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2. FF AT VHREOHATY, #F L - MATHS
AV VEEF 7 o &4 3> (deferoxamine mesylate
LUF DFO &k #%) 0~ &K siderophore T® 5 tri-
catecholamide ligand™, & & E#AfER O IIIA K<
BT2RAH Y TLORETHE. AV v AT EER
O BERBT2TRETHD, STV Y LAFRT
BEPEROEL OIBCEM e TR T 2 &L 3
D8k r FHEMERLTHB Y, siderophore ligand
3L TH, invitro, invivo D FRIZBWTH 3
DAY Y L 3HOKE ISBETEZ rREN
TV, 25D AL D, RRORRISHREEER &
L TRz 50T 2MODFO 0FGa HElH{EE
e LTOERREAERUBISH S, LirLad
5, BEE TOWMERILTLLRSEHRIRENT
v, 20—20EH x LT DFO &5 8H% 1B
LTEFLHELARFHCRFTEN TR ZBRDTD
5.

A Tid, MEORFESREBE, 36 R
W% AR LTS 2 2wk D, DFO 0¥Ga Filt
HEEHE, & 5K, “Ga OEBERIZEL-DOR
Lhdp AR E®.

e HFE

SEOEBRICEWEEEF L E L TREHAEK
THEES v b 2BW, ZOREE, Frlaviy
F OEEARE IR S Ty B A E AR 1X
10%{E 2 RE 170~230 g DHER >V 2T T v FDOKRERE
TR L, #15 Bk, EEK 2 cm OFHTERBR L
BFHAIC REZ R Wi,

DFO kAKX F H 4 F—HBOT AT 27 —N/3A
TNRERL, EREE EEREAKCTERLLE, 7
IVEGaRARAYT 4V y 7 AREH B IEE—
SYFTAY b —THEFHBO 7 = VB Ga EHE

(1 mCi/mD) BHERAL, 7 v bAOHFITBL T 0.07
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1. DFO#5i12& 52 = B Ga OEATTH IS
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1. SEREBETHEESES y ~ (UTEEZ v b i)
B2 7 T BYGa OERSTE
BEsy Moy T oB7Ga 10 £Ci 2 EFARED i
Bs5L, ¥B5%3045, 1, 3, 5, 7, 108XV 16
BERREE, TR — VB T BB L, B, M,
mH, B OB, MEEmLLe. SESBoERTHEL
7ok, HEER Y NS A TV FV—YavATY
7 —12T 0~400 KeV @ =3 ¥ —HiE TRE LTz,
SRR OBETE I, I 1 g H7e 0 ICBIE NI uERE
OEERICHT 58— > b (% dose/g) &7 v ME
F kg H7: D EEEL (% dose/g (norm)), &5
w 10%ET 3 2 212 & D% dose/g (norm) X10°& LT
E3 A ON A
o EEBT v MBI 57 T YBYGa DERATEIC
RiZ ¥ DFO O%R
1) 7= vEBCa EH%EHO DFO #E55R
EET v Moy T VEEYGa 10 uCi 2 BERESL, #
E 4 @i DFO %25 v MEE kg H7:9 200 mg 4
HERs LR, DFO#E#%1, 3, 6B & O 12 BRI
BAMER L, &SR L, £ OBUTREREE O
HFE) 2REL:.
2) 7 x vE#EGa FETHREIAD DFO H530R
EES v iz s T UEGa 10 uCi 2 HERS L, &
5 19 BfS%4c DFO 27 v MMEE kg H72D 200 mg &
s U7, DFO %541, 3, 6 % & UF 12 Bk
IR L, SR L, % ORETRE R (R
#E) BHELR.
3) 7 x vE“Ga IESAIO DFO HE5%R
EESy Moy T VEEYGa 25T 3H11, 3, 6,
94 5 X OF 48 B DFO # 5 v MEE kg H72 D 200
mg 2HEHE L, 7 T BYGal0 xCi PEERE
20 BERR I BUMBAR L, RIHSS ML, % DBESHE
EIE BEE) RRELL
3. EEZ v MBI % DFO %58 L B mgt
DOWEE L OBk
BES v bz 7 v E7Gal0 uCi # 5 4 B,
DFO % 5 v MEE kg 721 10 mg, 50 mg £ £ U200
mg RESERE L, 20 3 BERbnERL, B
FEH L, M¥Es & CIEBOMETEEERIEL, EE
WHLEEE L,
4. DFOBEICEZIER T v MENEREGa s
BEDRRFRZAL
FETy Moy vB7Gall uCi 2% E5L, UTO
B 5EEO%, DFO #5 v MEE kg 720 200 mg
BEEEL, UTOZ L EHIC 7 =vLvh 7y
— 12T 184 KeV +109% O = 4 )L F —CHRREEGa 1K
FEEREIEL 72,
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1) 7 = EGa #iF A RM®& DFO®S L, #0 1,
3, 6BXUI18KRIZHIE
2) 7 X VEGa BRE 1T HB DFOBEL, 20D 1,
3B LV 6 RFHEEBAIE
3) 7 X EEYGa Bt 12 KM% DFOBEL, 20
24, 48, 72 B LU 96 BEREIREIE

II. DFO%5C & 32 T B Gatd D 7 ik B

1. in vitro TD®Ga & DFO & DEEHEDKET

7 I v #Ga50 4Ci/ml @ 1ml B & ' DFO 100
mg/ml O 1 ml 2RERENICTERIL, BLIEL 512,
Zh % Whatman MM 7 0<% + 775 7 4 —F~—%
—WARY bL,n-7F/—n+n-Fus8 s —n+xk
E9+6-+5ICIRE LB TRBBL . WRBELT,
JEVBEGa DAEARY LIz bD LB L 7.

2. EEZ v MBI 57Ga - DFO D&M

7 L #7Ga 50 4Ci/ml 8 £ UF DFO 100 mg/ml ®
FETHBRENCTREIRES>%, £00.4ml (¥Ga
DOTEETEE X LT 10 £Ci, DFO & & LT 20 mg % &ts)
PEBT Y N CHERS LU, BE5% 304, 18R,
SRRl & U 24 BRI IRIMBAR U, B, ¥, &
A, FsLUB2EHL, 2OREEERELAIZEL
7z

3. DFO#5 7 v b kB 5 MBFEMEKESEE

(AT UIBC &#8) ORERFIE(L

IE®Z v Mz DFO 246 E kg $7-1 200 mg SFEL,
BE5#%1, 3, 6B LU 24 RMBKDL, MKEEL
SYEEL, MEERFERL 2%, TEKO UIBCHIZER + v
PERAOTHIEL .

4. FHEAESERICB T 5Ga OMEAERE

DRERFIIZE(L

1LOE@FNRUIZ £, 20% 7 ¥ RRRMMEN
Eagle MEM $#lic THMUEE L Tv 2 SHAESER
HHAE & FrEEEE IR T 10~20X 10%cells/ml & 72 2 £
FilESE, A 16 ml DEBEFRBREA 2ml TO53EL,
24 BEEIDHIA v F 2=y a3 v BT, ZDH%I X
VEEGa % 10 uCi/ml & 72 2 RRICH RSB CHRL
725D%0.5ml ¥ 2o43%L, 1, 3, 6,128LU 24
B, 37TCTA v Fan—yvar®{Tol, 1%
2= a R TR, 722 B HBiE % 1000 ElER 10
53REE 048 L, Dulbecco V) >~ ESRBEIRIC T 2 @¥eiE
L, PUARYTL—IZ X2 EMEREES & UHRD
TRERERIE 21T - /2. HIRRNDGa BEUE 3% dose/
10%viable cells & L THREL 12,

5. BEMIEAERENZGa D DFO&E5IZ L 2

MRS~ DHEH

10EMFIRLEZ L, kEROAET7 I

BGa R BIEERARESEL LR, 4BMb 20

12D A > F ar— 3 ¥ &2{T0, HENAGa %
B, Mle R0 REL, KL, R
WHICEZRES®, 22 TDFO % 100 mg/ml &
BIRICHTEEE RIS CIBE L2 b 0% 0.015ml ¥4
L, 1, 3, 6B XUV I2[H, 37°CItTA v Fa~—
YavETok, AvFak—ya VR THRR2Z
HICHIB 2R OCABEL, gL, SHBEOEES &
UCHIRARFRSHEOHEZT o7, HBEL TR
DFO @4 D iz DFO 2& 2 WL T EEHIK % 0.015
ml $ D53 U THRET L 72,

6. EES v M ORHUEBEGZ>SDYGa D

EH

%7y Moz T UEGa 10 uCi % EER 5% 3,
6, 9B XU 12 REIARILM R UEBER R L,
U BB 2 7272 BN T8 mm AL,
0.1% 707 —¥ 3ml 2Nz RBRER~AR, 37°C30
S, BBRTHOWE L 5 2N D OMERE O SRR
BEfT-o7, % 0% 1000 @R 10 2 O3 L5382 1T
v, MRS (ARRS) LSS OREEEE 2 e
NBEE L, A s RHRERS (BFERS) &Rk
FOBEEEDAFHIIN T 2 WMRIOMETEED LT & »
T 5 DGa DIEHEERET L 72,

Yoshida sarcoma in Eagle's MEM
containing 20% fetal calf serum

20-40 x 10 cells/2ml was
prepared in each 16ml tube

; incubated for
about 24 hr

7ga-citrate § uCi/0.5ml medium
was added

incubated for /

incubated for
1,3,6,12,24hr \ 4 hr or 12 hr

centrifugation centrifugation
and wash and wash
viable cell RI counts resuspended in
counts of the cells 2m} fresh medium
67 DFO 1.5mg/0.015m}
Ga uptake to was added
the viable cells

incubated for
1,3,6,12 hr

centrifugation
and wash

i

/ N
{vw’able cell } lil counts j
counts of the cells
N/

67Ga retention in
the viable cells

Fig.1. Method for #’Ga uptake in cultured tumor
cells and ’Ga retention in DFO administered
cultured tumor cells which took up #’Ga.



26 N

B L

1. DFOHxEICL 57 B Ga DERBF IS
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FEIRE 2K 2 1Rz, EEANIERE 3 RHLIA
THRPERERD, 0% 10FM  CHNERY
28, 3BEMHIE & 10 REREME & ORI IZEE s B EE 1}
BHTESLT, COMB7I  —ThH2LE-TH L
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Hoys, THELUEZ 1B EERY, 16 BREECIE 2.6
BRLUI. FAORSTEESEME & BEE O £ h L HEiE
BLTBD, BEI1REREICEITASLTHY, *
DB E R, BRRES 1BEE% E TEnE R
U723, DARIZIMIRO HETHE & AT T 2 2B TR
2Rl

2. EES Y MBI A T UEYGa DIERSTRIC

EiZ7 DFO ORR
1) 77X vEGa EFHREHO DFO B 550%

7 T BEYGa 4T 4 Btk DFO 285 LR ME
B, MK, e, I BB URORRKETEEER
2 (BER) BLURRELT, LED1OERER

—EERLAIR L, 205 BBICEES L UM

R
Tumor of the control rats
100 o
Tumor of the DFO
administered rats
o
=}
0
E
2
Ky Blood of the OFQ i
2 administered rats
£
w2
1
0 1 3 6 12
Hours after DFO administration 57ga DFO
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Fig.3. ¢Ga retention in the blood and tumor as a
function of time after IM administration of
DFO. ®Ga - citrate was injected 4 hours before
DFO administration.
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Table 1. Effects of DEO administration on biodistribution of 67Ga-citrate in tumor-bearing rats. DFO
was given intramusculary 4 hours (A) and 12 hours (B) after intravenous ¢’Ga injection.

A) IM administration of DFO 4 hours after $’Ga injection

Time after 57Ga injection

4 br 5 hr J 7hr 10 br 16 hr
Time after DFO administration

DFO(-) |DFO(~)  lhr |DFO(~) 3hr |DFO(~) 6hr |DFO(—) 12hr
Tumor 180.0* | 204.5  163.9 | 242.5  111.5 | 326.6 91.1 | 264.4 86.7
+9.3 | 435 £59.4 | £90.9 348 | £116.0 *£22.5 | 4595  +14.1
Blood 332.1 249.9 8.5 | 192.4 6.7 | 104.3 7.8 | 107.7 6.0
£3103 | 4491 £14.1 | 4266 1.2 | +44.2 0.8 | €192  +0.9
24.1 19.4 1.4 20.9 4.9 12.2 4.6 11.8 4.9
Moscle |\ 300 | £33 #1001 | #1102 #14 | £l x19 | 438 50
Liver 181.8 143.6  140.0 | 166.4 92.5 | 1947  128.1 | 214.9  136.5
£74.6 | %545  +45.5 | £65.8  +16.1 | £35.4 +11.0 | £48.9 +13.4
Kidne 161.3 130.4  226.0 | 118.0  142.4 | 135.1  135.3 | 206.9  138.6
VoI £341 | £223  £71.0 | £37.8 446 | £61.4 210 | £70.3  +95¢
Lun 141.3 122.4 67.4 | 127.0 18.2 89.7 33.0 88.9 19.6
g £34.6 | £26.0 +48.0 | +3.9 =145 | £20.1 +19.8 | 137  £98
Tu/B1 0.6 0.8 3.5 1.2 16.5 1.8 11.8 2.6 15.1
+0.1 0.1 £1.6 | +0.3  +3.3 | £1.0 429 | +11  £4.8
Tu/Mus 7.9 10.8 14.9 14.2 24.9 28.6 22.5 2.2 19.1
/ 4178 217 £6.4 | £7.0  +13.2 | £5.9  +£10.2 | +12.0  £4.0

B) IM administration of DFO 12 hours after $’Ga injection

Time after ¢’Ga injection

12 hr 13 hr 15 hr 18 hr 24 hr
Time after DFO administration
DFO(—) | DFO(-) 1 hr DFO(-) 3 hr DFO(~) 6 hr DFO(—) 12 hr
Tumor 231.2* 163.6 144 .4 143 .4 150.4 168.8 129.5 134.9 113.7
£9.0 +51.8 +34.9 +14.0 t46.2 +31.4 +49.8 +63.8 +45.8
Blood 96.6 76.8 14.9 71.3 5.5 36.5 5.1 23.7 4.1
*11.0 +18.6 +1.9 +21.1 *+2.3 +4.8 +0.4 4.5 *0.4
10.9 8.5 7.3 9.1 5.3 9.5 6.2 9.8 6.7
Muscle £2.9 | £0.6 1.8 | *34 422 | +47  +17 | *60 1.0
Liver 159.6 135.2  134.8 | 147.3 1114 | 162.8 87.9 | 166.1 85.9
£29.3 +19.3 +41.8 +42.4 +£32.0 +£30.6 +12.6 +17.5 £10.6
Kidney 98.5 76.7 86.7 82.0 89.5 86.9 70.8 93.5 60.9
+10.4 *10.6 *21.2 +19.7 *15.9 t14.2 +7.9 *8.5 +14.9
Lung 56.8 66.1 28.1 64.1 41.1 45.8 19.1 44,8 28.7
+12.4 *+23.4 +13.8 +25.7 +21.4 *4.5 +6.3 *£19.3 +9.0
Tu/B1 2.3 2.7 10.1 2.2 29.4 4.7 25.2 5.8 28.2
0.2 *1.6 +1.7 £0.8 +12.9 *+1.2 +8.6 +2.7 +11.3
21.1 19.0 22.3 18.1 26.3 21.0 22.9 20.6 16.8
ToMus |47y | s67 +104 | +e  sia | seg ol | P8 68
* Data are expressed as % injected dose/ g, normalized to unit body weight and multiplied by 103 with

1 s.d. of the mean.
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WOEE PR 3 10RLE, DFO#EIC LY, MEOK
HHE213 3 RERILAPIC AR Y 2 e Lz, SRR
BOED DR p o T BB ORETHEE b NIB L £2 D,
DFO #5.ic X W@V 2R L1z, ORER, EFETMmE
HTET, DFO 5 3 Bi#% (72 b bYGa &5 7
REAE) T 16.5 L STBRBED 1.2 WL UEHHE LR
1. DFO 512 & b FFOaThe b 8% & EiROBD
ERUY. FOREEE LB ERL T, BORS
&513 DFO &5 1 BRic T —@tomme R e,

2) 7 T EYGa k5 %IAO DFO & 5%1R

7 . BGa EET 12 BERE%% DFO %15 LR
&, M, B, AT, BB X U ORRRET R
# (BEE) 8L U DFO 2 &5 L 2 WHBHOKR 2
£ 1B WWRLI. 20> bECERS L UIMKROFER
£ 4 2FE L. DFO 851z & b mgoigteeE, &
501) OB FREIC 3 EELNI ABRRS 2 &
L7z, FREZSTL, EEOKEH#EIL DFO&EIC L >T
HEPORVERRSZ DD, MNBHIIBVLTHR
BOBRYERLTH Y, DFOB512 & > T bR L
KEWEEZERBTVELET L) ORBER LIZEL ST
Wi, SR IEE L, DFO 5 3BH®R (Fhbb
7 Ga 125 15 BfR) TIRWIEEE 2.2 TH B DIIHL,
DFO 58713 29.4 L EHAHEETL TV FO
HateEia BRI b L DFO 58 TidR 2R L T
Fedl, ZOEREREE]) ORRICBIZERIELEKR
5 i3 o7 Bl DRO #58 L WEHTH - »X
HEZRRLARD o, FOMEEED DFO &5 &
NIV ERLTCWRM, ZOERI LT 1) DERICSE
FAEREIEREL IR0,

®

3) 7 = Ga iETRTO DFO #5%R

2 T E5Ga EEHETIC DFO %4& 5 U 72BFO &R, [l
W, Hil, FEXUBoBEREER2RL. 1
RS SR CIE IR IC L UE 215 & lEE 0 Bt
OEBLET 288 n iz, MBEOKEEED KA, B
DOHREHEELEL, Liohs-> T, Bkl 3.8 T
LA RBEED 5.5 LB ko T b, 3 KR

100 }

Tumor of the DFO
administered rats

Blood of the control rats
\\é

3

Blood of the DFO
administered rats

I—

% dose/g{norm)x10

0 1 3 6 12
Hours after DFO administration 57Ga DFO

_
12 br 1,3,6,12 hr

Fig.4. °'Ga retention in the blood and tumor as a
function of time after IM administion of DFO.
%Ga - citrate was injected 12 hours before DFO
administration.

Table 2. Effects of DFO administration on biodistribution of 67Ga-citrate at 20 hours after the injec-
tion in tumor-bearing rats. DFO was given intramusculary at various intervals before intra-

venous %7Ga injection.

Control 1hr 3 hr 6 hr 24 hr 48» hr
before 87Ga injection

Tumor 165.1%59.3* 2.0%0.9 87.7£29.9 97.21+43.6 184.4+68.8 169.6+56.2
Blood 32.41+10.4 0.6%0.4 22.5%4.6 30.5%6.3 38.81+23.7 26.8%6.1
Muscle 5.110.8 0.2£0.1 3.9%0.6 5.4%1.2 4.4%1.2 3.7%1.5
Liver 113.1£12.3 3.1£0.7 85.6£23.5 88.2+14.0 145.3%62.9 115.5%38.6
Kidney 85.4%5.3 40.3£13.2  55.0%*16.4 77.812.0 92.8%+11.5 63.5+17.7
Tu/B1 5.5%2.5 3.8%1.2 3.8%0.5 3.4£1.7 6.8+5.3 6.5£2.7
Tu/Mus 33.5E14.0 9.8+3.6 22.7%6.1 17.9%£7.7 47.3+26.8  48.5%12.3

* Data are expressed as % injected dese/g, normalized to unit body weight and multiplied by 103 with 1

s.d. of the mean.
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Fig.5. Effect of DFO dose on tumor - to - blood
ratio.
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Fig.6. %Ga whole body retention in normal rats as
a function of time after IM administration of
DFO. ®Ga - citrate was injected 4 hours before
DFO administration.
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Table 3. Changes in the UIBC levels in normal rats after intramuscular administration

of DFO.
1 hr 3 hr 6 hr 24 hr
Control
after DFO administration
IBC
U 283£25 367144 31919 27831 229145
(ug/100 ml)
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Abstract

The present study was conducted to elucidate the effect of deferoxamine mesylate (DFO)
administration on ¢7Ga tumor imaging and then the mechanism for the improved imaging in
detail. When DFO was administered four hours after 67Ga-citrate injection in tumor-bearing rats,
rapid decrease of the concentration of radioactivity in the blood and gradual decrease of that
in the tumor were observed. Tumor-to-blood ratio at three hours after DFO administration
showed 16.5, while the control group did 1.2. When DFO was administered twelve hours after
67Ga-citrate injection, rapid decrease of the concentration of radioactivity in the blood was also
observed. Compared with the previous study, however, the decrease of the concentration of
radioactivity in the tumor was minimal and similar to the control group; tumor-to-blood ratio
showed 29.4, while the control group did 2.2. These results seemed to indicate that two differ-
ent compartments existed for 67Ga uptake in the tumor tissue: in the first compartment, in-
jected ¢7Ga might be initially taken up by the tumor tissue where 67Ga was weakly bound and
easily dissociated by DFO administration; in the second compartment, 67Ga taken up might be
strongly bound in the tumor and hardly dissociated by DFO administration. The 67Ga-DFO
compound that was easily formed in vitro, when intravenously administered to tumor-bearing
rats, showed minimal tumor uptake and rapid excretion from the rats. Cultured tumor cells
showed gradual uptake of 67Ga as a function of time up to twenty four hours, and ®’Ga once
taken up by the cultured cells could not be excreted from the cells by DFO administration.
These results indicated that the second compartment in 67Ga tumor uptake might be the tumor
cells themselves. In conclusion, 67Ga in the blood showed rapid decrease by administration of
DFO, and on the other hand, 67Ga once taken up in the tumor cells was not excreted by DFO.
Therefore, 7Ga tumor imaging was expected to be improved owing to an increase of tumor-to-
blood ratio.



