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Study of ! 83Re(V)-I‘MSA for Treatment of Cancer:
Radiolabeling and Biedistribution

Young Ju Kim, B.S., Jae Min Jeong, Ph.D., Young Soo Chang, M.S.
Dong Soo Lee, M.D., June-Key Chung, M.D),, Myung Chul Lee, M.D.
and Chang-Soon Koh, M.D.

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

The purpose of this study was to examine the radiolabeling and biodistribution of "BRe(V)-
DMSA as a therapeutic cancer radiopharmaceutical. We made a DMSA kit(NaHCO; 1.5
mg, meso-2,3-dimercaptosuccinic acid 1.0 mg, L(+)-ascorbic acid 0.7 mg, SnCl; « 2H,O 0.34
mg, pH 2.9) for labeling with 'Re. In this kit, '**ReO, 5 mCi/2 ml added and boiled at 100
¢ for 3 hr in water bath. The final pH adjusted to 7.5 with 7% NaHCOs; solution. We
checked the labelling efficacy with TLC-SG(n-butano! : acetic acid : HyO = 3 : 2 : 3) and examined
the stability both in room temperature and in serum at 37°C. Biodistribution(1, 3, 13, 24, 48
hr) of '®*Re(V)- DMSA compound was evaluated in Sarcoma 180 tumor-bearing mice. Each
labeling efficiency and stability at room temperature for 48 hours was over 98% and 95%,
respectively. The stability in serum were 82%(6 hr) and 85%(48 hr). Tumor uptake of
'8 Re(V)-DMSA in Sarcoma 180-bearing mice were 0.661+0.15%(1 hr), 0.51 £0.10%(3 hr),
0.1940.05%(24 hr) and 0.131+0.02%(48 hr). These result are consistent with those of
M (V)-DMSA which were reported previously. In conclusion, ‘ssRe(V)-DMSA may be a
useful therapeutic radiopharmaceutical for treating some cancers and metastatic bone lesion.
(Korean J Nucl Med 1998;32:81-8)
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S Ackg-§ HolAut ¥F AlAgo] elx o
ZA AL 8 7el FAAZNNE & AFEE
o]k o] ulso] who|tt). o]l dxl A%
5 WEES sba o)A elgt AzksElE P Te 1)
AFAZRHEL Aol BAle] FHF=E: ok
DMSA (dimercaptosuccinic acid)¥ 849 A%
AZ Lin $%] “"Tc()-DMSAR 1A EAs}o]
AAE|etg]ol Agg ole ofe] Hel] dlzvlw
3h3HEo] ZAlgte] Hus)9iel . Yokoyama 5 ¥
£ DMSAE pH 8.0-8.59] 7|4 BNl SnCl,
o] oFg Algksted P Teo g WRALEA ko] 57} 4+
shabelel P"Te (V)-DMSAE Mz3slol, F4g o]
Ag} npgzollA ZAbsld-gul “Ga-citrate Heh T
=2 2ok Ul A9t FolER, HdEH FAL
o H2s o sidck FelldE ¢ Fo)
WIMPL(V-DMSA S AlZsted Walker 256 HSE o]
Al Aol Folelol g ul FF AaBol SVHEE B
askglel. Ohta 792 P™Te(V)-DMSA7} Q1A
odzA| Fof, 7H4AL, wdoe] QtFl yyoel] mi A%}
ol Azlgg Eslgdck e SRl AFel
Ak 7|72 o} A vl A gkt

MTe 7hobAl(140 keV)RES WESER X84
o2 AEE 4 glojA] 2ol X B9} GG
ol ¢ 4 A "Re(T1p=90 hr, Epma=1.1 MeV,
=137 KeV)@} "¥*Re(T ,2=17.0 hr, Epn=2.12 MeV,
E.=155 KeV(15%))ell et 357} go] o]FoiA|a
olr}). Re& F7)-§ oA Tedt 7+ 72l $)%]s}od
st o] ARty wlioll Teer FA¥= 3
58 Reo 2 A 4 gleh WH77E 1741211
"Re-2- 90 Q1 "Reol] H]Bl X84 Aol whE )
Soko] Golstn] xjgel 4ol Kl Ayt wiekd
3 Aubae kil w3k PwyPRe Y
(generator)®] 7Hubol] olal FoAl Aelel 'FReg] A
gol| golehx o]F AE3 AF7E Frhsta Qlrk
o] e "Te(V)-DMSASH §A% F28 %
B3Re(V)-DMSA7} Zok X128 urAAoEe
Ag8 4= Qi=R] gotiy] f)ste] DMSA 7]=
grEs '"MReg A8slo] Re(V)-DMSAE A
g 5 FAEH A2 @A HolAe] R4, A
ZEo A g AWE-EE AR dslsdch 2
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gz “"Te(V)-DMSAS Az8 & FAFLH A
YEE AUNEES gz Bste] Re(V)-
DMSA ¢} 7Axte} w)zsl]ch
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1. DMSA 7|E MX

DMSA 7|Ex #al) Alglsl 9ly 7] E(Sorin
biomedica diagnostics S.p.A.)8}t 2L S g A
z319ict. 7} wlo]oll NaHCO;(Shinyo Co.) 1.50
mg, meso-2,3-dimercaptosuccinic acid(Aldrich Co.)
1.0 mg®} L(+)-ascorbic acid(Junsei Co.) 0.7 mg-&
yojrh o 7]ol] 0.025 N HCi(Merck Co.) 0.05 mlel]
=91 SnCl, « 2H,O(Aldrich Co.) 0.34 mg& 43
pHE 292 gich =A%t 7| E nloldE- e
Z71(FD 8.0, Heto c0.)& 4830 TAA=3E %
Ny 7FAE &A% 3 200 B3 59k

2. 88 Re(V)-DMSASt *"Tc(V)-DMSA

S

EAAZE DMSA 7)Eod] '"*w/BRe ulayr)
(Oak Ridge National Laboratory)2 HE] utEo]zi
"8Re perrhenate 185 MBgq{5 mCi) /2 ml-& P
1008 A-2ollA ZHzt Wb A3t 100 CellAl = 0,
10, 20, 30, 40, 50, 60, 120, 180 57} vl-2-A17 1
Al LA = 0, 10, 24, 30, 40, 50, 60, 120 £7F &t
227k P"Te(V)-DMSAE £74712% DMSA
7] Eol} *"Tc pertechnetate 370 MBq(10 mCi)/2 ml
& 931 7% NaHCO:-g Al-8slo] pHE 8.0-8.5%
g Aol 40 F2F HESAIH T WA
F5-S o4k e & n-buthanal ; acetic acid : HO =
3:2:3, AAAe g TLC-SG(Merck ANE- A8}
o] mEntgEas]' V8 Agsla 1 A9 E TLC A&
FHL}(Imaging Scanner System 200, Bioscan)Z.
Z3519cH( ' ®Re(V)-DMSA Rf=0.5, '“Re(Il)-DMSA
Rf=0.0, 'B8Re perthenate Rf=0.7).

3. oy

AeollAe] PAE dobiy]l sl MRe(V)-
DMSAE 7% NaHCO:;& Ah&s}od pH 7.52 =4
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343 0, 1, 2, 3, 6, 24, 48A|7tell A EvtEINHE
Asgsiel wrASEA 8¢ WAt Aol
o) HAA L At 2 mldll '**Re(V)-DMSA(PH
7.5') 18.5 MBq(0.5 mCi)/0.2 ml-& Y3 37CellA] 0,
2, 6, 13, 24, 48AJ7}ol] THAFs}oict

4. WA BX

v} A(ICR-mouse, male 17~18 g)ol] U-&-FA
SEol(Sarcoma 180, 2X10" cell/ml) 0.1 mlg =]

Hoj| w)slFAsigdch AFF-E olHsta 23 F,
'BRe(V)-DMSA 111~185 kBq(3~5 pCi)/ 0.1 ml
< mF ol FAslct 1, 3, 13, 24, 48417 ¥
A7V(Fk N, L&/, A, A, =, 28 6, 9,
z, A&, o, w)E HEslel FAE FA81, vt
F4-SE|1 S Agsted 135~188 keVe] W Sjolla] ZHzh
o} Arlel) gk ubA s ZAssIch 18l P Te
(V)-DMSA 111~185 kBq/0.1 ml-g& 9+8&Eg o|4]
gk vl-g-20] meld el FAVLR 1, 3, 2427 ¥
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Fig. 1. TLC analysis of '*Re-DMSA. (‘®Re(V)-DMSA (Rf=0.5), '®Re(IlI}-DMSA (Rf=0-0.1)

and '®*Re petrhenate (Rf=0.7)).
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Fig. 2. Radiochemical yield after heating at 100C for various time. (A: "®Re(V)-
DMSA, [ "™Re(fI)-DMSA, Xx: "®Re perrhenate).
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DMSAE ""Res EA|(pH 2.9, 100T, 18033}
of ARulEaNI 2 G18 A Fig. 1o et

WdEdl '"®Re(V)-DMSA 2] Rf Zb-& 0.5, perrhe-
nate}= 0.70]%t}. DMSA 7| Eod)l **Re perrhenate
2 Y2 A S o) "Re(V)-DMSAY] XK E
£ pH 2.9, HFS2% 100CllA] 60 £7) 7rdsly
Luloll= 79%, 120 Foll 88%, 180 el 98% %t
(Fig. 2). DMSA 7] Eof] '"®Re perrhenate® Q.1 120
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Fig. 3. Radiochemical yield after incubation at room temperature for various time(A:
"®Re(V)-DMSA, [ ""Re(ll)-DMSA, *: "™Re perrhenate).
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Fig. 4. Stability study after incubation at room temperature. The samples were adjusted
pH 7.5 using 7% sodium acetate. (A: '*Re(V)-DMSA, [} "®Re(II)-DMSA, x:

" Re perrhenaie).
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DMSAS] EXHEL 10%%1, "¥Re(l)-DMSAE
90% 2 EAEIcHFig. 3). pHE FALE HIA
1% "*Re(V)-

DMSA 2] QHAAS 87| $jslo] '¥Re(V)-DMSAE
AZslo] 7% NaHCO:& pHE 7.58 ZAstn B
2k A 48417 B9t 96% olde] A E FA
3}%ckFig. 4). A GHGTTOIE "Re(V)-
DMSAZ] qlARAo] 98%llA] 2417t Foll:= 83% 2
ZHaslgieh olufl "*Re(1)-DMSAE 1%9|4 14%
2 '"®Re perthenaie= 1.6%0l4] 3.4%8 Z713l9d

t}h 4847kl ®*Re(V)-DMSA 7} 85%, '®*Re(H)-
DMSAE 7.8%, '®Re perrhenate’s 7.2% & 4bs]
A rHFig. 5). g=_-F(sarcoma 180)-g o]A)2}t v}$-~
of Ao} AN EXE AdollA Fogoll EZ = 147
ofl 0.66+0.15, 34]7}o)] 0.5140.10, 13X]7}e]] 0.19
+0.04, 24 A7kl 0.194+0.05, 484]7ol] 0.13+
0.02% ID/g& AlZto] AT HH &S H4slsd
ot Alabel] £FE= 14]7bell 7.64:£3.90004 48417+
Foll¥ 2.05+0.09% ID/gE 7ZHAsiqich wlollAy |
Azke] BEE 11.16+1.37% ID/g2 BE A7)l
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Fig. 5. Stability study after incubation at 37°C in human serum. (A: "*Re(V)-DMSA,
[T "®*Re(II)-DMSA, x: '®Re perrhenate).

Table 1. Biodistribution of '*

Re(V)-DMSA in Tumor Bearing Mice

% injected dose per gram tissue(% ID/g)+S.D.*

1 hr 3 hr 13 hr 24 hr 48 hr
Blood 1.171+0.17 0.65+0.07 0.23+0.19 0.19£0.04 0.11£0.01
Tumor 066+0.15 0.51£0.10 0.1910.04 0.1940.05 0.13+0.02
Muscle 0234002 0.15+0.02 0.08+0.01 0.09+0.02 0.13+0.04
Liver 076007 0.831:0.06 0.3110.04 0.36+0.05 0.35+0.03
Stomach 1.52+0.41] 1.73+0.70 0.111£0.05 0.324+0.19 0.48+0.27
Intestine 0.24+0.05 0.28+0.04 0.08+0.01 0.2440.09 0.33+0.16
Kidney 7.64+£3.90 5.0110.51 3.15+0.28 2.68+0.40 2.05+0.14
Bone 11.161+1.37 11.8841.95 5.05+0.83 5.66+1.04 4.621+0.51

* Mean+S.D., n=4
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Table 2. Biodistribution of "**Tc(V)-DMSA in Tumor Bearing Mice

% injected dose per gram tissue(% ID/g)+S.D.*

1 hr 3 hr 24 hr
Blood 051+0.11 0.12+0.02 0.014+0.00
Tumor 0974024 0.631+0.18 0.11+0.03
Muscle 0.1240.02 0.0410.01 0.02 £0.00
Liver 0.2940.04 0.19+0.05 0.06+0.01
Stomach 0.38+0.10 0.1840.06 0.05+0.01
Intestine 0.15+0.01 0.0940.00 0.05+0.02
Kidney 2.854+0.39 2.274+0.39 0.97 £0.06

Bone 10.124+0.90

6.93+0.30 3.50+0.20

“ Mean+S.D., n=4

vla] 7ha =2 AH & B9ckTable 1), 341 7k%
ol PRe(V)-DMSAE we] A2|-go] 1188+
1.95, 412k 5014051, 9 1.73+0.70, 9k 0.51 +
0.10% 1D/g# vIel Wk ®"Tc(V)-DMSA(Table 2)
= AFoidt 21 3 A[Zholl W] 4F&o] 693+
0.30, Al 2.27+40.39, $] 0.18+0.06, &2k 0.36+
0.18% ID/gZ vJel}A '®Re(V)-DMSAE T
(V)-DMSAS} vlslod-gull Zk Avloll4 wlszelA)
AHEE Ag #d £ ik
"NTe(V)-DMSA L] EXE-E-E 99%.00] A
H - AgAdat el el & 413 &8 29
at, ool wet AAg Al2jgl ohE zA Ko}
& 41388 gk o] Yokoyama Vo] ¢
FE olAg nhgzolMe] AgAe} wlsela,
"SRe(V)-DMSA 2] AatetE FAslirHTable 2).

c

i &

32 *"Te(V)-DMSA 7} E73¥ektumors of head
and neck)9] 343toll S-g3bA| AHgsm glon'®
" Es 7+4-49kmedullary thyroid carcinoma)'™
Do} w Aot ol 2 Eol4g vehicka B

2 9k PTTe(v)-DMSAS] g8t ARE
© AlARE Aejgh A Aol A ofabe]

Ak Aolch oA A 8-§ WA IEE
AAlshee] F83 24t dek weba P Te(v)-
DMSASE FARE 22| wiehd WEAE $d] 9

..

RUNS A

H¢ TS AN E5E WA ooz Agulr] ¢t
o] g5 77} o] FolR 2 gt} Bisunadan 5'73}
Singh 572 '"Rer} '"Re& DMSAo| sl
27} Re(V)-DMSAQ] ol Bato] K slm )
t}. Re(V)-DMSAY¥: Tc(V)-DMSA? V2l 799}
o] ReO(DMSA)»9] F#& 71Am carboxylate
groups2| whakol] oJsf) 37} lslehH FzolAdA
A|7p EAsl=d] Zhzte] Fzo| A AA|ol] ik B4
< gEA PA g

o] AFoNAE “Re(V)DMSAL] Faoke] A%}
g3 2ol 3t A8 S Lol Y3l
"*Re(V)-DMSAE A|zslil ZoK(sarcoma 180)%
o] 418l ulg-Aoll o] AN EEES Hgich w3t
""Re(V)-DMSAS] AN BE Azke} vszsl7] §)
sto] " Te(V)-DMSAE #lzslo] Zokg o]4ldt
upg-ZellA AW BEE 3gkch "Re(V)-DMSA
+ Alz% DMSA 7|EE Agslo] 1004 34
ZHEt WESAIA =2 EAEE98%)E Ak 3
el o] kAl AeAsnt 'Re(V)-DMSAS]
Afgo] 247 ¥ 83% 2 7HAgH wh PRe(l)-
DMSAS} '"®Re perrhenated= z+zb 1 %ollA] 14% 2,
1.6%A 3.4%2 Z7} s}rk Yokoyama SVol
Fokg o418k np-g2ollA] P Te(M)-DMSAZL 414
oAl 412 AF-go] 48R 7HEQH ZUIEE HALe En
g Hholl o] AollAle] *Re(V)-DMSAS} " Te(V)-
DMSAE B5 Aoy o] 43 go] 7hasilet. o]
At A} obbeloll Al EA8E upAlelekFo] 37) 4F
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gl2] DMSA7} olyl 57} Adelle] DMSAYE &
ek wlollA 8] 442182 "**Re(V)-DMSAL} ¥ Te(V)-
DMSA EFollA t}Z 7]kl ulstod A Vel
oho gl Alah 9, Fok dHellAe AHeE
PmTe(V)-DMSA 7} '®Re(V)-DMSA B} U] Vel
et 2 Agloll Ao} P "Te(V)-DMSAS] A Yo
koyama £%9] ¢}8Z(Ehrlich tumor)-g ©]4}3 v}
22014 P"Te(V)-DMSAS] Al B¥ Az}
A -

""Re(V)-DMSA7} $1abell 7} A FE ol
& FEAEEo] PTc(V)-DMSA ulsle] of7t
gom TR v] "ol 7] wiFel] AAH per
rhenate W&o} &=} ey A7 F4 4
Aol 2] £ 7-$ AAEE= PRe(ll)-DMSA7}
A9Y 7HsAdel zo)h olEld EA HE, A,
AANE-E 52 ol dlgd dlavige] Ux} 3
73 Apo) iz AR olol] 23k DMSA %
sAle) AR Xeloll ZI0E X Ux, AR S
7} DMSA7} ofe] 714 o] AAZ EAfsl=d] L o]
HAAEe) E4 0lE Holol 71 % e} wal
A olglgh o]AAlE F oW Feo] gxgdoE vt
z e AsME st ol Fel Al £
71 B2 588 ZXste HE MEEr) skl
o g A7} FaElojol ¥ Aojr).

B AAEL "PRe(V)-DMSAE £ TALER
]

Azs}P 0 BRI Fhg ol AE) uhg-2oll 7} 4]
7 AAN BES 83 A F9E o4 ¥
& Qlokm B3E P"Te(V)-DMSA Q] Aztet ¢4
sl BAY i wiMolES X Eoll A4Y £
Ao »gmw HANEEE M7 s}
£ shebn QB ATt A

2 o

oF X a& WAAejeFEoz Re(V)-DMSAS)
Ag7FsAel dislel Algelith. DMSA F1E
(NaHCO; 1.5 mg, meso-2,3-dimercaptosuccinic
acid 1.0 mg, L(+)-ascorbic acid 0.7 mg, SnCl, »
2H;0 0.34 mg, pH 2.9)& Al=slgich o] 7| Ed]

'Re0, 5 mCif 2 ml& Hol 100 ColA] 34] 7 vk
Al7] F 7% NaHCO3g A-83tod pHE 758 =4

315} ' Re(V)-DMSA L] EA L 98% o]4to]

glor, "*Re(V)-DMSA®] QHAA & Aol &3
g A} 48417 T 95% ol 2 el ¥4
el e] kA4 A1 A3 *Re(V)-DMSA Y] ok
6A17F % 82%, 48A17F Foll 85% 2 viebudch &
Z(Sarcoma 180) |4 vl$xol el ule]
'"®Re(V)-DMSA(111~185 kBq/0.1 m)& FAskm
1, 3, 13, 24, 48A|17 ¥ ATVIE HEslo] A
Z712 72 Aol AHE BAsE FAIG F
oF(Sarcoma 180)2] 42t '™Re(V)-DMSA =
3 1 A7kl 0.66+£0.15, 34 7kel] 0.5140.10, 244]
Zroll 0.1940.05, 48&]7kol} 0.13+0.02% ID/g& o]
Ago] A-L%F Sarcoma 1800]] tisledy W& =)
gskel. et o8] F¥el Ha® wl gle
P"Tc(V)-DMSAS} <f7ke] Xol7t QAR AQAhiE
E7} FAste] IAF YA o)A 37 gl XA
Bl A F FEA Hulbs B %}olur M
Hol £ 5ol X|g8e2 A8¢ 7hgAol
oFgtel.
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