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Preparation and Biodistribution of Re-188 Sulfur Colloid

Young Ju Kim, B.S., Jae Min Jeong, Ph.D., Young Soo Chang, M.S., Yong Jin Lee, M.S.
Dong Soo Lee, M.D., June-Key Chung, M.D., Myung Chul Lee, M.D.
and Yeong Wook Song, M.D.'

Department of Nuclear Medicine, Internal Medicine',
Seoul National University College of Medicine, Seoul, Korea

Purpose: We evaluated the usefulness of Re-188 sulfur colloid for radiation synovectomy
and therapy of intraperitoneal metastasis. Materials and Methods: We investigated the
labeling efficiency of Re-188 sulfur colloid on various conditions. The stability of Re-188 sul-
fur colloid was observed at room temperature for 24 h and in human serum and synovial fluid
for 72 h. The particle size distribution of Re-188 sulfur colloid was measured by filtering with
various pore size filters. Animal experiment was performed in mice and rabbits. Results: The
labeling efficiency of Re-188 sulfur colloid was 64.5+5.8% (n=5) at the conditions of sodium
thiosulfate 40 mg, EDTA Na,.2H,0 0.8 mg, KReO, 0.8 mg at pH 1. After purification, the
radiochemical purity was higher than 99%. The stability of Re-188 sulfur colloid was high
(>99%) at room temperature for 24 h and in human serum and synovial fluid for 72 h. The
particle size distribution of Re-188 sulfur colloid was 0.3% (<1 pm), 11.2% (1~5 um), 35.8%
(5~10 um) and 52.8% (>10 um). In mice, 1 h postinjection of Re-188 sulfur colloid into tail
vein, uptakes in lung, liver and muscle were 37.30+5.36, 32.33+5.79, 6.60+0.02% ID/organ
respectively. After ip. injection in mice, the uptakes of extraperitonial organs of Re-188
sulfur colloid at 1 and 24 h were 0.1+0.1, 0.4+0.1% ID/organ, and the excretions through
urine and feces (~70 h) were low (2.68+0.80, 0.95+0.17%). When Re-188 sulfur colloid
was injected to synovial space of rabbit, the uptake in other organs except knee was very low.
Conclusion: Re-188 sulfur colloid showed high labeling efficiency, stability and potency for
clinical use. (Korean J Nucl Med 1998;32:298-304).
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olint AAlE, BN AHolgk 5o X g0l 443
T REAE By @ Qv Agsa gt &
3] WA gliul A A|E(radiation synovectomy)-S
e S Eske AN ERS 9599 3R
Well FASHE 2o oot ol A A48 oix)
¥ F e Aeg 94 Yot HANEAS
A Zeful A gl A-gst] A 2U1A 7]
EA 871& ZFolof gl A, HAAELY
&2 wiel WAL S8 538 e 23 ol 3
th 4, T4 AgE 22 £k At 42
ARl 2] kA slloF sp, JA}F =717}t FLsta &
3] Zobal AFAGo] dojufok gt L} i
5 Zrow AArge] Yojulr)Ae) o2 R 7
=2 7 Uk A, ASe] BEl & kel A
AEE 5 glew Fop

WA Felet AAlgn) Bsle] dFEam gle
A58 PAYEAY4EZE Er-169, Dy-165, Sm-
153 So| JeP?. sm-1539] < 0.7 MeV ) wje}
Ag sy FF 27 F313o] 2.5 mmE 2
271¢] FAo| H4E 4 gl Dy-165-FHMA
(ferric hydroxide macroaggregate)y= Au-1983} Y-
9027 ¥AE AR} A=t =717} 100 W) S
Z Aol =0} Qlo] F-EulollA 2eiEgt rFe
A%t Dy-1652] Hkgk717} 2.4 A7kog uig- g7
uliEol] AabAnlQl dxtz el ol g71We] Flrte] 9l
ofoksl: whol giel”. 2 uhol) Wale] Hm Y=
THYLEEE E2 Ay vegd S whEsle
P-32 (Tip=14.3 day, Epme=1.71 MeV)$} Y-90
(Ti2=2.7 day, Epmax=2.27 MeV), Re-186 (T12=3.8
day, Epme=1.08 MeV) So] 9J}'?. Re-1862 =
< #et olUiRe} A3} Fedt 7l oAz}
WEslo] X 8802 AR 2o EHS =W
A eEoln dlavlega) 3heh ARo| §-Absle]
ol A7 Uk Re-1869] FH Y42l Re-188
(Tiz=17.0 hr)-& W-188/Re-188 HlAl7| 2 HE] Tk
Al(carrier- free) & 4174l AL 4 9t} Re-188L Hl|
B (Epmax=2.12 MeV)& WEsla =% 3133
T 3.8 mm)o] Fow] J43el] HFe Anli(E,=
155 keV (15%)-& W&Este] 2T B g

9‘1‘:]_9,11).

#oll Re-1863} Re-1880] TAH & 34 9
A4 Bt gl ol &8 % dlrke ATt B
3 53 Q. 2@} o} 7hA] Re-188 3 A9
E4o) A48 FHol YAE Kotk of AT
A $olE Re-188 EAY 3 23E PAYES
Q& xBAZA ALty 9slod Re-188 3 =A
9 EAZAE BYT FEANAS EEE 3
Qe

Chat 2 e
1. Re-188 & waQ EX|XA

3} 3 Zo]] Re-188 FAA] &A)(KReO, (Aldrch
c0.))2] £7442} pH, EDTA Na».2H,O (Sigma co.)2)
opoll w2 oJare BRBAL.

PA(KReO,) 9] f-7ofl ul-& dgkg H7] 9l +
7H2] ulo]el] sodium thiosulfate 40 mg¥ EDTA
Naz.2H,0 4.8 mg 23 3} n}o]dof|et KReO, 0.8
mgS ¥WeJrh od7]ol] Re-188 perrhenate 74 MBg/
15 ml& Y3 1 N HCI& Agslo pHE 12 Z2
ek 5 £7F AsiAl 4lo] F3 100 FEFzoNA
30 B2 BSARLh WA 559 ZHS o]
ZAo 7 Aelilad: ;Ao Z [TLC-SG (Gel-
man co.)E AMgele] AZviETeE|E AlsEli
I A3E TLC A/Mi(Imaging Scanner System
200, Bioscan)E 3=}t

pHol| u}E o33ks dolH 7|93l sodium thio-
sulfate (Sigma co.) 40 mg, KReO4 0.8 mg, EDTA
Na»;2H,O 4.8 mg& %3 Re-188 perrhenate 74
MBgq/1.5 ml-& ¥ % 1 N HCI-Z A-§3slo] pHE
13} 22 wr2gic) 5 B3 7dslA 4ojE3 100¢
grxrzellA] 30 E3F HESAIZ] ¥ pH HStol| &
AR SEe Aok 2 Yoz 2ReRc

EDTA Na,.2H,09] %ol] u}2 FAEEE Uo}
27198l sodium thiosulfate 40 mg, KReOs 0.8 mg
o]l EDTA Na,2H,O0& Z+7} 0.8, 1.6, 4.8, 6.1 mgS
31 Re-188 perrhenate 74 MBq/1.5 ml-& 4o| pH
2 12 BagT) 5 87 2ok dolF 100T §
2zelA 60 B2 SN F AR $2E
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2. 9|E HI=

Sodium thiosulfate 40 mg, KReOs 0.8 mgi}
EDTA Na;2H,0 0.8 mgg Y2 ulo]gg WEA
ZJ|(FD 8.0, Heto co)E AhLsle] WEA=3 3
N2 7FAE nlo| ol F318te -20Coll Eats}sir)

3. Re-188 & u#d A=

W-188/Re-188 ul487](Oak Ridge National La-
boratory)ol|4] -8-%3} Re-188 perrhenate 148 MBg/
15 mlg BEAZY 3 24 7120 Y& ¥ pHE
1 N HCI-& A&s)o] 12 2331 vortex mixer(d] A
FehE Agstel 5 B2 e Tgegich 100C
ol|4} 60 E-7F vF2-A17] % thr] 5 B} vortex mixer
£ Agslo] ZAetA sbslodel. EXEA] G2 Re-
188 perrhenate E& A|A3}7] $J8le] Re-188 3+ =3
< 3,000 rpmol}A] 5 27 YR (Hanil co.)d}e3
gzalg AART A BH R BAG
Re-188 3 2ol ASIAGF 34 mlg Y& ¥ A
& A7l Azsisich

4. ordy

AgollXe] tFAE golily] 9]l Re-188
2AE EXAZF9) 2, 3,4,5,6, 13, 24 A7l 32
1o E Aselsich AReAT 4G B B
M(synovial fluid) 2 mlel] Re-188 3 ZA 18.5
MBg/0.5 ml-g do] 37C, 5% CO:2] AEulekr] ol
A 1, 3, 6, 13, 24, 72 A7} mZ2ulEaEE A
tPato] GHa GHfol|A] Re-188 3 239 b3
g Wslgir)

5. gIXie] 37| #xel el

Re-188 3 A2 Jxt=y] BEE H7| $3lo]
0.22 pm HejMillipore co.)¢} 1, 5, 10 ym g
(Nuclepore co.)E 73 ¥ Re-188 3} 73 37
MBg/4 ml& 10 um HE{HE] F2HA]7) 3 Aal4]<d
g 4 ml$ o] FHAZCL 2 Heloll dolgle
A el g STEA e i3 HEol] dolgl
& A Yol tiR MRS AT
Re-188 & 2Ae| ¥ehg 2484 duide 4

$3tol Belsgieh Re-188 3 =W YARe
(3,000 rpm, 5 ysle] AZMg- AlASL5L, acetone
3 mig Yol A& F QAR 2 AA
I JdolglE &%9] acetone-d N; 7FAE A-g3le]
Sas] AAST. ol 1A YHdele] Re-188
3 238 ol& AHE|E E¥I)(SEM coating sys-
tem; Bio-Rad)& A-83lod gold-palladiume 2 20
nm FAZ NEY S FAAR WWHCEOL
840A, Japan)2 AM&3le] & A3t

6. ML 2Zet &l CHAIZE

Re-188 3+ 2 e] Al £X5 27| 9
s}o] Re-188 3F ;23 74 kBq/0.1 ml-& v}$~(ICR,
£, 2221432 g, n=5)¢] me|F Wl FAsI
1 A7F 3 A7(EY, 2%, A, A4, 9, 7, 8,
S, & A%, H, whE HEsl FAE A%,
2y7ke] A7)l iyt WARE(135~188 keV)S Zvmf
F+-2-El(Packard) & Ar8&3lo] ZA3lFc)

Re-188 3 24 7ol Fof3lols ol 5%
o2 {EseA #Qdsly] Sl w(CR,
£A, 21.242.9 g, n=20)2] E7} o] Re-188 3 i
% 370 kBq/0.1 mlg& FA433ict 1, 3, 6, 24 A7}
F 278 A7IEA &5, 44, 9, o, W, EWE
AEsle] FAE FAsla, vl 7RREE A8t
7} A7)0 delsle WA sE F85 3k

Re-188 3} 24-& E7Uoll Fo3151S uff w4
e BASEE s g A8l FHesich o
$A(ICR, %7, 25.7+0.6 g, n=3)2] E7Jje]] Re-
188 3 1A 3.7 MBgq/0.1 ml-& FA3F £ 24, 48,
70 AlZkell Zzke] st tpEE 18] ek FHEEE
PASE 20 2 ABE FAR ol i )
& (%)E Adste] Jehidch

Re-188 ¥ 24 #H ol Fojalols uil 33
3 oz fEETA #ld] sl FEE
(New Zealand white, <7, 2.0+0.9 kg, n=3)9] F
2 3ol Re-188 3 A 740 kBg/0.1 mle 3
A&k 24 A7k F A8, 28, A4, A,
AR, 4, 2k viA, 9, A, A%, w)E HEste] F
AE FAsla, vl FH2ElE AHSsle] ZH Aol
doldle Asg FA4si
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Table 1. Labeling Efficiency of Re-188 Sulfur Colloid on Various Concentrations of KReO, and EDTA

Na;.2H,O and on pH

Sodium thiosulfate =~ EDTA Na».2H,O KReOq H Heating time Labeling efficiency
(mg) (mg) (mg) P (min) %)
40 438 0.8 1 30 24.9%
40 4.8 0.0 1 30 181
40 4.8 0.8 2 30 03"
40 0.8 0.8 1 60 64.5°
40 1.6 0.8 1 60 47.2%
40 4.8 0.8 1 60 54.4°
40 6.1 0.8 1 60 200"

* . n=2, ' n=1, . n=5, Y. on=3

Table 2. Biodistribution of Re-188 Sulfur Colloid
Post i.v. Injection in Mice (% IDjorgan)

l1h
Blood 0.18+0.02
Muscle 6.601+2.02
Fat 1.4240.66
Heart 0.39+0.11
Lung 37.30%5.36
Liver 32.3345.79
Spleen 1.14+0.32
Stomach 1.07+1.00
Intestine 1.23+1.38
Kidney 1.1940.36
Brain 0.20+0.06

Mean+S.D. (n=4)

4 1t

Re-188 3 223 9] ¥X|27-& 24 3el7] $lsle]
A3 ZATE Table 1ol VERNTE Re-188 FA|
3 242 942 KReO, 0.8 mgS ¥ w258
30 & B¢ 7HdElE Wl EAA o] 24.9% 9 HE
wlell KReOy & P4 gb2 212 1.8% 2 vll$- Ugto
™, pH7} 1Y whe] FXH 8(24.5%)°) pH 2 w2
FAHL(0.3%)Ect Bl EDTA Na,.2H,0 ko))
w2 Re-188 3 w49 FAASS 2 0.8 mg o]

A&7} 64.5% % 7 =9kar EDTA Nay.2H,0
o] /s FA RS Fasiglch A=z v
E(Sodium thiosulfate 40 mg, KReOs 0.8 mg,
EDTA Nax2H;O 0.8 mg)E 1 A7t 7}=83s}e] Re-
188 3 AL VEANSw) FANLEL 64.5+5.8%
(=5)0|J 3L, FARE F BAN}Y =2+ 99% o]
Aol on pHE 5%tk

Re-188 3} 23 9] HAAS BY] fisle] A
KA At 3 Pl WEEAI7] X Re-188 3
22 WA 2 F Z4% Aat A-2o4] 24
A|Zh, AR oA 72 AR BE 99%
oo uig Ak

Re-188 3+ 249 {IA=7] £XF 8FF9
el & Agsto] ZAs191-&w) 0.22 um o]3}9] Re-
188 3 24 A= 0.0%, 0.22~1 um Arol2] ¢t
£02%, 1~5 im¥E 11.2%, 5~10 um= 35.8%, 10
um ol4ke) QIRE 52.8% 2 UEhntth. FARAA
u)3-& Ahgsle] 2L Re-188 3 239 A4
e 7o i 1~1.5 ume) RS HAch
(Fig. 1).

Re-188 & Ag wl9-20] melgwo g F A3
31 A7 Fofl 2 Aol tidt AHeS ERY A
HE Table 20l Velligich st 719 A g0l
37.30£5.36, 32.33+5.79% IDjorgane & J}A ¥
k3, /9 4282 6.60+0.02% ID/organo|$]
o, o] 2J9] AVIES AHEST BF Ik

up9-22] E7hflofl Re-188 & 23S FAsR
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Table 3. Biodistribution of Re-188 Sulfur Colloid Post Intraperitoneal Injection in Mice (% ID/organ)

1h 6h 24 h
Blood 0.05+0.02 0.0610.02 0.064:0.01 0.06+0.03
Muscle 0.0310.03 0.85+1.42 0.12+0.16 0.29+0.14
Fat 0.06+0.08 0.091+0.15 0.05+0.08 0.04 +£0.04
Heart 0.001+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Lung 0.02+0.01 0.01+0.01 0.04+0.04 0.04+0.03
Brain 0.001-0.00 0.00+0.00 0.01+0.01 0.01+0.01
Bone 0.00+0.00 0.00+0.00 0.0110.01 0.04+0.07
Sum 0.101-0.06 0.92+1.43 0.21x0.15 0.41+0.09

Mean+S.D. (n=3)

Fig. 1. Scanning electron microscopy of Re-188 sulfur colloid.

Table 4. Excretion of Re-188 Sulfur Colloid Post
Intraperitoneal Injection in Mice (%)

24 h 48 h 70 h
Urine 1.06+024 1.84+031 2.6840.80
Feces 0441015 0.68+0.12 0.95+0.17

Mean+S.D. (n=3)

1, 24 A7k 298] A719] AH &S EAs W, &
742 A7l AHELS EF S8l E 01401 (1 A
7H), 0.4£0.1 (24 A7H% IDjorgano. 2 wl$- Yo}
2ol 29 §2 A9 UKL BelshirkTable
3). Re-188 8 A& 0}929] Brloll 2A% &

kol oo widsle g 70 AZWEA FRE
Az 747} 2.68+0.802} 0.95+0.17% % yehyith
(Table 4).

Re-188 & 2A-& E7]9] F-Eaddliol FAtst
324 A7E Foll FA8 Av| @9 ad AFE
& ¥E 0.1% ID/g o]stZ =g Yk

I &

e s BALEANLE BEY B
et Al goll g 2L 40 1 ol el e
Ak AS 2ol BAGE R BAYIA Uzt
Az e ool §2hel WAHD?, Fdel ul
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Table 5. Biodistribution of Re-188 Sulfur Colloid
Post Intraarticular Injection in Normal
Rabbits (% ID/g)

24 h
Blood 0.01+0.00
Muscle 0.01+0.01
Fat 0.01+0.01
Heart 0.0010.00
Lung 0.01+0.00
Liver 0.00+0.00
Spleen 0.031+0.04
Stomach 0.01+0.00
Intestine 0.01+0.00
Kidney 0.01+0.00
Bone 0.02+0.01

Mean+S.D. (n=3)

A de] ALER = Gk A B gelet A
Agell AgElE AR EAYLE F Y-900] 7R
B Aoz ¥A .z o]AL 7
ubdS BESA ool AR fEug AR &
i o] rh Re-1882 Y-901& =2 ollifx)
o) Wiehi e BEeHe PALEADLER Y904 1]
sed W27 gon, 4R} AP ek
FAlol WEgith Re-1889) B2 wizby)& ke %
o F Bols}A| s}, Re-1889] 7l e 217 Foj
A3H 9 AAEY AGARLE lsetA B 3
+ W-188/Re-188 w7l o] 7HulE Re-188-2 Hul
A7 AGE & Q1 Ho] Re-1888 WA Bt
AAg AgsEE 77t BaelA o] FolA 1
e,

Grillenberger 5”¢] 4|23}t Re-188 3} 242 &
ol A ] kA& BEE wlf 50 A 7kellA] ubA s}t
A £57F 95% oo Uelyton], 4gizew
Al#=]= Re-186 3+ ZA(CIS bio international,
Paris, France)< 9} 35%%t}. $-8l7} Al=3F Re-
188 3 2o FlollA9] kHAE 70 AZAA
W3S o Re-188 3} A9 wlA3eHY &5
7} 9% ol Fo 2 vig- AT Ao Jehgrt

WA gofut AAlged] Agshs wAA aAe
A2} 21717k 2~5 pmle) Aol BAso 2

9 £2% A & g Z7En 2asd
Wang V0] T3k Re-188 3+ AL 1~5 ym ¥
9] YAt 65% k. v E A ANA %X
% Re-188 ¥ 39| QI Hel & Agsle] 54
312 o 10 pm o]4e] 52.8%F B¢l npgio)
Ay FoiA] ek kel AF7F £ AL 50 pm
o]4e] Re-188 3 A o] Eafgtthe A A4kl
'Y o]Ae] FAGe} B FodA] §EHA
g olfE Azt et AR duHS
Agslo] Z743 Re-188 ¥ 249 V= F2 1
~15 mZ vehd AL 2w, oleld AnEe]
Re-188 3 o] %2 ¥ FAYULE 4o Ve
U Aoz A7 4 9tk Szymendera T'V&
In-113 24 FAA] 719 A)7ko] 5 Holgle wl: =
A9 JA}=7]7F FF 0.5 imo|i, 6 ¥ F2k 7
d3lEwle 2.0 im 2 F7hele Ae® Hol WAt
4 239 A== ARG 7HER| 2 v}
2P = vk 31gic}h. webA Re-188 3 2AE
A4 golint AAge gty SlsiAle HAd
PR EINE BEE Aol asict

Re-188 3+ 23L& X880 ol £ Eg3
AAS Za Jeom, TAAE 9 Aol X
Re-188 3 A9 Yxtzr] £ E £ o] e
BAA golut dAE 9 B Aol X & Fell
A AL & 5 S Aelk

2 o

E%: Re-188 ¥ AL Al=slo] AHG N
HAAIE, SN GRe] X B2AZA Y AL e
o} okeh A U W: Re-188 3 349
Zo}] EDTA Na;.2H 098] ok, KReO,2] EM4-F,
pHE] k& as}dct. Re-188 3 2] QHgA
£ Aol 24 A7, AREH I GYellA] 72 A2H
F<¢ WEE3Ah Re-188 3 Q9] YA} 27 X
€ o8 7K Z719 HEE Agste] FH3150ch
Re-188 3 2745 AY FEoll Foiste] HAW &
X9} As) ulAEE WA Ak Re-188 ¥
222 sodium thiosufate 40 mg, EDTA Nay.2H20
0.8 mg, KReO, 0.8 mg, pH 18] &71oll4] 60 %

o
=
=

<l
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ot 7148 FERAAEo] 645+5.8% m=5)Z 713 &
%3, o & AARIASw AR £E= 99%0]
4 o]9lch. Re-188 3 23 A-2ol|A] 24 AZH &
Azt GofellA 72 A7 B BF AR £ 5
7} 99%e|Are 2 ol& obA3}lsic) Re-188 3+ 24
9 dAt=z7] BEE 1 im o8} 0.3%, 1~5 um
11.2%, 5~10 pm 35.8%, 10 pm o|4+2 52.8% 0.2
yelyge vlxe] mejdwoF Re-188 3 23
€ FAY F 1 A7 A2} ko] -AHE(37.30
5.36, 32.33+5.79% ID/organ)¢] 7}#+ &qkon], &
Fo] 4482 6.60+0.02 %ID/organFr}. wh$-A
E7huoll Re-188 3 AL AR ¥ 1, 24 A|Zkol
2ol A7)9] A8 0.1+0.1, 04+0.1% ID/
organ & w9 Ygktow], A F 70 AZWA &
o} ez widg oFL 2.68+0.80%2 095+
0.17% %t} E7] T2l Re-188 & 2AL =
Ak ¥ 24 A7kl F-5-5 AL BE AT]oA 9]
AH L2 0.07% ID/g oJ3}Z vi§- LUkt HE: o]
AgallA FAE Re-188 3 AL FAAE&T ¢t
Aol =3 JAH oz WAL Elut AAlE Foll
ALY = gleAe g A7
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