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Effects of Gadobenate Dimeglumine on MRI of
Mouse Liver Metastasis Model Constructed by
Orthotopic Transplantation of Highly Meta-
static Murine Colon Carcinoma (C38-0T7):
Comparison with gadopentetate dimeglumine

Kohki Yoshikawa", Tadanobu Takamura?,
Yasuhiro Funahashi?, Taro Senba?,
Toshiaki Ogawa® and Hideki Ono?

Twelve mice with metastatic liver tumors were divided
into two groups of six, with one group administered contrast:
medium at 0.1 mmol/kg, and the other at 0.2 mmol/kg. Con-
trast medium, gadobenate dimeglumine (GD) or gadopentetate
dimeglumine (GP), was administered at 0.1 or 0.2 mmol/kg
via the tail vein to each animal in each group. Using a Si-
gna Horizon 1.5-Tesla MRI unit, spin-echo transverse and
coronal T1-weighted sections were obtained every 15 min-
utes until 2 hours after administration. The numbers of liver
tumors detected on films were counted before and after the
administration of contrast medium, and the liver/tumor con-
trast-to-noise ratio (CNR ) was calculated. After the completion
of MRI, livers were removed, and the number of metastatic

tumors.

Liver/tumor CNR rose after administration in both of the
GD groups. In the GP group, liver/tumor CNR remained
almost constant throughout the observation period. Relative
to the number of tumors detected at optical microscopy,
approximately 80% and 100% of tumors were detected at
MRI after the administration of GD at 0.1 and 0.2 mmol/
kg, respectively. On the other hand, approximately similar
numbers of tumors were detected at MRI before and after
the administration of GP.

These results suggest that GD administered by intravenous
injection was transported promptly to the liver, increased liver/
tumor CNR, and enhanced detection performance for meta-
static liver tumor.
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Key words : Gadobenate dimeglumine, Gadopentetate
dimeglumine, MRI, Liver metastasis model,
Mouse

Received Nov. 12, 19398; revision accepted March 2, 1999

1) Department of Radiology, Institute of Medical Science, University of
Tokyo

2) Tsukuba Research Laboratories, Eisai Co., Ltd.

3) Clinical Research Center, Eisai Co., Ltd.

NIPPON ACTA RADIOLOGICA 1999 ; 59 : 380-385

nodules on the liver surface were counted as the number of
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L LTHREXRYT MERY A 7 X 7 (gadopentetate
dimeglumine | ¥ 7 R EA M, 0SMOH F_» 7 MY 2
NIy EEL0mINSA TN, BRI Z—) 7, KR %
7z, BREEE IS Avertinz ] L7z, Avertinidt-amyl alco-
hol &2, 2, 2-tribromoethanol O [F & (W/W) % JRFIARE L T2
by 2 ERBL, SERTABRLTLCICTRE L. #
HHEIZA by 7 ik B R C40MEAM L TR L7z,
2. H&EZEE 7 /L OMFH

<7 A(C57 BL/6N%R, M, 738 IZHARFY—L 2R )
= (HhgEIN) X DEEA L7e. FFRRIES € 7V O RTFH
{ZFunahashi 5 ® 5 (2HE . T4T o 72, Colon 38-OT7#k %
BTFICHRBH L TBWizv I 2% T —F )V 08RENZ T
HAEHE Lo, R T I2TH T @colon 38EHHE T T HFAL L 15
~22mgD 70y 7 REVFr VR L7z, Avertin (0.3ml1/20gfk
&, ip) B TICCY Y AOTESZ UM L CEl % EH &
&, 1 EFICo & 1 EBEYR % B0/ E ISRk TS
L7:tk, BEEBERERTRELL. 81 r—Y 6 IEL
WEL, 4 BEMEE L. @FPEEREEMECH) =07

IVEERET3) %, KidA#EA T Wy BB S E7.
3. MRIEER
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EEZ 3 7 — VT T o 7. BHEFEA# 4 AREE
L7z pl~o A (1 7 —VEI120LF 5 PC, 2 7 —)LHI12PL
St 37— H2ICHISIE) D5 5, 160L(1 BL2 7
—VEIZEEFIF, 3 7 — I VEIMEEISD Ligo 7 6 4
#RATE) FMRIZEERICHE L7z, MRIZEFOSIYOEEIL
14~21g (11:8ii) Th o 7. KEROILE5 &L, T
BWTH FRUEED A7)V 3 Y O0.2mmol/kgi% 512 & 0 iF
SRS REE DA FATD S 72 7280.2 mmol/kgHif % & H
mEREE L, AL LT ERAE T3 50.1mmol/kg
HrlELl, FFRVTF MBI ATV I ZIIH ERVER
VAT I 2 E BT B 7O RBKIC0.18 X U70.2mmol/kg &
L7:. MRIZEERIZ 2 HETIrv, EEH O35 18 H
HOMFIFTTIHBICH FRVBIYAZVI VW LIEFF
NRYTF MBI ATV I oI ERS L, 2BEICIED
) —HOEFHIOF B R E S L72H%, 0.1mmol/kg BED 2
BUZDWTIEMERA % 4 5 BERE O M TS L7,
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% TN ZNREIRNICIES L7 (B 54 ¢ 0.08ml/10g1k
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0.1mmol/kg #E3 X 080 2mmol/kglff & b % 6 ILTH - 7=,
f#H L 72MRI%£(# (£Signa Horizon, 1.5T(GE)T, A ¥
I a— |2 X BT15HFHE{Z (TR: 500msec, TE: 11msec, FOV:
7% Tem, B~ F1) v 2 A 1256 x 224, NEX (number of
excitations): 4, A7 4 A& 1 3mm, ATFA4 AF v v I 1
mm, PEFEE 75320 BLUERAY Yy Za—12 X AT2
BB FA (% (TR: 4000msec, effective TE: 84msec, T3 — |
LAY 12, NEX:4, AFAAE :3mm, A7 AF¥
v 7 D Imm, PSR S 5368 REHERH A VERWT
Wf% U7z, T25@iR OSSR & U B OIF R ok
LR, TN IC X 2 AT 2 & ORI iR 2 47 -
7z. MRIDHRZIIFHK 6 Lk RIRFIZIT - 72, 5T OF
Bz 0k Lz &, HEEOEROESFR L 0§
NEBHOFHEL LTELDDL, FERVBIA TV
3 0.1:8 & 0°0.2mmol/kg T K4 —2.758 L UF—0.547,
AR F Mg A7V 32 2D0.138 X 1070.2mmol/kg Tld g
2283 B LUV —2205ThH -7z, MRIRIIZIR G54 2 Bef 3
TISHRTIT- 72, TUEABIZ &SRS HTB & U
515, 30, 60, 90, 12052 HWH{ET, 725N S: % 4%
5B & U545, 75, 10551 & 4 Wif L7z, 7 BAKNT
BEDRBOIHIZ, —HOFII2WTIIHES 150 RDOE
WErE a2 g L7z, 2 M EO&EEAS & 28HEd itk
FREZAT o 7245, T2ARMRIZLE IS CTITo 72,
W12 7 1 VA BRI S WP s IR S (Frafe
¥ &SRB L RGBT TEEEICET L

7o B, EEABESEIIOVWTEBEROTTOHE
EEBERICERML, Bl ShizHoBs* e

L7z, 7z, #EWrmG L CHOIEEMES X s (1 T
CD & 1 AEE) LHBT S N2 K4 DI OEFREB LU
B/ A A ORI E L, Frs/iES o >~
FZ AL /4 X (CNR) 28 H L7z, FFE/MESCNR
1 (B 0 I 5 ERAL A5 5 56 HE — BB SR AL D5 530 E) /-
TR/ AZXOEERE) L LTRME L. &b, S55H
BE A fllE U7z B ke S e o Fo R T, AR
ZBWTHHENAAE L FBOESHRE*HE L
fe

4, FEMSEIC L AFTEBHMOETE

MRUERGHR T, ~7 AZGHERAICTEBRL, Mz
WL TT77 YEERICTEE L. Bk, FEoRET
W LR 2 BIEE L, EAE 2mmbl EORSE % i
BERELTEEL:. EEIXERBEMSE (T4 IM 651,
Leica AG) & vy, 15560~ 160812 Tt -7z,
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BSEIZHT PRV ATV EF RRYF M A S
VX ORFENER, BXUEHEENTITo 2. EEH
5 BOBRBFEBHRO LB 6, HFENVEBY AT NI
CBEEH FPRYF MEV AV CEOBERBOES
Fisher®exact probability testlZ & 0 fiesg L7z, FFIH/IESCNR
OFE VR B0 7%, Dunn® % E EHEIZ TiT-
7z, AEKHEEE 5% & L7,
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$A%¢mwtﬂﬁﬁﬁﬁvﬁxmﬁﬁ®§ﬁéﬁgu:
AL, REEIZH FRYBEY X7V 3 2 D0.1mmol/kg %
HHIRAR G- L 7B I3 T AR IS 35\ TP IEH & )
W SN B ERLOETIREE I S RS, M & Hlr s
% AL DS SR EE DORGHFEEE (LN & 2> o 72 (Fig. 2A, B). —
¥, HERYTF MY X7V 3 Y D0. Immol/kgik G- TIZAE
EDIEH B L UG & bEFHMEICKE L EbiTAS
N7 %> 72 (Fig. 3A, B). Wi OMEGFS AW L Rk
MRIR%ZE L, @SS HORMESBCNRIIA K
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L J 5§ L
»
A

Fig. 1 Liver fixed in Bouin's fixative
(animal No. 1).
. Tumors exposed on the liver surface
are detected (indicated by arrows).

AT I D0 1mmol/kgd L T0.2mmol/kg Tl E5H L 72
A, I RRYF MRY ATV I VG HETIZ0. 1mmol/kg B
£ UF0.2mmol/kg & b I/ IEBFCNR I ERZZHA M v 3 I T RIRR B
ZHERE L7 (Fig. 4). T RARUVERY X 7V 3 > O FF/NEE

CNRI£0.1mmol/kg TiE1543%> 59055, Z 720.2mmol/kg Tl

15, 0B LUV DIEETH Ry MR AL I viC
W LTHEICES L.
FHEEEB L UMRIBIZ |2 X B FEBNE T LT

Table 1\Z/R L7, SAGERBIZHC X 5 EE 2mm 2l OB

FEHRIC E o TNZ 2 RD3B Y, 1~ 11EOHHETH 72,
T72, W ImmKOEBEEZO NI S H, £
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(B)

Fig. 2 T1-weighted images hefore and after administration of gadobenate dimeglumine (animal No. 1).

Before the administration of gadobenate dimeglumine (A: transverse plane), a region of relatively low signal intensity compared with pe-
ripheral liver tissue was observed, but not distinctly. At 15 minutes after the administration of gadobenate dimeglumine at 0.1 mmol/kg (B:
transverse plane), the contrast medium has been distributed to the normal region of the liver to produce high-intensity signals, while the
signal intensity has not risen in the tumor region. The tumor is clearly visualized as a region of relatively low signal intensity.
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Fig. 3 T1-weighted images before and after administration of gadopentetate dimeglumine (animal No. 1).

Images before the administration of gadopentetate dimeglumine (A: transverse plane), and 15 minutes after the administration of gadopentetate
dimeglumine at 0.1 mmol/kg (B: transverse plane)are shown. Because the signal intensity of normal liver tissue does not rise after the
administration of gadopentetate dimeglumine, visualization of the tumor region is unclear.

—O— Gadobenate dimeglumine 0.1 mmol/kg —®— Giadobenate dimeglumine 0.2 mmol/kg
—LF— Gadopentetate dimeglumine 0.1 mmol/kg —#— Gadopentetate dimeglumine 0.2 mmol/kg
15 1 15
#
o
Z 10+ g 104
o (@]
s} T 5}
E E
= =
S ‘ 5
] * @
2 ~—] 5
5 1 ) 5
0 T T T T T T T T \ 0 . T T T T T T ——
0 30 60 90 120 0 30 60 90 120
Time (min) Time (min)

Fig. 4 Effects of gadobenate dimeglumine and gadopentetate dimeglumine on liver/tumor CNR.
Left graph shows results for the group given 0.1 mmol/kg; right graph shows results for the group given 0.2 mmel/kg. Each point repre-
sents the mean + standard error for six animals.

" p <0.05, comparison of the gadobenate dimeglumine group and gadopentetate dimeglumine group at the same time point. Statistical
analysis comprised timewise analysis of variance, followed by Dunn's multiple comparison procedure for intergroup comparison at each
time point.

< OEETIZERED Imm & D /NS REBIEE AL TR
b7z, EEHFRSITOMRITIZ Z W SEEDLEEI B
WOREH TEE 2mmEl EOEBEEIIMRIETE 2h o7,

A 3 D0 1mmol/kg B £ UF0.2mmol/kge5-17 & 1) 21
ICBVTEBEERE S, Bk S FEER
0.1mmol/kg T I EFZ AL 571 O 131,718 7> 5 3.8H~,

F/e, RHCE 6T BAMSEBEIC L AR L
THARS5% DOFHER (animal No. 4) Tdh o7z, H FRUEED

FHI14ETH25H

0.2mmol/kg TIZ[E L € 0314 4.0 238N L7z, BAkEEER
BILL DB LTHERVEBEIAZLVI VD
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Table 1 Number of tumors detected at optical microscopy and MRI
No. of tumors No. of tumors detected at MRI
Animal No. detected at Before After administration of contrast medium
optical administration of Gadobenate Gadopentetate
MICTOSCOPY  contrast medium  dimeglumine ( )2 dimeglumine ( )?
1 6 2 5 (3) 2 (0)
) 2 5 1 4 (3) 1 (0)
g 3 4 0 3 (3) 1(1)
o 4 11 6 8 (2) 5 (-1)
‘TEEg 5 2 1 2 (1) 0 (=1)
£ 6 1 0 1.(1) 0 (0)
S MeanSE 48+14 1.7+0.9 3.8:1.0 15+0.8
(22+04)° (-0.2%0.3)
7 1 0 1 (1) 0 (0)
o 8 4 1 4 (3) 1 (0)
g 9 9 1 9 (8) 2 (1)
o 10 4 0 4 (4) 0 (0)
< 11 3 0 3 (3) 0 (0)
£ h
£ 12 3 0 3 (3 0 (0)
S Mean+SE 4.0+1.1 0.3+0.2 4.0+1.41 05+0.3
(3.7+1.0)° (0.24:0.2)

The number of tumors detected after the administration of contrast medium was calculated from all the transverse
and coronal planes by 2 hours after administration.

*: Figures in parentheses indicate number of tumors detected as a result of administration of contrast medium (No.
of tumors detected after administration of contrast medium—No. of tumors detected before administration of con-
trast medium)

‘1 p < 0.05, comparison of tumor detection performance between the gadobenate dimeglumine group and the
sadopentetate dimeglumine group after the administration of contrast medium (comparison between 0.1 mmol/kg
rroups and 0.2 mmol/kg groups using Fisher's exact probability test).

0.1mmol/kg#25-% TIIFI THEBE D FI80% Ak it &
i, 0.2mmol/kgfz 5% TIX100% DI TH -7z, H R
TAMRY ATV I VESRICHERE S FER B
0.1mmol/kg TIEFE1.5MH, 0.2mmol/keg TI20.5fETH D,
A SR OEREL(1.738 X U0.3ME) & FEEOMTH -
7z. MRIZ BT 2 AT 500 S & W fFin ot
LT, HFRYT MY A7V I 2354 T120.1mmol /kg
$ L U°0.2mmol/kg & b EASHEIN L 7201 6 PLrf 1 Lo
ARTHo712A, HERVEI ATV I v 54Tl 6 LT
NTIEBWTHREEIZMMLTBY, FEXVBY 7L
I VOIEERB NI FRYF MBI A7)V I VI2ERT
BREIED 272 (p<0.05, Fisher®exact probability test).

z =

MREIEFZANTENE L 723012 BT 70 b > O3B
REMT A LICL o THREFTICHELY 52, MRIEOD
ERREEA IR X ED, HFRUVERY A7V I I3 BERE
WKBWTHEHINTWAT PRy F MBI AL I v Ll
By, BWEBRB LU MIBWTIEH 24 L TP
BHEhzsV-3, 59 MiZBWTHETF 0L
bromosulfophthaleiniZ X D [HEF S5 2 Lhs, LY
BRI X ) A S B IcHEE S h A b DL EZ S
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NTn3EY, ZOlehs, FERVEEV A7V VI -
JEERIC BT AMREEMREX BT 2 Z L AifF s 5.
R TIE, 7 ARBEORFTEEFESE TV H
W, HRNRVEEY A7V OffERIEESSEEE A P
NYTFTMRZVAZIVI L7, FHESCNRIZ AT F
NRUWED ATy OFG155HBICER L, R F b
B A7 2 BEE BB L CO. 1mmol/kgBETIE155792 590
3% T, 0.2mmol/kglETi315, 60 B L UDTHE R L5
Thotz. WERVEBY ATV I Y BTARS N FR/IEES
CNRO EGMNE, HRRUEED ATV I st S ta@ %0
IZHFHIREMICRAT L, F & LMD EFEA 54 L7
TEDREENE, HFRCTF MY ATV I VBTN
/MEECNR IR p R & R EIER S dh o7z, &
K Py F R A7V 3 255E L L CHIlEEIZ 5
L, WHHRANNOBITHE LR oz 605,
AlElbivbiiiE i colon 38 EHIEHEE R I ICRERS L,
JFizfe U7z Bi 2 2% & U CMRIEEREZ AT L7, A
FVAZIMATHECER T A2 EFVTH Y, MikE /i L <hF
VAR L7 REAR A e, MR LASHEN & 2 » TP RmICE
BT 5%, =7 AOEOE 23K TH 3mmTH 5L &
b, SNSESEREON S L LER 2mmEl EOFs &4
TOEBERIFREEL L TEbnLEILNG,
EEAE G OMRICBWTIRR2EO Y AD A 5 6 LT
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HER120. 1mmol kg% 5-H TIEFH THI80%, 0.2mmol/kgf
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0.2mmol/kg#%5-& bMILTIZ LA Loz,
HERVBI ATV OHRGIZED, Ty FBIUY
T FOFHEE T T IVIZB TR LR ITFE/EECNR D LA
N, Ay AFFEREEEFVICB N TORBICED S
h, BIZFFERBEOMMB DA ET 5 2 LR Sz,
B, ARHERIZBVT0.18 £ U°0.2mmol/kg DV s
B2 BT D FHIBESCNR D F R 5541500 L3R 5
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NIzDIZHE L, BRI BIT 5 FOREEA R 355 #40~120
FICHRE NG LD INTEY, AR IR
nENSR LN, BERATEITERVBEI ATV
v ORI DA 5%V TH o 2D L, 7 v M TIXEH
PEERATIR.6% VD TH Y, b b LB E TlkH FRIEBY
ATV Y OFPSIEHNOBTRICHEENHSL I EIZE
Lizhezz ohb, EE, FFLLIEHA~OE )L Vi
ERHIWEEENTVRATR-F v b EHWIRETIET
B A7) 3 OREHHEIERIE3.2% ($ 55 8 B )
ARTL, ZOBOFFIZBITAMRYES IS & 1
M BoRfE % R L 72,

PLEDEERLY, KEFVIZBWTH FRVBY X 7L
3 VRS- & 0 R A IR AR AT L C R IE
CNR#% LA &, HEBEFEoOMmILiEEZ LA S EsbnE
Eibhb,
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