancer types, namely squamous
cell carcinoma, adenocarcinoma, large cell carcinoma and small cell carcinoma. There were
statistically significant differences (P<0.001~P<0.05) in the creatine/glycine and creatine/
choline ratios between any two types of the lung cancers, with one exception of the creatine/
glycine ratio between the squamous cell and large cell carcinomas. Then discriminant factor
analysis was applied to evaluate the predictive value of the creatine/glycine and creatine/
choline ratios in the differentiation of squamous cell carcinoma and adenocarcinoma. It was
found that the two cancer types can be predicted with 95% accuracy. However none of the ratios
were very helpful in predicting the degree of differentiation. These results suggested that
'H-MRS might provide data to complement othre diagnostic modalities in the differentiation of
lung cancers.
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