R=E

iR R, e %, ®ifAICB 3 5 Gd-DTPA
5 & U GAd-BOPTA O Mgk 3t

HEESETL AT

THAY T—1 v 7GR B S

FL&®IC

Gd-DTPA ( gadopentetate dimeglumine )
1%, BWICERRICE A S N7 magnetic  reso-
nance imaging (MRI) HI#EFH| Td 5V 6.
Gd-DTPA i, A A VHETHEROFLV — M
EEHT 55, GAd-DTPA OEAKICHFE SN
7= Gd #15#)1%, Gd-DTPA #iczDF 1 — 1
MEAYWR TS LT, Filchigritshn
TWa. Bz, ATV EERTHORLT Y
DREEEOF LV — T2 FT5H0, ZLTHXV
NI WEGREE R T 5 GdBAIBHRE I N, |
IZEAINTWSY., hTh, HrHl Gd AT
& % Gd-BOPTA (gadobenate dimeglumine )
%, HFoOR VNI ERYETHET, I
MV AENL TV EWLWSHERRINT
WD~

Gd AN OREMIZBE L Tid, ThETICH
BRI TN, < OFED LI T
HU810~1) iz, Gd BLFV i BB Y
(blood brain barrier : BBB) D #k ke & ££ > ¥
[EGE DN DD % BEIFIRAE G- S 57
&, Gd BH O R B 2 BBB #ifE S v
FERHWTElicsnh TWwWAD. &/, &5
W—TDEIRNTH S Z L 2FEL, MRS
D D HIMEEEEE RIS 3 A B REFT shTn
LW LapLeins, FH GdBAITH 5 Gd-

LU =R R S

2[5 LR FERT

@2

BOPTA ZChnbLORBRICITEEN TV -
7o EBIT, MREEERLASHT MR 55~ DF
BhADLFEL LT, WENOFEDPERKR TR
HEInbH. WHENORBET, AWK
(CHso) wigEEE L CHABRIN TV 5 25, CHso
wAREE & U 7o Gd LA O e EHE S h & T
Fx ORI ROBRESIN TRV, Lo TK
MIRICEB T, EHLIT GA-DTPA & HH O
Gd 8% T3 5 GA-BOPTA Db e a4,
MEEEE R ¥ L UHiR (CHso) ~NDOEEZE
I I\ TR L 7.

ERMH K L URREE

1. #SE

wEE & L C, Gd-DTPA (Magnevist®,
Schering AG, Berlin, Germany) 15 XU Gd-
BOPTA (MultiHance®, Bracco Spa, Milan,
Italy) Z#fHL7-. 7xds, Wi#A & 3 0.5 mol
Gd/L OB 2 L /<.
2. i rt e

0 EOHEM S v+ (Wistar &, A5 300~
380g, HAZVT) #I—F VCHIEEL, S
B P % YIBA L C NSRBIk 5 L O /M EEN RO
I S A B S 7. ERRIREIIR B & O R
PRAFE S OL 7288, <~V = F =V RIEAH
CHASEBIIRICRY TF L v F 12—~ (PE-50,

*—rJ— K MRI, contrast agent, safety, Gd-DTPA, Gd-BOPTA
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Clay Adams) ZMfTPEICHAL, Foa—7D
Feviml 3 I S OALE I EE L 7o, Gd AR5
I ABESIRIC &, PE-50 72— 7 %4HAL 2.

F v P ARREE O HEEE L /o, MR MBS
(BBB) %Z#lige X & 57000 25% <~ = F—Jb
B A% 0.11mL/s O#EE T, 5mL/kg DA
BCTHEIRTICEA L. VD F— VBT
A 30 812, T v I 3mmol Gd/kg © Gd-
DTPA &% %\t GAd-BOPTA %##) 0.1mL/s O
HECEIRANE S L7 (n=10). ZOHKEDL
12, 2% T/8 A7V —8H % 2mL/kg D&
TINTDOT v MTHEG L. WBEESL T,
Gd #HIDOR D DI A AR A 6 mL/kg OH
BCTHG L/ (n=10). Gd #F L34 E AR
WGt 1 i, TEHA LA BlEL, BEHY
EFIBRIC, Table 1IZ/R L /fERAFRICT LV —
Fod&a Lz, §7%bb, 77U —F 1idhEm
RPHED T EORREOE(, YV —F 2
R ERRHOHEKRL Y OBELEL, 7
U—F 33 EAIE s 1 RE DN O %3
LU THEERTRICKAHBL,
BBB O#ige i3 TNV AT IV — D H % i
L7, GAHAR S JOEEAERIFOEY
S 9 5 7291, Dunnett test IC & U et
i@ﬁﬁfi’ﬁofc.
3. SR

5HOMEMEY I (HERE G, (AFE 2.64~
3.08kg, dtili5XR) OHFEIRA O MK % B
L7 VBT U AEBRINL2#, 4°C,
3,000 rpm C 10 4 Al i@ 0 45 B U C I 4 % 15
7. K& F T AEIC GA-DTPA X i3 Gd-
BOPTA %, HHEFEA 1, 3 XiZ 10 mmol Gd/
Licksk25ICBELA (n=5). &k, Gd
BUF & MR OBRLE, 6:510%5 X DICH
B /-, BEEE LC, 5mmol/L @ Tris-HCI
By GARFORDDICHHLZ (n=5).
R&Wwho7orov Ve (PT),
b3 b B VRS S5 ZFVEE (APTT) &

Table 1. Graded Scale for Neurologic Examination

Grade 1 moderate changes such as rotation, head
twitches, facial tics, and tremors

marked changes such as vocalization,
Grade 2 convulsions, tumbling, and impairment
of righting reflex

death within 1 h after administration of
Grade 3 Gd-complex

FUO7 47V )/ —rVRgE Y, MKEERGT
(CA-3000, Sysmex) # W CHIEL 7z. Gd
BLHITE & R IBTE & DXL M 5 72010,
Dunnett test IZ & D #aHFAIBRE 1T - 7.
4. BATm AL

A X (=7, 20 »AH#m, 14kg, HAE
PE) O#NRD S 25 mL 1L, 4°C, 3,000
rpm T 10 7 O30 7 B L 0 1iE = 57
#%, IMiE 0.175 mL IZ¥ 5 F /-1 F — Lig
e (GVB, FYE#i%) T 200,250 5 L U
300 mmol Gd/L IZF R L 7- 984k %= 0.6 mL fn
Z, 37°C C1WpfHEsE L /- BEKTHK, K
HGVB a2 Ce&®E10mL L L. ZOF
TR OBAF Rl 2, A MERE Y b
(CH50 48], SV A4 ZHWTHIEL
7z. GAd-DTPA %t & Gd-BOPTA #f & O#*= % FF
fifid %7212, Student’s # test IZ &k V) #Hats
B’J@C/\E%ﬁo f:.

& R

1. R feRE A P

Gd BAII AR AW OB E-HI T, ~ v/
Z P =V OTEAIC & D RREOTEIZAL
(FREECHO VXD : VL —F 1) 29
NTOMTRD O NIz (Table 2). AEHAHERK
4 LU Gd-BOPTA #£ Tl 10 ;i 1 FETIE
HHOHEP RN (Z7V—TF 2). Gd-
DTPA #£Tid, 10 2 BICEWT/ LV —F

200247 7 8 HZEE 2002 48 H 23 HET

BIRIEE R T532-0004 KPAE/NXAEE R 2-6-64 HAY T—U v 7 iR BESET

20



RS R s L UM MR 7~ DR

2NODEAABPRD O NI, GI-DTPA, Gd-
BOPTA ¥ L UM AR G-RIClE, AR
IR ETSE9IC 4 7 213 Dunnett #5E TIR RO
DY AVAV IS

ABAEROKRGHICIE, IOk ATEZL
13D SN - 7z (Table 3). Gd BH|# 5
%, GA-DTPAH#TIL, ZY/V—F 1%mRL7Z<8
P 1E A7 L—F 21IC#EMAL 2. Gd-
BOPTABTIE, VU —F 1&#/mRLA9PEAH1
TEDFEZRD/z (ZV—F 3) DD, £HE
B M AT 2EAY 7 A 213 Dunnett B2 T2 32
HoNEholo. EFICEWT, TNXVAT
W—ERICE D, <V = b= 5O 4t
72 Tla S BRO RO —B b Jea S Nz,

Table 2. Effects of Gd-chelates on Central Neurotox-
icity (before administration)

Grade of behavioral

Test substance N change
1 2 3
Saline 10 9 1 0
Gd-DTPA 10 8 ) 0
Gd-BOPTA 10 9 1 0

N=number of animals in each group
There was no significant difference between groups
using the Dunnett test

2. IR %

TRXTCOEE T, GI-DTPA #k kU Gd-
BOPTA #i3x Bt & [WfEE D PT 15 LU Fbg
R AR L7 (Table 4). % 7- GAd-DTPA ##
B LU GAd-BOPTA #f & b 1T, BEEKRAFHIIC
APTTOEE %R L 7. L2»L7&n5, Gd-
DTPA BTl EEICH L CTHE A EILRD
519, Gd-BOPTA FICH\WTDOALI BIU
10 mmol Gd/L O ¥EfE T, Dunnett #E THizT
FWICAHE R APTT OER (% ~«, p<0.05
B LU p<0.01) BRI ni.

3. FRAFHH AT

Gd-DTPA #id, +XTOEEICH W CHE

@ CHso %7 L 7z (Table5). —75, Gd-

Table 3. Effects of Gd-chelates on Central Neurotox-
icity (after administration)

Grade of behavioral

Test substance N change
1 2 3
Saline 10 9 1 0
Gd-DTPA 10 7 3 0
Gd-BOPTA 10 8 1 1

N =number of animals in each group
There was no significant difference between groups
using the Dunnett test

Table 4. Effects of GAd-DTPA and Gd-BOPTA on Blood Coagulation

Concentration

Test substance (mmol Gd/L) PT (s) APTT (s) Fbg (mg/dL)
Control® — 8.7+0.6 28.6+6.4 123.0+13.1
Gd-DTPA 1 8.7+0.5 29.8+6.6 124.7+£29.8

8.7+0.4 33.6£9.0 126.0+£23.9

10 8.9+0.6 43.1+14.1 121.4+24.3

Gd-BOPTA 8.7+0.5 32.8+8.1 120.0+19.2
8.8+0.5 46.0+12.3* 121.2+21.3

10 9.2+0.6 103.6 +26.8** 115.2+£16.0

PT =prothrombin time; APTT =activated partial thromboplastin time; Fbg =fibrinogen concentration: a) =5

mmol/L Tris-HCl saline solution
Values are mean+S.D. (n=5)

* p<0.05, ** p<0.01 vs. control group using the Dunnett test

21



AfEERE 5 23% 15 (2003)

Table 5. Effects of Gd-DTPA and Gd-BOPTA on
Remaining Complement Activation

CHs (U/mL)

Concentration
(mmol Gd/L)

Gd-DTPA Gd-BOPTA
200 33.21+0.10 23.30+0.13**
250 32.47+0.20 18.13£0.28**
300 31.71+0.15 15.37+£0.38**

Values are mean+S.D. (n=3)
** p<0.01 vs. GAd-DTPA group using Student’s / test

BOPTA #f @ CHso 13, BEKRGFICHED L
Voo FOEEICE\WTY, GAd-BOPTA #H oD
CHsoix GA-DTPAFEL D A BRI/ WER
T~ L7 (p<0.01, Student ¢ #R5E).

% £

GAd-DTPA Okt st ICB L TR b
7oFT R, DEio®mEY & —FK L Tk, Gd-
DTPA X 3mmol Gd/kg ® HEIZ 5\ THK
FRERICK L THERE L TIT S e h - 7z,
F 7z, SEFE/ICEE L 72 GA-BOPTA 2D\
THFEBRIC, HRRGRICHE LS RIT I 70n 2
EDBHLPITI 572 (Table 3). HER L -HE
PEHETHAZ L, TTNVEWIT NV AT
W —R B OFER D GINHIFHIC BBB 28 L T
WAL 226, ECLCEWIEeks L
THIFPIC—LTHLT EnD, SERERL -
M) & & R RE M R & 2 B,
Gd-DTPA 1T % v N7 #E & s ST 0B,
Gd-BOPTA B EFD X /N7 iEREEEFET 5
72DV, KEBROFKERP O, GdR,H DX
INTREGBEOBF I X D iR ORRE A
AL B ATREMEII RN T S RIS he.

MR RICEE L CTid, Gd-DTPA i3 1, 3,
B L 10mmol Gd/L O THiGL T N E
B b %2 Ix/p-7=. —7Jj, Gd-BOPTA i, 3
¥ L 10 mmol Gd/L OEE T APTT O A%

22

LR X7 (Table 4). APTT OADELE(T,
MEEEEIN T, X, X, 5LOX (RN
BIEF) IZx L, EHEEER S ORENRDSH
LEBEWRLTWS. £/, InbHOBERT
1%, P CERINS-0, REZONRFH
AEHHREEOIET &\ o 7o iR E 2 T 5 8
FTE, MEEERTOAEKRPEES N,
APTT DIEENRBDOOENLHT BB 5. Th
Wz, BBRICKETZFBEEOmAD—D L L
TIMEEE RN DL AL NE R D 5. B
16, Gd-DTPA 35 XU Gd-BOPTA (3l % &
DI EHITHEIEPD Y, HFEOBENICHOLHVS
NTWBED . Leho T, FHEr & hTikaE
BErH35BEIC G EEZHWLEEIC
I3, MREEERANDEEIC OV T ICBLE L
T Gd #F| %2 EINTRETHH EEZ LN
AT RECES 3522 VN7 BETH
510 RO ALIC & 0 B & O
EPFRINSZEDRAONTED, BRLE
DLRIEVER BICHAROE ML G L T b 2
EBRMEINTWAY, F/-, I— FEEH
T, flitkoEE LA N L CRIFEHZARBLT 5
ZEDEHEL 2LHALNTED®, FIE, I—
FERANC & 5 BILHERITERH CTd 5 K ER
12, WEMPERL TWA T RGN T
BHY . Lieho T, MithNORELFANL C
LSRR ORI+ 5 L THEREEE 2
bN5. FHAEOEEICORELFANLFEE L
T, —ReIC AR (CHso) 2AHIE Sh
%20 . K fg O fE B 4 5 Gd-BOPTA {3 Gd-
DTPA IZ T, FRICEARM M2 B <
7= (Table 5). ZA7f{A(ii O IE % &iFH 13 40
+10U/mL TH 5% &5, Gd-BOPTA T
i3, FREMEMAEFEEONYESETETLT
WL ERWELp o7z, COFTRIE, Gd-
BOPTA 73 Gd-DTPA LV & ik aiG AL S &
HTEHBERLTWA. Loh->T, Bk
A RIEEEBOBEICH L Tk, Gd-
BOPTA O# 542 kD fEROEAL % 48 < 7 hE
DIRGES N7z.
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fEam & L C, GA-DTPA ¥k X Uf Gd-BOPTA
OWHEF] & & 3 mmol Gd/kg O & CHRA MR
RICHR U CHERIR S Indp - 7oh, MRS
X 5 BT mMBEARICELSD - 7o, Gd LA
M DAGHT B0, BWIKTHREINS
Gd 8% (FERME : 0.1 mmol Gd/kg) DFEK
DI AFREL, EMEEXRED 7% & JEL
7254, #93mmol Gd/L L HEE I NS 708,
Gd-DTPA IZ 3\ THERIK THE S 1 4 il rh i
FE D HEAFFERIE & B\ T b MR 5 1St
L CHRLTREFEIREDO LN N T EB S
PITTe -7z, Licip-C, FFIEED & S 7
B R DIER 7 /R T REES, MR OIEE L%
PE S E IR M0 RIE A 7R IR REIC W T,
Gd #HOFEPRIC IR A BT HHENRH5H
BTSN
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Effects of Gd-DTPA and Gd-BOPTA on the Central Nervous System,
Blood Coagulation and Complement Activation

Natsuko Tsupal, Chie MURAYAMA!, Naoki KATO!,
Takashi YOKAWAZ

LPreclinical Development Department, 2Drug Discovery Institute, Nihon Schering K. K.
6-64, Nishimiyahara 2-chome, Yodogawa-ku, Osaka 532-0004

The purpose of this study was to investigate the effects of GAd-DTPA and Gd-BOPTA on the central
nervous system, blood coagulation, and complement activation. The effects were studied through
animal studies on rats, rabbits and dogs. Blood brain barrier-disruption model rats were intravenously
injected with either a 3 mmol Gd/kg of Gd-DTPA or Gd-BOPTA, or a 6 mL/kg of saline as a control
(n=10). General behavior was then monitored for 1 hour after the administration. There were no sig-
nificant differences in neurotoxicity between the Gd-DTPA and Gd-BOPTA groups. Prothrombin
time (PT), activated partial thromboplastin time (APTT), and fibrinogen concentration (Fbg) were
measured in normal rabbit plasma at final concentrations of 1, 3, and 10 mmol Gd/L of Gd-DTPA or
Gd-BOPTA with a control of 5 mmol/L Tris HCI saline (n=>5). Gd-BOPTA had a significantly long-
er APTT than the control at higher concentrations. There were no significant differences in APTT
between Gd-DTPA and the control group. GA-DTPA and Gd-BOPTA were added to normal dog se-
rum at concentrations of 200-300 mmol Gd/L for a complement titer (CHso) (n=3). Although the
Gd-DTPA had no effect on CHso, GAd-BOPTA significantly decreased CHso as compared to Gd-DTPA.
In conclusion, there were some differences between Gd-DTPA and Gd-BOPTA in the effects on
blood components. Our findings suggest that it is necessary to select an optimum Gd-chelate for par-
ticular pathological situations.
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