RZE

2 VRZEFHEBENIFIC T 5 5-FU RE#OD
in vivo 9F-MRS | & 2152

REFH B FEMER,

7a 7

LY HETWT 2

BEARFEET B REEHE  SERIEGR S BT SERT

F L&

Magnetic resonance spectroscopy (LA T
MRS &WE9) 13, EFEOTFVF—REEk &
UREZIERENICBE TS0, BRICk
WTLZDOBAMAEE - TETED, %<0
BRI INTWS. ZOBKEICOWTIL H,
SPRTTHELSVFIZOoOWTOHE L 2
T&ETED, PVFPIREFNICEE LW
EERHMA L P V—Y—& LT F E&HmE
DBZN 5-FU %t Udd & 4 5 EFNTOWTHT
bhT\wapL~6),

5-FU o fFH iz o~ Tlt, chromatography
I ERRNICE S ORBRAZINTE DS,
S iREEZE OIERIC & U a-fluoro-g-alanine (LA
TFBAL ¢ B&9) KEALERMER L, AHE
% O fE 12 & » fluoronucleotide (LA Fnct
LEET) IKEBRMLERD 2 DORBRAB Y,
Foct BIUEEAZ L2 256N TWAY,
FIG D B VI EREERIEEICIER 3 5 %A
EOBRIC k> THREREEDAH LR TE
BEVWOIFHELALAONSDDDI,

5FU I EICHE CfThb 52, FRIRIC
BWTH HBOREITE < IR BEOFFEE 3 &0
THI LR TR, COBEI L - THEY
Rt 6N, PUEDR L EEET

CRETAZEDPTHICTFRETESL. SEbHN
bHNIHFEEDOF T L BN & < A 5N 55
FICERL, ZOEFVELT, a3 VRZSE
Ty FERAWVW. BIFORFME & L CIH-
MRS, MRI ¥ L UHf&Z0OE 21T, £/
BEIFFEHOBERS LUTEEOREIC L 5
5-FU R & W % 9F-MRS % i\ CEZ L
7.

HREFE

1) B

Sle : Wistar 5 v + (HAIZ ATV —@)
HE 36 Vi i\ 7o, EERBABREOBERT 8 B
T, MRHEIERFIZ 105 X P12 BE (200~
290g) THo7e.
2) AR LUBHER

Ao, ERBYHEBERGAR (LT
MF &), avyvRav ra—LEk (21U
RE+TAVY, UFavra—La), avv
ZEEE (UTFTayvRE) O3FEETH 5.
MF &34 TV X VERTEW, oV ha—
WVEBECaY VRERBAZ UT @ 648
SNt ) VRZERBITZILOERIC X -
O INHOARMBE AV CEORBOREE
&, INES 2 MBI CER36IEDS
v FE6FICH T, MF2E ; MF &% 28

F—J— f

choline deficient diet, fatty liver, 5-fluorouracil, 'H-MRS, i vivo ®°F-MRS
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M52 %. MF4%# , MF &% 4 BfE5 2 5.
CS2B;, avira— AR 2AME 2 5.
CS4%;, avibu—VaETZ4BHEEZ 5.
CD2#; aV Vv REZ2BHE 2 5. CD4
B, o vRELT4BHE 2 5. (CS; cho-
line supplement, CD ; choline deficient % &k
+5.)

MRS HIZERT B » 6/ 12 B s & Ll
A, BT ERICRBE LS LATE, Kid
HICBRERTE .

3) MRI

MRS BIERTIHICfT » /2. MRIIZKRET
(USA) INC # #LBEM 250/80 (1.9T) %= H
W& L. SEERRY, BELMEIEH
F:E R P B 79.88MHz, B VDR LB
TR=500ms, T a—MEMH TE=20ms, &
Bl #2[E & L 7-. Sodium pentobarbital 50
mg/kg OEREAHESIC & 0 FRER L, MRI JiE
Bo5—7)VOERIZZENZ N 10 mM CuSO:
KW, H20 @O phantom tube % B &, £k
IZ5y MBI CREIE L. glRgERL N
WEBLUZD05cm BHEMLVNIVDE 3 X5
A ADFEE{T - 7.

4) MRS

MRS iz A& EF (USA) INC #: % BEM-
170/200 4.7 T) #HWTHE L. £, so-
dium pentobarbital 50 mg/kg DEFERE 51T
THEEE U788, JEMEFTRIC THABEL S+
7o, WICHFOFIFEARICE 17 mm OF@m I A
NEEBEMZRI SEWESIKERE LTEY
Jo. EloKB#IRICHT—T VA LnE L
R L7z,

(a) 'H-MRS

B 7E 4 4 13 TH 26 08 8 3% %7 200.132 MHz,
pulse 18 50 us, TR=10s, BEEBE %1,
1024 data points & L7-.

(b) F-MRS

1H-MRS HlE#%, 5-FU (BABE TEKES

2tt) 100 mg/kg 5 O LORER L T
KEEEIR GHEA LEIE LB L7z, BIESeE
{3 19F FL 08 FH ¥ 188.279 MHz, pulse & 50 us,
TR=3s, EEE% 200 [8], 1024 data points &
LCSFUFEABERE, S 100 45 FHEIE % 1T -
7=

(©) AT bIVEEHT

BE-MR A7 +JVid 2048 12 Zero filling &
#®, 7—UIEHEET, 500Hz ¥ LU 10
Hz (subtraction factor 0.8) 1= & - “C convolu-
tion difference % 17\>, baseline ZfH1E L 7-.
O FITRL2J(KZEEF) # AW T
Lorentzian line 12 L A — 7 BT 47 - 7=,

IH-MRS (% 1024 data points T & & 51 1€ &
NKBLURBEHOVY— 7 EER RO,
5) MRE(EEE, HBENHRE

F-MRS #lERE, REEHAZ~NN) vVa—7F
4 VT LTy U VIS TR KBINR A & K %
B L7z, BRELL /-1 % 4°C, 3000 rpm T
15 SO B L, GOT, GPT, triglyceride
(UFTG) #EE L. BMmeE, ~U v
2 7= AR K 300 ml & 10% i< )
VBB (pH 7.4) 200 ml |IC CHEREE % 7
W, AR L, EEEIE L. MLk
Il # HE (hematoxylin-eosin) # &, oil red
e L, BeRAtE, MRaZEME, B, AhH#H
%, FHEREOHMEIC O W TSR %
157z
6) frataE

CS2 3t & CD2 #£Rd, CS4 % & CD4 B4,
CD2 % & CD4 # [ 5-FU, FBAL, Fnct =1
ZNORERIELD HEIC DWW Tid, —ohfE
SO EIT, EEROEDENERE L,
p<0.05 #HETFNICHEEEPROOLNH L L
7o BEITICIIBRETRATY 7 b [SAS]# AW
7z,

1996 42 A 19 BB 1996485 F 17 HEGET

BIRIEE kA% T770 FHEESREETNEAL 3-18-15 MEAFEFEMEHBREEHE KFEHH
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Fig. 1. MRI of axial Ti-weighted image. 1 ; Group MF4, 2 ; Group CS4, 3 ; Group CD2, 4 ; Group
CD4

Group MF4 and Group CS4 is almost iso intense to each other. Group CD2 and Group CD4 show
also iso intensity to each other but are very high compared to Group MF4 and Group CS4.

& R

2 VRZEBRTRERRFEXN RS, @&
FALMOFFITH L TEARTH - 7. HH LA
FROBEERILTDOD LD Th -7
(mean+SD). MF2 # ; 10.0+2.2 (g ), MF4
B 11.5+1.4(g), CS2%£;9.0+1.2(g), CS4
# ;10.3+1.1(g), CD2 % ; 17.1%x2.1(g),
CD4 % ;19.1+1.4(g)

1) MRI 10 5 0 -5
BT B 1: MF2 %, MF4 8, CS2 %, CS4 Bt chemical shift / pprn

P EFR O N PEERE 7%_3:'3_ L, &7c Fig. 2. Proton spectrum of a rat liver of Group

CD2 %, CDABERIZITRAEEOEEEZE L CD4. Five peaks could be identified.

TEYD, FOBEBR4ATICH > TH—ICE 1: water ; 2 : -CO-CHz-of fat, y-CHz of glutamate
~ ~ and glutamme 3 :-CO- CHz-CHz and-CH=CH-

HoENT. WOPEREIRIIRD bhiehr -7 CH: of fat, and f-CHz of glutamate and gluta-

(Fig. 1). mine ; 4 : -(CHz)w-of fat;5: -CHsof fat.
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2) 'H-MRS

CDAFED AR V%= Fig. 21287 .
Thomsen HWIZ L7z Fig. 21" L4 D
or—r7 (@, ®, @ ® zEHLLTEHE2
7. BB OMRY O 4 % S(fat) /{S(fat)
+S(H20)} 1T & - TRz (Fig. 3). S(fat),
SH20) FrhZnfghi L KOEEZRDT.
CD2 %, CD4 BiZk\ CRBRE ORI E %
FDOOLNIZ. THITHT I CS4FTME2
B, MF4 3, CS2HICHL UBEHOEELE
noiz.
3) YF-MRS

CS4 2, CD4 #ED A7 V% Fig. 410w
4. T LTL D7 BEREINI. b
FUOY—27 % O0ppm & L, 4.9ppm % Fnct,
—17.1 ppm % fluoro-B-ureidopropionic ~ acid
(FUPA), —18.8ppm # FBAL & L 728 . %
nNZhnEBrEtoCsd 5EE % 5FUQG),
Fnct(t), FUPA(t), FBAL(t) &L, TD44y
BOEFOERER Total(t) &45%. RDHN
FEREIEE A DTy MTBT S VORKES
ICED&Den LLES ZEBTFRIN. L

FBAL

Fnct FUPA
\

ZTCaA VORREK X AEEROELTFIET 5
723 H-MRS TR ® b N7 KOEEZ AT
AL L7, 2% Y Totalt) % FDEAEDIK
OmEE (B, Fig.2 0 OOEE) TR L.

0.5

s

0.3

0.2 A

0.1 .. i ¢

I T T
MF2 MF4 CS2 CS4 CD2 CD

S(fat)/{S(fat)+S(H20)}

Group

Fig. 3. The ratio of Fat/ (Fat+H:0).

This figure shows that CD diet causes fatty
change of the liver and the level of liver fat rises
to a plateau within 2 weeks.

Error bars show standard deviation.

FBAL

Fnct

FUPA
\ 80-100 min.

w WW"J\WJW\"W"WH/J\NW 40-60 min
5-FU S-FU

0-20 min.

0.000 ' ~20.000
chemical shift /ppm

(a)

0.000 -20.000

chemical shift / ppm

(b)

Fig. 4. F spectra of Group CS4 and Group CD4.

a; Group CS4, Y scalex 1

b ; Group CD4, Y scalex 1.5
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Total(t)/water

1
0 25 50 75 100
time (min)

Fig. 5. Time course of all fluorine peak-areas
normalized by water signal intensity

1
DB

o
o g
& o
T 9

o

N

wn
1

5-FU(t)/Total(t)

el
N
wn

o
N
w
[
o
~
v
o4
o

time (min.)

Fig. 6. Time course of 5-FU.

Data points are mean values. (n=6 for each
group)

Error bars show standard deviation.

N. S.; not significant.

Fig. 5 IC&FFD 4 WBEORER ORERIZE(L %
R, AU VRABBLU oV FO— VAR
i, FEFE— TR ERREZLFED 6Nk
Mol MF BB 4 FELITEDS N2 —V
ERLTWAR, COBABEEGN TRV,
F/-SENIIRIFT &0 OB & L UHFEEOR
BIZLL AR OBVEFEREST S LPAEPTH
Lo ay VRAERBLU OV FE—VER
[ZOWTHE R L7z,

5-FU, Fnct, FBAL O&RHZEEZ LT O &
I LCEEREL L.

(1) 5FU o= : 5-FU(t)/Total(t)

(2) FBAL ~D4rf#= : FBAL(t) /Total(t)

(3) Fnct O&HEK : Fnct(t)/Total (t)

FBAL(t)/Total(t)

time (min.)

Fig. 7. Time course of FBAL.

This figure shows that FBAL synthesis correlates
with CD diet. The longer rats are fed with CD
diet, the lesser FBAL synthesis.

Data points are mean values. (n=6 for each
group)

Error bars show standard deviation.

# ; The difference is significant (p<0.05).

N. S. ; not significant

0.4 4

Fnct(t)/Total(t)

1
0 25 50 75 100

time (min.)

Fig. 8. Time course of Fnct.

This figure shows that Fnct synthesis correlates
with CD diet and the time within which the diet
was fed.

Data points are mean values. (n=6 for each

group)
Error bars show standard deviation.
*: The difference is significant (p<0.05).

INENDERDT 5 7% Fig. 6, 7, 8 1T
7.
5FU DR E LI DT, CS2 %,
CD2 #R8, CD2 ¥, CD4 BECIIMEt2EE
ENTD LN, CS4EE, CD4 BRI TIELH
SHEMEEEIRO LN - /o (Fig. 6).
FBAL ~DO4 %21 CS2 Bt & CS4 BElc k=71
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Table 1. Histological Findings

Group fat droplet degeneration | necrosis mitosis fibrosis
MF2 0(6/6) 0(6/6) 0(6/6) 0(6/6) 0(6/6)
MF4 0(6/6) 0(6/6) 0(6/6) 0(6/6) 0(6/6)
CS2 +1(2/6) +2(4/6) 0(6/6) 0(6/6) 0(6/6) 0(6/6)
CS4 |+1(2/6) +2(3/6) +3(1/6) 0(6/6) 0(6/6) 0(6/6) 0(6/6)
CD2 +5(6/6) +2(6/6) 0(6/6) | 0(4/6) +2(2/6) 0(6/6)
CD4 +5(6/6) +2(6/6) | +2(6/6) | 0(4/6) +2(2/6) | +2(2/6) +3(4/6)

0 ; negative, +1 ; very mild, +2 ; mild, +3 ; moderate, +4 ; severe, +5 ; very severe

Eidlah oo, oV VRERTIaY ba—)L
BREICH L THLPICEL -2 (Fig. 7).
SHFEICIE CS2 B8, CD2 #R, CS4 %, CD4
FEB L UCD2 8, CD4 HEICTEEEZENRD
b/, Fnct @ FHIC > W TIECS2 %8 &
C4HERIFEIRBEOE/ET R L, CD2F,
CDAEDIEIZE S B 5N (Fig. 8). CS2
B, CD2%M, CS4%, CDABM 8 X U
CD2 B, CD4 BRI CHFHEMAERESIRD S
iz,
4) FERREERIRT R

K8 % Table 1 1TRd. JBEAEIZ U v xEE
EHCTHEFRICEDOTHREILRD DN, O
R 0 XFIIRIE, DEROICBEGRE S UTEA
HTH 7. BHBE T Y VRAETRME
TERRONLL» -7, JBHEOKX & S3E
BRI AR I 1> TR L o 72, o
VB )VARET D B E ORGSR S
NGB H 50, CORREIEED EZABL
ATV FFfilRE F 0% Lk X O REFE
DOZALE, 3V VREBIHIR AR < 7 51 pk
WRE TR MRRBEO—DODIRELE 2
DNAEARGEGHR Y VRAR TR LN
BlodH - 77, BHRGHRM & OBS#ILE & Tt
Tmiro Jo. TR HFEEZ, FFMERRRES: & O Rid
EL{RDBNED» - T
5) MEtEE

R % Table 2 I2 "¢ . GOT, GPT 11 CD2
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Table 2. Laboratory Data

Group | GOTIU/D GPT(IU/) TG(mg/dl)
MF2 | 281.8+216.0 167.0+179.0 76.0+30.8
MF4 | 281.8%+ 27.6 785+ 12.9 74.0+434
CS2 187.0+ 52.4 86.5= 32.6 64.3+53.6
CS4 168.0+ 18.3 702+ 12.2 63.3+39.1
CD2 | 1372.0+763.7 1203.2+658.4 353+ 7.9
CD4 549.8+126.2 339.2+ 94.9 36.3+11.6

The values show mean+S.D. n=6 for each group

T, CDAETHOBICLL TR ALN,
ICa ) v Rz 238G 272 CD2 BIC kW TF
BICER LT, TG U VREFTETL
T/,

1 £

) TAEGIEA R S L OIRERBHCRAT K
T, A VRZIC k> THREBER | &RIY
fin, FFREICR VT, VAREBELTO MY S
Uy FEgRIcE&Er &L, FUZUEY R
REFHRRRICITE T 5 - ORI AE LS &
INTWBED. COMI YLD FORIFEIT
OV vRZ EEREEE 8 REHILINICEE D,
HRRaEIE 2k > BESEIL 5~6 HCIRE A L35
HERD LMY, SEIOK «OEBRTIE, 4
BT R L 2 BREILAICIAE 5
OO, EIMEIT TN DBEICIHRES L\ D55
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Rz -7z, THIEERHER, FHEDO LD
EREHOHEBICLE D EEZLNS. T
BEFEIH2EFMTEY—7ICEL, Thld
B3 el & S LORAIT LD KigEIcs
EPHBERICRD b Nz, MRESEEE T
TV VRE2BEERR CHERERNERIC
ERL, 4 BB CTHBEE~FEEDOLRICLE
FolobWORREREE X 5 &, FFRRA~D
FeRifr P — 7 ICET 5 2 BATHRICHFIED
SIEFER A58 <, ZTOHD HBERBME LR
I BEEZ BN

JERERF D2 W7k & LT, biopsy #id L&
& L C ultrasonography (US), computed to-
mography (CT) ZAWHhT&E/. CTiICk
HEEIID ABERET LT &, USiEE
EFMICE+aaAE v, ik
biopsy I EEMNICFHETE 2 b DD, REH
THBRO—HMOFHEIC & ¥ 1D, HWAEFRONR
MEILHBETCE WD, L LT H-
MRS, chemical shift imaging (CSI) %\ /z
FEDRALNTEY, #FENEELLLD
FBIIZ BV T L WBHEE R TN A 1D19,10,15),
SEbNHNOERIZE W TH HH-MRS 358
AT R E/BWHEBELAD D, IBEFF OFFMiIC
magnetic resonance # AW/ HELEFR TH
HLTBHINETORETLHTHHERLED
niz. bhbNORNE&HE T Vv RZ
BT L BRERFFIC O\ T IH-MRS % B\ T
FERF 23 L, MSFEAIHERIC oW TR L
LI, TORICOWTORRBFFOFHIC
H TH-MRS [33FHEICERTH 5 LE 2 bk,

5FU R KBEOHER XL LD &+ 58«
EEICH T APUER & L TASEBRIRTHWS
nTws. SEEEE L7 5-FU IREEKR O
EEEETHD, FETRBHIN/I-D OO
2, MNBERIEI LD & T AMBEHEICTRIN I
DO 5-FU OFFE» b n/z b Dy
7w eEZ2 bz, E7-RRE & IEE TR
EBPESHELITFHEINS. L LEEH-E
B EfT-o7ca v VRERE DY Fo— VAR

M Cid Fig. 5 DR TR SN A &L 5 ICEAE
BlIcKERER TV EEZ DN,

5FU 7 vtV 3V VROEHFIT, Fnct
HxORBYTHAHY VIV VI VFF RT
B5. MREBEOBA B TRY Y IV VX
JVUETF FERPTELTED, ThICEE5d
HERBREE LBV VWb TWA. Fod
EEERIENE & o BRI T T B O
B TEERTAHLINTWD®., ayYyukZ
BIC & B IRIHITIC 35\ Tl R Zs s in 2,
BRI A ITHE LT\ A Z &4 [3H] Thymi-
dine # AW/ KR Y AL TED, 4
BOEBETIY VRAF CFuct 5 <,
FBAL MEL RO ONIFERIT, BERERE L
FEPRIBIBICBAR A B % EE 2T 5. JRIEIFEL
HOFEEIZ >\ Tt Harada 512 &k - T,
CCl #BREA S L7155 v F @ 5-FU {5
BE-MRS # W ThahTwa3. TOFERIC
B lbbnbohFkk, BEERO Fnct A5
Ji#E L, FBAL S@i3mslanTwnwaa, o
NIHESROMPBIBETEC LSS0 L
Harada HITHEZE LT\ 5. E/-M&FHCI
INERROLEDEIEDIZ MR, S - MAFE
DL EHEL TS, BV EFVEIT
RigHL00, TNLIIFFESE L Foct §HIT
E L DOBARTEE T HE, YF-MRS BERT
BHZEHEFBRL TS WL A, BIRICEW
Tl Fact O IAFIRIER O RIC O R 5
EEINTWBEY . COPBERZED LD
IC5FU RBBFRICER T AEA AV %
JELMFEDEA TS, DHEERTH S de-
hydrouracil dehydrogenase # fgf1 X ¥ 5 & &
IZ & - TFBAL "D 4 @aEHl L, A
Fnct 5% TTHE I & 5 8 X % D uracil % pf
ALY, COBRLOENIFRYRH
thymidine # 8t L7-HMELRON AY. F /-
methotrexate 28 Fnct §ERO—2>TH 5 M
f@A phosphoribosyl pyrophosphate (PRPP)
BEAY LRI L 2FA L CHERFR
REI¥ED T2 ELH Y.
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4@, FREGRT & EEFIC R % 5-FU R3O
EWE VF-MRS TEIZETA5Z &R TER. C
DEWIIEFICBT 58 Fact o —7 &
LCROBN, ThAFFROEEN s LU
BEEDDOBE LBEE T A REESTREIN
Jo. E-AERO LN Fuct OB, 5
FU OB FRZHRAT2BICAERRIN AN
ETHAHLEZLNS. ERIEEICET 5HER
DWW in vitro DR FOSHEOFRBE &
HTHAD.
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In vivo YF-MRS Observation of 5-FU Metabolism in Fatty Liver Induced
by Choline-Deficient Diet

Hideki OTSUKA!, Masafumi HARADA!, Hiromu NISHITANI!,
Keiko KoGa 2

1 Department of Radiology, School of Medicine, Tokushima University
3-18-15 Kuramoto-cho, Tokushima 770
2Tokushima Res. Inst., Otsuka Pharmaceutical Co., Lid.

Using ¥F-MRS, 5-FU metabolism was investigated in rat fatty liver. Fatty liver was induced by
choline-deficient diet (CD diet). This study showed differences in 5-FU metabolism between normal
and fatty liver.

After laparotomy, a surface coil was placed directly on the liver surface. Spectra were continuous-
ly obtained after injection of 5-FU 100 mg/kg body weight via a catheter inserted into femoral vein.
We made MRI and *H-MRS study to examine the lipid accumulation. Histological study was also per-
formed using HE (hematoxylin-eosin) and oil red stain.

The livers of rats fed a CD diet showed very high intensity on T1-WI. 1H-MRS was very useful in
deteminating the fat content because the fat ratio demonstrated by TH-MRS is well correlated to
histological findings.

In F-MRS, we recognized the following four peaks:5-FU, FBAL, Fnct and FUPA. The
decrease of 5-FU was not very apparent, but compared to the normal liver, the formation of Fnct in-
creased and the formation of FBAL was suppressed in fatty liver. The rats fed a CD diet for four
weeks showed a higher Fnct peak and lower FBAL peak compared with the results of rats fed a CD
diet for two weeks.In a CD diet group, liver cell degeneration and necrotic changes were observed
histologically.

It is reported that cell degeneration is followed by cell proliferation in fatty liver induced by a cho-
line deficient diet, and the high Fnct peak found in our study may reflect this phenomenon. The high
Fnct peak on F-MRS may correspond to recovering reaction from liver injury like fatty liver.
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