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EVALUATION OF AROMATIC IOOODEMETALLATION REACTIONS AS METHODS FOR LABELING 
R A D I O P H A R ~ ~ U ~ W I  fAmbf)(E-122 
3.M. - Moerlein, C.A. bms,YTano 
L a w r e m e l e y  Laboratory, U n i v e r s i t y  o f  C a l i f o r n i a ,  Berkeley, CA 94720 

--- 

Successful a p p l i c a t i o n  o f  t he  generator-produced pos i t ron -emi t te r  12*1 (77% 
B+, T1/2 = 3.6 m) (1.2) requ i res  l a b e l i n g  techniques which g i ve  h igh  r a d i -  
ochemical y i e l d s  w i t h i n  t h e  sh rt h f - l i f e  o f  t h i s  radiohalogen. Usefu l  
r a d i o i o d i n a t i o n  y i e l d s  w i t h  lZ9I, 1$&1 and 1311 have been repor ted u s i n g  
reac t i ons  which i nvo l ve  displacement o f  aromatic t i n  (3), s i l i c o n  (4 ) .  bo- 
ron (5), germanium (6), and mercury (7 )  moiet ies.  The reac t i on  times which 
were em loyed i n  these s tud ies  exceed t h e  p r a c t i c a l  l i m i t s  f o r  l a b e l i n g  
w i t h  1291, prompting us t o  examine t h e  use o f  these precursors a t  sho r t  
reac t i on  t imes t o  determine t h e i r  s u i t a b i l i t y  f o r  t h i s  rad ionucl ide.  

TABLE. Radiochemical Yields f o r  t h e  No-Carrier-Added Iododemeta l la t ion Reactions 

122 I 

C6H5-M P c ~ H ~ - ~ ~ ~ I  
dichloramine-T/EtOH 

-6-5- XC H “‘1 

87.1 + 1.9 
80.8 1.1 
32.0 + 0.6 
< T  
< l  

FIGURE. No-Carrier-Added 131~- Iododemeta l la t ion 0‘ Stannylated and Mercurated Arenes 

lododestannylation: 

Relative CF3 
Isomeric Yield 

0 
99 100 100 

Total Aromatic 
Substitution Yield 93.8 +- 2.1 74.3 * 2.0 65.6 k 2.0 
(t = 30 s,DCT/EtOH) 

lododemercuration: 
OCH, 

Relative 
Isomeric Yield 

96 37 0 
Total Aromatic 
Substitution Yield 87.4 f 1.1 67.2 k 2.4 77.0 It 0.3 
(t = 30 S, DCT/EtOH) 



1238 Symposium Abstracts 

Meta l l a ted  arenes (X-C6Hq-M; X = CF3, H, F, OCH3 and M = Sn(CH3)3, 
Ge(CH3)3, Si(CH3)3, HgCl, and B(OH)2 )  were synthes ized i n  65-95% y i e l d  (8)  
and cha rac te r i zed  spec t roscop ica l l y  and by elemental analys is .  
Radiohalogenation react ions were c a r r i e d  out  a t  25 C i n  sealed reac t i on  
vessels con ta in ing  rad io iod ide ,  organometa l l ic  subst rate,  oxidant, and 
so lvent .  Reactions were quenched a f t e r  t imes ranging from 5 sec t o  5 min 
by a d d i t i o n  o f  sodium b i s u l f i t e ,  and t h e  radiochemical y i e l d s  were d e t e r -  
mined u s i n g  radio-HPLC w i t h  on - l i ne  r a d i o a c t i v i t y  detect ion.  For 
convenience, r e l i m i n a r y  s tud ies  were performed us ing  13h preceeding ap- 
p l i c a t i o n  t o  f221 l a b e l i n g .  

As shown i n  t h e  Table, us ing  non-act ivated subst rates C6tig-M and 
dichloramine-T i n  ethanol, r a d i o i o d i n a t i o n  y i e l d s  w i t h  1221 were h ighest  
f o r  M = Sn(CH3)3 and HgCl, w i t h  moderate y i e l d s  achieved f o r  M = Ge(CH3)3. 

Rad io iod ina t i on  y i e l d s  f o r  M = Ge(CH3)3, B(OH)2, and Si(CH3)3 were en- 
hanced by t h e  use o f  a c e t i c  a c i d  as a reac t i on  so lvent ,  whereas the  y i e l d s  
f o r  M = Sn(CH3)3 o r  HgCl were unaf fected.  Aromatic iododestannylat ion and 
iododemercuration r e s u l t e d  i n  t h e  greatest  l a b e l l i n g  y i e l d s ,  independent of 
reac t i on  so lvent .  Rad io iod ina t i on  y i e l d s  v i a  des tanny la t i on  and 
demercuration react ions were a l so  impervious t o  t h e  e f f e c t s  o f  r i n g  a c t i -  
vat ion,  w i t h  h igh y i e l d s  achieved from subst rates a c t i v a t e d  (OCH3), non- 
a c t i v a t e d  (F) ,  and deact ivated (CF3) toward e l e c t r o p h i l i c  a t tack  (see F i g -  
ure). H e r e a s  the  use of s tannylated precursors al lowed r e g i o s p e c i f i c  
c o n t r o l  over t h e  s i t e  o f  i o d i n a t i o n ,  t h e  r a d i o i o d i n a t i o n  products obta ined 
from mercurated arenes were determined by t h e  isomer ic  p a t t e r n  o f  t he  
mercuration reac t i on  used i n  precursor synthesis. 

The r e g i o s p e c i f i c i t y ,  h igh  radiochemical y i e l d s ,  and lack  o f  solvent o r  
subs t i t uen t  e f f e c t s  make e l e c t r o p h i l i c  iododestannylat ion t h e  method o f  
choice fo r  l a b e l i n g  aromatic s i t e s  w i t h  1221, However, f o r  compounds where 
r e g i o s p e c i f i c i t y  o f  l a b e l i n g  i s  not  essen t ia l ,  o r  f o r  cases where 
s tanny la t i on  i s  s y n t h e t i c a l l y  d i f f i c u l t ,  t h e  use of mercurated o r  
germylated arenes (espec ia l l y  i n  a c i d i c  reac t i on  media) may be u s e f u l  
a l t e r n a t i v e s  f o r  t h e  product ion o f  1221-labeled radiopharmaceuti cals. 
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SYNTHESIS, LABELING, AND PHARMACOKINETICS OF 1 3 1 1  LABELED PHENY- 

J. Liefhold, M. Eisenhut 
Klinikum der Universitgt Heidelberq, ForschunqsqruPPe Strahlen- 

LENE-IODOPHENYL-FATTY ACIDS (PHIPA) 

klinik, Im Neuenheimer Feld 328 , 6960 Heidelber<,-F.R,G. 
The application of fatty acid analogues which are trapped during 
B-oxidation in the mitochondria of heart muscle cells seems to be 
a useful approach for an improvement of myocardial scintigraphy. 
Moreover metabolic trapping may clarify those components of the 
heart clearance which are not due to O-oxidation. FA'S with a 
methyl substituent in the &position were proposed as inhibitors 
of 0-oxidation. They show high myocardial uptake and are retained 
in the heart muscle for at least one hour (1,2). There are, 
however, biological pathways that get over the methyl branching 
e:g. via a-oxidation or isomerisation of the enoyl-CoA-interme- 
diate which is then further degraded by &oxidation. 

In order to inhibit chain degradation at distinct positions we 
synthesized a new class of structurally modified w-phenylalkyl- 
fatty acids, in which the modifying element is a p-phenylene 
group in the alkyl chain leading to phenylene-iodophenyl-fatty 
acids (PHIPA): 

PHIPA 12-2 and PHIPA 4-12 were synthesized via Friedel-Crafts 
acylation of the respective phenylalkanoic esters followed by 
Wolff-Kishner reduction and ester hydrolysis (Scheme I). 12-(p- 
Bromo-pheny1)dodecanoic acid was synthesized by the acylation of 
bromobenzene with 11-bromo-undecanoic acid, and reaction of the 
bromide function with cyanide which was then hydrolyzed to the 
acid during Wolff-Kishner reduction (Scheme 11). 

Scheme I. General route for the synthesis of phenylene-iodo- 
phenylfatty acids (PHIPA) 
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Bra + ci-8- (CH,)rCH,Br 

Scheme 11. Synthetic route for 12-(p-bromo-phenyl)undecanoic acid 

TABLE 1. Organ Distribution of 13lI-PHIPA 12-2 in SD-Rats 

Min Heart Blood Lungs Spleen Liver Kidney Thyr. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
......................................................... 

* 
5 3.99 0.38 1.25 1.40 6.79 1.04 7.67 
10 3.06 0.35 1.08 1.19 6.36 1.00 8.18 
15 3.08 0.47 1.23 0.97 6.93 1.30 11.77 
30 3.58 0.71 1.49 1.26 5.80 1.67 13.51 
60 3.53 0.62 1.14 0.77 4.69 1.87 26.71 

TABLE 2. Organ Distribution of 13'I-PHIPA 4-12 in SD-Rats 

Min Heart Blood Lungs Spleen Liver Kidney Thyr. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
_--_________--______------_------------------------------ 

* 
5 2.63 0.75 0.86 1.28 6.80 0.68 5.29 
10 2.45 0.40 0.78 1.40 6.14 0.70 6.62 
15 2.53 0.32 0.59 1.12 6.67 0.57 8.10 
30 2.40 0.38 0.50 1.21 5.64 0.52 7.52 
60 2.53 0.60 0.64 1.19 5.30 0.63 8.60 

240 2.42 0.43 0.56 0.92 5.21 0.54 19.50 

* % injected dose/g organ weight 
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Radioiodination at the terminal phenyl group was performed by 
bromine-radioiodine exchange at 20OoC. The exchange yields were 
enhanced by the addition of small amounts of benzoic acid ( 3 ) .  
Labeling yields ranged between 65% (PHIPA 4-12) and 90% (PHIPA 
12-2). The desired 1311 labeled PHIPA derivatives were isolated 
non-carrier added by HPLC. 

The biodistribution of the new substances was studied in female 
Sprague-Dawley rats. The animals received about 0.74 MBq lS1I 
labeled PHIPA derivative via the injection into a lateral tail 
vein. The results of the biodistribution of PHIPA 12-2 and PHIPA 
4-12 are summarized in the Tables 1 and 2. The initial myocar- 
dial uptake did not decrease with time indicating the expected 
metabolic trapping by enzyme inhibition. The values for the other 
organs were comparable with 15-(p-iodo-"lI -phenyl)pentadecanoic 
acid. 
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A HIGH SPEED, NDCARRIER-ADDED RADIOCHEMICAL REACTOR FOR THE 
SYNTHESIS OF HALOGENATED RADIOPHARMACEUTICALS. 
R.J.Flanaean, J.S.Wilson and L.I.Wiebe. ____ ~~~ 

Merck-Frosst Canada Inc.. Kirkland. Quebec H9H 3Ll. Canada. and Faculty of Pharmacy 
aiid Pharmaceutical Sciences. University of Alberta. Edmonton, Alberta T6G 2N8. Canada. 

As part of an ongoing program (1) to study the use of organomercury compounds for 
halogen radiolabelling a new type of radiochemical reactor has been developed. This reactor 
allows the facile synthesis of organic molecules labelled at predetermined positions with 
either radiobromine or radioiodine. The reactor is similar to a technetium generator in that 
it contains a preluaded column which is then eluted t o  provide the labelled material. ?he 
column is eluted with a solution of radiobromide or radioiodide. The halide is activated in 
the column t o  the zero-valent form which then reacts with the resin t o  produce the 
desired product. The formation of the product simultaneously cleaves the product from the 
resin which is then eiuted a t  high specific activity. 

The reactor consists of a two part resin bed. One part is an oxidiing resin containing an 
N-chloro-species which reacts with halide io form the corresponding iudir:t. or bromine 
monochloride. The second resin contains a covalently bonded form of organomercury 
compound in which the substrate is preacrivated by mercury towards electrophilic 
substitution. The organomercury substate can be bonded to the resir, in a number of 
different ways but the most general method is via a thiol linkage. 

dded To Column 

'Resi-NCI ____* lnlCI + 'Resin-NH 

"'ICI + 2Resin-SHgR - '3'IR + 2Resin--SHgCI 

I E l u t e d  From Columr? 

The halogen monochloride reacts at the carbon-mercury bond to selectively cleave that bond 
( 2 )  and at the same time releasing the halogenated product. The mercury is retained in 
the column since it is covalently linked to  !he resin. There is no reaction between the 
N-chloro resin and organomercury resin, and the halogen monochloride react< in a !xianzed 
fashion with the organomercury bond with no production of the corresponding 
chloro-subsirate (3). 

I 
i I 

1 

I 
' Column Material Polycarbonate 

Column OD 9mm 

Column Lenght 90mm 

/lo -50mg Resin 

/ /' 

y.. .A Filter Disk 
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A number of different resins have been examined for suitability in this method. While 
each resin examined has some drawbacks the best examples we have found to date offer 
radiochemical yields of 90% or greater and radiochemical purities of greater than 95%. 
Typical elution times are of the order of 1 to 3 minutes. 

Extensive studies on the co-valent loading of the resins will be described. A simple method 
will also be described for the measurement of the quantity of absorbed mercury on the 
resin. Stability studies over time periods indicate that such mercurated resins are stable at 
room temperatures. 

Radiochemical reactors of this type using previously synthesized chloromercury compounds 
(4). (51, have been prepared for 6-halo-cholesterol, 6-halo-epiandrosterone. 
6 - halo-androstenediol. 6- halo- pregnenolone. 6- halo - pregnanediol. 7 - halo-estradiol -6-ene and 
4- iodo-N ~ isopropyl -amphetamine. 

Financial Support for this work was provided in part by an NSERCIMerck Frosst 
Fellowship (RJF). an Albena Heritage Foundation for Medical Research. Research 
Allowance (RJF) and an Employment and Immigration Canada Constituency Funds Grant 
(JSW). 
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SYNTHESIS OF HIGH SPECIFIC ACTIVITY lZ3I-IABELED N-ISOPROPYL 
E- IODOAMrnAMINE VIA ORGANOBORANE C n  

* - G. W. Kabalka*+, R. S. Varma*, Y.-Z. Gai , R. M. 
Baldwin§, N. E. Salazars, and C. L. Schimentis 

*Department of Chemistry, University of Tennessee, Knoxville, 
TN 37996-1 600. +Department of Radiology, University of 
Tennessee, Knoxville, TN 37920. hedi+Physics, Emeryville, CA 
94608 

Radioiodinated amines such as 1231-labeled N,N,N'-trimethyl- 
1~'-[2-hydroxy-3-methyl-5-iodobenzyl]-l,3-propanediamine (HIPDM) 
and I-labeled N-isopropyl p-iodoamphetamine (IMP) cross the 
blood-brain barrier and remain fixed for sufficient time to per- 
mit effective brain imaging via single photon emission tomog- 
raphy ( 1 ) .  To date, the preparation of lZ3I-IMP by exchange has 
been found to be more difficult to accomplish than the synthesis 
of radioiodinated HIPDM (2) and high specific activity IMP has 
been obtained only with some difficulty (3). 

Organoboranes have been successfully utilized to incorporate a 
number of isotopes into a variety of physiologically active com- 
pounds ( 4 ) .  The syntheses, including radioiodinations, are suc- 
cessful at the no-carrier-added level ( 5 ) .  

We wish to report that high specific activity ['231]-IMP can be 
rapidly prepared in good yield (65-80%) via the reaction of the 
corresponding boronic acid with no-carrier-added iodine-123 
labeled sodium iodide. 

CH CH, 

I I1 

In a typical experiment, N-isopropyl amphetamineboronic acid, I, 
(1.0 mg)  is dissolved in aqueous HC1 (0.5 mL of 0.1 HC1) at 
room temperature. Aqueous sodium iodide (NCA) in dilute base 
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(10 p L  of -0.05 5 NaOH) i s  added t o  the  v e s s e l ,  followed by 
aqueous chloramine-T (0.2 mL of a 0.1 s o l u t i o n  i n  water ) .  
Af t e r  one min., b a s i c  sodium b i s u l f i t e  ( 2  mL of 0.1 NaHSO,) i s  
added and the  mixture  ex t r ac t ed  wi th  e t h e r .  The product  is 
e x t r a c t e d  out  of e t h e r  wi th  0.1 5 H C 1  and analyzed by TLC. 
[Ethyl  a c e t a t e :  methanol:  water :  NH,OH (conc.)  = 170:20:6:2 on 
s i l i c a  g e l ] .  

This r e sea rch  was sup o r t e d  by t h e  Divis ion of  Heal th  and 
Environmental ResearcR of t he  Department of Energy. 
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Kabalka, G.W., In  Developing Role of Short-Lived 
Radionucl ides  i r N u c l e a r  Medicine P r a c t i c e ,  DOE Symposium 
S e r i e s  56, Department of Energy, 1985, pp 377-383. 
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SYNTHESIS OF HEAVY RADIOHALOGENIC DERIVATIVES OF METHYLENI? BLUE: 
POTENTIAL DIAGNOSTIC AND THERAPEUTIC PROBES FOR MALIGNANT MELANOMA 
I. Brmn, R.N. Carpenter, J.S. Mitchell, and E. Link 
The Research Laboratories, The Radiotherapeutic Centre, Cambridge University 
School of Clinical Medicine, Addenbrooke’s Hospital, Cambridge CB2 2QQ, ENGLAND 

In view of the poor prognosis experienced by patients with disseminated 
malignant melanoma (l), the early detection and treatment of clinically occult 
metastatic disease is highly desirable. Consequently, an important objective in 
nuclear medicine is the design and development of melanoma-specific radio- 
pharmaceuticals for both diagnosis and therapy. 

A number of compounds derived from the polycyclic phenazathiazines are, by 
virtue of their electron-deficient heterocyclic structure, known to readily form 
charge-transfer complexes with intra-cellular melanin (2). Additionally, 
several of these molecules also intercalate with DNA. One such compound, 
3,7-(di-methylamino)-phenazathionium chloride (methylene blue (I), MTB) exhibits 
a high binding affinity for synthetic melanins. The &emitting low-LET radio- 
analogue, [35S]-methylene blue ( 3 ) ,  has been shown to cause a significant 
retardation in the growth of transplanted pigmented melanomas in an animal model 
(4). However, from a radiobiological viewpoint, a radio-analogue which emits a 
high-LET quality radiation might rove more efficacious. Whilst several iodine 
radionuclides (i.e. lz3I, lZ4I, lp1I, 13’1) possess attractive decay properties 
relevant to diagnostic scintigraphy, here, the only radiohalide which appears 
suitable for high-LET endoradiotherapy is t2’lAt1 -astatine (5,6). The latter, 
of half-life 7.21 h, decays by the emission of potent 6.8 MeV mean energy 
a-particles. Such particles have a mean range of %5 pm in tissue, and a near 
optimal therapeutic Wm of %lo0 keV/pm. 

Several radio-iodinated and [ 21 At] -astatinated derivatives of methylene blue 
have been prepared with a view to their respective investigation as potential 
imaging and therapeutic agents for malignant melanoma. 

I 
I1 

I11 

IV 
V 
VI 

H H H 

H H 1311 

1311 1311 H 

H ‘llAt H 
I ‘llAt H 

H H 211At 

Astatine-211 was produced by the ‘OgBi(a,2n) ’llAt nuclear reaction using the 
Nuffield 1.5- cyclotron at Birmingham University. The target, bismuth metal 
melted onto supporting copper foils, was irradiated with a 28 MeV a-particle 
external cyclotron beam. Astatine-211 was extracted from the target by dry 
distillation at 56OoC, and flushed by a stream of helium into 100 mM NaOH 
solution containing 2 pmo1 Na2S03. The radiochemical purity of ’llAt was 
>99.9%. 

The preparation of variously radiohalogenated methylene blue derivatives has 
been attempted by both electrophilic and nucleophilic substitution, and also by 
thermal isotopic halogen exchange in the presence of 18-crown-6 ether. 
Respective syntheses and yields are detailed in Table 1. All products (XI-VI) 
were separated and isolated by radio-thin layer chromatography (silica gel 

EtOH:NH40H:H20 (2:1:2 v/v)); [211At]-astatinated methylene blue 
%$:tives were characterized by sequential analysis (7). 
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Compounds (111, (111) and <vI) have been rapidly produced by thermal isotopic 
exchange (1311- + I; 211At + I) using the corresponding inert iodo-analogue 
dissolved in 18-crown-6 ether. Overall yields ranged from 52  - 67%; high 
specific activity and radiochemical purity were obtained. Other methods of 
radiohalogenation proved more time-consuming and far less efficient. 

In particular, it has been established that 4-[211At]-methylene blue (111) 
exhibits an affinity for melanin comparable with that of (I). In vitro studies 
have demonstrated a rapid and sustained accumulation of (111) in melanotic 
cells; parallel a-particle autoradiography has unambiguously confirmed its 
localization within melanosomes, both in the body and dendrites ( 8 ) .  At 
present, wide ranging biological studies with these compounds are in progress. 
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RADIOIODINATED FATTY ACID CARNITINE ESTER: SYNTHESIS AND BIODIS- 
TRIBUTION OF 15-(~-10W(~"1) -PHENYL)PENTADECANOYL- DeL-CARNITINE 
CHLORIDE 
M. Eisenhut, J. Liefhold 
Klinikum der Universitzt Heidelberq, Forschunqsqruppe Strahlen- -.  - - - -  
klinik, D-6900 Heidelberg, FRG 

After the uptake into heart muscle cells long chain fatty acids 
enter predominantly into the triglyceride and phospholipid pool 
before they are degraded in the mitochondria by &oxidation. 
Therefore the formation of fatty acid esters with glycerine 
obscures the functional ability of the heart namely to katabolize 
free fatty acids. The sum of the two reaction pathways are 
visualized by sequential heart scintigraphy with e.g.lJII labeled 
15-(p-iodo-pheny1)-pentadecanoic acid (IPPA). 

Before the fatty acids can be degraded by 0-oxidation they are 
bound to carnitine for mitochondria1 membrane transport. Thus 
IPPA would not participate in lipid formation, if it is offered 
as 15-(p-iodo(~~~I)-phenyl)-pentadecanoyl-D,L-carnitine chloride 
(IPPA-CE) to the heart muscle cells. Additionally carnitine es- 
ters of fatty acids are known to be better substrates for B-oxi- 
dation than free fatty acids ( 1 ) .  We were therefore interested in 
the biochemical fate of radioiodinated IPPA-CE after intraveneous 
injection into laboratory animals. 

The synthesis of radioiodinated IPPA-CE was started with 4-phe- 
nyl-1-bromobutane and 11-bromoundecanoic acid which were coupled 
by a Li CuC1, catalyzed Grignard reaction (2). The reaction 
scheme if lustrates the formation of 15-Phenylpentadecanoic acid 
(PPA) (63.6 % ) .  Esterification of PPA with D,L-carnitine was 
achieved with the acid chloride in trifluoroacetic acid (TFA) 
(31.8 % ) .  Because of decomposition above 90°C the labeling of 
PPA-CE with radioiodine could not be performed by isotopic-iodine 
exchange using IPPA-CE and 1311 . A convenient route to introduce 
radioiodine under mild conditions into the p-position of the 
phenyl group of PPA-CE exhibited the reaction of the organothal- 
lium intermediate with radioiodide. The formation of the organo- 
thallium intermediate was achieved with PPA-CE dissolved in tri- 
fluoroacetic acid (TFA), Tl(TFA), and a reaction temperature of 
5OoC. This reaction mixture served then as a stock solution for 
the labelings. About 0.5 Umol dissolved in 10 ~1 TFA was mixed at 
room temperature with 185 MBq NalJlI containing 0.25 wnol NaI. 
The unreacted organothallium intermediate was destroyed by the 
subsequent addition of a mixture of the residual 0.25 mol NaI 
dissolved in 1 N NaOH and Na,HPO,, resulting a product mixture of 
pH 8 which was then separated by HPLC. The radiochemical yield 
was about 90 % (isolated). 

About 740 KBq 1 3 1 1  labeled IPPA-CE was injected into a lateral 
tail vein of female Sprague-Dawley rats (2111221 9). The animals 
were killed and dissected at the indicated t h e  intervals. The 
table summarizes the % dose/g values of the individual organs. 
The uptake into the heart was rather small by comparison with the 
other organs. Even the blood values were at all time intervals 
greater and the disappearance of the activity from the blood pool 
was slow. This was probably due to strong binding of IPPA-CE to 
serum proteins. High values in the other organs may be the result 
of intramembrane trapping of the highly amphiphilic molecule. In 
conclusion Ia1I labeled IPPA-CE did not show the expected rapid 
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turnover in heart muscle cells as it was found with hexadecanoyl 
carnitine and isolated rat liver mitochondria (1). The biochemi- 
cal factors leading to this behavlour are currently under inves- 
t igat ion. 

COOH 

2. Carnltin/TFA/GO°C 

1. T ~ ( T F A ) ~ / T F A / S O ~ C  

0 

131 I 
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Heart 

Blood 

Lungs 

Spleen 

Liver 

Kidneys 

Muscle 

1.60* 
1.46-1 -65  

2.30 
1.66-2.30 

2.77 
2.46-3.17 

1.62 
1.47-2.04 

3.37 
3.18-3.99 

2.07 
1.86-2.1 1 

0.16 
0.1 1-0.1 9 

1.34 
0.94-1 -36  

1.70 
1.08-1.77 

2.95 
1.97-3.31 

1.73 
1.46-2.42 

3.54 
2.10-3.70 

2.16 
1.43-2.28 

0.21 
0.12-0.27 

1.26 
0.97-1 -87  

1.42 
1.11-1.55 

2.65 
2.51 -2.78 

1.77 
1.70-1 -95  

3.06 
2.71 -3.42 

2.10 
1 .75-2.37 

0.24 
0.17-0.27 

0.68 
0.53-0.76 

1.15 
0.91-1 -40  

1.81 
1.32-1 -95  

1.21 
0.97-1 -31  

2.82 
2.55-3.94 

1.94 
1.38-2.24 

0.24 
0.1 8-0.28 

0.66 
0.31 -0.74 

1.24 
0.56-1 -52  

1.56 
0.75-1.75 

1.10 
0.60-1 -12  

2.11 
1.01-2.90 

1.92 
0.77-2.14 

0.23 
0.08-0.25 
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SYNTHESIS AND BIOLOGICAL EVALUATION OF 
A C I D ,  A NtW DIMETHYL-BRANCHED LONG-CHAIN FATTY A C I D  TO EVALUATE REGIONAL 

(E)-19-IODO-3,3-DIMETHYL-18-NONADECENOIC 

MY OCARD I A L FATTY A C I D  UPTA KE M. M. Goodman, K. R. Ambrose, K. H. Neff, and 
F .  F. Knapp, Jr., Nuc lea r  Med ic ine  Group, Oak Ridge N a t i o n a l  Labora to ry ,  Oak 
Ridge, TN 37831, USA. 

I od ine -123- labe led  s t r u c t u r a l  l y -mod i f  i e d  l o n g  cha in  f a t t y  ac ids  t h a t  e x h i b i t  
myocard ia l  e x t r a c t i o n  and uptake s i m i l a r  t o  n a t u r a l l y  o c c u r i n g  f a t t y  ac ids,  b u t  
which show pro longed r e t e n t i o n  a re  e x c e l l e n t  candidates t o  e v a l u a t e  a b e r r a t i o n s  
i n  f a t t y  a c i d  metabol ism t h a t  occur  when t h e  coronary a r t e r i e s  a r e  normal and 
p e r f u s i o n  i s  n o t  impaired. Recent q u a n t i t a t i v e  a u t o r a d i o g r a p h i c  s t u d i e s  i n  
l a b o r a t o r y  animals employing methyl-branched f a t t y  ac ids  have shown t h a t  
h y p e r t e n s i v e  h e a r t  d isease (1) and cardiorr lyopathies ( 2 )  a re  two  h e a r t  d i s o r d e r s  
where t h e r e  can be a d i s s o c i a t i o n  between r e g i o n a l  d i f f e r e n c e s  i n  f a t t y  a c i d  
up take  and r e g i o n a l  pe r fus ion .  Because o f  t h e  c l i n i c a l  p o t e n t i a l  o f  u s i n g  SPECT 
t o  e v a l u a t e  card iomyopath ies and h y p e r t e n s i v e  disease, we have developed a 
v a r i e t y  o f  r a d i o i o d i n a t e d  methyl-branched f a t t y  ac ids  (3,4). A l though inc reased  
myocard ia l  r e t e n t i o n  was achieved, t hese  agents, however, d i d  n o t  demonstrate 
complete r e t e n t i o n  i n d i c a t i n g  c a t a b o l i s m  was be ing  impa i red  b u t  n o t  prevented. 
The goal o f  t h i s  s tudy was t o  develop a d imethy l -branched f a t t y  a c i d  ( 5 )  w i t h  
t h e  r a d i o l a b e l  s t a b i l i z e d  as a v i n y l  i o d i d e  w i t h  t h e  o b j e c t i v e  o f  a c h i e v i n g  h i g h  
myocard ia l  uptake w i t h  i r r e v e r s i b l e  r e t e n t i o n .  

The s y n t h e t i c  method chosen f o r  t h e  p r e p a r a t i o n  o f  (E)-19-iodo-3,3-dimethy1-18- 
nonadecenoic a c i d  (19)  i n v o l v e d  i n t r o d u c t i o n  o f  s u b s t i t u e n t s  i n t o  t h e  2- and 
5 - p o s i t i o n s  o f  a t h x p h e n e  r i n g  f o l l o w e d  by s u l f u r  e x t r u s i o n  o f  a 2 , s - d i a l k y l  
th iophene d e r i v a t i v e  t o  p r o v i d e  a key 3,3-dimethyl-branched f a t t y  a c i d  
i n te rmed ia te ,  17-iodo-3,3-dimethylheptadecanoic a c i d  (14)  (Scheme I ) .  Compound 
14 was prepared by F r i e d e l  C r a f t s  condensat ion o f  CH,OrH2),COC1 w i t h  
d imethy l -branched th iophene (7) f o l l o w e d  by Wo l f f -K i shner  reduc t i on ,  s u l f u r  
e x t r u s i o n  w i t h  Raney n i c k e l  and t rea tmen t  o f  t h e  t e r m i n a l  methoxy methy l -  
branched i n t e r m e d i a t e  (E) w i t h  (CH,),SiI. 
i n t o  t h e  t e r m i n a l  p o s i t i o n  o f  t h e  d imethy l -branched a c i d  by i o d o d e s t a n n y l a t i o n  
(Scheme 11). The p i v o t a l  s tep  i n  t h e  syn thes i s  o f  t h e  ( E ) - i o d o v i n y l  a c i d  
i n v o l v e d  h y d r o s t a n n y l a t i o n  o f  3,3-dimethyl-18-nonadecynoic a c i d  (15) wi th  
(n-Bu),SnH. 
by bas i c  h y d r o l y s i s  gave 19. 
(Tab le  1 )  and 14 (Table 2 F w e r e  per formed i n  f a s t e d  r a t s .  
90% r e t e n t i o n  3 t h e  i n i t i a l  myocard ia l  uptake (4.56% dose/g, a t  2 m i n r a f t e r  60 
min. 
i od ine -125  14 showed r a p i d  myocard ia l  washout and s i g n i f i c a n t  i n  v i v o  
d e i o d i n a t i o n .  The s i g n i f i c a n t  d i f f e r e n c e  i n  myocard ia l  e x t r a c t i o n  and r e t e n t i o n  
o f  t h e  i o d o v i n y l  agent compared w i t h  t h e  i o d o a l k y l  d e r i v a t i v e  d r a m a t i c a l l y  
i l l u s t r a t e  t h e  enhanced s t a b i l i t y  o f  i o d i d e  a t tached  t o  an i o d o v i n y l  moiety.  

The ( E ) - v i n y l  i o d i d e  was i n t r o d u c e d  

I o d o d e s t a n n y l a t i o n  o f  t h e  s t a n n y l  i n t e r m e d i a t e  17 w i t h  I+  f o l l o w e d  

Iod ine-125 19 showed 
T issue  d i s t r i b u t i o n  s t u d i e s  ~ f ~ ~ ~ I - l a b e l e d  19 

I n  c o n t r a s t  t o  t h e  pro longed myocard ia l  r e t e n t i o n  observed w i t h  2, 

F i g .  1. 
f r o m  r a t  h e a r t s  30 min a f t e r  i n j e c t i o n  o f  1 2 s I - l a b e l e d  DMIVN o r  IVN. 

D i s t r i b u t i o n  ( w i t h  ranges) of r a d i o a c t i v i t y  i n  s u b c e l l u l a r  f r a c t i o n s  



Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXIII ,  Nos 10-12 1253 

Myocardial s u b c e l l u l a r  d i s t r i b u t i o n  s tud ies  o f  t h e  1251-labeled 19 (DMIVN) i n  
f a s t e d  r a t s  showed a h igher  assoc ia t i on  o f  r a d i o a c t i v i t y  w i t h  thFmicrosomes 
when compared t o  t h e  r e s u l t s  obtained w i t h  the  19-carbon s t r a i g h t  chain analogue 
( 4 )  (IVN) which appeared t o  e x i s t  p r i m a r i l y  i n  t h e  cytoplasm (Fig. 1). When t h e  
r a t s  were nonfasted ( fed )  t h e  d i s t r i b u t i o n  p r o f i l e s  of t h e  two analogues showed 
d i f f e rences  t h a t  seemed t o  c o r r e l a t e  w i t h  t h e  d i f f e rences  i n  myocardial 
r e t e n t i o n  t h a t  f a s t i n g  and feeding can induce. 

The s i g n i f i c a n t  myocardial uptake, r e t e n t i o n  and h igh  hear t :b lood r a t i o s  o f  
agents of t h i s  type now may enable t h e  diagnosis and management o f  p a t i e n t s  w i t h  
hyper tens ive disease and cardiomyopathies by SPECT. 

I 

W.lll 

4 5 6 

OCM, W C I ,  r q  
C-(c*),-CW __e c*O-(C*)-CWM - c*O-(C*);COCI 0 7 __c 

B 9 10 
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FAST HIGH YIELD Cu(1) ASSISTED PREPARATION 1231-15 (4-I- -- F I E N Y L ~ ~ E ~ A ~ D  
rtens-1, J .  Eerselsl, W. W c k e g h e m l  and M.S. Robbins2 

%&tron, VUB, 8-1090 Brussel, 2Mallinckrodt Inc. St Louis, 
MO, USA. 

The use of Cu(1) in reducing conditions, applied for kit label- 
ling with lZ3I- of different pharmaceuticals (1, 2, 3). has been 
sucessfully applied for the l23I-cadioiodination of 15 (4-1- 
pheny1)-9 methylpentadecanoic acid (9 MPDA) in mixed solvent 
conditions. It allows to obtain the pure radiopharmaceutical, 
ready for injection, within 90 minutes with an overall radioche- 
mica1 yield o f  84 %. "'1-9MPDA, of which the biodistribution in 
animals has been described by Robbins et a1 (4) is tried for 
clinical evaluation as a diagnostic myocardial imaging agent. 

Labelling conditions : 3 mg ascorbic acid, 1.5 mg 2,5 dihydroxy- 
benzoic acid, 0.75 mg 9MPDA are dissolved in 400 111 of a 7/3 
EtOH/H,O solution. After addition of 25 ul of a 13 mM CuSOr 
solution and the 12311- solution (1-20 mCi (37-740 MBq), 
concentration 1.0.5 mCi/Pl, no carrier added), the reaction vial 
is septum closed. The reaction mixture is flushed, ice cooled 
during 10 minutes with N 2  and than heated during 60 minutes at 
100°C. 
Preparative HPLC : Waters HPLC set-up (U6K injector with 2 ml 
loop, M 6000 A pump, RI detector), Ortec NaI(T1) detector and 
electronics, Shimadzu Intersmat integrators. Hibar RP-18, 7 M ,  
250 x 10 mn column. Eluent : EtOH/H,O//HoAC-85/15//0.5 at a flow 
rate of 6 ml/min. After recovery of the peak of interest, the 
eluent is evaporated by passing a stream o f  preheated (l0OOC) 
nitrogen. Then 250~1 of ethanol are injected while rinsing the 
walls and a 4 % HSA solution is added with vigourous vortexing. 
The final solution is sterilized by means of a 0.22 M millipore 
f i Iter. 

Inj. Inj. 

123 
I - 9MPDA 
123 

I-9MPDA Ester I-9MPDA Ester < 

Figure 1. Preparative HPLC separation of the final reaction 
mixture. Left trace: UV signal.Right trace: 
radioactive s igna 1. 

Results and Discussion : When applying the described labelling 
conditions a mean radiochemical yield (determined by the area of 
the HPLC peaks) of 95 % is obtained (n = 12, min. = 92 %, max 99 
%). As shown in Fig. 1 the final reaction mixture contains three 
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products : for the ma or art ('~95 % )  '231-9MPDA (tr = 10.0 
min.), free "'IIand '"IO?-which i s  eluted together with the 
reduction of 
the ethyl ester o f  '"1-9MPDA (t r =  19.0 min.) It was found that 
the EtOH/H,O ratio o f  7/3 used in the proposed procedure still 
dissolves the fatty acid while the smallest amount of 12)I-9MPDA 
ester i s  formed. Sn (II), which i s  a strong enough reductor to 
reduce iodate to iodide, has to be omitted i n  the reaction mix- 
ture as at the pseudo pH of 3.4 of the mixed solvent, a Sn(OH), 
precipitate is generated. Acidifying the reaction mixture to 
improve the labelling yield (optimal pH for aqueous kit label- 
lings ~ 2 . 5  (1,2)) as well as the solubility of Sn(I1) results in 
high yields o f  the ethyl ester of 1231-9MPDA (up to 30 X). This 
means that reaching high labelling yields depends on the radio- 
chemical purity o f  the 1 2 3 1 -  solution. The ethanolic solution 
obtained after evaporation o f  the eluent was controlled by means 
of a HPLC system different from the preparative one (Merck- 
Lichrosorb RP 18.5 ,150 x 3.2 n column b&N{HoAC-99/1 as 
eluent). This fraction only contained pure I-9MP3A (specific 
activity 1.3-26 mCi/mg depending on the initial activity). 

The yields obtained wpy: labelling smaller amounts (down to 0.2 
mg) o f  I-9MPDA with I in view of obtaining higher specific 
activities are reported i n  table 1. 

Table 1 Radiochemical yield (r, % )  with 1 3 ' 1 -  as a function of the 

agents (t r =  2.5 min) and a small amount (20.5 % )  

amount of 15(4- I-phenyl)-9 methylpentacedanoic acid 
( 9MPDA) 

Amount of 9M-IPPA C %  

l ? l 1 -  1 3 1  
mg ( IJ moll  I-ester 

0.4 (0.88) 96.0 3.3 0.7 
0.3 (0.66) 94.3 5.7 - 
0.2 (0.44) 88.0 12.0 - 

In these experiments 15 1 1  of CuSO, solution were used instead of 
25 ~1 as indicated in the proposed procedure to keep the molar 
ratio o f  Cu(1)  to the iodo-aryl containing substrate smaller than 
0.5. Although labelling yields obtainec12:ith 13'1 are generally 
more favorable than those obtained with I,  high yield prepdra- 
tions o f  l 7  I-9MPDA, with a 4-8 fold higher specific activity, 
may be expected. The preparation of "carrier free" '231-9MPDA 
starting 'from 15(4-bromophenyl)-9 methylpentadecanoic acid, is 
studied. 

The authors' thank Mallinckrodt Inc. (St Louis, USA) and Diagnos- 
tics (Petten, The Netherlands) for supplying the 15 (4-I-pheny1)- 
9 methyl-pentadecanoic acid and for financial support. 
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2. Mertens, J . ,  Vanryckeghem, W . ,  In Proceedings Second European 
Symposium on RadiopharmaceuticXs and Labelled Compounds, 
Cambridge 1985, in press 

3. Mertens, J.J.R., Vanryckeghem, W . ,  Carlsen, L., In Proceedings 
32nd Ann. Meeting society of Nuclear Medicine, %uston, 1985, 
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4. Robbins, M.S., Adams, M.D., Anderson, H.A., Dean, R.T., White, 
D.H., In Proceedings 32nd Ann. Meeting Society of Nuclear 
Medicine, Houston, 1985, p. 124. 
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SYNTHESIS OF IODINATED DERIVATIVES OF RHODAMINE 
B.M. Kinsey, A.I. Kassis, F. Fayad, W.W. Layne, and S.J. Adelstein 
Department of Radiology, Harvard Medical School, Boston, MA 02115 

Rhodamine 123 (i) is a permeant cationic dye that has been used as a fluorescent 
stain for mitochondria (1). It is retained for a longer period by certafn types 
of cancer cells (2-5 days) than by normal cells (1-16 hoursI(2). Radioiodinated - 1 might serve therefore as a tumor imaging or radiotherapeutic agent, as it 
would be washed out from normal cells at a faster rate than from cancerous 
cells. 

Our attempts to iodinate 1 iodinating agents such as chlor- 
amine T, Iodogen, and peracetic acid have yielded only starting material as 
determined by NMR. However, 1odina;ion of dihydrorhodamine (2) using N-chloro- 
succinimide I n  CCl4 yields mainly 2 -1ododlhydrorhodamine (21, and changing the 
iodination conditlons allows isolation of other derivatives (i-2). Characteri- 
zation of these compounds has been accomplished by NMR. Radioiodination of 2 
using Na125I produces the whole range of derivatives which are readily separated 
by flash chromatography and identified by TLC autoradiography. 

using a variety of 

2 - 3-7 - 1 - 

POSITION % DISTRIBUTION OF RADIO- 
COHPOUND 4' 2' 7' IODLNATED PRODUCTS 

3 H I H 
4 I H H 
5 H I I 

I H I 

- 
- - + - I I I 

50 
18 
24 

7 
1 

The compounds synthesized are fluorescent only in the oxidized form. It has 
been demonstrated that the reduction of ethldlum bromide gives a product that is 
taken up by live mammalian cells and intracellularly oxidized back to ethidium 
( 3 ) .  Similarly, when Chinese hamster V79 lung fibroblasts are incubated with a 
10 u M  solution of dihydrorhodamine 123 (2) for 2 hours, the cell cytoplasm be- 
comes fluorescent, indicating that this nonfluorescent dye is being oxidized 
to the highly fluorescent r. After 24 hours, the fluorescence is localized in 
the mitochondria, and the same as that of 
- 1. The same behavior is observed for the iodinated compounds 2-1. indicating 
that the presence of one or more iodine atoms on the molecule has not affected 
its ability to localize in the cell cytoplasm. No staining of the nucleus is 
observed for any of the derivatives, even though tetrabromorhodamine 123 has 
been reported to intercalate with DNA (4). In fact, we have observed no changes 
in the visible and fluorescence spectra of 1 when it is incubated with calf 
thymus DNA, which indicates that does not inTeract/intercalate with DNA. 

the staining pattern of 2 is exactly 
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The uptake of the 1251 labeled compounds by V79 cells, as determined by the 
microfuge method (5), is shown In Table 1. The results indicate that all 5 
iodinated derivatives are avidly concentrated by cells thereby confirming the 
results obtained by fluorescence microscopy. Furthermore, uptake was time 
dependent; at 20 hours there is a 2 to 5 fold increase over the 2-hour values. 
When the intracellular contents in pCi/cell are converted to UCl/ml (V79 cells 
have a volume of 570 x 10-12 ml/cell), under these conditions these drugs are 
almost 100 to 300 times as concentrated inside the cell as in the extracellular 
environment. The in vitro and in vivo uptake and retention of these compounds 
in normal and tumor cells will be reported. 

TABLE 1. Uptake of 1251-Dihydrorhodamlne Derivatives by 
Chinese Hamster V79 Lung Fibroblasts" 

Compound Location Cellular Uptake (pCi/cell f s.e.m.1 
of 1251 2 hours 20 hours 

3 2' 0.21 f 0.007 1.04 f 0.033 

4 4' 0.33 f. 0.011 0.90 f 0.012 

5 2 1 ,  7' 0.72 f 0.11 1.44 f 0.13 

6 4 1 ,  7' 0.56 f 0.003 1.22 ?: 0.065 

7 2', 4'. 7' 0.70 f 0.028 1.65 f 0.27 

- 
- 
- 
- 
- 

*Cells were incubated at 37OC In 3.39 f 0.06 UCi/ml 

1. Johnson, L.V., Walsh, M.L., and Chen, L.B., Proc. Natl. Acad. Sci. USA, 
- 77, 990 (1980). 

2. Lampidis, T.J., Bernal, S.D. ,  Summerhayes, I.C., and Chen, L.B., Ann. N.Y. 
Acad. Sci., 397, 299 (1982). 

3. Gallop, P.M., Paz, M.A., Henson, E., and Latt, S.A., Biotechniques, 2, 
32, (1984). 

4. Wong, J., Hogan, M., and Austin, R.H., Proc. Natl. Acad. Sci. USA, 2, 
5896, (1982). 

5. Kassis, A. I . ,  and Adelstein, S.J., J. Nucl. Med.. 2, 88 (1980). 
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RAPID LABELING OF RADIOPHARMACEUTICALS WITH IODINE-122 
r M a t h i s ,  S . K h e r l e i n ,  Y. Yano, h . T . h m n , .  Hanson*, H.F. Kung** 
E e r r a t o r y ,  Lawrence Berkeley Laboratory, Un ivers i ty  o f  Ca l i fo rn ia ,  
Berkeley, CA 94720, *Section of  Medicinal Chemistry, Northeastern Univers i ty ,  
Boston, MA and **VA Medical Center, Buf fa lo ,  NY 

The shor t  h a l f - l i f e  o f  the  p o s i t r o n  e m i t t e r  1221 ( t 1 / 2  3.6 min) c o l l e c t e d  
from i t s  122Xe parent ( t1 /2  20.1 h )  requi res rap id  l a b e l i n g  methods f o r  t h e  
incorpora t ion  o f  1221 i n t o  radiopharmaceuticals f o r  PET stud ies (1,2). We 
have inves t iga ted  t h r e e  types o f  i o d i n a t i o n  react ions w i t h  several useful 
radiopharmaceuticals which i l l u s t r a t e  t h e  v e r s a t i l i t y  o f  1221 l a b e l i n g  
chemistry. The reac t ion  types include: ( I )  iododeprotonation of  h igh ly  ac- 
t i v a t e d  a r y l  s y s t e m  such as the  =-substi tuted dimethoxyamphetamines f o r  
b r a i n  imaging s tud ies  (1) and severa l  quaternary phenylpiperazinium c m- 

exchange t o  produce 122I- labeled N N N'-trimethyl-N'-[2-hydroxyl-3-methyl- 
5-i odobenzyl]-1,3-propanedi ami ne ( I22I-HIPDM) f o r  cerebral blood f l o w  
stud ies (5) * and (111) iododemeta l la t ions o f  three precursors o f  N,N- 
d i  met hy 1 -4- 122 I-pheny 1 i s op ropy1 ami ne , whi ch i s  a model represent i ng a class 
o f  s l i g h t l y  ac t i va ted  mono-substituted amphetamine analogs. 

The syntheses o f  122I- labeled meta-dimethoxy-N,N-dimethylphenylisopropyl- 
amines have been reported and m i n g  y i e l d s  of 50-85% achieved i n  60 s 
(2) .  From a generator conta in ing 100 m C i  o f  122Xe, 20-30 m C i  o f  the 
p u r i f i e d  product were a v a i l a b l e  a t  the  end o f  synthesis f o r  i n j e c t i o n .  
Pre l iminary l a b e l i n g  s tud ies of  two phenylpiperazinium s a l t s  were conducted 
w i t h  1311 f o r  convenience t o  evaluate reac t ion  condi t ions r e s u l t i n g  i n  h igh 
l a b e l i n g  y i e l d s  i n  a shor t  t i m e  (Table 1). Radio iod inat ions were c a r r i e d  
out  a t  25% and 70OC i n  sealed v i a l s  conta in ing  400 ug o f  the  precursor, 
100 ug chloramine-T, and 500 ul  solvent. The react ions were quenched a t  the  
ind ica ted  t imes by t h e  a d d i t i o n  o f  500 ug sodium m e t a b i s u l f i t e  and t h e  ra-  
diochemical y i e l d s  determined u t i l i z i n g  radio-HPLC. For animal studies, the  
unreacted rad io iod ine  was removed by passage of  the  crude react ion products 
through an anion exchange c o l u m  r e s u l t i n g  i n  a s o l u t i o n  >95% 
radiochemical ly  pure. These l a b e l i n g  methods can be extended t o  the  t e r t i -  
ary  phenylpiperazine bra in  agents as we l l  (6) .  

pounds f o r  use as heart imaging agents (3,4); (11)  r a p i d  1221-for-1 P 'I 

Table 1. Radiochemical Yields o f  1311-Iodination o f  Phenylpiperaziniums. 

R T(0C) Radiochemical Yields ( X )  
0.5 min 1 min 5 min 

CH3 70 41*9 55'4 52+5 

H 25 8 2 s  9323 93t4 

Labeling cond i t ions  s u i t a b l e  f o r  t h e  r a p i d  exchange o f  1221-for-1271 
u t i l i z i n g  1 mg o f  HIPDM were inves t iga ted  and inc luded an a c i d i c  reac t ion  
medium (0.114 phosphoric ac id) ,  elevated temperature (lOOOC), and a t race  o f  
oxidant (50 ug KIO-3 ) .  La i n g  y i e l d s  o f  80% i n  3 min were achieved r e -  
s u l t i n g  i n  15 mCi  o f  BhI-HIPDM f o r  i n j e c t i o n  from a 100 m C i  122Xe 
generator. Anion exchange chromatography removed inorgan ic  1221, r e s u l t i n g  
i n  product radiochemical p u r i t i e s  >98%. 
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Three met a1 1 a t  ed a ry 1 d e r i  v a t  i ves o f  N,N-di met hy 1 pheny 1 i sop ropy1 ami ne were 
syn thes i zed  i n  20-30% o v e r a l l  y i e l d s  (F igu re ) .  Rad ioha logena t ion  r e a c t i o n s  
u t i l i z i n g  bo th  1311 and lZ2I were conducted  t o  e v a l u a t e  t h e  speed o f  
r a d i o i o d i n a t i o n  (Tables 2,3). Reac t ion  c o n d i t i o n s  were op t im ized ;  v a r i a b l e s  
i n c l u d e d  s o l v e n t s ,  pH. tempera tu re  and r e a c t i o n  t i m e  (30  s t o  5 min).  
R a d i o i o d i n a t i o n  y i e l d s  from t h e  Sn(CH3)3 d e r i v a t i v e  (1) were h i g h  w i t h i n  30 
s a t  25OC and i n c r e a s e d  s l i g h t l y  a t  70oC. R a d i o i o d i G t i o n  y i e l d s  f rom t h e  
Ge(CH3)3 (2 )  and B(OH)2 ( 3 )  s u b s t r a t e s  were s u b s t a n t i a l l y  l e s s  t h a n  those  
ach ieved fzr - 1 a t  25oC a n h i n c r e a s e d  t o  modest l e v e l s  a t  70oC. 

H i g h l y  a c t i v a t e d  compounds such as t h e  p h e n y l p i p e r a z i n i u m  s a l t s  and t h e  
- meta-subs t i t u ted  dimethoxyamphetamines can be r a d i o i o d i n a t e d  d i r e c t l y  w i t h  
good rad iochemica l  y i e l d s  i n  s h o r t  r e a c t i o n  t imes.  HIPDM can undergo r a p i d  
exchange r e a c t i o n s  w i th  1221 r e s u l t i n g  i n  h i g h  y i e l d s .  The use  o f  a 
s t a n n y l a t e d  a r y l  p r e c u r s o r  f o r  t h e  r a p i d ,  r e g i o s p e c i f i c  i o d i n a t i o n  of non- 
a c t i v a t e d  a romat i c  systems appears p romis ing ;  germy la ted  and b o r o n i c  p r e -  
c u r s o r s  may a l s o  be u s e f u l  f o r  r a p i d  i o d i n a t i o n s  o f  a r o m a t i c  systems t h a t  
c o n t a i n  a g r e a t e r  degree o f  a c t i v a t i o n  towards e l e c t r o p h i l e s .  
Th is  research  was suppor ted  by t h e  U.S. Department o f  Energy(DE-ACO3-76SF00098). 

F igu re .  Synthes is  o f  M e t a l l a t e d  Precursors .  

Table 2. Hadiochemical  Y ie lds  f o r  1 3 1 I - I o d i n a t i o n  o f  M e t a l l a t e d  Precursors .  

- 1 - 1  

Precurso r  pH T(0C) Radiocnemical  Y i e l d  ( X )  
0.5 min 1 min  5 min  

1 1.5 25 7227 7425 8023 
T - 4.3 25 46 29 6726 7124 
- 1 7.4 25 02 03  05 t 3  

2 1.5 70 4127 4823 6524 
9 4.3 70 03 05t3 0823 
7 - 7.4 70 (1 (1 (1 

3 1.5 70 05 07 12 -+3 
3 4.3 70 09+6 17*3 2624 3 7.4 70 07 09 1 8 a  
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Table 3. Radiochemical Yields f o r  122 I - Iod ina t i on  of  Me ta l l a ted  Precursors+. 

1-1 
Radiochemical Y ie ld  ( 9 6 )  EOS Yields (mCi)* 

Precursor 1 min 3 min 5 min 1 min 3 min 5 min 

1 6 6 t 5  70t9 72212 33 24 16 
07 -- 17 03 -- 04 -2 

3 (1 -- (1 . (1 -- (1 

+Reaction so lvent  100% E t O H  ( 2  m l  ) w i t h  dichloramine-T oxidant (500ug) and 

rEnd o f  synthesis-yTelds based upon a 100 mCi 122Xe/1221 generator. 
2 mg precursor (1-3) a t  25OC. 

1. Mathis, C.A., Sargent 111, T., and Shulgin. A.T., J .  Nucl. Med., 26, 
2. Hathis, C.A.. Shulgin, A.T., and Sargent 111, T., J.  Label led Compd. 

3. Hanson, R.N., I n t .  J. Nucl. Med. Biol. ,  10, 219 (1983). 
4. Hassan, H.A. and Hanson, R.N., J. Med. C E m . ,  submitted. 
5. Kung, H.F., Tramposch. K.M., and Blau, M., J. Nucl. Med., 24, 66 (1983). 
6. Hanson, R.N., I n t .  J. Nucl. Fled. Biol. ,  12, 315 (1985). 

1295 (1985). 

Radiopharm., i n  press. 
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SYNTHESIS AND IDFNTIPIFhTION OF CHLOROGLYCOLUFIL FOR R s D I O I O D I N -  
ATION 
Yue, Jis Yu nnd L i .  YonR Jim 
Shanghai  I n s t i t u t e  o f  Nuc lea r  Pea rch ,  Academir F i n i c a ,  P.O. Box 
8204, Phanghai ,  The P e o p l e ’ s  Repub l i c  of  Chine 

- 

The well-documented methods i n c l u d i n g  i o d i n e  monochlor ide,  chlor-  
amine, e l e c t r o l y s i s ,  p e r o x i d p e e  and con j u g n t i o n  have been proved 
f r e o u e n t l y  u n s a t i s f a c t o r y  f o r  l p b e l l i n g  b i o n c t i v e  p r o t e i n s  w i t h  
r e s p e c t  o f  l a b e l l i n g  r a t e ,  b i o a c t i v i t y ,  s i m p l i c i t y  o r  f e a s i b i l i t y .  
The newly emergea s o l i d  phase  o x i d r n t s  such  86 1 , 3 , 4 , 6 - t e t r a c h l o r c +  
3 ~ , 6 a - d i p h e n y l g l y c o l u r i 1  ( c h l o r o g l y c o l u r i l )  ( 1) h a s  shown some pro- 
m i s e i n g  f e a t u r e s  t o  s o l v e  t h e s e  t r o u b l e s .  h l though  c h l o r o g l y c o l -  
u r i l  p r o d u c t  i s  commercial ly  a v a i l e b l e  (under  t h e  t r e d e  name Iodo- 
gen) bu t  t h e  r e ~ u l t s  o f  i t s  p p p l i c a t i o n s  i n  p r o t e i n  l a b e l l i n g  
Fometimes diverEed c o n s i d e r a b l y .  T h i s  p a p e r  d e r c r i b e r  t h e  p repa ra -  
t i o n ,  r n a l y ~ i ~ ,  pnd i d e n t i f i c r t i o n  o f  p u r e  c h l o r o g l y c o l u r i l  f o r  
e v r l u a t i o n  o f  i t s  mer i t s  i n  r r d i o i o d i n a t i o n  o f  p r o t e i n  ( i n  P sep- 
p r a t e  p a p e r ) .  
The EyntheFi6 o f  c h l o r o g l y c o l u r i l  W ~ E  s t p r t e d  from c o n d e n m t i o n  O f  

b e n z i l  pnd u reP  i n  hydrogen c h l o r i d e / e t h e n o l  system t o  p roduce  
i n t e r m e d i r t e  3a, 6 a - d i p h e n y l g l y c o l u r i l  ( g l y c o l u r i l )  which ZPF p u r e  
wh i t e  C r y s t r l  a f t e r  wrc.hing wi th  w t e r  pnd d r i e d ,  97.8% i n  y i e l d .  
Cr lyco lu r i l  was f u r t h e r  c h l o r i n a t C d  i n  wierk P l k a l i n e  s o l u t i o n  wi th  
t h e  p r e e e n c e d  a r o e o l  OT t o  form c h l o r o g l y c o l u r i l  k i t h  P y i e l d  o f  
89.64%. The c r u d e  p r o d u c t  wrehed Ki th  s r t e r ,  d r i e d  P t  100°C f o r  
5 hourF W P E  r e c r y F t r l l i z e d  from c h l o r o f o r m / p e t r o l  e t h e r  s o l u t i o n  
g i v i n g  a r ecove ry  o v e r  83.6%. 
The r e f i n n e d  p r o d u c t  hpd P m.p. o f  246.5-24?.OoC, and e l e m e n t d  
composi t i o n  R S  f o l l o w s :  

FLWCNTS C H N c 1  

b p e r i m e n t a l  44.44 2.21 12.95 3 2 - 8 3  
- 

“t% 

T h e o r e t i c n l  44.48 2.z3 12.97 3 2 - 8 3  
w t% 

~~ ~~ ~~ 

Its  u l t r e v i o l e t  spectrum h r 6  o n l y  one  p b s o r p t i o n  a t  Xmex 288nm 
( l0g€=317)  r t t r i b u t i n g  t o  benzene r i n g .  

The i n f r a  r ed  spectrum ( I F )  o f  3a, 6 ~ - d i p h e n y l g l y c o u r i l  (F ig .  1) i n  
n u j o l  mu l l  was i d e n t i c a l  t o  e t a n d r r d  spectrum ( 2 ) .  While t h e  I F  
m e c t r u m  of  c h l o r o g l y c o l u r i l  ( F i g . 2 )  l o s t  t h e  V N H  e b s o r p t i o n  a t  
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1 , 3 , 4 , 6 - t e t r ~ c h l o r o - 3 a ,  
60 -d ipheny lg lyco lur l l  

c 

: 

1263 

*av*numbw EM-') 

Fig.2 IP spectrum of  1 , 3 , 4 , 6 - t e t r ~ c h l o r o - 3 a ,  6acd lpheny lg lyco lur i1  

Solran? DMSO 

Stondard TMS 

T*mp*ratur* 275: 

F i g . 3  'H-mR of 
3u, 60-dlphenylglyycolurll 

3300-3000 cm-'and re ta ined  V C H  end JCH absorption o f  benzene. 
I n  !H- NMR of g l y c o l u r l l  (Flg.3)  t h e  s i n g l e t  peak o f  chemiczl 
s h f f t e  87i7(22.7), 67.02 (02.98) m d  t h e  i n t e g r a t e  curve showed 4 
protons of amine group m d  10 protons  on benzene n u c l e i ,  whi l e  NMR 
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Of c h l o r o g l y c o l u r i l  geve no p e r k  a t  67.7  (‘C2.3) ( P i g . 4 ) .  
c o n s i s t e n t  w i th  t h e  I R .  
By t h e  i n f o r m a t i o n s  t h u s  o b t a i n e d  t h e  chemic r l  e t r u t u r e  o f  c h l o r e  
g l y c o l u r i l  could p r o p e r l y  a s s i g n  a s  f o ~ l o w s :  

t h i s  we6 

T h i s  WFP n l s o  s u p p o r t e d  by it6 m P 6 F  spectrum (MS).  

o f  c r a c k i n g  f r agemen t s  found i n  MP i s  l i s t e d  irs f o l l o w s :  

m/e* 430 395 361 372 318 269 234 215 206 181 138 

The m ? J O r  pedr6 

+ 
n 4  / -4 2 1 2 1 0 2 0 1 1  

+ m/e= r a t i o  of  m ~ s e  t o  c h r r g e ;  n= no. o f  c h l o r i n e  atom 

The c h l o r o g l y c o l u r i l  W P ~  u n s t p b l e  i n  s o l u t i o n  unde r  t h e  l i g h t  
t u r n i n g  t o  b r i g h t  ye l low i n  P few h o u r s .  I t s  chloroform s o l u t i o n  
decomposed v i g o r o u s l y  when i t  R P F  hep ted  t o  6OoC. I t  WPF F o l u b l e  
i n  aauours  a l k a l i n e  s o l u t i o n  (pHZ10) bu t  i n s o l u b l e  i n  r c i d i c .  
By s t o r i n g  i n  r e f r i g e r a t o r  w i t h i n  a derk vaccum desiccator t h e  
s t r u t u r e  of  c h l o r o g l y c o l u r i l  was k e p t  unchrnged f o r  more t h r n  a 
yepr .  

( 1 )  F r n k e r ,  Famelr J. and Ppeck, John C. ,  Jr,  Riochem. Riophs.  
Ree. Commun. @, 849 (1978) 

(2) Pouche r t ,  C. J., The f l l d r i c h  L i b r a r y  o f  I n f r r r e d  S p e c t r a ,  
r l d r i c h  Chemical Po. I n c .  901 (1970) 
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THE APPLICATION OF CHLOROGLYCOLUPIL I N  RADIOTODINATION OF PROWIN 
Xue, J l a  Yu end Li. You J l a n  
Shengha i  I n s t i t u t e  o f  N u c l e a r  Reeearch,  Academia S i n i c a ,  P.O. 
Box 8204, Shanghai ,  The P e o p l e ' s  Repub l i c  of Chine 

The nova1 g e t h o d  o f  u s i n g  1 , 3 , 4 , 6 - t e t r ~ c h l o r o - 3 ~ ,  6a-diphenyl-  
g l y c o l u r i l  ( c h l o r o g l y c o l u r i l )  f o r  r p d i o i o d i n r t i o n  t h a t  f i r s t  i n t -  
roduced by F rake r  end Speck ( 1) h s s  been found t o  be n reproduci-  
b l e ,  g e n t l e ,  e f f i c i e n t  2nd t e c h n i c n l l y  e imple  approach  i n  l a b e l l -  
i n g  b iomolecu le s  (2) (3) (4) .  I n  t h i s  p a p e r  t h e  human f i b r i n o g e n  ( 

hFbg) W P S  l a b e l l e d  a 6  8 model p r o t e i n  t o  i n v e s t l g s t e  t h e  e p p l i -  
c a b i l j t y  o f  c h l o r o g l y c o l u r i l  t owsrds  r a d i o l o d i n s t i o n  Of b i o e c  t i v e  
m a t e r i e l .  T h i s  W 8 6  compared w i t h  c o n v e n t i o n a l  chloramine-T. 
The c h l o r o g l y c o l u r i l  ( s y n t h e s i z e d  by t h e  method r e f e r e d  s e p ~ r a t e -  
l y )  WBF used  e i t h e r  i n  form o f  t h i n  f i l m  on t h e  w a l l  o f  p o l y e t h y  
l e n e  c o n t a i n e r  o r  R E  f i n e  FuspenSion i n  r e p c t i o n  s o l u t i o n .  I n  
i o d i n p t i o n  1.7 mg (5x10-9mol) o f  hFbg i n  150 pl of  sodium phOsj3h- 
r t e  b u f f e r  (PBS 0.05 M ,  pH 7.41, 20 ul Ne1251 and 50 pl o f  K I  ( 

mol) a t  O°C f o r  a c e r t e i n  time end t h e  r e p c t i o n  W B E  s t o p e d  by 
withdrawing from t h e  s o l i d .  h l t e r n s t i v e l y ,  w i t h  o t h e r  c o n d i t i o n 6  
remRining unchanged, 50 p l  PBS E o l u t i o n  o f  c h l o r m i n e - T  ( 1 . 1 6 ~  
lom7 moll we6 used  i n s t e e d  o f  c h l o r o g l y c o l u r i l  where t h e  repct icm 
was c e a s e d  by s d d i n g  100 pl o f  sodium m e t e b i f i u l f i t e  i n  PBS. The 
l n b e l l e d  p r o d u c t  WPE p u r i f i e d  by p e ~ s i n g  th rough  a 1x10 cm column 
o f  Sephedex G-25 t h a t  p r e v i o u s l y  w t u r a t e d  w i t h  1% BSA. The l n b -  
e l l i n g  r a t e  (1) were c a l c u l a t e d  from t h e  r a d i o a c t i v i t i e s  o f  p rec i -  
p i t a t e  F1 ( p r e c i p i t a t e d  w i t h  50 pl 1% BSB c a r r i e r  by t r i c k l o r o -  

8.3 ug)  were b rough t  i n  c o n t r c t  w i t h  c h l o r o g l y c o l u r i l  ( 1 . 1 6 ~ 1 0 -  7 

fIIis  t h e  c o r r e c t i o n  f a c t o r  (de t e rmined  by e x p e r i m e n t s )  
The c l o t t a b i l i t y  (2) WPE obtwined by R method s i m i l p r  t o  
Fegoecz i  ( 5 ) .  

x100 9: (2) Y f I  

R I '  f1-% fII 
FI,FTI Ere t h e  r s d i o n c t i v i t 1 e . s  o f  c l o t  formed by thrombin and 
p r e c i p i t r t e  formed by K b ;  f l ,  fTI pre c o r r e c t i o n  fPCtOrE f o r  
c l o t t i n g  pnd p r e c i p i t a t i o n  ( d e t e r m i n e d  by expe r imen t s )  
I t  c s n  be s e e n  from Fig.1 and f i g . 2  t h p t  i n c r e p s l n g  o f  e i t h e r  
c h l o r o g l y c o l u r i l  o r  r e p c t i o n  time enhanced l a b e l l i n g  r a t e  and 
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r eeched  e c o n s t a n t  r a p i d l y ,  b u t  caused  no i n f l u e n c e  upon c l o t t -  

11.19*1-33 
C h l  o remine- T 

a b i l i t y  . 
hod 

35 52k 3 04 

Fig.1 The dependences on 
c h l o r o g l  y c o l u r i l  
o -  l n b e l l i n g  r e t e  
A -  r e a c t i o n  times 

h 

F ig .2  The dependences on r e a c t -  
i o n  times 

G e n e r n l l y ,  f o r  1.7 mg hPbg end 1 .  16x10-7mol o f  c h l o r o g l y c o l u r i l  
10 min. o f  r e e c t i o n  time IF enough t o  g i v e  e o p t i m a l  l p b e l l i n g  
r a t e  w i t h  c l o t t a b i l i t y  o v e r  90"'. 
u r i l  f i l m  was b e t t e r  t h a n  s u s p e n s i o n  i n  l a b e l l i n g  r e t e ,  b u t  no 
d i f f e r e n c e  in '  c l o t t a b i l i t y .  T h i s  i o d i n a t i o n  system w i t h s t o o d  d i l -  
o f  r e a c t i o n  volume t o  50 f o l d €  r i t h o u t  m y  change on l a b e l l i n g  
r a t e  o r  c l o t t p b i l i t y .  
The c o m p e r i s a t i o n  o f  c h l o r o g l y c o l u r i l  nnd chloremine-T i s  shown 
a s  f o l l o w s :  

The mod o f  u s i n g  c h l o r o g l y c o l -  

L a b e l l i n g  rp te  I Oxidant (% 1 I 
I I 1 

r c h l o r o g l y c o l u r i l  I 1. I ~ x I O - ~  I 91.3221.34 I 73.28b0.92 

I I 1 . 1 6 ~ 1 0 - ~  I 79.0l t1 .40 I 62.51L1.26 I 
Thus t h e  c h l o r o g l y c o l u r i l  r e d i o d i n a t i o n  was proved t o  be e m i l d ,  
e f f i c i e n t ,  s imp le ,  r a p i d  pnd l e s s  r e s t r i c t i v e  method e s p e c i a l l y  
s u i t a b l e  f o r  l a b e l l i n g  b i o a c t i v e  m a t e r i a l s .  

( 1 0  F r e k e r ,  Pamela J. and Speck, John  C., Jr, Blochem. Blophys.  

( 2 )  Markwell ,  Marry Ann K. and Fox, C. F red ,  Biochem. 12, 4807 
Res. Commun. a, 849 (1978)  

(1978)  
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(3)  Wood, William Graham, I e c h t e r ,  Chr i s t ine ,  and Scr iba ,  P .  C .  

(4) Wood, R i l l i p m  Graham, Wechter, C h r i s t i n e ,  end Scr ibe ,  P .  C. 

(5) Regoeczi ,  6. B r i t .  J .  Heematol. a, 649 (1971) 

Fresen ius '  2. Anal .  Chem, m, ll9 (1980) 
J. C l i n .  Chem. C l i n .  Biochem. 19, 1051 (1981) 
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DIA2ONIUN SALTS FOR NO CARRIER ADDED IQDINATION: AN 
IODOTJMOXIFEN, D.H. Hunter, L . A .  Strickland, Y.Z. Ponce, 
Department of Chemistry, The University of Western Ontario, 
London, Ont. N6A 5B7, Canada; C. Morrissey, B. Reid, 
A.A. Driedger, Department of Nuclear Medicine, Victoria Hospital, 
London, Ont. N6A 4C5, Canada; E.R. Tustanoff, Department of 
Clinical Biochemistry, Victoria Hospital, London, Ont. N6G 2A7, 
Canada. 

A synthetic route has been developed that has provided gram 
quantities of each of the E and Z geometrical isomers of an 
aminotamoxifen lwhich are being used as precursors to the 
corresponding iodotamoxif ens 2. 

Tamoxifen diazonium salts 4 were successful intermediates in the 
preparation of the iodotamoxifens 2 from 1 using cold iodide. 
Thus 2 can be prepared in reasonable yields from 4 using a large 
excess of iodide ion and activated copper bronze as a catalyst. 
However, reactions with no carrier iodide added resulted in 
radiochemical yields of about 5% and specific activities of only 
about 40 Ci/mmol. 

A number of experiments have been run using isolated salts of 4, 
equimolar iodide ion, and a variety of catalysts in an attempt to 
find "good catalysts". None of the "catalysts" used resulted in 
improved yields of 2. 

A series of experiments were also run using isolated salts of 4,  
100-2OObCi of Na l3lI and a range of non-aqueous solvents. This 
approach proved much more successful and it has been possible to 
produce no carrier added 1311-4 in about 40% radiochemical yield 
and -100% radiochemical purity. 

These tamoxifens (1, 2 ,  3) have been investigated for their 
estrogenic binding affinities. The no carrier added 
1311-tamoxifens have been employed in biodistribution studies with 
immature female rats and in studies using mice with implanted 
tumors. These preliminary results are promising. 

X = NH2 1 

I 2 

H 3  
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DESIGN SYNTHESIS AND EVALUATION OF 2-DEOXY-2-IODOVINYL-BRANCHED CARBOHYDRATES 
AS POTfRTIAL BRAI-S M. M. Goodman, A. P. Callahan, and F. F. 
Knapp, Jr., Nuclear Medicine Group, Oak Ridge Nat ional  Laboratory, Oak Ridge, 
Tennessee 37831, USA 

Glucose i s  t h e  primary energy souce o f  t he  b r a i n  and i s  a l so  an impor tant  
metabol ic  subs t ra te  f o r  t he  normoxic heart.  A number o f  glucose analogues 
labe led  w i t h  the  p o s i t r o n  e m i t t i n g  rad ionucl ides.  carbon-11 and f luor ine-18,  
have been u t i l i z e d  noninvasi ve ly  t o  determine reg ional  cerebra l  glucose 
metabolism i n  humans. C l i n i c a l  s tud ies  us ing  t h e  glucose analogue, 2 - [ l e F l -  
fluoro-2-deoxy-D-glucose (2-FDG) have shown t h a t  t he  m t a b o l i c  r a t e  f o r  glucose 
u t i l i z a t i o n  i n  t h e  b r a i n  vaTies i n  p a t i e n t s  w i t h  pa tho log i ca l  d isorders (1,2,3). 
I n  p a t i e n t s  w i t h  Alzheirners disease (4 ,5 ) ,  Parkinsons disease (6). and 
dementia (5,7), 2-FDG shows a c h a r a c t e r i s t i c  d i s t r i b u t i o n  o f  reduced glucose 
metabolism i n  the  p a r i e t a l  reg ion o f  t h e  brain. However, because carbon-11 ( t l b  
= 20 min) and f l uo r ine -18  ( t l k  = 110 min) are s h o r t - l i v e d  rad io isotopes and 
because only  a few regions have c l i n i c a l  i n s t i t u t i o n s  w i t h  in-house cyc lo t rons  
and p o s i t r o n  tomographic devices, on ly  a small p a t i e n t  populat ion can u t i l i z e  
these revo lu t i ona ry  d iagnos t i c  techniques a v a i l a b l e  from these agents. 
Radio iod inated glucose analogues are b e t t e r  candidates f o r  widespread c l i n i c a l  
use because o f  t he  a t t r a c t i v e  r a d i o n u c l i d i c  p r o p e r t i e s  o f  iodine-123, a s i n g l e  
photon e m i t t e r  (159 keV) w i t h  a 13.3 h h a l f - l i f e .  

Radio i  odi nated carbohydrates such as 2-deoxy-2-i odo-D-glucose (8) and 3-deoxy- 
3-iodo-D-glucose (9) undergo f a c i l e  chemical o r  i n  v i vo  de iod ina t i on  which 
precludes t h e i r  use as rad io t race rs  o f  glucose metabolism i n  t i ssues .  
overcome the  problems r e s u l t i n g  from i n  v i vo  deiod inat ion,  we explored t h e  
concept o f  s t a b i l i z i n g  rad io iod ide  on a model carbohydrate, (E)-C-3-iodovinyl- 
D-a l lose (10) as an i o d o v i n y l  moiety. Th is  agent d i d  not  e x h i b i t  b r a i n  
s p e c i f i c i t y  but showed low i n  v i vo  de iod ina t i on  which demonstrated f o r  t he  f i r s t  
t ime  t h a t  rad io iod ide  can be s t a b i l i z e d  on a carbohydrate. The goal of t h i s  
study was t o  develop a deoxy-branched carbohydrate w i t h  rad io iod ide  s t a b i l i z e d  
as a v i n y l i o d i d e  w i t h  the o b j e c t i v e  o f  achiev ing h igh  b r a i n  uptake. 

The s y n t h e t i c  approach f o r  t h e  p repara t i on  o f  t he  deoxy iodovinyl-branched 
carbohydrate i nvo l ved  t h e  sc i ss ion  o f  a 2,3 anhydro sugar w i t h  a Grignard 

To 
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- 
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reagent. 
t r e a t e d  w i t h  ethyny l  magnesium c h l o r i d e  t o  a f f o r d  methyl 4.6-0-benzylidene- 
2-deoxy-2-ethyny1-6-D-altropyranoside (2) (Scheme I ) .  Hydrostannylat ion of 2. 
w i t h  t r i - n - b u t y l t i n  hydr ide ( n - B ~ ) ~ s n H  gave t h e  key intermediate, methyl 4,6-0- 
benzyl i dene 2-deoxy-2-(E) -(tri b u t y l t i  n)ethylene-6-0-a1 t ropy ranos i  de (3). 
was in t roduced i n t o  the  geminal p o s i t i o n  o f  t h e  ethy lene moiety by iodode- 
s tanny la t i on  o f  t h e  t i n  i n te rmed ia te  2. Treatment o f  2 w i t h  sodium i o d i d e  and 
N-chlorosucci n i  m i  de gave methyl 4.6-0-benzyl i dene P-deoxy-Z-(E)-i odovi nyl-6-D- 
a l t ropy ranos ide  (5). Hydro l ys i s  o f  4 w i t h  40% CH3S03H gave 2-deoxy-Z-(E)- 
i o d o v i n y l - 0 - a l t r o s e  (6), whereas hyd ro l ys i s  w i t h  20% CF3COOH fo l l owed  by 
t r e a t s n t  w i t h  p y r i d i n e - a c e t i c  anhydride gave methyl Z-deoxy-2-E-iodovinyl- 
2,4,6-0-tri acety l -6-D-a l t  ropyranosi de (7). T issue d i s t r i b u t i o n  s tud ies  of 
125I- labeled 1. (Table 1 )  and 5 were performed i n  ra ts .  
b r a i n  uptake, 1.65% dose/gm a t  5 min, and 55% r e t e n t i o n  o f  r a d i o a c t T v i t y  i n  the  
bra in ,  0.89% dose/gm a t  30 min. I n  add i t i on ,  t h e  agent showed low i n  v i vo  
de iod ina t i on  which r e s u l t e d  i n  low t h y r o i d  uptake, 33% dose/gm a t  60 min. 

The h igh b r a i n  uptake o f  methyl 2-deoxy-2-E-iodoviny1-2,4.6-0-triacety1 6-D- 
a l t ropy ranos ide  (L) i s  most l i k e l y  due t o  passive d i f f u s i o n  s ince 1 i s  not  a 
subs t ra te  f o r  t h e  c a r r i e r  system requ i red  f o r  a c t i v e  sugar t r a n s p o r t  across t h e  
b lood/bra in  b a r r i e r .  
nated sugar w i t h  rad io iod ide  s t a b i l i z e d  as an i o d o v i n y l  moiety has been 
successfu l ly  demonstrated w i t h  the  synthes is  o f  t h i s  model agent. A se r ies  o f  
i o d o v i n y l  deoxy sugars w i t h  a c t i v e  D-gluco and D-manno con f igu ra t i ons  are 
p resen t l y  being prepared f o r  b i  o l  og i  c a l  evaluat ion.  

Methyl 2,3-anhydro-4,6-0-benzyl idene-6-D-a1 lopyranoside (1) was 

Iod ide  

Iodine-125 7 showed good 

Nevertheless, the d e l i v e r y  t o  the  b r a i n  o f  a r a d i o i o d i -  

Table 1. 
Intravenous Administration of k t~y l -2 -dcoay-2- !C) - iodor in)r l -2 ; ) .6 -0- t r i~cety l -  

O-O-al t ropy ranosi de ( I )  
D i s t r i b u t i o n  of Radioact iv i ty  i n  Tissues of Fischer 344 Rats F o l l a i n g  

Mean I in jec ted  &selq (range) a t  the f o l l a l n q  t i m s  a f t e r  i n i e c t i o n  

Tissue 5 mtn 15 min 30 nln 60 m i n  

Brain 1.65 (1.56-1.73) 1.19 (1.10-1.32) 0.89 (0.75-1.05) 0.72 (0.71-0.75) 

Blood 1.05 (1.00-1.10) 0.93 (0.89-0.96) 0.80 (0.74-0.89) 0.65 (0.64-0.66) 

Heart 1.14 (1.09-1.16) 1.07 (1.01-1.17) 0.87 (0.814.94) 0.68 (0.64-0.73) 

Kidneys 1.55 (1.50-1.59) 1.57 (1.49-1.63) 1.68 (1.52-1.84) 1.57 (1.41-1.74) 

Lungs 1.19 (1.09-1.33) 1.03 (0.97-1.11) 0.83 (0.74-0.92) 0.66 (0.66-0.67) 

L iver  1.39 (1.34-1.42) 1.37 (1.33-1.39) 1.23 (1.12-1.42) 1.05 (0.97-1.10) 

Thyroid 20.64 (20.06-21.27) 18.91 (17.53-20.53) 25.70 (22.95-30.15) 33.49 (27.79-43.47) 

Research supported by t h e  O f f i c e  o f  Heal th  and Environmental Research, U.S. 
Department o f  Energy, under con t rac t  DE-AC05-840R21400 w i t h  M a r t i n  M a r i e t t a  
Energy Systems, Inc. 
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SYhTHEsIS OF "'I-LABELLED (E)-S(2-IODOVINYL)-2'-FLUORO.2'-DEOXYURIDINE FOR 
DIAGNOSIS OF HSV-ENCEPHALITIS 
T. Iwashina. E.E. Knaus and L.l. Wiebe 
Faculty of Pharmacy and Pharmaceutical Sciences. University of Alberta, EDMONTON. 
Canada, T6G 2N8 

Several 5-substituted pyrimidine nucleosides have been developed for treatement of viral 
infections. Two such compounds, (E) -5(2-bromovinyl)-2'-deoxyuridine (BVdU) and 
(E)-5(2'-iodo-vinyl) -2'-deoxyuridine (IVdU) are potent, highly specific agents with anti-HSV 
activity. IVdU and BVdU owe their high antiviral potency and low mammalian cell toxicity 
to selective phosphorylation in cells containing virus-encoded thymidine kinase (1). This 
selective "metabolic trapping" has formed the rationale for using the radiolabelled analogues 
as radiopharmaceuticals for the clinical diagnosis of HSV encephalitis (2). Unfortunately, 
both IVdU and BVdU are rapidly inactivated through phosphorolytic cleavage in vivo; the 
(radiolabelled) uracil base ( I W  or BW) has a long plasma half-life which effectively 
masks selective uptake of the nucleoside by infected cells (3.4) (E)-5(2-Iodovinyl)-2'-fluoro 
-2'-deoxyuridine (&). a structural analogue of IVdU which is expected to be less 
susceptable to phosphorolysis. has now been synthesized and radioicdinated. The synthetic 
route employed allows for rapid electrophilic radiohalogenation at low or no-carrier -added 
specific activities, with incorporation of the label in the final synthetic step. 

Commercially available 2.2' -anhydrouridine was converted to 2'-fluoro-2' -deoxyuridine(&) 
upon reaction with anhydrous HF/dioxane(S). Iodination with electrophilic icdine(6) gave 
S-Icdo-2'-fluoro-2'deoxyuridine(lb) which was reacted with ethyl acrylate in the presence of 
bis( triphenylphosphine)palladium(II) chloride and triethylamine in dry acetonitrite (24h at 
7T) to afford (E)-5(2-carbethoxyvinyl) -2'-fluoro-2'-deoxyuridine (lc) in 55% isolated yield. 
The carbethoxy ester (lc) was hydrolysed using aqueous 0.5N KOH at room temperature 
(2h). After neutralization with Dowex 50x8-200 [H'] resin, the filtrate was evaporated in 
vacuo and the residue was recrystallized from acetonitrile-methanol to provide 
(E)-5(2-carboxyvinyl)-2'-fluoro-2'-deoxyuridine (ld) in 52% yield (Scheme). 

(E)-5(2-Carboxyvinyl)-2'-fluoro-2'-deoxyuridine(ld) was iodinated by adding a solution of 
chloramine T in dry DMF to a solution of (ld). sodium acetate and iodide in dry DMF. 
The reaction mixture was stirred for 1 h at 25 %, then evaporated to dryness under 
nitrogen. The product. (E)-S(iodovinyl)-2'-fluoro-2'-deoxyuridine(&) was obtained by 
purification on preparative layer chromatography (Whatman PLKSF; 10% methanol in 
chloroform) in 28% yield. 

""kd 
HO "I 

[lJ'I]-Iodine was introduced at NCA and CA specific activities by iodinating (ld)(SOOrrg) in 
DMF(lOO&). as decribed for (&)(above). Radiochemical yields of (If) after HPLC 
purification (reverse phase ODSII column; 40!% methanol in water, eluant) were typically 
47% at 104 MRq urnole-' and 30% for the NCA synthesis. 

The brominated analogue. (E) -5(2-bromovinyl)-2'-fluoro-2'-deoxyuridine was prepared 
in a similar manner from (ld) using NaBr or NH,"Br. Yields ranged from 25-30%. 
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NEW HIGH YIELD Cu( I )  ASSISTED NUCLEOPHILIC RAOIOBROMINATION 
T- Mertensl, R.ysemans1, W. Vanryckeghem1,M. Guillaume2, C. 
Eihavez 
1VUB-cyclotron. VUB. 8-1090 Brussels, Centre Recherches du 
Cyclotron, ULg, 8-4000 Liege. 

Radiobromination with the short-lived 7%r of arylcompounds has 
become an important labelling reaction for tne development of 
receptor antagonists or agonits for radioneurological diagnosis 
(1). The aim of this paper is to show that a high specific 
activity molecular regiospecific radiobromination of non acti- 
vated phenylcompounds can be performed within a short time using 
a Cu(1) assisted nucleophilic non isotopic exchange in an acidic 
reducing medium until now applied for isotopic radioiodide 
exchange (2, 3, 4). The results shown are obtained for the 77Br 
for I exchange on p-I-phenylalanine, which was chosen as a model 
mo 1 ecu 1 e . 
Production of 75Br and 778r : a mixture of 75Br and 77Br was 
produced by a p, 2n reaction on natural Se (Na,Se 0, target) at 
the Liege 520 CGR-MeV compact cyclotron. 778r, with a specific 
activity of 1 mCi (37 MBq)/pM was mostly used for the labelling 
studies. 
Labelling reaction : 5 mg of p-I-phenylalanine (OL), 5 mg of 2,5 
dihydroxybenzoic acid, 0.5 mg of SnSOs, 100 IJl of glacial acetic 
acid, 340 M 1  of bidistilled H20,60 iJ1 o f  a 325 mg CuSOs.5H20/100 
ml H,O solution and 100 pl of a radiobromide solution ( 0.1 mCi) 
are mixed in a 700 pl septum closed reaction vial. The reaction 
mixture is flushed with N, during 10 minutes and heated during 30 
minutes at 140°C. 
Radiochemical control and recovery : a Waters HPLC set-up was 
used with a waters Nova-Pak C 18, 5 p ,  150 x 3.9 mm column and 
with a MeOH/H Ol/HOAclTMA : 35/65//0.9/0.35 mixture as eluent at 
a flow rate o f  0.5 mllmin. The signals of a UV detector and a NaI 
(Tl) scintillation detector were traced simultaneously. 
The radiochemical yield n was determined as the ratio of the 
activity of the collected peak to the total injected activity as 
well as the ratio of the area of the ~-~~Br-phenylalanine (p- 
77Br-+A1) peak (tr : 6.1 min) to the sum of the area's of the 
77Br (tr : 1.9 min) and p-Br-phenylalanine peaks. 

Results and discussion : As shown in table 1 ,  the amount of 
acetic acid is critical for the course of the labelling reaction. 

TABLE 1 : Radiochemical yield ( n % )  as a function of the amount 

Trial Fraction HoAc % 77Br-@-A1 % 778r- % 77Br-X 

of HoAc (tot. react. vol. 600 1.111 

1 0.167 
2 0.333 
3 0.500 
4 0.667 

97.8 2.2 - 
96.5 3.2 0.3 
82.1 1.5 16.4 
66.7 0.7 33.0 

I n  the trials 3 and 4, the formation of a radioactive side pro- 
duct 77Br-X (tr : 18.0 min), more lipophilic than p-I-phenylala- 
nine (p-I-@-Al)(tr : 8.6 min), has been observed. At least 1OOctl 

is needed 
in the reaction mixture to reach a pH which is low enough to 
satisfy the requirements for an optimal reaction as the radiobro- 
mide solution used in our experiments is alkaline due to the 
production procedure. When applying the described labelling 

of acetic acid corresponding to a fraction of 0.167. 
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conditions neither labelled nor cold side products have been 
observed. 
As shown in table 2 the radiochemical yield n strongly depends on 
the amounts of substrate involved in the reaction. 

TABLE 2 : Radiochemical yield ( n % )  as function of the amount of 
p-I-phenylalanine (mg ( CI mol)) 

(reaction "T: 140°C. reaction time: 60 min) 

Amount p- I-@-A1 % 77Br-@-A1 % 'Br- 
mg ( v  moll 

1 (3.90) 60.9 
3 (11.67) 87.4 
5 (19.45) 96.8 

39.1 
12.6 
3.2 

Reaction time (min) 

- "Br for Br exchange at 140°C (A) 
-77Br for  Br exchange at 120°C (A) 
-"Br for I exchange at 140°C ( * )  
-77Br for I exchange at 120°C ( 0 )  

Figure 1. Y\e_ld o f  ~-'~Br-h-Al as a function of time for: 

The difference of labelling rate between the two types of reac- 
tion is the more expressed at the lower reaction temperature. 
Assuming that An/At,between 10 and 30 minutes, is proportional to 
the reaction rate, the Cu(1) assisted isotopic bromo exchange at 
120°C is roughly 1.5 times as great as the non isotopic Br for I 
exchange. These results are i n  contradiction with the displace- 
ment theory of Bacon and Hill (5) but in agreemant with the 
statement of Liedholrn (6 )  that the iodo compounds react at a 
lower rate than the bromo ones due to the less favourable geomet- 
ry of the intermediate Cu(I) complex and to the large size o f  the 
iodine atom. It appears unlikely that the rate determining step 
involves the breaking of respectively the C-I and C-Br bonds. 
This supports our Cu(1) complex model sited in earlier papers 
(7 ) .  As, when applying the described Cu(1) procedure for the 13'1 
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for Br exchange on p-Br-$-A1 and Brominated Spiperone, labelling 
yields of respectively 99.9 % and 90 % (only using 0.5 mg of 
Brominated Spiperone at 150°C) are obtained, a high yield for the 
non isotopic nucleophi lic radiobromination of Spiperone or other 
arylgroup containing neuroleptic drugs is expected. 

The authors thank the I I K W  (Interuniversity Intitute for Nuclear 
Research) for financial support ; Dr Laduron and Dr Leysen of 
Janssen Pharmaceutica (Belgium) {or supplying Brominated Spipe- 
rone ; G. Tihange', 0. Terriere for technical assistance ; R. 
Cantineau' for helpful discussion. 
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SYNTHESIS OF I”’I1-IODOALIPHATIC AMINES AS POTENTIAL RADIOPHARMACEUTICALS FOR 
THE STUDY OF LUNG FUNCTION 
G. Gomlakrishnan. Y.W. Lee. A.A. Noujaim and S.F.P. Mant 
Faculty of Pharmacy, University of Alberta. Edmonton, Alta., Canada 
tFaculty of Medicine, University of Alberta, Edmonton. Alta.. Canada 

The ventilatory function of the lungs is normally evaluated by gaseous exchange studies which are 
informative only in cases of advanced lesions. We are proposing a series of new radiopharmaceuticals with 
the potential of diagnosis of early lung injury. Circulating endogenous and exoeenous amines have been 
demonstrated to be substrates of the monoamine oxidase (MAO) enzyme system of pulmonary endothelial 
cells(1). We have reported the uptake and metabolism of aliphatic amines by the lungs(2). Physical injury 
and/or pathophysiological lesions of the lungs would affect the uptake and subsequent metabolism of these 
amines. 

We have synthesized a number of o-[lJII]-labelled straight chain and b-monosubstituted aliphatic amines. 
The a-position is open to permit M A 0  enzymatic reactions. The 8-position is monosubstituted with various 
alkyl groups to alter the orientation and interaction between the substrates and the MA0 enzyme system. 

The synthesis of 1 -amino-6-iodohexane (73%) was carried out by treatment of commercially available 
1-amino-6-hydroxyhexane I with trimethylsilyl polyphosphate (PPSE) and Nal(3) (Scheme 1).  

Scheme 1.  Synthesis of l-Amino-6-iodohexane 

The synthesis of 1-amino-2-methyl- and l-amino-2-isopropyl-6-iodohexane and was achieved 
according to Scheme 2. Ethyl-6-hydroxyhexanoate 2 (!XI%) was synthesized by the acid catalyzed ring 
opening of o-caprolactone with dry ethanol. Alkylation of the hydroxyester 2 using lithium 
diisopropylamide (LDA) and the appropriate alkyl iodide yielded the a-alkylated esters 3 and 2 
respectively (78% and 58%). The o-hydroxyl group was protected as the tetrahydropyranyl ether and & 
(91% and 90%) by treatment with dihydropyran and p-toluenesulfonic acid prior to reduction of the ester to 
the alcohol $J and & (80% and !W%) by lithium aluminum hydride. The primary alcoholic groups of 3 and 
& were derivatized with p-toluenesulfonyl chloride in pyridine to afford @ and & (9940 and 81%). 
Treatment of the tosyl derivatives with NaI in acetone yielded (both 88%). The a-hyroxyl groups 
were then released by treatment with p-toluenesulfonic acid in methanol to give and & (82% and 92%). 
The iodides @ and k were converted to the phthalimido derivatives and & (75% and 60%) by treatment 
with potassium phthalimide in DMF. Hydrazinolysis of & and & afforded the o-hydroxyamines and 
1Oc (58% and 54%). These alcohols were converted to the iodoamines and (674. 60%) using PPSE 
F d  NaI in methyl ethyl ketone. The spectral data of the compounds reported here are in accordance with 
their respective structures. 

The synthesis of radioactive 
and [1311]-NaI/NaI (Radiochemical yields 67%. 61%. 55%; specific activity 340 GBq mmol-I). 

and 

from the corresponding bydroxyamines was achieved similarly using PPSE 
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n 

A = dry EtOHkonc. HSO,; B = LDA/THF/RI; C = DHP/CH,Cl,/TsOH; 
D = LAH/Et,O E = TsCl/pyridine; F = NaVacetone; G = TsOHIMeOH; 

H = potassium phthalimide/DMF; I = NH,NH,/MeOH; J = PPSE/NaI/MEK 

Scheme 2. Synthesis of l-Amin~2-allryl~iodohexane 

Acknowledgement. This work is supported by the Medical Research Council of Canada. 
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SYNTHESIS OF ~-(4-11”11-IODOPHENL)ALKYLAMINES AS POTENTIAL LUNG IMAGINQ 
RADIOPHARMACEUTICALS 
G. Gowlakrishnan. Y.W. Lee. A.A. Noujaim and S.F.P. Man? 
Faculty of Pharmacy. University of Alberta, Edmonton, Alta.. Canada 
?Faculty of Medicine, University of Alberta, Edmonton, Alta.. Canada 

Present pulmonary function tests do not allow early diagnosis or pulmonary physiological impairments. As a 
continuing program in the design of new lung imaging agents to provide information on early lung injury we 
have developed a series of radioiodinated aliphatic amines which are metabolised by the monoamine oxidase 
system of the lungs( 1). Preliminary physical and biological data suggest that some of the compounds have a 
labile C-1 bond. We now report the synthesis of a series of o-(4-[1311]-iodophenyl)alkylamines 8 and 2. la 
addition to an expected greater C-I  bond strength any cleaved iodophenyl function would be readily removed 
from circulation as iodohippurate. The synthesis of the iodinated amines 8 and 9 was accomplished 
according to Scheme 1. 

A = BH,-THF/THF; B = SOCl,; C = NaN,/H,O/Adogen 464%; 
D = TTFA/NaI/CH,CN; E = NaCN/H,O/Adogen 464”; n=3.5  

Scheme 1. Synthesis of c~.(4-[~~~I~Iodophenyl)alkylamines 

y-Phenylbutync acid (1. n=3)  was available commercially. 5-Phenylhexanoic acid (1. n = 5 )  WIU preprnd 
according to literature procedure(2). The reduction of the acids 1 (n=3,  5 )  was carried out US@ 
borane-tetrahydrofuran by a method similar to that reported by Brown et d(3 )  to yield quantitatively the 
corresponding alcohols 2. The alkyl chlorides 3 were prepared from the corresponding alcohols by rcfluxhg 
with excess thionyl chloride. The excess thionyl chloride was removed under reduced pressure. The chlorides 
were used without further purification in the synthesis of the corresponding azides using sodium azide and 
the phase-transfer catalyst (PTC) Adogen 464” in 75% yield(4). Reduction of the azides 4 with 
borane-tetrahydrofuran yielded the corresponding amines 6 in 73% and 64% yield respectively. 
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Treatment of the alkyl chlorides 3 with sodium cyanide under essentially the same PTC conditions as above 
yielded the nitriles 5 in 72% yield which were reduced to the mines 1 by treatment with 
borane-tetrahydrofuran in 65% yield. 

lodination of the amines 6 and 1 with thallium trifluoroacetate ("FA) and sodium iodide in acetonitrile 
yielded the amines 8 and 2 in 50-60RD yield. The jmfu position of the iodo substituent was confirmed by 300 
MHr NMR spectra. 

The synthesis of [1311]-labe11ed mines was camed out similarly with [1311]-Nal/NaI vin thallation in 15 to 
20% radiochemical yield (specific activity 300 to 400 GBq mmol-I). Biodistribution studies of the above 
compounds have been studied using gamma camera techniques. 
Acknowledgement. The financial support of the Medical Research Council of Canada is gratefully 
acknowledged. 
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DESIGN OF A FULLY AUTOMATED, IN-BEAH,  CONTINUOUS-FLOW 1-123 PRODUCTION SYSTEU. 
S. Hirzadeh, L.F. Mausner, and S.C. Sr ivas tava  
Medical Department, Brookhaven National Laboratory, Upton, New York 11973 

Iodine-123 has been prepared a t  the  Brookhaven Linac Isotope Producer (BLIP) 
(1)  from the Xe-123 precursor  produced by 1-127(p,5n) reac t ion .  
is  e x c e l l e n t  and the chemical form s u i t a b l e  f o r  l a b e l i n g  (2) .  However, the 
r e l a t i v e l y  time consuming, labor  in tens ive ,  and i n e f f i c i e n t  batch mode i s  not  
readi ly  scaled u p  t o  allow BLIP t o  become a meaningful c o n t r i b u t o r  i n  a 
nationwide d i s t r i b u t i o n  e f f o r t .  The in-beam, continuous-flow process w i l l  help 
solve t h i s  problem because i t  o f f e r s  much higher  1-123 y i e l d  and i s  amenable t o  
automation. We descr ibe  here  the  t a r g e t  design and our  system f o r  f u l l y  
automated production. 

A t a r g e t  has been developed, a p l a s t i c  mockup of which i s  shown i n  Figure 1. The 
t a r g e t  c o n s i s t s  of two concent r ic  d i s k s  ( 7 . 5  cm O.D., 1.5 cm thickness  and 10.3 
cm O.D., 2 . 1  cm thickness)  which a r e  housed i n  a square frame (10.5 x 10.5 x 2.8 
cm). The inner  d i s k  holds the  NaI t a r g e t  s a l t  and conta ins  a heat ing element, a 
thermocouple and a l i n e  f o r  H e  t o  flow across  the s a l t  surface.  The outer  d i sk  
is pr imari ly  a secondary containment t o  prevent  i r r a d i a t e d  s a l t  from g e t t i n g  out  
i f  the inner  vesse l  l eaks ,  and i t  a l s o  provides some thermal i n s u l a t i o n  between 
the hot  inner  v e s s e l  (-67OOC) and BLIP cool ing water. The outer  can i s  a l s o  
connected t o  an adapter  tube (2 cm O.D., -35 cm height)  which houses the He and 
e l e c t r i c a l  l i n e s .  The square frame provides a means of a t t a c h i n g  the t a r g e t  
assembly t o  the  BLIP target-dr ive-chain mechanism. The t a r g e t  assembly i s  made 
e n t i r e l y  from s t a i n l e s s  s t e e l  and i s  connected t o  the BLIP opera t ing  f l o o r  by a 
30 f o o t  PVC hose and cable  bundle. The two concent r ic  d i s k s  and the adapter  tube 
a r e  made a s  a s i n g l e  u n i t  and can be remotely separated from the r e s t  of the 
t a r g e t  assembly and replaced. 

The bas ic  f e a t u r e s  of the experimental setup a r e  shown i n  Figure 2. 
i r r a d i a t i o n ,  He flows p a s t  the t a r g e t  s a l t  and sweeps o u t  radio-Xe produced by 
1271(p,xn) reac t ions .  The gas  then flows through a t r a p  a t  -4OoC, t o  remove 
condensable Nal and I 2  vapor, a Ag-Si02 t r a p  a t  - l l O ° C  t o  f u r t h e r  s c r u b  possible  
iodine vapor, and i n t o  up  t o  th ree  c o i l  t r a p s  a t  -196OC which remove a l l  the 
xenon. Then the  He flows through a hold-up volume and i s  f i n a l l y  vented. After  
3-4 hours of Xe c o l l e c t i o n ,  c o i l  1 i s  bypassed and radio-Xe i s  c o l l e c t e d  i n  c o i l s  
2 and 3. 
out  from c o i l  1 and subsequent1 0 1 1  N a O H  i s  introduced t o  the  c o i l  t o  wash out  
the  iodine-123. For anhydrous 12jI preparat ion ins tead ,  immediately a f t e r  
c o l l e c t i o n  the 123Xe is cryogenical ly  t ransfer red  t o  ampoules 1-5 where i t  
decays. These s t e p s  can be r e  eated f o r  c o i l  2 ,  o r  a l t e r n a t i v e l y  the e n t i r e  c o i l  
removed f o r  shipment of the l29Xe i t s e l f .  

The new gas c o l l e c t i o n  process design c o n s i s t s  of more than 50 solenoid valves ,  
two mass flow c o n t r o l s ,  th ree  mass flow meters, 10 thermocouples and l i q u i d  
n i t rogen  l e v e l  i n d i c a t o r s ,  f i v e  vacuum gauges, and severa l  r a d i a t i o n  monitors and 
in te r locks .  The u n i t  i s  located a t  the BLIP hot  c e l l ,  which has a continuous 
flow of a i r  (25,000 l/min) vented through a charcoal  f i l t e r ,  a HEPA f i l t e r ,  and 
out  a 10-meter s tack.  

The in-beam continuous-f low 123Xe/1231 production s y s t e m  i s  expected t o  operate  
6-8 h d a i l y  f o r  5 days p e r  week. An automated c o n t r o l  system i s  required t o  
minimize manpower requirements and enhance r e l i a b i l i t y  and safe ty .  

The c o n t r o l  system i s  based on a c e n t r a l i z e d  conf igura t ion  c o n s i s t i n g  of a 
D i g i t a l  Equipment Corporation (DEC) PDP 11/73 computer with the DEC RSX-11M 
opera t ing  system. A CRISP mult i - task aofhrare  from Anaconda Advanced 
Technologies (ANATEC) i s  i n s t a l l e d  i n  the  computer. I n  t h i s  conf igura t ion ,  the 
execution of t h e  process cont ro l  a lgori thm and the co lor  graphic  i s  done within 

The rad iopur i ty  

During 

Af ter  allowing Xe t o  decay f o r  2-3 hours, the  undecayed X e  i s  pumped 
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FIG, 1, A TARGET DESIGN FOR THE IN-BEAM CONTINUOUS-FLOW 1-123 PRODUCTION, 
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the c e n t r a l  processing u n i t  (cpu), a long wi th  s e r v i c i n g  of the 1/0 subsystem and 
assoc ia ted  per iphera ls .  

The hardware components c o n s i s t  of the  f i e l d  i n t e r f a c e  e l e c t r o n i c s  (I/O 
subsystem). Inputs  include pressures ,  flows, temperature, l i q u i d  l e v e l s ,  and 
s i g n a l s  from r a d i a t i o n  monitors. The outputs  include on/off p o s i t i o n s  f o r  
valves, pumps, power s e t t i n g s  f o r  hea te rs ,  and step-motors. The l o g i c  processing 
task i s  i n  the  form of a continuous loop wi th  a scan r a t e  of 60 passes  per  
minute. The v a r i a b l e  Inputs  a r e  scanned and converted where necessary t o  
engineer ing u n i t s .  High and low l i m i t s  can be appl ied  t o  the  c o n t r o l l e r  output  
t o  prevent runaway condi t ions.  The range of these L i m i t s  can be modified during 
processing without  the necess i ty  t o  recompile the  program. 

The opera tor  i n t e r f a c e  i s  a 19" c o l o r  CRT wi th  a keyboard. 
used t o  monitor and c o n t r o l  the  process. The custom graphics  can show the e n t i r e  
process o r  subuni t s  i n  a s  much d e t a i l  a s  might be required f o r  the  s a f e ,  
e f f i c i e n t  opera t ion  of the  123xe/1231 procesr. The c o l o r  graphic  d i s p l a y s  permit 
c o l o r  changes a s  a process v a r i a b l e  goes o u t  of l i m i t s ,  w i th  bl inking va lues  
u n t i l  acknowledged by the  operator .  Valves change c o l o r ,  e.g. from red ( o f f )  t o  
green (on) ,  a s  the  process proceeds. The opera tor  can requas t  o t h e r  c o l o r  video 
frames f o r  monitoring and c o n t r o l  of  the  procers  by a push of a labe led  but ton.  
These f e a t u r e s  s i g n i f i c a n t l y  enhance the  s a f e t y  and s i m p l i c i t y  of the  system. 

The most important s a f e t y  f e a t u r e  of the 123Xe/123~ c o n t r o l  system i s  the  
c a p a b i l i t y  f o r  programmable alarms and in te r locks .  V i s u a l  communication through 
the co lor  CRT is used f o r  warning purposes. All a l a r m  a r e  logged on f i l e  by the 
computer and t h i s  f i l e  can be r e c a l l e d  on request .  The s a f e t y  i n t e r l o c k  s t r a t e g y  
f o r  the  system c o n s i s t s  of var ious  programed shutdown sequences i n  the  event  of 
leaks,  pump f a i l u r e s ,  blocked process l i n e s ,  etc. A l l  the  f a i l u r e s  are handled 
i n  a s a f e  manner t o  p r o t e c t  personnel and equipment, and t o  a l low f a s t  r e s t a r t  of 
the process i n  order  t o  complete the run i n  a timely manner. 
(Research supported under U.S. Department of Energy Contract  DE-AC02-76CH00016.) 

1. 
2. Mausner, L.F., Sr ivas tava ,  S.C., Mirzadeh, S., Meinken, C.E., and Prach, T . ,  

Custom graphics  is 

Mausner, L.P., and Richards, P.,  IEEE Trans. Nucl. Sci. E, 1793 (1983). 

I n t .  J. Appl. Radiat. Isot . ,  (1986), i n  press .  
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PRODUCTION OF IODINE-1 23 VIA PROTON IRRADIATION OF 99.8% ENRICHED XENON-1 24 
A.J. Witsenboer (11, J.J.M. de Goeij (1,2), and S. Reiffers (3) 
Department of Physics, Eindhoven University of Technology, Eindhoven, The 
Netherlands (1) , Interuniversity Reactor Institute, Delft, The Netherlands (2) 
and Hospital De Weezenlanden, Zwolle, The Netherlands (3). 

For comercia1 production of iodine-123, two routes are currently used, viz. 
the direct reaction Te-124(p,2n)I-123 and the indirect reaction I-l27(p,5n)Xe- 
123 * 1-123. The iodine-123 produced is contaminated with other radioisotopes 
of iodine, the main contaminant in the first route is 1-124, formed by the 
Te-124(p,n)I-124 reaction, and in the second route 1-125, formed by the 
I-127(p,3n)Xe-125 * 1-125 reaction. Typical radionuclidic impurity levels are 
given in Table 1. 

Production of sizeable quantities of iodine-123 of higher purity is possible 
via proton irradiation of highly enriched xenon-124 /1,2/. Reactions leading 
to iodine-123 are: 

124Xe(p,2n)123Cs (5.9 min) * 123Xe (2.1 h) + 1 231 (Q = -15.5 MeV) 

124Xe(p,pn) 123Xe- ( 2 . 1  h) + 1231 (Q = -10.3 MeV) 

(Q = - 6.8 MeV) 24~e(p,2p) 2 3 ~  

Reactions leading to other radioisotopes of iodine are: 

124~e(p,an) 2 0 ~  (Q = - 6.5 MeV) 

124~e(p,a)121~ (2.1 h) +121Te (Q = + 3.8 MeV) 

(Q = - 9.0 MeV) 

124Xe(p,p2n)122Xe (20 h) + 1221 (Q = -18.7 MeV) 

124Xe(p,y)125Cs (45 min) + 125Xe (17 h) * 1251 (Q = + 3.9 MeV) 

24Xe (p ,3~e) 221 

The cross section for the interfering Xe-l24(p,y) reaction is relatively low 
in the energy range of 27-20 MeV, so that only a minute 1-125 impurity is to 
be expected. Since iodine-120, iodine-121 and iodine-122 have short half-lives 
(1.35 h, 2.1 h, and 3.5 min respectively), no substantial contamination with 
these radioisotopes will be present at calibration time. 

Highly enriched xenon-124 is expensive (US $ 150,000 per liter STP) due to its 
natural abundance of only 0.096%. This calls for an effective gas target and a 
reliable gas handling system. In the past years considerable experience has 
been obtained at the Eindhoven cyclotron laboratory in handling enriched 
krypton-82 gas for the production of rubidium41 for krypton-8lm generators. 
Since June 1984 this technology is being applied and further improved for the 
production of iodine-123 via proton bombardment of the enriched xenon-124. 
To our knowledge, two other laboratories are presently involved in the produc- 
tion of iodine-123 by this method, viz. in Vancouver, Canada I31 and in Karls- 
ruhe, FRG. 

To optirnise the use of the protons entering the target gas chamber, a computer 
model has been developed for the calculation of the proton scattering in the 
xenon gas and in the entrance foil. Based on the results of this model and the 
theoretical cross section data of Grabmayr en Nowotny 121, the target gas 
chamber has been designed. The chamber has a conical shape, with a length of 
250 nun and a volume of 50 ml. 
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The chamber is filled with 120 ml STP 99.8 percent enriched xenon-124. 
The initial pressure of 2.4 bar rises to 4 - 5 bar during irradiation. For the 
handling of the gas a computer-controlled system has been developed, including 
an emergency recovery system in case of foil disrupture during irradiation. 
The losses of xenon-124 averages to 0.2% per production run. 

The xenon gas is irradiated with a 30 pA beam of 27 MeV protons for 8 h. After 
bombardment, the xenon gas is pumped cryogenically to a temporary storage ves- 
sel and the 1-123 absorbed on the wall of the gas chamber is recovered by 
rinsing with 20 ml of water containing 20 pg of cesium iodide and 160 ug NaOH. 
The xenon-123 is allowed to decay to iodine-123 for 6.6 h, after which the 
xenon-124 is recovered and the iodine-123 is collected, also by rinsing. Both 
rinsings are passed through an anion exchanger to remove tellurium-121 and to 
concentrate the iodine-123. 

The total yield of iodine is about 6 uCi per pAh at point of maximum activity 
(EOB + 3 h). The radionuclidic impurities at calibration time are listed in 
Table 1. The specific activity amounts to 10 Ci/mg at calibration time. During 
the past year iodine-123 ie being produced twice a week in batches of 1.2 Ci. 
The product is supplied to Dutch hospitals as NaI, hippuran, w-heptadecanoic 
acid, meta-iodobenzylguanidine, and N-isopropyl-iodoamphetamine. 

The advantages of the new production route for iodine-123 are: (i) reduction 
of the radiation dose to patients (up to 702, which may be important for 
patients who receive large doses, e.g. of meta-iodobenzylguanidine), (ii) longer 
shelf-life and (iii) reduction of the amounts of radioactive waste in the 
hospital. 

The new product broadens the range of radionuclidic qualities of iodine-123 
products available from various sources. This underlines again the desirability 
to come to an internationally accepted classification for the radionuclidic 
quality of iodine-123 products 141. For our product the indication pRI4, is 
being used, where RI stands for radionuclidic impurities, and p for the nega- 
tive logarithm, corresponding to the definition of the pH. 

TABLE 1. Main Radionuclidic Impurities in Iodine-123 Products at Calibration 
Time (= EOB + 32 h) . 

Preparation route 
Radionuclidic 

~~~ 

1-121 o.ool%c) < 0.001% 
d) I- 124 2 - 2.5% 

I- 125 - 1% 
d) < 0.01% d) 

a) Isotopic enrichment of 96-98% for the target; b) Isotopic enrichment of 
99.8% for the target; c) Only when high-energetic protons are used; d) Depends 
on irradiation andlor processing conditions. 

/1/ Van den Bosch. R.L.P., Thesis, Eindhoven University of Technology, 

/2/ Grabmayr, P., Nowotny, R., Int. J. Appl. Rad. Isot., 29, 261 (1978). 
131 Graham, D., Trevena, I.C., Webster, B., Williams, D., J. Nucl. Med., 5, 
/4/ Van den Bosch, R.L.P., de Goeij, J.J.M., Tertoolen. J.F.W., Tielemans, 

Eindhoven, The Netherlands, Preposition 8 (1979). 

105 (1985). 

M.W.M., Int. J. Appl. Rad. Isot., 2, 343 (1978). 
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A NEW ELECTROCHEMICAL METHOD FOR THE SEPARATION OF RADIOBmMINE 
FROM A SELENIUM TARGET FOLLOWING PROTON IRRADIATION. 

C.  BRIHAYE, G. TIHANGE, J . C .  HOET and M. GUILLAUME. 
Universi ty  of Liege, Cyclotron Research Center - B30 
S a r t  Tilman, B - 4000 Liege (Belgique) .  

A new method f o r  t h e  separa t ion  of  bromine from a selenium t a r g e t  a f t e r  i r r a -  
d i a t i o n  with protons has  been developed using electrochemical  ox ida t ion  of t h e  
bromide ions  to bromine and the  c o n c o m i t a n t  e x t r a c t i o n  of B r 2  i n  CCl4. This  
method has  been inves t iga ted  i n  order  to separate 75Br produced from a selenium- 
76 t a r g e t  using t h e  (p.2n) r e a c t i o n  wi th  protons of 23 MeV as descr ibed previous- 
l y  ( 1 - 2 ) .  An average of  75 % of  t h e  bromine a c t i v i t y  produced i s  recovered by 
t h i s  procedure. For t h e  development of  t h e  method n a t u r a l  selenium w a s  used. 

Sodium s e l e n i t e  d r i e d  by increas ing  t h e  temperature from 60 t o  25OoC is  i r r a d i a -  
t e d  with 23 MeV protons a t  a c u r r e n t  of 15-20 llA without  any t a r g e t  degradat ion 
producinq 7 5 B r ,  76Br and 77Br  as bromide i o n s  as shown by e l e c t r o p h o r e s i s  s tu-  
d i e s .  After  i r r a d i a t i o n ,  t h e  t a r g e t  i s  dissolved i n  1N HNO) and 1 pg of  B r  car- 
r ier i s  added. The s o l u t i o n  i s  t r a n s f e r e d  i n t o  an electrochemical  ce l l  provided 
with a l a r g e  sur face  platinum e l e c t r o d e  and an Ag/AgCl re ference  electrode. 
A second compartment of  t h e  cel l  conta in ing  a platinum cathode i s  f i l l e d  w i t h  
1N M o 3  s o l u t i o n  and connected to  t h e  main compartment wi th  a agar  br idge.  The 
p o t e n t i a l  of the  platinum anode i s  held a t  1.2 V (vs. Ag/AgCl) by means of a 
3-electrode p o t e n t i o s t a t  connected to  a c u r r e n t  booster to  al low passage of  a 
l a r g e  c u r r e n t  i n t e n s i t y .  Voltametric s t u d i e s  have shown that, under these  condi- 
t i o n s ,  bromide ions  a r e  oxidized t o  B r 2  from 0.8 t o  1.6-V. Oxidation t o  HOBr or 
bromate ions  does not  occur and s e l e n i t e  ions  a r e  n o t  e l e c t r o a c t i v e  a t  a platinum 
e lec t rode .  During t h e  e lec t rooxida t ion ,  t h e  B r 2  formed i s  simultaneously ex t rac-  
t e d  with CCl4. Af te r  15 min of oxida t ion ,  t h e  organic  and aqueous phases are se- 
parated.  I f  requi red ,  t h e  B r 2  i n  CCl4 can be reduced t o  Br-by adding 1 m l  of a 
sa tura ted  SO2 s o l u t i o n  i n  methanol. The so lvent  i s  evaporated on a water-bath. 
The aqueous so lu t ion  containing t h e  s e l e n i t e  i o n s  i s  evaporated and can be re-  
ussd. 

The advantages of t h i s  new method of separa t ion  are the fol lowing : 

1.  The method i s  simple and reproducible  with a separa t ion  y i e l d  of 75 % .  
2. The nature  of t h e  B r  species produced is w e l l  def ined  as it i s  t h e  r e s u l t  of 

3. Depending on t h e  subsequent requirements, B r  can be obtained a s  e i t h e r  Br-or 

4. A s  no reagent  i s  added, t h e  t a r g e t  can be recycled f o r  f u r t h e r  use.  

an electrochemical  process .  

B r 2 .  

References. 
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EFFICIENT CONJUGATION OF DTPA TO HONOCLONAL ANTIBODIES IN BIOLOGICAL FLUIDS FOR 
USE IN RADIOLABELING 
B.M. Kinsey, A.I. Kassis, W.W. Layne, and S.J. Adelstein 
Department of Radiology, Harvard Medical School. Boston, MA 02115 

Monoclonal antibodies (MoAb) conjugated to diethylenetriamine pentaacetic acid 
(DTPA) can be labeled with metallic radionuclides such as indium-111 (1111n), 
and bismuth-212 (21281) for tumor imaging and radiotherapy. Several conditions 
must be met: 1) to preserve the immunoreactivity of the MoAb, it m e t  be 
manipulated as little as possible; 2) for efficient conjugation and subsequent 
removal of free DTPA, there m e t  be a high protein concentration (1); 3 )  trace 
metal contarnination of the conjugated proteins nust be avoided (2). We have 
developed a simple, quick, and efficient method using cyclic DTPA anhydride 
(cDTPA) that meets these three criteria. 

Ascites fluid from mice bearing MoAbproducing hybridomas has a protein concen- 
tration of 20 to 25 mg/ml, of which 50 to 60% is albumin (MU I 70,000). On a 
molar basis, albumin represents 70 to 95% of the protein present, depending on 
the molecular weight of the MoAb (IgM Z 900,000; IgG 150,000). When the HoAb 
is an IgM, it can be separated from other immunoglobulins and albumin by HPLC 
using a TSK-300SW column (Waters Associates) with 2.5% triethylamine in 0.1 M 
NazS04, pH 4.5, as eluting buffer. Since adding DTPA and then excess ll11n to 
the buffer before and after it had passed through the column revealed no dif- 
ference in the capacity of the added DTPA to chelate ll11n, indicating that 
trace metal contamination from the column does not pose a problem, we investi- 
gated the conjugation of a MoAb In the presence of other proteins in the ascites 
fluid and the use of HPLC to purify the DTPA-conjugated MoAb and separate it 
from excess cDTPA. 

cDTPA in dimethylsulfoxide (DMSO) was added to the ascites fluid such that the 
final DMSO concentration did not exceed 5%. The CDTPA to protein molar ratio 
was based on an approximate calculation of the number of moles of protein 
present in the ascites fluid. The MoAb peak was collected post HPLC and 0.1 M 
citrate buffer, pH 6 . 0 ,  followed by ll1In, was added iuuoediately. After 0.5 hour 
incubation at room temperature, the labeled protein(s) was purified by gel 
filtration. was used to assay the number of DTPAs 
per molecule. The HPLC eluate was reinjected in order to determine the protein 
concentration of the MoAb by comparison of the HPLC peak height with a standard 
protein concentration curve. The results obtained from two different CDTPA to 
protein ratios are summarized in Table 1. 

Low specific activity 1llIn 

TABLE 1. Labeling of MoAb in Ascites Fluid with cDTPA 

MoAb Class mu01 cDTPA / 
mmol Protein 

DTPA / Protein 
Molecule 

Thy 1.2 IgM 10/1 
2011 

0.24 
1.2 

1. Paik, C.H., Ebbert, M.A., Murphy, P.R., Lasserman, C.R., Reba, R.C. 
Eckelman, W.C., Pak, K.Y., Powe, J., Steplewski, Z., and Koprowskl, H., 
J. Nucl. Med.. 26, 1158 (1983). 

2. Paik, C.H., Hong, J.J., Ebbert, M.A., Heald, S.C., Reba, R.C., and Eckelman, 
W.C., J. Nucl. Med., a, 482 (1985). 
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COMPARISONOFCARBOHYDRATE DIRECTEDVERSUS AMINE DIRECTEDATTACHMENTE 
--___ DTPA TO MURINE MONOCLONAL ANTIBODIES. 
B.A. Brown, C.B. Dearborn, W.P. Neacy, H. Sands, and B.M. Gallagher 
Immunopharmaceutical R&D, E.I. duPont de Nemours, Co., Inc. 
No. Billerica, MA 01862 

The attachment of bifunctional chelators to murine monoclonal 
antibodies (MAb) requires chemical modifications that may result in 
alteration of their biological behavior. The biochemical, 
immunological, a n d b i o l o g i c a l c h a r a c t e r i s t i c s o f  1''InlabeledB6.2 and 
B72.3 were compared to the appropriate radioiodinated MAb's following 
either reaction with the bis cyclic anhydride of DTPA (cDTPA) (1) or 
periodate oxidation of the carbohydrate moieties of the MAb's (2) and 
reaction with a dihexylamine DTPA analogue (dDTPA) . Reaction of MAb's 
with cDTPA versus dDTPA gave differing forms of crosslinking and 
aggregation as measured on reducing and non-reducing SDS-PAGE (see 
Tablel) as wellas size-exclusionHPLC as shown onTable 2 (at 1-3 mg/ml 
of MAb/ 10-fold molar excess of cDTPA and 10 mM periodate for 10 
minutes). 

TABLE 1- Structural Alterations um Modification as Determined & 
Reducincr SDS-Pase 

% of A585 on Coomassie Stained Gel 
Molecular CDTPA dDTPA 
Weights B6.2 B72.3 B6.2 B72.3 B6.2 B72.3 

28K 40 38.2 37.8 35 29.3 34.9 
(Light Chain) 
57K 60 59.9 59.4 65 40.3 47.9 
(Heavy Chain) 
83K --a 1.9 1.8 -- 7.4 1.5 -- 2.8 1.1 lOOK 
13 OK 
150K -- -- -- -- 19.1 14.6 
180K 

-- -- -- -- -- -- -- -- 1.0 

-- 0.8 -- -- -- -- 
aNo band observed 

~~ 

-- TABLE 2 .  Structual Alterations upon_ Modification 2 Determined by SEC- 

Mo 1 ecul ar c DT PA dDTPA 
Weishts B6.2 B72.3 B6.2 B72.3 B6.2 B72.3 

HPLC 

150K 100 100 98.6 100 97.4 92 
300K 0 0 1.2 0 2.6 8 

Thus, dDTPA modification of B6.2 or B72.3 resulted in little change as 
measured on SEC-HPLC but showed significant intramolecular 
crosslinking on SDS-PAGE. cDTPA modification, in contrast, was 
relatively innocuous. 
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The chemistries of cDTPA modification of both B6.2 and 872.3 were 
optimized to retain full immunoreactivity when compared to the 
appropriate radioiodinated MAb's in direct solid phase immunoassays. 

T A B L E , L  vi Pemaininq After Cvclic Dianhvdride DTPA 
React ion 

ANTIBODY 
MOLAR RATIO 
cDTPA: MAb B6.2 B72.3 

1 2 5 1  80% 100% 
1x 100% -- 
lox 85% 92% 
lOOX 71% 45% 

In competitive radioimmunoassays with appropriate radioiodinated 
MAbIs, the dDTPA modified MAb's retained full immunoreactivity. 

The in vivo behavior of both antibodies with 1-125 unmodified MAbIs, ' ' 'In-CDTPA, and ' ' In-dDTPA-MAb's were studied in normal CD1 mice. At 
1-6 hours both forms of labeled MAbIs distributed to the various organs 
and cleared from the blood at similar rates (see Table 4) . However at 
24 hours si nificant differences were seen in blood clearance ( ' ' "In- 
dDTPA-MAb>" 'In-cDTPA-MAb = I-125-MAb) and kidney ( '  ' 'In-dDTPA- 
MAb>"'In-cDTPA-MAb>I-125-MAb) (see Table 5). 

TABLE 4. Biodi stribution 0-f ' 5J- and ' ' 'Jn-Label ed B6.2 in CD1 Mice One 
Hour€!Q&Iniection 

Average % Injected Dose/Gram 
1 2 5 1  ' In-cDTPA ' ' ' In-dDTPA 

~~~ ~ ~ ~ 

Blood 19.2' 
Liver 5.7 
Kidney 4.7 
Muscle 1.3 
'n = 3-5 animals 

23.1 
6.4 
6.5 
0 . 8  

19.7 
6.7 
7.7 
0.5 

~~ 

stribu tion af ' 'I- and ' ' ' In-Labeled B6.2 aJId B72.3 in - Hours Post-In1 ec tion 
TABLE L E!iodi cQ.a M.&& Twenty four 

Average % Injected Dose/Gram 
1 2 S I  "'In-cDTPA "'In-dDTPA 

B6.2 B72.3 B6.2 B72.3 B6.2 B72.3 

Blood 11.5' 14.72 11.41 12.46 4.15 3.35 
Liver 3.1 2.67 4.23 4.44 3.73 4.93 
Kidney 2.7 3.08 8 .40  8.10 13.28 16.05 
Muscle 0.9 0.98 2.14 1.03 1.72 1.47 
'n = 3-5 animals 

In these normal animals, the liverdoes notaccumulate "'Inregardless 
of the chemistry of conjugation. In contrast, there is significant 
accumulation of '"In in the livers of athymic mice bearing antigen- 
s ecifictumors (3) possiblyduetocirculatingantigenormetabolismof 
'"In-MAb at the tumor. These results suggest that by different 
chemical methods of attachment of bifunctionalchelators theremay bea 
means of selection of the biological distribution to the non-target 
organs to suit the application. The faster blood clearance of the 
dDTPA-MAb could permit early imaging assuming that the MAb had a 
sufficiently high affinity for tumor localization. 
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SYNTHESIS AND I N  V I V O  COMPARISON OF ANTIBODY DTPA CONJUGATES WITH DIFFERENT 

S.M. Quadr i ,  C.H. Paik, K. Yokoyama and R.C. Reba. 
George Washington U n i v e r s i t y  Medical Center, Washington, DC and NIH,  Bethesda, MD. 

AL BONDS 

The q u a l i t y  o f  radioimnunoimaging depends on a r e l a t i v e  term, a tumor t o  normal ( o r  
b lood)  r a t i o  o f  rad io labe led  ant ibody i n j e c t a t e .  Radioimnunoimaging i s  o f t e n  
delayed ma in l y  because o f  p e r s i s t a n t  background a c t i v i t y .  For  a tumor ant ibody 
w i t h  a g iven s p e c i f i c i t y  and a f f i n i t y  constant, an e a r l y  radioimnunoimaging cou ld  
be achieved i f  the  background a c i t i v i t y  c leared f a s t .  To achieve t h i s  goal, t h ree  
new analogues o f  ant ibody DTPA conjugates w i t h  chemical bonds more e a s i l y  
metabolized than a pept ide ( o r  acylamide) bond were synthesized. 

A b i f u n c t i o n a l  che l a t o r ,  DJPA-p- (ami noe thy1 )-an i 1 i de was f i r s  t synthes i  zed by 
r e a c t i n g  &!4-aminophenyl)-ethylamine w i t h  c y c l i c  DTPA d ianhydr ide a t  pH 5. The 
f i r s t  analogue ( I )  of antibody-DTPA conjugates conta ins dext ran as a spacer between 
DTPA molecules and a n t i  human serum albumin ant ibody (Ab). Th is  was synthesized by 
the r e a c t i o n  o f  t he  amino group o f  DTPA-p(aminoethy1)-ani l i d e  w i t h  some o f  aldehyde 
groups de r i ved  from t h e  o x i d a t i o n  o f  hydroxy groups o f  dext ran by pe r ioda te  ( 1 ) .  
The remaining aldehyde groups o f  dext ran were then reacted w i t h  antibody. The 
unsaturated bonds were reduced by NaCNBH3. The second (11) conta ins a spacer w i t h  
two e s t e r  bonds. For the synthes is  of t h i s  analogue the  amino group of t he  
b i f u n c t i o n a l  c h e l a t o r  was reacted w i t h  one carbonyl group o f  t he  succ in imidy l  
succinate o f  e thy lene g l y c o l y l  b i s  ( succ in im idy l  succ inate)  ( 2 ) .  The amino group 
o f  Ab was then reacted w i t h  another carbonyl group o f  t he  succ in imidy l  succinate 
con ta in ing  DTPA. The t h i r d  (111) was obta ined by conjugat ing the  amino group o f  t h e  
b i f u n c t i o n a l  c h e l a t o r  t o  the aldehyde groups de r i ved  from the  o x i d a t i o n  o f  
carbohydrate mo ie t i es  i n  Fc reg ion o f  Ab w i t h  pe r ioda te  ( 3 ) .  The imine bonds were 
reduced by NaCNBH3. The products, I ,  I1  and 111 were separated from smal ler  
molecules by the  fi l t e r a t i o n  w i t h  centr icones (molecular c u t o f f  o f  30,000), 
rad io labe led  w ' t h  T h e i r  i n  v i v o  d i s t r i b u t i o n  were 
compared w i t h  illIn labeled Ab-DTPA prepared by a d i r e c t  a c y l a t i o n  r e a c t i o n  w i t h  
c y c l i c  DTPA d ianhydr ide (4 ) .  

A tumor model s i m i l a r  t o  t h a t  repor ted by Otsuka, e t  a1 ( 5 )  was used f o r  a pr imary 
screening o f  t he  radiopharmaceuticals. Human serum albumin (HSA) was con'u ated t o  
CNBr  ac t i va ted  Sepharose 48 (60-180 um diam). Sepharose 4B-HSA-DTPAAfiIn was 
found t o  l o c a l i z e  almost q u a n t i t a t i v e l y  i n  r a t  lungs imnediate ly  a f t e r  i v  i n j e c t i o n  
s i m i l a r  t o  Otsuka e t  a l .  96% o f  whole body a c t i v i t y  was found i n  the lungs a t  24 
h r .  For  b i o d i s t r i b u t i o n  s tud ies  Sepharose 4B-HSA i n  0.2ml PBS con ta in ing  25% 
sucrose was i n j e c t e d  i n t o  a t a i l  v e i n  o f  r a t s  (250-3009) and 15 min l a t e r  0.2ml o f  
t he  f o l l o w i n g  rad io inuno imag ing  agents ( 3 5 ~ 9 ,  4uCi) were i n j e c t e d  i n t o  another 
t a i l  vein. The number o f  DTPA molecules conjugated p e r  Ab f o r  the b i o d i s t r i b u t i o n  
s tud ies  was 6 f o r  I and 11, and 2 f o r  111 and I V .  Comparing organ a c t i v i t i e s  i n  % 
ID/g a t  24hr, t he  t a r g e t  ( l ung )  a c t i v i t i e s  o f  I (2.98), I 1  (3.75), 111 (4.26), and 
I V  (3.67) were s i m i l a r .  However, t h e  t a r g e t  t o  b lood r a t i o  showed a l a rge  v a r i a t i o n  
(38 f o r  11, 8.2 f o r  I ,  6.7 f o r  111, 1.3 f o r  I V ) .  The t a r g e t  t o  l i v e r  r a t i o  was the  
h ighest  f o r  111 (4.4) f o l l owed  by I (2.8), I 1  (2.3) and I V  (1.3). The o rde r  o f  t he  
t a r g e t  t o  k idney r a t i o  was I 1  (3.8), I (2.8), I 1 1  (2.3) and I V  (1.0). The t a r g e t  
t o  spleen a c t i v i t y  was the  h ighest  f o r  I 1 1  (4.7) f o l l owed  by I 1  (1.8), I V  (1.7) and 
I (1.3) .  Although these are p r e l i m i n a r y  data based on averages o f  d u p l i c a t e  t o  
t r i p 1  i c a t e  experiments, these s tud ies  support t h e  hypothesis t h a t  a t a r g e t  t o  
background r a t i o  could be opt imized by chemical m o d i f i c a t i o n s  o f  t he  bond l i n k i n g  
the  c h e l a t o r  and antibody. 

l l I n  and a f f i n i t y  p u r i f i e d .  

This  Ab-DTPA ( I V )  i s  l i n k e d  by an acylamide bond. 
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The structures of ANTIBODY-DTPA CONJUGATES. 

Antibody---dextran---CH,NHCH,CH,GNH - e - DTPA 

0 0 0 0 0 
I I  II II I I  II 

Ab NH -C-(CH,),-C-O-(Ct-$),-O -C - (CH2),- C -NHCH2CH2@ NH-C-DTPA 

Ab-ethylene glycolyl bis (succinote)-DTPA analogue 

(11) 

0 
Anti body-CH2NHCH2CH2@NH -2-DTPA I 

(111) 

Anti body---- DTPA 

(IV) 
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INVESTIGATIONS OF AVIDIN-BIOTIN I N  RADIOPHARMACEUTICAL DESIGN 
D.J. Hnatowm,  M. Rusckomki, F. V i r z i  and P.W. Ooherty 
Department o f  Nuclear Medicine, U n i v e r s i t y  o f  Massachusetts Medical Center, 
Worcester, MA 01605 

The extreme a f f i n i t y  o f  a v i d i n  f o r  b i o t i n  (about one m i l l i o n  t imes s t ronger  than 
most antigen-antibody reac t ions)  has been e x p l o i t e d  i n  a v a r i e t y  o f  immnoassays 
and o ther  i n  v i t r o  techniques. To our knowledge, however, a v i d i n  and b i o t i n  have 
not  p rev ious ly  been stud ied f o r  i n  v i v o  use. Th is  labora tory  has l a t e l y  con- 
s idered t h e  use of t h e  a v i d i n - b i o t i n  i n t e r a c t i o n  i n  radiophatmaceutical design. 
F o r  example, we are  i n v e s t i g a t i n g  t h e  l a b e l i n g  of  ant ibodies a t  h igh s p e c i f i c  
a c t i v i t i e s  by a t t a c h i n g  a v i d i n  Containing many DTPA groups t o  t h e  b i o t i n y l a t e d  
prote ins.  I n  a d d i t i o n  t o  improving t h e  s p e c i f i c  a c t i v i t y  o f  t h e  labeled pro te in ,  
t h e  b i o t i n  (and thus  t h e  a v i d i n )  may be d i rec ted  t o  s i l e n t  areas of t h e  pro te ins  
such as t h e  Fc r e g i o n  of antibodies, thereby min imiz ing  t h e  e f f e c t  of t h e  at tach-  
ment on p r o t e i n  func t ion .  F u r t h e m r e ,  t h e  a d d i t i o n  o f  a v i d i n  may, under c e r t a i n  
circumstances, improve t h e  i n  v i v o  performance of prote ins.  For  example, d i f f u -  
s i o n  from t h e  peritoneum may poss ib ly  be reduced through t h e  attachment of  one o r  
more av id ins  (MU 66,000 d a l t o m )  t o  ant ibodies thereby he lp ing  t o  l o c a l i z e  thera-  
p e u t i c  rad ionucl ides t h e r e i n  i n  t h e  treatment o f  metas ta t i c  ovar ian carcinoma. 

Working thus  f a r  on ly  wi th  antibodies, we have fo l lowed publ ished procedures f o r  
a t tach ing  b i o t i n  v i a  t h e  tvdraz ide  ( t o  carbohydrates) and t h e  succimide es ter  
con ta in ing  a f i v e  carbon spacer ( t o  l ys ines) ,  bo th  commercially avai lab le.  
A v i d i n  has been coupled wi th  DTPA us ing  t h e  c y c l i c  anhydride. Size exc lus ion 
HPLC has been used t o  demonstrate, v i a  a s h i f t  i n  t h e  r a d i o a c t i v i t y  p r o f i l e  
towards s h o r t e r  r e t e n t i o n  t imes (i.e., h i g h e r  molecular weight),  t h a t  a v i d i n  
attachment occurred ( i n  t h e  same manner we have shown t h a t  labeled a v i d i n  does 
not  b ind  t o  b i o t i n - f r e e  ant ibodies and t h a t  b i o t i n y l a t e d  ant ibodies do not b ind 
111In n o n s p e c i f i c a l l y  as t h e  acetate). The s t a b i l i t y  i n  37'C o f  t h e  av id in -  
b i o t i n  i n t e r a c t i o n  was demonstrated s i m i l a r l y  by observing an absence o f  a s h i f t  
towards longer  r e t e n t i o n  times f o l l o w i n g  incubat ion  i n  37'C serum which would 
s i g n i f y  t h e  re lease of a v i d i n  from t h e  prote in .  
f i rmed by incubat ion  i n  serum of cmmerc 1 b io t in-conjugated p l a s t i c  beads t o  
which DTPA coupled av id in ,  labe led  w i t h  I f l I n ,  was attached. The bead assay was 
a l s o  used t o  show t h a t  a v i d i n  may be conjugated w i t h  a t  l e a s t  15 DTPA groups 
w i thout  decreasing i t s  a b i l i t y  t o  b ind b i o t i n ,  presumably because a v i d i n  i s  
mu1 t i Val en t  . 
Using a v i d i n  conjugated w i t h  12 DTPA r w p s  per  molecule, we have achieved a 
s p e c i f i c  a c t i v i t y  o f  300 pCi/pg of l l q I n  on IgG antibody. F u r t h e m r e ,  f o l l o w i n g  
I P  admin is t ra t ion  i n t o  normal mice, l a r g e  d i f fe rences  i n  b i o d i s t r i b u t i o n s  were 
observed between DTPA conjugated a v i d i n  on IgG vs. DTPA coupled d i r e c t l y  t o  IgG, 
bo th  labe led  w i t h  l l 1 I n .  
obtained a t  24 hours pos t -admin is t ra t ion  i n d i c a t e  t h a t  d i f f u s i o n  was reduced i n  
t h e  case of t h e  avidin-conjugated pro te in .  These pre l im inary  r e s u l t s  suggest 
t h a t  t h e  a v i d i n - b i o t i n  i n t e r a c t i o n  may have a p p l i c a t i o n  i n  t h e  design o f  rad io-  
pharmaceutical s. 

This  work was supported i n  p a r t  by N I H  grant  CA33029 and DOE cont rac t  AC02- 
83ER60175. 

The s t a b i l i t y  was f u r t h e r  con- 

Both t h e  images and t h e  b i o d i s t r i b u t i o n  r e s u l t s  
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APPLICATION OF DIAMIDE DIMERCAPTIDE N2S2 BIFUNCTIONAL 

S. Kasina, J.L. Vanderheyden, and A.R. Fritzberg 
NeoRx Corporation, Seattle, WA 98119. 

The formation of Tc-99m diamide dimercaptide (N2S2) complexes 
of high purity and stability make them very attractive for 
bifunctional chelate applications (1,2). Studies with 
~~Tc-2,3-dimercaptoacetamidopropanoate (C02DADS) showed that 
additional functional groups attached to the chelate ring do not 
interact with the metal (3,4). We have extensively studied the 
application of these N2S2 ligands for Tc-9% labeling of 
proteins, particularly monoclonal antibodies. The results of 
conjugation of these antibodies with Tc-9% complexes containing 
activated esters as conjugating groups will be presented. 

99mTc-4, 5 -Dimercaptoacetamidopentanoate was prepared in high 
yield and purity by either exchange or direct reduction of 
pertechnetate at basic pH. Active esters including phenyl, 
2-chloro-4-nitr0, 2,4,5-trichloro, 2,3,5,6-tetrafluoro (TFP) and 
1-hydroxybenzotriazole were prepared using water soluble 
carbodiimide (5). The yields of active esters ranged from 
40-804,. The active esters were purified from excess reactants by 
preparative reversed phase chromatography. Conjugation reactions 
were carried out by adding buffered solutions of either amino 
acids or proteins to dried residues of the 99mTc-NzS2 
active esters. 

Evidence for protein conjugation between the 9sfmTc -N2S2 
active esters and lysine amino groups of proteins was further 
supported by model studies with the L-amino acid lysine. Lysine 
(LYS 1. Lys reacted with Tc-N~SZ-TFP ester almost 
quantitatively, whereas no reaction was observed with the phenyl 
ester. Addition of 1N sodium hydroxide to the TFP ester resulted 
in quantitative yield of the hydroxlyzed carboxylate forms of the 
99mTc -N2S2 complexes. Additional reactions of the TFP 
ester with glycine (Gly), aspartic acid (Asp), glutamic acid 
(Glu) and arginine (Arg) resulted in the corresponding 
conjugation adducts (Table 1). Maximum yields with several 
antibodies ranged from 50-70% at pH 8.5. 

CHELATING AGENTS FOR-TC LRBELING OF PROTEINS. 

Table 1. Reactivity of 99mTc-N2S2 TFP esters with various 
amino acids. 
Conditions : in 0.2M Phos hate buffer pH 9; room temperature 
(Results expressed as % 99mTc-N2S2 TFP esters measured by 
ITLC-SG in CH3CN solvent) 

Control H20 
8.2M Pi pH g 
GLY- 
GLY 
GLY 
LYS 
LYS 
LY s 
GLU 
GLU 
ASP 
ARG 
ARG 

Quant. (mg) 0 min 

93.5 
89.9 
6.0 
28.4 
45.6 
6.6 
7.3 
32.7 
89.8 
89.0 
96.7 
4.0 
41.1 

15 min 60 min 

91.4 
85.1 
2.8 
3.0 
15.3 
2.6 
2.7 
5.9 

80.5 

88.6 
65.2 

- 
34.8 
28.5 
49.5 
3.7 
17 .4 
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HPLC analysis of the crude esterification reaction indicated that 
the major products are the chelate ring epimeric pair and a 5-10% 
of a pair of less lipophilic products (Fig. 1). These minor 
products were shown to be formed in the absence of alcohol in 
4D-60% yield (Fig. 2 )  and thus appeared to be carbodiimide 
adducts. These species did not react with lysine, indicating 
that they were, in fact, stable mixed uras from the carbodiimide 
used for esterification. 

I 34 3 4  

Fig. 1 HPLC chromatograms of (a) the crude esterification 
reaction, and (b) the esters after preparative reverse phase 
chromatography. 

9%Tc-C02DADS; ( 2 )  99mTc mixed ureas : ( 3,4) 
44hTc-N2S,-TFP esters: (5) unknown impurity. 

HPLC Conditions: Ultrasphere C18 5 urn; 34% CH3CN/0.01 M 
Phosphate buffer pH 7; 1.0 ul/min; gamma detection. - 

Fig. 2 HPLC chromatograms of (a) the crude esterification 
reaction in the absence of alcohol, and (b) crude material 
purified upon reaction with Lys. 
(1) ghTc-CO2DADS; (2) 9hTcmixed ureas. 

HPLC Conditions: same as Fig. 1 
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99mTc Diamide dimercaptide complexes have been esterif ied and 
the resulting active esters conjugated to antibodies. Advantages 
include lack of nonspecific labeling of antibodies that is 
problematic when 99mTc is exchanged into chelating agents 
conjugated to protein. Antibodies labeled with the preformed 
chelation approach have demonstrated high retention of 
immunoreactivity with high stability of the 99mTc label. The 
'%Tc chemistry correlates with previously observed N2S2 
chemistry at the carboxylate and ester stages and labeling of 
proteins occurs by well established protein derivatization 
chemistry . 

The support of NIH Grant CA 40528-02 to Alan R. Fritzberg is 
gratefully acknowledged. 
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897r FOR ANTIBODY W I N G  A N D  POSITRON F M ~ S S ~ O N  T O M O G W  
Lk ldhk,  K.A. Krohn, J.F. Eary, R. Klshae, T.K. Leweiien, M.W. Johnson, C.C. 
Badger, K.Y. Rlchter, and W.B. Nelp 
Radlology Department, School of Yediclne, Un1ver;sity of Washington, Seattle, W A 
98195; and Veterans Administration Medlcal Centeir, Albany, N Y  12208 

The use of gam mbemltt ing radldabeled anti-tuma monoclonal antibodies (14 Ab) as 
potential diagnostic or therapeutlc agents has ylelded encouraging results. An Impartant 
requirement, especially for therapy, Is t o  measure quantitatively the t ime course fa 
deposltlon of MAb in  tissue or t u m a  t o  calculate internal radiation dosimetry. To do 
this w i t h  single photon emit lers and conventional gamma cameras a SPECT requires 
elabaate callbratlons uslng phantoms and necessitates assumptions that would not be 
requlred If a positron em l t t lng label were avallable f a  follow Ing the pharm acokinetlcs of 
M Ab. 

We report here the productlon of  "Zr, a posltron emitter with half-llfe of 78.4 hours ( l ) ,  
and Its flrst evaluatlon as a pro-kln label. 89Zr was produced from 89Y (1005 natural 
abundance) by the (p,n) reaction on a Y fo i l  (286 mg cm-2). This reactlon cross section 
peaks a t  about 550 m b  far 13.3 MeV protons and is about 200 m b  a t  9 MeV (2). The 
competlng (p,2n) and (p,pn) reactlon thresholds are 13 MeV and 12 MeV, respectlvely, but 
do nut contribute substantially t o  product yleld below about 17 MeV (2). In our target we 
have lrradlsted the Y fo i l  at an lncldent energy of 13 MeV w i t h  a beam of 10 u A  of 
prutons for 40 minutes and achieved a yleld of  7 m C I  of 89Zr. By Increasing the 
efflclency of cooling of the Y foil, we antlclpate production of about 40 mCl/hr wlth a 40 
uA beam. 

A t  a hlgher proton lrradlation energy we can also make 88Zr  w hlch has a half-life of 83.4 
days (1). The (p,2n) reactlon cross section peaks a t  about 26 MeV a t  almost 1200 m b and 
has a substantial cross-sectlon extendlng from 20 t o  35 MeV (2). The longer lived f o r m  of 
zlrconlufi decays total ly by eledron capture w i t h  emission of a 394 KeV gamma ( 1 )  and 
may, in If, be a useful tracer f a  antloodies. The (p,pn) reactlon on the Y fol l  
produces 8';5"y Although the reaction yleld i s  low a t  Incident proton energies below about 
25 MeV, the Is a convenlent by-product in that  It provides a small amount of yth-lum 
activation t o  aid In measurement of the purlty of the 88Zr and 89Zr free of carrier 
y t t r lum from the target foil. 

decays via positron emission only 22: of the t lme (1). Virtually a11 decays go 
through a 909 KeV exclted state t o  the daughter nucleus. This excited state has a T1/2 
of 16 sec x) that  events from the excited state w i l l  be uncarelated wlth events from 
annlhllatlon. We have tested the feasiblllty of Imaging 89Zr  using both BaFZ and B G O  
detectors The detectas used were standard Scandifronlx 3000 BaF2 modules and 
Hashaw B G O  detectors (25.4 m m dla, 25.4 m m  deep). The d e t e c t a s  were placed 90 cm 
apart and the time spectra were collected f a  a 89Zr  point source In air and in  a 30 cm 
water bath. The rat io of the true t o  accidental events (the peak area t o  background 
ratio) of the spectra, R, was determ ined fcr a variety of lower level energy discrl m l n a t a  
settings. W hlle both detectors produced acceptable values of R (RBaF2 0 150 KeV = 58, 
R G O  230 KeV = 151, the hlgher R fcr BaFq makes It mcre favaable f u  imaging 
88Zr, part icular ly when the signal-to-noise i m  provenents w l t h  t lme-of- f l ight  
reconstructlon are taken into account. 

Zlrconlum Is separated from yt t r ium by extraction followed by anion exchange 
chromatography (3,4). The Y fo i l  (approx. 2 grams) is  dissolved in  5 m l  12N H C I  and 
then diluted t o  100 mL of 4N HCI. The Z r ( l V )  i sex t raded w l t h  two 10 mL aliquots of 
0.5M 4,4,6trIfluoro-l~2-thlenyI~1,3-butanedlone (TTA) in xylene (3). About one-half of 
the Z d l V )  is extracted into the organic phase, along with '1 % of the Y ( I I I ) .  The Zr( lV)  
Is then back extracted from the TTA, uslng an equal volume of 0.5N HNO3 + 0.5N HF, 
with nearly quantitative efflciency. The aqueous phase fr m back extraction i s  
evaporated t o  dryness then dlssolved In 12N H C I  t o  f a m  ZrC18' . Thls solution is  then 
passed through a Dowex 1x8 anion exchanger (chloride f o r m ,  8 mL). Elution w l t h  25 mL 
of 12N H C I  washesthrough >99$ of  the remalnlng Y(III). The Z r ( l V )  Isthen eluted wlth 
30 mL 1 N H C I  + 0.01 M oxaiate t o  recover >80$ of the zlrconlum. This is evaporated t o  
reduce volume and has been used in pratein labeling studies. About 25$ of the 
zlrconlum that Is produced In the target has been recovered w l t h  <.001 of ini t ial  Y 

? 
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r&malnlng. 

already proved useful fcr some p i lo t  blology experlrnents. 

Z r ( l V )  as the chloride OT oxalate t ranschelshs nonspeclflcally t o  plasma protelns, 
resulting I n  a weakly bound label. When Zr-oxalate w a s  InJected In to  mlce, It cleared 
wlth a half t lme  conslstent w l t h  t h a t  of a labeled plasma proteln. In  contrast Zr-DTPA 
Injected Into animals was rapidly cleared by the kidneys, slmllar t o  excretlon o f  TC- 
DTPA, lndlcatlng t h a t  t he  Zr-DTPA complex was stable I n  vlvo. Zr-iabeled prateln has 
been syntheslzed by transchelatlon of Z r ( l V )  from c l t ra te u- oxalate t o  DTPA whlch was 
previously attached t o  MAb by the cycl lc dlanhydrlde method (5). When the ln i t la l  
zlrconlum product was prepared as the oxalate, the fu-matlon o f  weakly label serum 
protelns was Inhlblted. We are optlmlst lc about the future potentla1 of “Zr for 
radiolm munosclntlgraphy. 

Thls research w a s  supported I n  part by PHS grants CA29639 and CA39675 awarded by the 
Natlonal Cancer Instltute, O H  HS. 
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IODINATED HDNOCLONAL ANTIBODY INTERNALIZATION BY TUMOR CELLS 
A.I. Kassis', C.N. Venkateshan', W.W. Layne', G. EisenbarthL, A. 
Kinseyl, and S.J. Melsteinl 

Kaldany2, B.M. 

IDepartment of Radiology, brvard Medical School, Boston, MA 02115 
2Joslin Clinic, New England Deaconess Hospital, Boston, MA 02115 

The hepatic dehalogenation of radiolabeled wnoclonal antibodies (MoAb) has been 
observed and reported repeatedly. The reason for this phenomenon has not been 
examined even though it is believed that the mechanism is enzymatic in nature. 
Although it is conceivable that this reaction could occur at the cell surface, 
it is more likely that it takes place within the cell following internalization 
of the radiolabeled antibody. We have examined the latter possibility by 
testing three MoAb available to us: A2B5 (IgM), A1D2 (IgG), and 3G5 (IgH) (1). 
These MoAb have been raised against the cell surface antigens of a well estab- 
lished rat insulinoma cell line RINm5F (2). The methods used were direct radio- 
immunoassay and fluorescence microscopy. 

Binding of MoAb: Suspended RINm5F cells were incubated for 1 hour at 37OC with 
Protein-A purified wuse MoAb, washed, and at 0, 1, 2, and 3 hours reincubated 
with fluorescene isothiocyanate (FITC) labeled antimouse IgG antibody (30 
minutes, 37'C). The cells were washed, transferred onto slide covers and scored 
(+1 to +4) under a fluorescence microscope (Zeiss). The results [Table 1, 
columns 1 & 2) show that following the 1-hour incubation of cells in the MoAb, 
the cell membranes exhibited bright fluorescence. However, when these cells 
were then incubated at 37'C, the intensity of membrane-bound fluorescence dec- 
reased with time, almost disappearing completely by 3 hours. This indicates 
that these antibodies either detached from the cells (by themselves or as anti- 
gen-antibody complexes) or were internalized by the cells. 

TABLE 1. Monoclonal Antibody Binding and Retention by RINm5F Cells In Vitro 

Cell Membrane Cell Associated C P M  f SD (% Retained) 
Time (hr) Fluorescence A2B5 AlD2 3G5 

Internalization of MoAb: The MoAb were radioiodinated by the Iodogen method and 
the free NaIL'I removed by column chromatography on a Sephadex 0 2 5  column. 
Suspended RINm5F cells were then incubated for 1 hour at 37'C with the 1251- 
MoAb, washed, and the radioactivity associated with the cells determined In a 
gamma counter. The cells were resuspended in fresh medium and incubated at 
37OC. During a 24 hour period, the radioactive content of the cells was deter- 
mined. 

Following a three hour incubation in medium, 96% of the radiolabeled A2B5 anti- 
body remained associated with the RINm5F tumor cells [Table 1, columns 1 & 31 
while disappearing almost completely from the surface [Table 1, columns 1 6 21.  

In fact, more than 80% of the radioactivity was still associated with the cells 
even after an overnight incubation. These results clearly indicate that A2B5 was 
internalized by the tumor cells. 
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By the first hour, 53.8% of the bound 1251-A1D2 was still associated with the 
cells and this value did not change significantly by 3 hours (56.6%) or by 24 
hours (68.7%) [Table 1, columns 1 6 41. The slow increase in the % retained 
may be due to the slight uptake resulting from unwashed antibody released during 
the first hour of incubation. These results, together with the fluorescence 
microscopy data, show that about 50% of the antibody initially bound to the 
tumor cells was released from the cells within one hour post incubation. How- 
ever, the remaining 50% stayed with the cells while disappearing from the sur- 
face, thus indicating that it was internalized by the tumor cells. 

After 5 hours, 28% of the original cell-associated 3G5 radioactivity was still 
with the cells [Table 1, columns 1 6 51, and by 24 hours this radioactivity had 
decreased to approximately 10%. Therefore, this MoAb is the only antibody among 
the three tested that was not internalized by the tumor cells following its 
attachment. 

Taken together, the present findings indicate that some antibodies are inter- 
nalized by tumor cells following attachment to the cell surface antigens. This 
would allow the intracellular enzyme to have access to these antibodies and 
dehalogenate them. Studies to compare the dehalogenation of these antibodies & 
vivo are under way. - 

1. Eisenbarth, G.S., Shimizu, K., Bowring, M.A.. and Wells, S., Proc. Natl. 
Acad. Scl. USA, 2, 5066 (1982). 

2. Gazdar, A.F., Chick, W.L., Oie, H.K.. King, D.L., Weir, G.C., and Lauris, 
V., Proc. Natl. Acad. Sci. USA, 77, 3519 (1980). 
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IODl" OF O F 3  A N T B O D Y :  OPTIMIiATL(ibi U S I N G  VlTRO - 
U - Z a L i i ,  D . F .  Hayes, and D.W. Kufe 
Harvard Medical School, Boston M A  and Duke University Medical 
Center, Durham, NC 

A n  important aspect of radiolabeled monoclonal antibody 
development I s  to obtain a meaningful assessment of the effects of 
radiolabeling on the lmmunoreactivity of the labeled antibody. 
Expression of lmmunoreactivity as the antibody affinity constant 
should be particularly useful because It could faciiltate 
comparison with results obtained with different antibodies and 
labeling techniques In other laboratories. Herein we report the 
use of both indirect and direct b i n d i n g  assays  for the 
optimization of the radiolodination of DF3, a monoclonal sntlbody 
directed against a human breast cancer associated antigen ( 1 ) .  
This antibody was chosen not only because of cilnicai interest b u t  
also because It could not be labeled with retention of 
immunoreactivity using a n  lodogen procedure that had been 
successfully employed with other antibodies ( 2 , 3 ) .  

Initial attempts at labeling 50 ug  of DF3 using 20 u g  lodogen , 
while procedlng In h i g h  yield, resulted I n  a product with little 
specificity for breast tumor cell lines. This result was somewhat 
surprising slnce another antibody, 86.2 had been labeled at a 
10-fold higher lodogen to protein ratio with minimal loss In 
reactlvlty ( 4 ) .  A n  lndlrect In yltrp b i n d i n g  assay was then used 
to investigate the effects of various aspects of the lodogen 
(lodogen concentration, reaction time, presence or absence of 
Iodide) and Boiton-Hunter (benzene residue with and without 
activated ester) labeling procedures on the reactivity of DF-3. 

Ail b i n d i n g  assays were performed uslng sonicated MCF-7 human 
breast cancer cells. The protein concentration of the disrupted 
cells was measured spectrophotometrlcally. One hundred ul aliquots 
of sonicated cells were agded to 96-well microtiter plates an d  
incubated overnight at 37 C. Plates were prepared at protein 
concentrations of 12.5, 25, 50, 100, 200, 400, 800 an d  1600 ug per 
well. A set of control plates were also prepared uslng bovine 
serum albumin (BSA). 

In the indirect assay, serial dilutions of DF3 antibody (both 
control an d  foilowing exposure to each potential set of reaction 
conditions) in 1 %  BSA/PBS were added to microtiter plates 
containing 2000ug cellular protein per well and incubated 
overnight at 4 C. The wells were washed twice with 1 %  BSA/PBS 
794 then incubated for 1 h r  at room temperature with 
1251-labeled goat antimouse igG. The wells were washed an d  the 

I activity associated with each well was measured. By 
comparing the amount of aft4body required to achieve the 
half-saturation value of I-labeled goat anti-mouse b i n d l n g  
observed with untreated DF3, the effect of each labeling 
parameter on, the immunoreactivity of DF3 could be determined. Using 
the assay conditions described, half-saturation b i n d i n g  for untreated 
DF3 control occurred at 180 ng of antibody. In contrast, 580 ng  and 
2000 ng of DF3 were required to achieve half-max b i n d i n g  after 
expoPure to 1 u g  and 5-10 u g  of lodogen, respectively. Slmiiar 
differences were obtained with and without iodide in the reaction 
mixture suggesting that sensitivity of DF3 to oxidants rather than 
presence of a reactlve tyrosine In the antlgen recognition site Is 
the more probable cause. The lmmunoreactlvity of OF3 d i d  not appear 
to be decreased signlflcantly b y  the Boiton-Hunter reaction 
conditions. 
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The immunoreactivltles of four different 1251-labeled DF3 
preparations were investigated: lgG uslng 1 and 10 ug lodogen an d  
both lgG and F(abtI2 using the Bolton-Hunter method. Serial 
dilutions of each labeled antibody were added to microtlter plates 
con*aining the 8 different concentragions of MCF-7 an d  control 
protein an d  Incubated overnight at 4 C. The w e l l s  were washed twice 
an d  then the fraction of input counts bound to the plates was 
determined. 

Data from the direct b i n d i n g  measurements was analyzed in two ways. 
First, results obtained at the four highest antlgen conce trations 
were used to calculate the lmmunoreactlve fractions using \ he method 
described b y  Llndmo et ai. (5).The immunoreactlve fractions ranged 
from 0.13 for the 10 ug lodogen preparation to 0.65 for DF3 lgG 
labeled via the Bolton-Hunter method. Second, the equilibrium 
b i n d l n g  data analysis program developed b y  McPherson (6) was used to 
generate Scatchard plots, affinity constants and the maximum amount 
of antibody bound (Bmax) at each antigen concentration. 

MCF-7/welI Kaxl O-' Bmax 

800 0.38 2 0.08 24.62 2 0.49 30.8 2 0.6 
400 0.79 2 0.09 lG.36 & 0.11 26.0 2 0.3 
200 1.49 2 0.13 3.81 2 0.25 19.1 2 1.3 
100 1.91 2 0.15 1.73 2 0.11 17.3 2 1.1 
50 2.13 2 0.22 0.93 & 0.08 10.6 2 1.6 
25 2.62 k 0.09 0.46 f. 0.01 16.4 & 0.4 

12.5 2.37 2 0.45 G.23 2 0.03 18.4 2 2.4 

In all cases, data obtained at 1600 ug  per well was not conslstant 
with a saturable b i n d i n g  process. Lower affinity constants an d  higher 
B /ug antigenic protein were observed at hlgher concentrations of 
pF8qein per wei 1 .  Consistent values of K 
observed with 12.5-100 ug cel I-derived ppotein b8P we1 I (See Table). 
Results obtained at these conceplgations were averaged to obtain the 
following values for the Ka of 1-labeled DF-3: 10 ug  lodogen, 

6.4~10 M ; and Bolton-Hunter F(abrl2, 2.3~10 M . When 
data at 12.5-100 u g  protein per well were corrected for the 
lmmunoreactive fractions calculated as described above, almost 
Identical affinlty constantsgfor-lDF3 lgG were obtained from the three 
preparations (Ka=l.l-1.3x10 M ). 

In conclusion, both lndlrect an d  direct b l n d i n g  assays were of value 
in optimizing the radlolodfqgtion of antibody DF3. When labeled b y  
the Bolton-Hunter method, I-labeled OF3 ha d  a 10-fold higher 
affinity constant than following labeling wlth a relatively low 
concentration of lodogen. It i s  important to note that the conditions 
used in lo yitrp assays can influence the values obtained for the 
affinity constant and B , particularly at h i g h  antigen 
concentrations. The magrffude of these effects appeared to differ 
among the four labeled preparations. The possibility thaf in some 
cases, radiolabeling of monoclonal antibodies creates subpopulatlons 
of protlens wlth nonunique affinity constants is being investigated 
as a contrlbutory facfor. 

an d  B were general l y  

8 . 1 ~ 1 0 ~  7 M,,; - 1  1 ug lodogen, 2.1~10 8 M"; BoltongHupter lgG, 
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SYNTHESIS AND RADIOIODINATIONS OF SOME ARYLTIN COMPOUNDS FOR 
kADIOLABELING OF MONOCLONAL ANTIBODIES, 
D.S. Wilbur, D.S. Jones, And A.R. Fritzberq 
NeoRx Corporation, Seattle, WA 98119 

Many labeling methods for radioiodinating proteins have been 
reported over the past three decades (1-3). Virtually all of 
the radioiodination methods previously reported have resulted in 
bonding of the radioiodine to a phenolic aromatic ring. This is 
true €or radioiodination of small molecules prior to attachment 
to proteins, as well as direct labeling of proteins. Some 
examples of attaching radioiodinated small molecules to proteins 
have been reported by Bolton and Hunter ( 4 ) ,  Wood et. al. (51, 
and Su and Jeng (6). While the phenolic ring permits rapid 
substitution of radioiodine onto the small molecules or 
proteins, it is believed that the ortho-iodo phenol that results 
is similar enough to iodinated thyroid hormones that deiodinases 
can cause loss of the radioiodine in vivo. Our interest in 
using monoclonal antibodies for in vivo tumor diagnosis and 
therapy led to an investigation of a method of attaching 
radioiodine to monoclonal antibodies such that the radioiodine 
label is metabolically and chemically stable. The method that 
was chosen is the bonding of radioiodine to nonactivated 
aromatic compounds containing appropriate functionalities such 
that once radioiodinated they could be attached to a protein. 
More specifically, the synthesis of high specific activity 
radioiodine labeled para-iodophenyl (PIP) compounds is being 
investigated. In the investigation organometallic intermediates 
are being studied for rapid and efficient incorporation of the 
radioiodine into the non-activated aromatic rings. 

Some of the organometallic intermediates being studied for 
radioiodinations are shown in Table 1. The trialkyltin 
derivatives (e.g. SnMeg or SnBu3) were of particular 
interest since the radioiodinations of some aryltin compounds 
have been reported to be quite facile (7). Two methods of 
synthesis have proven useful to prepare compounds 1 - 10. In 
one synthetic approach para-bromo compounds were l’ithized by 
n-BuLi at -100OC ( 8 )  and subsequently tranmetallated to the 
corresponding aryltin derivatives with n-Bu3SnCl. A second 
synthetic approach that has proven to be quite useful for 
synthesis of compounds containing base sensitive functional 
groups is the use of hexamethylditin and 
tetrakis(tripheny1phosphine)palladium (9). Using the second 
method it has been possible to synthesize 4 from the 
corresponding E-bromobenzimidate. Iodination of aryltin 
compounds which have different functional groups on the aryl 
ring have had appreciably different reaction rates. For 
example, the iodination of benzonitrile 1 occurs at a 
considerably slower rate than the succinimidyl ester 3, which 
itself iodinates at a rate that is much slower than the benzoic 
acid 2. The relative rates of radioiodinations of 2 and 2 has 
made it necessary to purify 3 to the extent that there is less 
than 0.1% of 2. present or an appreciable amount of the 
radioiodine is incorporated into the benzoic acid 2 in 
preference to the succinimidyl ester 2. 
O u r  studies have shown that the benzoate 2 and benzimidate 4 are 
not as readily hydrolyzed as their alkyl congeners 6,: & x. 
Indeed, a dilute solution of 2 in 5% HOAc/MeOH has no 
appreciable methanolysis over a two month period. Further 
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results from our  studies have indicated that the lipophilicity 
of the trin-butyltin derivatives can be of advantage in 
no-carrier-added radioiodinations. Partitioning of compounds in 
an aqueous medium results in most of the unreacted orgonotin 
starting material coming out of solution while virtually all of 
the radioiodinated compound remains in solution. Thus, 
chromatographic separations of the radioiodinated products may 
not be necessary prior to conjugating the reagents to proteins. 

Radioiodination and protein labeling studies are under 
investigation for the compounds in Table 1. Investigations with 
N-succinimidyl4-[*1 ]iodobenzoate, 11, prepared from reaction 
of 3 with no-carrier-added radioiodine (1-125 or 1-131) and 
N-ciilorosuccinimide in MeOH at room temperature have 
demonstrated that it can be prepared in 65-95% radiochemical 
yields, and that coupling of this reagent to a monoclonal 
antibody can be accomplished in 35-50% yields. Furthermore, 
immunoreactivities of the antibody and antibody fragments 
labeled with 2 are measured to be 70-90% of original. 
most importantly, the in vivo biodistribution (in mice) of 
labeled antibodies and fragments shows no increase in thyroid 
activity from 2 hours to 72 hours sacrifice times. These 
results are evidence that no in vivo deiodination is occuring. 

However, 

Table 1. Aryltin Intermediates for Radioiodinations* 

Compound # 

1 
2 
'5 
- 

7 

- 
8 

X 

C N  
-COOH 

CNHOMe * * * 
-CH2CH2COOH 
CH2CH2COOSucc * 
CH2CH2CN 
-CHzCH2CNHOMe* * 
-CONHCH2COOH 
-CONHCH2COOSucc** 

- 

-coosucc** 

* Ultimately to be used for radioiodinating proteins. 

** Succ = Nsuccinimidyl ester 

*** CNHOMe = methyl imidate 
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RADIOHALOGENATED LOW-DENSITY-LIPOPROTEIN: POTENTIAL AGENTS FOR THE - -  
VISUALIZATION OF ATXRO-IC LESIONS 

Ebbe, F.T. Lindgren, and T.F. 

Donner Laboratory and Lawrence Berkeley Laboratory, U n i v e r s i t y  o f  C a l i f o r -  
nia, Berkeley, CA 94720 

The i n  v i v o  l o c a l i z a t i o n  of low densi ty  l i p o p r o t e i n  (LDL) l abe led  w i t h  
g9mTcTl-d 12% (2,3) i nd i ca tes  t h a t  LDL labe led  w i t h  the gama-emi t ter  
1231 o r  t h e  pos i t ron -emi t te rs  1241, 75Br, o r  76Br may be usefu l  f o r  imaging 
a t h e r o s c l e r o t i c  les ions w i t h  SPECT or PET. Although t h e  r a d i o i o d i n a t i o n  o f  
LDL has been repor ted (4), n e i t h e r  t h e  rad i  o i  odi na t i on  nor rad i  obromi na t i on  
of LDL has been optimized. 

For convenience, these op t im iza t i on  experiments were conducted us ing  
comnerci a1 ly-avai  1 ab le  1311 (1270 C i  m o l  ) and 82Br (240 C i  /mol ) preceedi ng 

prepared f rom f r e s h  human serum and hypercholestero lemic r a b b i t  plasma 
( d i e t  cons is ted o f  1% cho les te ro l  and 4 % peanut o i l )  (5) .  Human and rab-  
b i t  LDL were radiohalogenated us ing  i o d i n e  monochloride nd bromine/f r r i c  
c h l o r i d e  which had been exchange-labeled w i t h  lj1I- and 
respec t i ve l y .  The radiohalogenated LDL analogues were separated f rom 
unreacted i no rgan ic  species us ing gel permeation chromatography (Sephadex 
G-50, 0.1 M g l yc ine  pH 8.6). The e lu ted  f r a c t i o n s  corresponding t o  I -  and 
Br-LDL were subjected t o  10% SDS gel e lect rophores is ,  and t h e  r a d i o a c t i v i t y  
and s t a i n i n g  p a t t e r n s  f o r  rad io iod ina ted  and radiobrominated LDL were very 
s i m i l a r  t o  those of n a t i v e  human and r a b b i t  LDL. 

Because t h e  o v e r a l l  radiochemical l a b e l i n g  y i e l d  f o r  t h e  product ion of 
radiohalogenated LDL depends on both the  i n i t i a l  exchange reac t i on  as w e l l  
as on the  subsequent halogenation o f  LDL, t h e  exchange react ions (1311-/ICl 
and 82Br-/Br2) were studied. The percentage o f  r a d i o h a l i d e  which had 
exchanged w i t h  halogen was determined by quenching t h e  exchange m ix tu re  
with excess t r i m e t h  1 henylstannane and analyz ing f o r  C6H51311 and CgH582Br 
w i t h  radio-HPLC. T 3 f I -  was found t o  exch ge w i t h  IC1 w i t h  up t o  95% 
e f f i c i e n c y ,  wh i l e  a maximum o f  70% o f  t he  QBBr- exchanged w i t h  Br2. The 
exchange e f f i c i e n c y  was found t o  decrease w i t h  decreasing m o l a r i t y  of IC1 
o r  Br2, w i t h  lower l i m i t s  o f  0.1 mM IC1 and 10 mM Br2 f o r  1311- and 82Br-, 
r espec t i ve l y .  These d i f f e rences  may be due t o  Q i f f e rences  i n  the  s p e c i f i c  
a c t i v i t i e s  o f  t he  rad iohal ides used. 

Radiohalogenation o f  human and r a b b i t  LDL us ing 1311-ICl o r  82Br-Br2/FeC13 
i n  g l y c i n e  b u f f e r  (pH 8.6) reached completion w i t h i n  5 min. Due t o  de- 
pendence on t h e  exchange e f f i c i e n c y ,  l a b e l i n g  requ i red  a t  l eas t  0.1 mM IC1 
(10 mM Br2). However, t h e  y i e l d  was a l s o  dependent on t h e  r e l a t i v e  IC1 
(Brz)/LDL molar r a t i o  R. As shown i n  t h e  F igure f o r  l a b e l i n g  2 mg samples 
o f  r a b b i t  LDL w i t h  131I-IC1, y i e l d s  o f  131I-LDL decreased as R exceeded ca. 
100, a f t e r  passing through a maximum f o r  0.2-2.0 mM I C l .  

Optimum radiochemical y i e l d s  o f  42-48% were achieved f o r  rad io iod ina ted  
LDL, with corresponding rad iobrominat ion y i e l d s  o f  25-3096; each 
r a d i o l a b e l i n g  procedure being completed w i t h i n  15 min. P re l im ina ry  i n  v ivo 
animal d i s t r i b u t i o n  r e s u l t s  w i l l  be presented f o r  these agents. 

a p p l i c a t i o n  w i t h  123,1241 o r  7 5 s 7  d Br. LDL (d = 1.020-1.060 g/ml) was 
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COMPARATIVE STUDY OF 123(131)1- and 99mTc-LOW DENSITY LIPOPROTEINS (LDL) 

P. Angelbergerl, M. Hutt ingerz, R. Dudczak3 

1 ) Research Center Seibersdorf A-2444 
2 ,  Inst .  of Med. Chem. A-1090 Wien 
3 ,  1st Med. Univ. C l i n i c  A-1090 Wien, AUSTRIA 

Presently there i s  great i n te res t  ip ear ly detection o f  atherosclerot ic vessel 
lesions i n  vivo. This goal my be achieved by fo l lowing les ion  metabolic 
a c t i v i t y  w i t h  labeled low density l ipopro te ins  (LDL) which l oca l i ze  i n  regions 
of endothel ia l  growth. Prel iminary studies were undertaken w i th  1251- 
and 1231-labeled LDL (1, 2, 3 ) .  This work w a s  aimed a t  comparing 123(131)I-LDL 
and 99mT~-LDL w i t h  regard t o  an optimized preparation , i n  v i t r o  s t a b i l i t y  and 
i n  vivo d is t r ibu t ion .  

LDL was iso la ted  from rabb i t  plasma by sequential u l t racen t r i f uga t ion  ( 3 ) .  For 
123(131)I-labeling we studied as oxidant a )  water inaoluble Iodogen i n  
suspension and b )  Chloramine T. Using b), Chloramine T and LDL concentration, 
react ion t i m e  and &mount o f  iodide-carr ier  were investigated. In case o f  
99mTc-labeling the bu f fe r  medium and pH, LDL and Na2S204 reductant 
concentration were studied. A t  the end o f  the react ion per iod radiolabeled LDL 
was iso la ted  from the react ion mixture by a )  u l t r a f i l t r a t i o n  through ce l lu lose  
acetate membranes (nominal cu t -o f f  20000 Dalton) by centr i fugat ion,  b) ge l  
f i l t r a t i o n  on Sephadex G25M and c )  preparative HPLC on s i ze  exclusion colunns 
TSK-250 using phosphate buffered sa l ine  (pH 7.5) containing 0.001 H EDTA as 
eluent for  b) and c). 

Radiochemical pu r i t y  was determined by TLC (ITLC-SG, acetone; HSA loaded SG, 
H20:EtOH:NHj 5:2: 1) for 99mTc-LDL only, electrophoresis on paper and ce l lu lose  
acetate (buffer 0.1 M b a r b i t a l  pH 8.6, 0.001 m EDTA, 1% a bumin; 20 V/cm) and 

Blood clearance and b iod i s t r i bu t i on  were evaluated i n  ra t s  and rabbits. 

The Iodogen method required about 2 mg suspended Iodogen/ml react ion mixture 
t o  produce comparable ( to  Chloramine T) y ie lds  which dropped t o  zero at 
50 ug/ml. Optimized labe l ing  condit ions fo r  the Chloramine T method are 
summarized in Table 1 and for 99mTc-labeling i n  Table 2. 

99mTc- 

ana ly t i ca l  HPLC (same system as prep.) for 99mTc- and 123 t 131)I-LDL. 

TABLE 1. Parameters f o r  Labeling LDL with l 2 3 ( l 3 I ) I  

Buffer: 0.15 M NaC1, 0.05 M PO4 pH 7.5 
LDL : 2 - 4 q / m l  -0.8 - 1.7 x M 
Iodide: 1 - 2 x M 
Chloramine T: 0.0003 M 
Reaction time: 5 m i n  
Yield: 41 f 9% (n = 10) i so la ted  product 

TABLE 2. Parameters f o r  Labelinq LDL w i t h  9 9 m T ~  

Buffer: 0.15 M NaCl, 0.05 M PO4 pH 7.5 
LDL : 2 - 4 m g / m l -  0.8 - 1.7 x M 
~c04- :  
Na2S204: 0.005 M 
Reaction pH: 8 (Na2S204 sln. in 0.01 n NaOH) 
Reaction time: 45 min 
Yield: 43 i 8% (n = 5) i so la ted  product 

10 - 50 m C i / m l . v  0.08 - 0.4 x 10-6 M 

c 



I310 

1 2 3 ( 1 3 1 ) 1 - ~ ~ ~  

hours X 1- 

0.2 0.5 
1 2.7 
2 4 - 11 
4 10 - 18 

24 20 - 40 
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99mTc-LDL 

hours X TcO4- X TcOp.H20 

0.5 5 - 12 7 - 17 
2 9 - 22 n.d. 
4 17 - 36 n.d. 

(range) 

F igu re  1. $A)  Preparat ive HPLC o f  99mTc-LDL r e a c t i o n  mixture.  (8) A n a l y t i c a l  
HPLC o f  l2 I-LDL, 24 hours a f t e r  l abe l i ng .  A and 8: SEC c o l u m  TSK-250; e luen t  
0.15 M NaC1, 0.08 M PO4 pH 7.5, 0.001 M EDTA; f low 1 m l / m i n .  

O f  the th ree  separat ion methods u l t r a f i l t r a t i o n  was most convenient and r a p i d  
bu t  produced somewhat lower radiochemical p u r i t y  than s i z e  exc lus ion  
chromatography o f  which the  h igh  pressure vers ion was p re fe red  f o r  speed and 
de tec t i on  e f f i c i e n c y .  A p repara t i ve  HPLC separat ion o f  99mTc-LDL i shown i n  
Fig. 1 ( A ) .  Radiochemical p u r i t y  and i n  v i t r o  s t a b i l i t y  o f  123(131TI-LDL and 
99mTc-LDL are character ized i n  Table 3. 

I 

An example o f  HPLC ana lys i s  f o r  radiochemical p u r i t y  ( lz j I -LDL,  24 hours a f t e r  
l a b e l i n g )  i s  shown i n  Fig. 1 (6 ) .  The increase o f  f r e e  I- and TcO4- a f t h  
l a b e l i n g  w a s  n o t  s i g n i f i c a n t l y  reduced by a d d i t i o n  o f  20 mg albumin/ml 
product. 
Pre l iminary i n - v i v o  data are presented i n  Table 4. 
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TABLE 4. B iod i s t r i bu t i on  o f  labeled Rabbit-LDL 

99mTc-LDL 

i n  ra t s  
i n  rabb i ts  23 16 

1 p l a s p  T1/2 7 .6  hrs 1 p l a y a  T1/2 6 . 2  hrs  

r a t s  I 24 hrs  p.i., % dose/g 

blood 
l i v e r  
spleen 
adrenala 
kidneys 
ur ine  

When rabb i t  plasma samples were subject t o  t r i ch lo roace t i c  acid (TCA) 
p rec ip i t a t i on  a t  various times a f t e r  i.v. 131I-LOL and WmTc-LOL (double 
t racer )  99mTc-activity i n  the p rec ip i t a te  remained about constant while 131 I 
declined, 

Further b iod i s t r i bu t i on  a d  scint igraphic studies are being conducted t o  
evaluate 1 2 3 1 - L ~ ~  and 99mTc-LM as metabolic t racers fo r  atherosclerot ic 
lesiona. 

1. Lees R.S., Lees A.M., and Strauss H.W., J. Nucl. Med., 24, 154 (1983). 
2. Lees R.S., Garabedia H.D., Lees A.M., Schumacher D.J., M i l l e r  A., 

Isaacsohn L.J., h r k e e n  A., a d  Strauss H.W., J. Nucl. Med., 5, 1056 
(1985). 

Coldstein J.L., Proc. Natl. Acad. Sci. USA, E, 7599 (1984). 
3. Hi i t t inger M., Corbett J.R., Schneider W.J., Wil lerson J.T., Brown M.S., and 
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FACTORS AFFECTING THE FORMATION OF HIGH MOLECULAR WEIGHT SPECIES AND LABELLING 

J.W. Babich, M.C. Ward, K.R. Roberts, A. Bukhari, G. Coghlan, J.H. Westwood, 
V.R. McCready, and R.J. Ott. 
Royal Marsden Hospital and Institute of Cancer Research, Surrey, England 

The mouse monoclonal antibody LICR-LON-M8 has been previously labelled with 
In-111 (via DTPA conjugation) and used to detect bone metastases in patients 
with breast tumours. ( 1 )  
possibility of using antibody 'cocktails' has prompted us to produce a M8 
conjugate which could be easily labelled with gallium and demonstrate good in 
vivo stability. 
energies and half-life, and its comnercial availability. 
was chosen as the chelating agent due to the greater stability of Ga-DFO over 
Ga-Transferrin. (3) The reported instability of gall ium-67 labelled DTPA- 
antibody (4) and poor initial labelling results with DTPA-M8 also made DFO more 
attractive. Glutaraldehyde (GLUT) was used as the linking agent. The ability 
of GLUT to cross-link proteins (5) required the concentration of GLUT to be kept 
as low as possible in order to avoid aggregate and/or oligomer formation (high 
molecular weight species). 

The conjugation method is, briefly, as follows. DFO (31mg/ml) and GLUT were 
mixed together at 4°C for 5 minutes and an aliquot of this solution was added to 
M8 in phosphate buffered saline (1-5 mg/ml). The mixture was incubated at 4°C 
for various times and the reaction quenched by adding 0.1M lysine. Unconjugated 
DFO was removed by extensive dialysis and gel chromatography. 
carried out -using Ga-67-citrate (Mallinckrodt). 

The following parameters were studied in relation to labelling efficiency and 
high molecular weight species formation; a)GLUT:DFO molar ratios and mixture 
reaction time b)DFO:M8 molar ratios and mixture reaction time c)DFO/M8 reaction 
temperature d)t@concentration and e)pH at time of label1 ing. Determination of 
labelling efficiency and high molecular weight species formation was performed 
using HPLC. A Zorbax GF-250 size exclusion column (molecular weight range 
4,000 to 400,000 Daltons) and a mobile phase of 0.05M citrate/0.4M NaCl 
(pH 7.0) was used with a Gilson 302 HPLC pump and 1118 UV flow monitor, at 
280nm, connected to a strip chart recorder and a LKB 2112 fraction collector. 

Our results show that HMW species formation decreased with 1 )  increasing DFO/MS 
reaction time 2) decreasing DFO:M8 molar ratio and 3) increasing DF0:GLUT molar 
ratios. Labelling yield increased with increasing DFO:M8 molar ratio and 
increasing M8 concentration. A conjugate exhibiting high labelling yield 
(>go%) and low (<6%) HMW species formation has been achieved using a DFO:GLUT:M8 
molar ratio of 500:150:1. Further details will be presented, including the 
affect of pH on labelling yield, in vivo stability data and gallium label 
distribution. 

1. 

2. 

3. 

4. 

Ot A D t b k p G A T t  

Interest in image subtraction techniques ( 2 )  and the 

Gallium-67 was the isotope of choice due to its suitable gamna 
Desferrioxamine (DFO) 

Labelling was 

Rainsbury, R.M., Ott, R.J., Westwood, J.H., Kalirai, T.S., Coombes, R.C., 
McCready, V.R., Neville, A.M., Gatet, J.C., Lancet ii:934 (1983). 

Haisma, H., Goedmans, W., DeJong, M., Hilkens, J., Hi1 ers, J., and 
DenOtter , W. Cancer Imnunol . Imnunother. ,E, 62 ( 19847. 

Sephton, R.G., and DeAbrew, S. 

Anderson, W.T., and Strand, M. 

Proc. SOC. Exp. Biol. Med.,E, 402 (1979). 

Cancer Res., 45, 2154 (1985). 
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ENDOLABELING ANI) FRAGMENTATION OF MONOCLONAL ANTIBODIES AS 
RESEARCH TOOLS FOR KINETIC STUDIES 
J. Shani, S. Mohd, W. Wolf, L.E. Walker and R.A. Reisfeld 
Radiopharmacy Program, University of Southern California School of 
Pharmacy, Los Angeles, CA 90033, and Scripps Clinic and Research 
Foundation, La Jolla, CA 92037 

Two of us (LEW And RAR) have produced a panel of monoclonal anti- 
bodies (MoAbs) to human lung adenocarcinoma that demonstrate a 

cells and little, if any, reactivity high specificity for 
with normal tissues (1). On of these monoclonal antibodies, KS1/4 
reacts preferentially with an adenocarcinoma of the lungs and ef- 
fectively inhibits the growth of tumors established in athymic (nu 
/nu) mice ( 2 ) .  This monoclonal antibody is an IgG2a isotype and 
reacts with a M 40,000 glycoprotein. In order to evaluate some 
of the key fact6rs that may allow the optimization of radiolabeled 
monoclonal antibodies when used . as diagnostic and therapeutic 
tools to detect and treat human neoplasia, we studied three ap- 
proaches : (a) we compared the biodistribution of the anti-lung- 
tumor monoclonal antibody KS1/4, labeled with four different ra- 
dionuclides, in athymic (nu/nu) mice bearing a human lung tumor; 
(b) we fragmented the MoAb KS1/4, labeled its two antigen-recog- 
nizing fragments and compared their biodistribution in the tumor- 
bearing mice and (c) set-up conditions for performing analyses 
that have to be considered when deciding which radionuclide should 
be chosen t o  label a given MoAb. 

For studying the first a roach the following radionuclides 
w e r e s e d  : 1-131, In-113m h i 1  exolabeling, and Se-75 endo- 
labeling. The results of the localization of those labels of the 
intact MoAb KS1/4 in the tumored nude mice is shovn in Table 1. 
When the mice were injected with the radioindium-labeled MoAb, 
both the tumor uptake and the tumor-to-blood ratio increased vith 
time to a ratio of 4.8 at four days post injection (not shown in 
table). However, when the animals were treated with the iodinated 
MoAb, their tumors' uptake and the tumor-to-blood ratios decreased 
to unity approximately 60 hours after injection. High uptake of 
the label was also noticed in the mice treated with the 
Se-75-methionine labeled MoAb. However, the serum levels of the 
circulating MoAb were high, and therefore, even 48 hours after in- 
jection, the tumor-to-blood ratio of the intrinsically-labeled 
MoAb did not reach unity. Because of this, the rate of increase in 
uptake of the Se-75-methionine-labeled MoAb was much greater than 
that of the other MoAb labels. The tumor localization of the 
Se-75-methionine-labeled MoAb increased 8-fold over 48 hours, 
while that of the radioindium analog increased only 3-fold, and 
tumor localization of the radioiodinated compound decreased by 
66%.  A second injection of the In-labeled MoAb failed to increase 
the tumor-to-blood ratio. The 1.3-1.6-fold increase in the MoAb 
uptake by the tumor was negated by the corresponding 1.8-3.8-fold 
increase in the circulating levels of the label. The data present- 
ed in Table 1 suggest that, at least for the KS1/4 MoAb, radioio- 
dination and intrinsic labeling with Se-75 methionine are the ra- 
diolabeling techniques of choice, since they allow attainment of 
the highest tumor retention, even though some loss of immunoin- 
tegrity occurs following radioiodination (3). 

tumoa 
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TABLE 1. Comparative Biodistribution of KS1/4 Monoclonal Antibody 
Exolabeled with 1-131, In-113m and In-111, or Endolabeled With 
Se-75, 48 h After Its Injection to Nude Mice Bearing Human Lung 
Adenocarcinoma UCLA P3 (results are % injected per gram; n=4). 

Blood 
Tumor 
Liver 
Kidney 
Spleen 
Heart 
Lungs 
Stomach 
Intestine 
Muscle 
Bone 
Thyroid 
Tumor/Blood 

1-131 

6.6 
7.6 
7.1 
8.2 
6.2 
4.0 
7.7 
2.1 
1.7 
1.4 
1.2 
8.1 
1.1 

In-1 13m 

1.8 
1.7 
16.4 
8.1 
3.8 
0.7 
1.3 
0.3 
0.5 
0.4 
0.7 

0.9 
- 

In-1 1 1  

0.4 
0.8 
7.2 
7.1 
4.2 
0.4 
0.5 
0.1 
0.4 
0.2 
0.6 

2.0 
- 

Se-75 

9.7 
5.3 
4.4 
5.5 
2.7 
2.5 
4.0 
0.8 
1.5 
1.1 
2.0 
2.7 
0.6 

--- For the second approach, both fragments of KS1/4 were obtained: 
F(ab) b y  papain digestion and F(ab')2 b y  the action of pepsin. The 
two fragments and the intact MoAb were conjugated to the bifunc- 
tional chelating agent DTPA and subsequently radiolabeled with 
In-111. Labeling yields and specific activities were determined 
as described in a previous paper from this laboratory (4), and the 
binding ability of the radiolabeled MoAb was evaluated utilizing 
the ELISA assay. The tumor-bearing nude mice were injected 2 0 0 p l  
of about l O O p C i / p g  of the MoAb-radionuclide conjugate, exhibit- 
ing over 95% labeling yield and over 90% immunuintegrity. As seen 
from Figure 1, the retention of the labeled F(ab) fragment at five 
days post injection was about two-fold the retention of the intact 
KS1/4, and about three-fold than that of the F(ab')2 fragment, 
suggesting that the penetrability of the small F(ab) fragment into 
the tumor is significantly more efficient than both other carri- 
ers - the F(ab')2 and the intact MoAb. 
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F a r  studying the third aDDrOaCh, a series of radiopharmacoki- 
n e t r m o d e l s  have been formulated ( S ) ,  where a computational meth- 
od allows the determination of the model identifiability, given 
the outputs (measurements) to be collected. A simple analysis of 
structural identifiability determined that these models are ob- 
servable, controllable and structurally identifiable, and there- 
fore its parameters'can be estimated from the data to be generated 
from the measured outputs. The most likely, general model to be 
tested is that represented in figure 2. Data required for testing 
the validity of this model include, other than the total radioac- 
tivity concentration in the whole body, the tumor, the liver and 
the urine, how much of the activity in the blood is that of the 
original antibody, how much is antigen conjugated, and how much is 
in the form of metabolites. Knowledge of the antibody's kinetic 
behaviour is critical in determining its most effective window and 
conditions of utilization, and how its biodistribution may be al- 
tered b y  proper kinetic manipulation. 
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SCINTIGRAPHIC STUDIES AND IN VIVO DISTRIBUTION OF I-123-Fab OF ANTIMYO- 
SIN ANTIBODY I N  INFARCTED AND NORMAL DOGS. T.H. Lin, J.L. Wu, W. 
Hornoff*, B. W. Feldman, R.M. Baldwin, J.F. Lamb. Medi-Physics, Inc., Emeryville, 
C A  and *University of California, Davis, CA. 

The possibility of early scintigraphic detection of myocardial infarction using 1-123 
labeled fragments of anticardiac myosin antibody af ter  intravenous injection was 
investigated in dogs. 

Fragments of antimyosin antibody were labeled with 1-1 23 using the Chloramine-T 
method. The viability of the I-123-Fab solution was shown by nearly quantitive 
trichloroacetic acid precipitation and high affinity toward canine myosin coated 
plate (80% binding). 

The labeled antibody was administered i.v. t o  1 normal dog and 2 dogs with induced 
myocardial infarcts. The initial scintigraphic images were that of blood pool. The 
activity cleared from the blood slowly such that about 27% and 10% of the initial 
activity in blood remained a t  3 hr and 24 hr, respectively. The activity accumulated 
progressively in the kidneys during the first hour. 

Tissue distribution study of I-123-Fab in infarcted dog a t  3 and 2 4  hour showed that 
most of the activity was in the blood and viscera. Greater than 40% of the injected 
dose was excreted in the urine during 24 hours a f te r  injection. The ratio of the 
radioactivity in the center of the infarct t o  normal myocardium was 1.5 and 11 a t  
3 hr and 24 hr, respectively. The corresponding ratios for the center of infarct to  
blood were 0.5 and 1.8. A higher infarct t o  blood ratio is necessary for successful 
imaging of the infarcted tissue. 

In conclusion, no infarcted myocardium was visible from the scintigrams a t  3 and 
24 hr af ter  injection of I-123-Fab antimyosin. Low infarct t o  blood ratio, rapid 
and excessive in vivo deiodination, and high blood background were the possible 
causes of the lack of visualization of the infarct. 
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PROTRACERS FOR MAPPING CENTRAL CATECHOLAMINE STORES. 
D.M. Wieland, T-Y. Lin, P. Arjunan, 8. Lee, P.S. Sherman and S.J. F i s h e r .  
Un ive r s i ty  of Michigan Medical School,  Ann Arbor, M I  

Although r ad io iod ina ted  e - i o d o b e n z y l g u a n i d i n e  (MIBG) has been used t o  image 
p e r i p h e r a l  organs and tumors based on i t s  a f f i n i t y  f o r  ad rene rg ic  neurons,  app l i ca -  
t i o n  of MIBG t o  mapping c e n t r a l  catecholamine s t o r e s  is l i m i t e d  by i t s  f a i l u r e  t o  
pass t h e  blood-brain b a r r i e r  (BBB). We r e p o r t  h e r e  t h e  s y n t h e s i s  of d e r i v a t i v e s  of  
MIBG that have lower pKa's and Nigher l i p o p h i l i c i t i e s  t han  MIBG i t s e l f .  The goa l  
was t o  have t h e s e  d e r i v a t i v e s  s e r v e  as p r o t r a c e r  forms t h a t  would e n t e r  t he  b r a i n  
fol lowing i . v .  i n j e c t i o n  and be qu ick ly  hydrolyzed t o  t h e  pa ren t  t r a c e r  MIBG. 
I-125-MIBG in f r e e  base form was acy la t ed  wi th  the  a p p r o p r i a t e  anhydride,  a c i d  

Cmpd . # R 

1 CB: 

c h l o r i d e  o r  e s t e r  t o  g ive  1-5. Tracers 2 and 4 e x h i b i t e d  10-20 f o l d  h ighe r  concen- 
t r a t i o n s  in t h e  rat  b r a i n  t h a n  MIBG 1-30 min a f t e r  i . v .  i n j e c t i o n .  I n  c o n t r a s t  t o  
- 4, compound 2 showed v i r t u a l l y  no washout from t h e  b r a i n  ove r  t h e  f i r s t  30 min 
suggest ing hydro lys i s  t o  MIBG and subsequent t r app ing .  The h y d r o l y t i c  s t a b i l i t y  i n  
phosphate (pH 7.1) buffered e thano l  is 4>> 2. Trace r s  2 and 2, though h i g h l y  l i po -  
p h i l i c ,  gave l o w  b r a i n  uptakes due l i k e l y  t o  enhanced blood binding. These i n i t i a l  
experiments show t h a t  a p ro t r ace r  form of MIBC can p e n e t r a t e  t h e  BBB and t h a t  in 
c e r t a i n  c a s e s  ( i e . ,  1) i n t r a - b r a i n  hydro lys i s  may occur .  
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FUEPARATION AND RADIOLABELINC OF IBZM: A FWT'EWIAL D-2 
SF'IEIFIC BRAIN IMAGING AGENTS FOR SPIXX 

HF K~ng, X-J XU, Y-2. CUO. 
Department of Nuclear Medicine, SUNY at Buffalo, USA 

Recently, in vivo imaging of dopemine receptors in hunan 
brain using positron emission complted tomography (PET) has 
been reported. ?tro D-2 specific radiopharmaceuticals [11C] 
N-methyl-spiperone' and ["I raclopridea have been employed 
for PET imaging. As expected these two agents showed spe- 
cific concentration in bsal ganglia, a region known to have 
high concentration of dopemine receptors. 
higher selectivity and affinity for central D-2 receptors 
and negligible affinity for D-1, S-2 serotonin and alpha-1 
adrenergic receptors3. 

In developing new receptor-site specific brain imginz 
agents labeled with 1-123 for single photon emission com- 
puted tomography (SPECT), an analog of raclopride, 3-[125I]- 
iodo-N-[(l-ethyl-2-pyrrolidinyl)-methyl]-2-hydroxy-6-me- 
thoxybenzamide (IBM), was prepared using a method similar 
to that reported for raclopride and its derivatives'. Mono- 
demethylation of 2,6-dimethoxybenzoic acid by one equivalent 
of hydrobmmic acid gave 6-methoxybenzoic acid. Subeequent 
iodination with iodine monochloride in glacial acetic acid 
produced 4-iodo-6-methoxysalicylic acid. Both of the 
iodinated and uniodinated benzoic acid derivatives can be 

Raclopride has a 

transformed to the corresponding benzamide by 
reaction (Scheme 1). 

RACLOPRIDE 

I 

an one pot 

n 

I 
n 

Scheme I 
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Radioactive labeling of IB2M was -1ished by either a 
simple exchange reaction or by a chloramine-T method. The 
labeling yield of the e x w e  reaction 
reaction temperature, after heating for 2 hre the labeling 
yield w a s  86, 73 and 59% for 100, 85 and 65 OC, respective- 
ly. An increasing quantity of impurity m a  produced during 
the exchange reaction, especially at lower F& and after 
prolonged heating. When undiodinated IBZM wae treated with 
a mixture of chlodne-T and 1-125 sodim iodide, the 
labeling reaction m s  instantaneous. The reaction pH and 
the concentration of the oxidant, chlodne-T ahowed signi- 
ficant effect on the labeling yield. The optimal condition 
for labeling was at pH 2 and 20 ug of chloramine-T in 0.2 ml 
of buffer (labeling yield >go%). The major difference 
between these two labeling methods is the specific activity 
of the final product. The exchange reaction gives 1-125 
IBZM with lower specific activity, while the chloramine-T 
method mn be used to prepred no carrier-edded product. 
The desired product labeled by either methods can be prri- 
fied by Hpu: using a reverse-phase colmm and a acetoni- 
trile-buffer slovent mixture (radiochemical plrity >95%). 
Biodistribution of the carrier-free ["SII-IBIM in rats 
showed good initial brain uptake and retentian, total brain 
uptake was 3.8, 2.7 and 1.5 % dose at M n  15min and 30 min, 
respectively. 
sections suggested that the agent localized in dopamine 
rich regions and the localization can be blocked by (+) -  
butaclamol, a dopemine blocker. When labeled with 1-123, 
IBZM may be a useful agent for SWCP imaging of central 
dopemine receptors. 
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NEW POTENT RADIOIODINATED LIGAND FOR DOPAMINE RECEPTOR STUDY : 
SYNTHESIS AND IN VITRO EVALUATION. 
I.Nakatsuka, M.Okuno, A.Yoshitake, H.Saj i* and A.Yokoyama* 

~~ 

Takarazuka Research Center, Sumitomo Chemical Co., Ltd., 
Takarazuka 665, *Faculty of Pharmaceutical Sciences and School of 
Medicine, Kyoto University, Kyoto 606, Japan 

Several neuropsychiatric diseases such a s  schizophrenia, 
Huntington's chorea and Parkinson's disease are thought to be 
associated with abnormalities of the dopamine receptor in the 
brain ( 1 - 3 ) .  There have been many attempts to develop 
radioligands labeled with positron emitters for the external 
detection of dopamine receptors in the brain (4-6). However, 
radioiodinated ligand constitutes nowadays a field of great 
interest as for dopamine receptor binding assay and ultimately as 
for the single photon emitting CT (SPECT) studies. 

In a search for iodinated neuroleptic butyrophenones, various 
amino butyrophenones were synthesized frcm the cyclopropyl-phenyl 
ketone derivative via the reaction with benzylamine. Then, 
through diazonium intermediates, the iodination at ortho position 
was selectively carried out. The synthesized butyrophenone 
(a,b,c) were confirmed by IR, NMR and mass spectra. 

A preliminary dopamine receptor affinity was measured from the 
ability to inhibit specific 3H-spiroperidol (SP) binding to rat 
striatal membranes. Among the tested derivatives, only the 2'- 
iodospiroperidol (2'-ISP) (c) showed the highest affinity. In 
comparison with 4-iodospiroperidol (4-ISP) (e)*, which has been 
reported as a potent ligand for the dopamine receptor (7), 2'-ISP 
showed about 7 times more potency than that of 4-ISP (Table 1 ) .  
Since binding of SP to the serotonin receptor has been also 
reported ( 8 ) ,  interaction of 2'-ISP with ser tonin receptor was 
examined by the in vitro binding assay usins 'H-ketanserin in the 
rat cortical membranes. 2'-ISP was 
affinity among the tested compounds 
indicated the high affinity and high 
the dopamine receptors, especially to 

found to have the lowest 
(Table 1 ) .  These results 
selectivity of 2'-1sP for 
the D-2 receptor. 

Figure  1. 

X R 

a I R1 
b I R2 

I R3 C 

d NH2 R3 
H R4 e 

X 

* Gift of NEN Products. 
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Table 1 .  Ki-values and Relative Affinities o f  The Iodinated 
Butyrophenones t o  The Dopamine and Serotonin Receptors 

~~~ ~~~ ~ 

Dopamine Receptor Serotonin Receptor 
Ki (nt4) % Ki (nbl) I Compounds 

Spi roperidol 0.300 100 0.300 100 
Haloperidol 4.23 7 . 1  ND ND 

a 27.3 1.1 ND ND 
b 42.8 0.7 ND ND 
C 1 .oo 28 16.5 1.8 
e 7.23 4.0 5.40 5.6 

ND: non determined 

Then, the radioiodination of 2'-ISP as for its utilization in 
recep assay was carried out by radioisotopic exchange rea 
with "'1 (specific activity : 25-30 Ci/mmol). 
2'-ISP to rat striatal membranes was saturable and Scatchard 
analysis revealed an homogenous population of binding sites with 
an apparent dissociation constant (Kd) of 0.25 nM and a number of 
binding sites (Bmax) of 210 f m o l / m g  protein. 

In conclusion, among the tested compounds, the spirodecane 
containing butyrophenone derivative (c) , the 2'-ISP showed the 
highest dopamine receptor affinity. Also, iodination through the 
diazonium intermediate yielded a highly selective introduction of 
the iodine in the ortho position, generating an appropriate, easy 
to radioiodinate ligand, for the in vitro dopamine D-2 receptor 
assay. This new ligand, 2'-ISP constitutes a very promissing 
79qdidate for the in vivo dopamine receptor imaging, should the 

7s;: Binding of 

I, becomes available (9). 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

Reisine T.D., Fields J.Z. and Yarnamura H.I., Life Sci., 21, 
335 (1977) 
Reisine T.D., Fields J.Z., Stern L.Z., et al., ibid, 21 , 1123 
(1977) 
Lee I., Seeman P., Tourtelotte W., et al., Nature, 274, 897 
(1978) 
Welch M.J., Kilbourn M.R., Mathias C.J., et al., Life Sci., 
33, 1687 (1983) 
Wagner H.N., Burns H.D., Dannals R.F., et al., Sci., 221, 1264 
(1983) 
Farde L., Hall H., Ehrin E. and Sedvall G., Sci., 231, 258 
(1986) 
Gundlach A.L., Largent B.L. and Snyder S.H., Life Sci., 33, 
1981 (1984) 
Creese I. and Snyder S.H., Eur. J. Pharmacol., 49, 201 (1978) 
Saji H., Tokui T., Saiga A., et al., To be presented in this 
symposium. 
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RADIOIODINATED N-PHENALKYLSPIPERONES FOR SPECT ANALYSIS OF JNPAHINE RECEPTORS 
S.G. Mislankar ,  D.L. G i l d e r s l e e v e ,  and D.M. Wieland 
Un ive r s i ty  of Michigan Medical Cen te r ,  Ann Arbor,  MI 48109 

A number of l a b o r a t o r i e s  have syn thes i zed  18F- and l k - l a b e l e d  sp ipe rone  and s p i -  
perone ana logs  f o r  p o s s i b l e  use  i n  q u a n t i f y i n g  dopamine r e c e p t o r  c o n c e n t r a t i o n s  
i n  t h e  b r a i n .  To d a t e  a s i n g l e  photon e m i t t i n g  agen t  has  no t  been developed f o r  
SPECT a n a l y s i s  of c e n t r a l  D2 r e c e p t o r s .  Recen t ly ,  photoaf f i n i t y  probes der ived 
from N-phenethyl d e r i v a t i v e s  of sp ipe rone  have been s u c c e s s f u l l y  used t o  charac- 
t e r i z e  t h e  D2 r e c e p t o r  (1 .2) .  This work h a s  prompted u s  t o  e v a l u a t e  N-phenalkyl 
s u b s t i t u e n t s  a s  p o s s i b l e  p l a t fo rms  f o r  Inco rpora t ing  1231 i n t o  sp ipe rone .  

Compound 1 was syn thes i zed  by a l k y l a t i o n  of t h e  e thy lene  k e t a l  of sp ipe rone  wi th  
2-methoxybenzyl bromide/NaH followed by s imultaneous removal of t h e  e thy lene  
k e t a l  and 0-methyl group wi th  B B r 3 .  Compound 2 was ob ta ined  by a l k y l a t i o n  of t h e  
e t h y l e n e  k e t a l  of sp ipe rone  wi th  E-methoxyphenacylbromide/NaH, r e d u c t i o n  of t h e  
k e t o  f u n c t i o n  wi th  hydrazine/KgCOg and removal of t h e  p r o t e c t i n g  groups wi th  B B r g .  
Compounds 1 and 1 were r a d i o l a b e l e d  by r e a c t i o n  wi th  NaI-125 and chloramine-T i n  

F @CH2CHzCHz-N d-j' 
R Cmpd. # - 

pH 7.0 phosphate b u f f e r .  Following e x t r a c t i o n  i n t o  e t h y l  e t h e r ,  t h e  compounds 
were p u r i f i e d  by passage through s i l i c a  SEP-PAK c a r t r i d g e s .  E f f e c t i v e  s p e c i f i c  
a c t i v i t i e s  ranged from 20-46 Ci /mm;  radiochemical  y i e l d s  were 50-70%. Radio-HPLC 
a n a l y s i s  of 1-125-1 and 1-125-1 was performed on an  Ul t r a sphe re  s i l i c a  column 
using CH2C12/CH30H/Et3N (97512510.2); radiochemical  p u r i t i e s  were > 95%. The D2 
r e c e p t o r  binding a f f i n i t i e s  and i n  v ivo  s t r ia tum-to-cerebel lum concen t r a t ion  
r a t i o s  of 1-125 l a b e l e d  1 and 2. a r e  p r e s e n t l y  being eva lua ted .  

HPLC Data f o r  Compounds 1 and &* 

Compound 5.E 

1 11.5  
I-125-I 10.9 

2 1 2 . 7  
I-125-z 9 . !J 

*Flow r a t e :  1 mllmin; column s i z e :  
4.6 x 250 uun 

1. Amlaiky, N . ,  K i l p a t r i c k ,  B.F. ,  and Caron, M . G . ,  FEBS L e t t . ,  176, 436 (1984).  

2. Amlaiky, N., and Caron, M . G . ,  J. Biol .  Chem., 266, 1983 (1985).  
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IN VIVO EVALUATION OF RADIOIODINATED SPIROPERIDOL DERIVATIVES AS 
RADIOPHARMACEUTICAL FOR WPAMINE RECEPTOR STUDY. 
H.Saii, T.Tokui, A.Saiga, Y.Kuge, I.Nakatsuka*, M.Okuno* , 
A.Yoshitake* , K.Torizuka , and A.Yokoyama. 
Faculty of Pharmaceutical Sciences and School of Medicine, Kyoto 
University, Kyoto 606, *Takarazuka Research Center, Sumitomo 
Chemical Co., Ltd., Takarazuka 665, Japan. 

The usefulness of lC and 8F 'labeled butyrophenone neuroleptic 
drugs for the detection of dopamine receptors is at present a 
field of great interest (1-4). Being aware of the prompt 
availability of 1231, our effort was directed to the development 
of iodinated dopamine receptor binding butyrophenones. Among 
various iodinated butyrophenones synthesized, 2'-iodospiroperidol 
(2'-ISP) has shown in vitro, high binding affinity for cerebral 
s.triata1 dopamine receptors, as described elsewhere ( 5 ) .  This 
very interesting in vitro result called for an in vivo evaluation 
of 2'-ISP as a dopamine receptor imaging radiopharmaceutical and 
for a in vivo study on the validity of iodination at ortho 
position of the phenyl ring of butyrophenone group in its 
dopamine receptor binding. In the present work, biodistribution 
of 2'-ISP in various regions of the brain was screened by 
comparative studies with an iodinated derivative in N-phenyl ring 
of spirodecane group (4-iodospiroperidol(4-ISP)) and with an 
iodinated derivative at the para position of the phenyl ring of 
the butyrophenone (4'-iodospiroperidol(4'-ISP)). Parallelled 
study of saturability and affinity were also carried out. 

The labeling of 1251-21-Ip5 was carried out by radioiodine 
exchange reaction; that of 4'-ISP, by acid decomposition of 
aryl piperidine triazene. 'dsI-4-ISP was purchased from NEN 
Products. 

ISP, appears as offering the requisites for a dopamine receptor 
iopharmaceutical to be used in SPECT studies, provided the 

"'1 becomes readily available. The effect of iodination at ortho 
position of butyrophenone phenyl ring is discussed as the 
plausible cause for less alteration in the in vivo dopamine 
receptor binding environment. 

Figure 1, 0 

R1 0 \ / !- CH CH CH 2- Nx- 
k2 

R 1  R2 R3 
2'-Iodos~iro~erldol F I H 
4-Iodos~iro~eridol F H I 
4'-Iodospiroperidol I H H 
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The radioactivities accumulated in various regions of the mouse 
brain after intravenous in' tion of these three compounds, are 
shown in Fig.2. Although 'E1-4'-1SP accumulated in the striatal 
at the initial stage, its radioactivity cleared rapidly 73 in 
the cerebra ortex and the cerebellum. By contrast, both 51- 
2'-ISP and "I-4-ISP showed specific regional localization : 
high radioactivity concentration in the striatum and low 
concentration in the cere 1 cortex and the cerebellum. 
However, stri 1 uptake of '"1-2'-ISP was found to be greater 
than that of "'I-4-ISP. Therefore, the striatum to cerebellum 
rat and the relative in vivo affinity for dopaminer binding 
of ''5~-2'-ISP was substantially higher than that for 7'51-4- P 
In the autoradiographic studies, regional 
2'-ISP in brain was well comparable with 3H-spiroperidol. 

Furthermore, striatal binding of 2'-ISP was saturable and 
displaced by the administration of spiroperidol, haloperidol and 
(+)-butaclamol, potent antagonists, but unaffected by ( - ) -  
butaclamol, a drug without dopamine receptor activity. 

Thus, in vivo results assessed the in vitro dopamine ' ding 
affinity data. The relative in vivo affinity reached by "f,_2'- 

localization of 1 E1: 

0.5 

1.5 

1 .o  

0.5 

0 30 60 120 0 30 60 120 0 30 60 120 
TIME (min)  

Figure 2. Distribution time-course of l2'I labeled lodinated splroDerido1 
derivatives In striatun, cerebral cortex and cerebellm. 

A :  L "'1 1-2' - Iodospiroperidol 
B: [1251]-4-Iodospiroperidol 0: Cortex 

C: [ 12511 -4'-Iodospiroperiaol 0:Cerebellum 

0 :  St r i a tum 

1. Welch M.J., Kilbourn M.R., Mathias C.J., et al., Life Sci., 

2. Wagner H.N., Burns H.D., Dannals R.F., et al., Science, 221, 

3. Arnett C.D., Fowler J.S., Wolf A.P., et al., Life Sci., 36, 

4 .  Arnett C.D., Shiue C.Y., Wolf A.P., et al., J. Neurochem., 4 4 ,  

5. Nakatsuka I., Okuno M., A.Yoshitake, Saji H. and Yokoyama A., 

33, 1687 (1983) 

1264 (1983) 

1359 (1985) 

835 (1985) 

To be presented in this symposium. 
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STUDIES ON THE CHEMISTRY OF TECHNETIUM HM-PA0 
L.R.  Canning, G. Nechva ta l ,  I . M .  P i p e r ,  D.P. Nowotnik, B .  H ig ley ,  A.M. F o r s t e r  
and R . D .  Nei r inckx .  
Pha rmeceu t i ca l s  Developnent,  Amersham I n t e r n a t i o n a l ,  Amersham, Buckinghamshire,  
Eng 1 and . 
Frcm a r e sea rch  program which involved  t h e  s y n t h e s i s  and e v a l u a t i o n  of over  100 
d e r i v a t i v e s  of the l i g a n d  PnAO (11, Tc99m HM-PA0 was s e l e c t e d  a s  the agent  o f  
cho ice  f o r  rCBF imaging ( 2 ) .  S e p a r a t i o n  of HM-PA0 i n t o  t h e  me80 and 
d , l - d i a s t e r e o i s o m e r s  and t o  the d -  and l -enant iomers  was achieved  by s t a n d a r d  
methods. 

Tc9% l a b e l l i n g  of each of t h e  s t e reo i somers  was achieved  us ing  f r e e z e  d r i e d  
fo rmula t ions  of the l i gand  and a s tannous  s a l t .  

B i o d i s t r i b u t i o n  s t u d i e s  in  rats have shown t h a t  each d i a s t e r e o i s o m e r  complex has 
s i m i l a r  b ra in  up take  ( - 2 . 3 2  i d  a t  30 sec  p i ) ,  but r e t e n t i o n  i n  the b r a i n  v a r i e s  
c o n s i d e r a b l y ,  w i th  d l  > meso. I n  p re l imina ry  c l i n i c a l  s t u d i e s  ( 3 )  t h e  
s u p e r i o r i t y  of the  d , l - d i a s t e r e o i s o m e r  was conf i rmed.  This complex d i s p l a y e d  
good uptake and r e t e n t i o n  i n  b r a i n ,  and provided  high q u a l i t y  tomographic images. 
d , l  HM-PA0 was s e l e c t e d  fo r  f u r t h e r  c l i n i c a l  t r i a l s .  

I t  was observed t h a t  t h e  l i p o p h i l i c  T c 9 h  complex of d,1-HM-PA0 c o n v e r t s  i n  v i t r o  
t o  a more hydroph i l i c  conplex .  It has been proposed  (4) t h a t  t h i s  secondary  
complex r e s u l t s  from i s o m e r i s a t i o n  of t h e  oxime groups i n  t h e  l i p o p h i l i c  complex. 
Formation of the  l i p o p h i l i c  Tc9% complex of d,l-HM-PA0 r e q u i r e s  the oxime groups  
t o  adopt t he  E ,E-conf igura t ion .  While t h i e  is t h e  most favoured o r i e n t a t i o n  of 
the  oximes of the  l i gand  i n  s o l u t i o n ,  i s o m e r i s a t i o n  t o  t h e  E , Z  and Z , Z  f o r m  h a s  
been observed. The E , Z  oxime isomer was i s o l a t e d  by HPLC, and l a b e l l e d  w i t h  
Tc99m. This complex was shown by chromatography, t o  conve r t  s lowly  to t h e  
E,E-oxime isomer complex. Thus,  i t  appea r s  u n l i k e l y  t h a t  t he  secondary complex 
of Tc9% d,1-HM-PA0 r e s u l t s  from oxime i s o m e r i s a t i o n  a s  thought p rev ious ly .  

1. Cumming, S.A. Nechvata l ,  G . ,  Canning, L.R. zt_al., Eur.J.Nucl.Med., 21, A s ,  
1985. 

2 .  Nowotnik, D.P., Canning, L.R., Cumming, S.A., zt_al., Nucl.Med.Commun., 6, 
499-506, 1985. 

3. Sha rp ,  P.F., Smi th ,  F.W., G e m m e l l ,  H.G. ,  zL_aL., J.Nucl.Chem., 22, 171-177, 
1986. 

4 .  Nowotnik, D.P., Canning, L.R., Cumming, S.A., e t  a l . ,  J.Nucl.Med.Allied.Sci., 
29 ,  209, 1985. - 
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OF Tc4- - - -  PA0 m m  rCBF TRACERS 
L & V o l k e r t ,  T. .I. Hoffman,  E. H. McKenzie,  R. A. Holmes,  D. P. Nowotn ike  a n d  R. 
D. Neirinckx. 
Department of Radiology, U n i v e r s i t y  of Missouri and Research S e r v i c e ,  H. S. Truman 
Ve te rans  Hosp i t a l ,  Columbia, MO and Amersham I n t e r n a t i o n a l * ,  UK 

Tc-99m f o r m s  a n e u t r a l - l i p o p h i l i c  c h e l a t e  w i t h  d , l - 4 , 8 - d i a z a - 3 , 6 , 6 , 9 -  
tetramethylundecane-2,lO-dione b i s  oxime (d,l-HM-PAO) that h a s  e x c e l l e n t  c e r e b r a l  
uptake and re ten t ion  p r o p e r t i e s  [1,2]. S t u d i e s  i n  humans and a n i m a l s  suggest t h a t  
t h e  r eg iona l  c e r e b r a l  u p t a k e  (rCU) of Tc-ggm-d,l-HW-PAO is p r o p o r t i o n a l  t o  t h e  
regional c e r e b r a l  b l o o d  f low (rCBF) and t h a t  t h e r e  is m i n i m a l  i n t r a c e r e b r a l  
r e d i s t r i b u t i o n  [1,2]. For this reason ,  t h i s  c h e l a t e  is be ing  used i n  a m j u n c t i o n  
w i t h  SPECT t o  evaluate p a t i e n t s  w i t h  rCBF d i so rde r s .  The a p p l i c a b i l i t y  of this 
c h e l a t e  as a n  rCBF agent m u s t ,  however ,  b e  e v a l u a t e d  f u r t h e r .  F o r  t h i s  r e a s o n ,  
t h e  rCU of Tc-ggm-d,l-HM-PA0 was compared t o  t h r e e  o t h e r  tracers commonly used t o  
assess rCBF i n  l a b m a t o r y  animals. 

The  r C U  of t w o  t r a c e r s  ( C - 1 4 - i o d o - a n t i p y r i n e  or C-14-IAP a n d  1-125-N- 
i s o p r o p y l i o d o a m p h e t a i n e  or 1-1 25-IMP) were compared w i t h  Tc-ggm-d,l-HM-PAO using 
d u a l - i s o t o p e  a u t o r a d i o g r a p h y  (ARC). Tc-ggm-d,l-HM-PAO was made using a f r e e z e -  
d r i e d  k i t . 8  P a p e r  a n d  TLC c h r o m a t o g r a p h y  were p e r f o r m e d  i m m e d i a t e l y  p r i o r  t o  
a d m i n i s t r a t i o n  t o  insure t h a t  the r a d i o c h e n i c a l  p u r i t y  of t h e  l i p o p h i l i c  c h e l a t e  
was >9@. Anes the t i zed  Sprague-Dawley r a t s  (50 mg/kg Na-pentobarbi ta l ,  i p )  were 
i n j e c t e d  w i t h  1 ml of saline con ta in ing  Tc-ggm-d,l-HM-PAO and e i t h e r  C-14-IAP or 
I-125-IMP). The blood flow t o  t h e  b r a i n  was s topped  a t  either 15 sec or a t  60 min 
P I  (on ly  w i t h  1-125-IMP), the b r a i n s  were renoved and f r o z e n  i n  l i q u i d  nitrogen 
and 20 micron t h i c k  sections were ob ta ined  a t  -24C. The s e c t i o n s  were air d r i e d  
and p l a c e d  o n  DuPont MRF 3 1  CT f i l m  (18-24 h r  f o r  Tc-99m and s u b s e q u e n t l y  10-14 
days for  C-14 or 1-125) f o r  development of t h e  ARCS. 

V i s u a l  comparison of the d i g i t i z e d  images i n  F i g u r e  1 shows t h a t  t h e  in i t ia l  b r a i n  
uptake rattern of Tc-ggm-d,l-HM-PAO is similar to C-14-IAP a t  15 sec PI. I n  both 
cases, g rey  matter c o n t a i n s  t h e  h i g h e s t  a c t i v i t y  of t h e  tracers and t h i s  i s  most 
p ronounced  i n  t h e  a u d i t o r y  cortex a n d  t h e  n u c l e i  of t h e  a u d i t o r y  a n d  v i s u a l  
pathways i n  the pons, midbra in  and tha l amus  which are s t ruc tures  w i t h  high flow i n  
t h e  ra t  131. The Tc-99m chelate e x h i b i t s  m n s i d e r a b l e  s u b - s t r u c t u r a l  de t a i l  wh i l e  
C-14-IAP e x h i b i t s  a more d i f f u s e  p a t t e r n  of u p t a k e  w h i c h  m u s t  be due t o  t h e  
d i f f u s a b i l i t y  of C-14-IAP i n  b r a i h  These data provide evidence that t h e  r C U  of 
Tc-ggm-d,l-HM-PAO is r e l a t e d  t o  rCBF. 

fo-sen-a . I -nY-PA0 I-lI#-HIc 

1 5  0.c 

Figure  1. Dual i s o t o p e  ARG s t u d y  show F igure  2 .  Dual i s o t o p e  ARG showing 
KCU of t r a c e r s  i n  s e c t i o n s  of r a t  d i g i t i z e d  images of rCU of C-14-IAP 

and Tc-99m-d,l-HM-PAO i n  same r a t  b r a i n  a t  15 s e c  and 1 h r .  
b r a i n  s e c t i o n .  

*Ceretec, Amersham Internatioml 
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Table  1. Tc-ggm-d,l-HH-PA0 t o  S n - l l 3  m i c r o s p h e r e  uptake  r a t i o s  i n  l o c a l i z e d  
reg ions  i n  the b r a i n  of anes the t ized  rabbi ts .  

CEREBRUM 

- - 
Tc-ggm/Sn-llD Flow Range I n  Tc-gguVSn-113m Flow R a n g e  I n  

Rat io  ML/Hin/ Ra t i 0  Pa/Min/ 
100 nm Tissue 100 EIB - T i s u  

EEMip5.D. 
(RANGE) 

9352.1 23 23.0 -183.5 .81&.094 52.7 - 203.9 
(.800-1.200) (.700-1.020) 

GREY MATTER 1.0012.212 32.3 -256.1 .9672.112 58.6 - 259.4 
(.720-1.290) (-790-1 -090) 

WHITE MATTER 1.52a.589 14.9 -57.6 1.1942.291 26.2 - 113.1 
(.620-2.390) ( -830-1 -71 0) 

DIaCEPHALON 1.1 2 0 ~ 3 6  1 17.4 -200.7 1.065&.223 28.6 - 145.4 
(.640-1.660) (.770-1.560) 

Pas 1.366h 282 14.1 -139.2 1.115&.201 25.7 - 140.5 
(.930-1.830) (.900-1.580) 

MEDULLA 1 .729&. 60 1 13.9 -118.3 1.2652.201 26.9 - 95.9 
(.900-2.570) (.890-1.620) 

MIDBRAIN 1 . O7h.  078 39 - 5 -190 -4 .%7*.1% 52.1 - 158.8 
(.820-1.370) (.680-1.400) 

CEREBELUH 1.07a .  178 19.8 -148.0 .964&.085 47.1 - 138.2 
(.960-1.180) (.850-1.070) 

The rCU of I-125-UP a t  15 sec PI  is  a l s o  q u a l i t a t i v e l y  similar t o  t h a t  observed 
with Tc-ggrn-d,l-HH-PAO (Figure 2). The sub-s t ruc tura l  d e t a i l  with t h i s  Tc-99m- 
c h e l a t e  i s  s u p e r i o r  t o  t h e  1-125 m i n e .  The Tc-ggm-d,l-HM-PAO ARG a t  60 min P I  
shows l i t t l e  change (o ther  than t h e  la ter  image h a s  a lower exposure) from the  15 
sec P I  ARG i n d i c a t i n g  m i n i m a l  movement or clearance of Tc-ggm-activity from t h e  
i n i t i a l  s i t e s  of  u p t a k e  ( F i g u r e  2). I n  c o n t r a s t ,  t h e  l a t e r  I-125-IMP ARC h a s  
undergone not iceable  changes when compared t o  t h e  e a r l y  image. These r e s u l t s  a r e  
cons1  st e n  t w i t h  o t h e r  f 1 n d i n g s  t h a t  demon s tr a t e s i g n i f i c a n t  i n  t r a c e r  e b r a1 
r e d i s t r i b u t i o n  of  t h i s  I - 1 2 5 - m i n e  by 6 0  min P I  [4,51. Sn-113 m i c r o s p h e r e s  
(1 539.9 micrnns) w i t h  Tc-ggm-d,l-HH-PAO were injected i n t o  the  l e f t - v e n t r i c l e  of 
a n e s t h e t i z e d  r a b b i t s  ( v i a  a l e f t  c a r o t i d  c a n m l a ) .  Blood samples were obtained 
from a femoral a r t e r y  dur ing  i n j e c t i o n  f o r  use  i n  c a l c u l a t i n g  the  blood f low i n  
each weighed t i s s u e  sample. Sec t ions  of the b r a i n s  excised from t h e  r a b b i t s  (n=5 
i n  each group) weighed and counted (for both  i s o t o p e s ) .  Tc-ggm-d,l-HN-PAO/Sn- 
11310 microsphere r a t i o s  were obtained f o r  8 d i s c r e t e  cerebra l  t i s s u e  samples by 
first normalizing the  total  Tc-ggm-d,l-HH-PA0 cerebral  uptake t o  t h e  uptake of Sn- 
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ll3m microspleres .  Subsequently,  paired samples  of cerebrum, g rey  matter, w h i t e  
matter, d i e n c e p h a l o n ,  pons ,  m e d u l l a ,  m i d b r a i n ,  and  c e r e b e l l u m  were c o u n t e d  t o  
de t e rmine  i n d i v i d u a l  Tc-99m-d,l-HH-PAO/Sn-l13m microsmere r a t i o s  (See Table 1). 
Pure g rey  m a t t e r  t i s s u e  samples  ob ta ined  over  a wide f l o w  range c m r e l a t e d  well 
w i t h  microsphere d e p o s i t i o n  a t  b o t h  5 m i n u t e s  and 1 h o u r  P.I., w h i l e  p u r e  w h i t e  
matter t i s s u e  samples  r evea led  a h i g h e r  up take  o f  Tc-99m-d,l-HH-PAO c o m p r e d  t o  
mic rosp le re s  a t  bo th  5 minutes  and .1 hour P.I. The statistical v a r i a b i l i t y  i n  the 
r a t i o s  i n  t i s s u e s  w i t h  a h igh  w h i t e  matter c o n t e n t  are large, p a r t i c u l a r l y  i n  t h e  
5 min P.I. d a t a ,  which I s  i n  p a r t  due t o  t h e  low w e i g h t s  o f  t h e  t i s s u e  s e c t i o n s .  
The o v e r a l l  weighted Tc-99m-d,l-HH-PAO/Sn-l l3m microsphere mean ratios are 1.06 a t  
5 min P.I. and 0.93 a t  1 hour  P.I. ( W e i g h t i n g  F a c t o r  = T i s s u e  Sample  Weight) .  
T h i s  d a t a  i n d i c a t e s  t h a t  a1 though  u p t a k e  o f  Tc-ggm-d,l-HH-PA0 i n  w h i t e  matter 
t ends  t o  be an  o v e r e s t i m a t i o n  of microsplere depos i t i on ,  t h e r e  is a h igh  o v e r a l l  
c o r r e l a t i o n  of Tc-ggm-d,l-HH-PAO u p t a k e  t o  m i c m s p h e r e  d e p o s i t i o n  (or rCBF) a t  
b o t h  5 mln and 1 hour  P.I. 

I n  sunmary, t h e  rCU of Tc-ggm-d,l-HH-PAO correlates well w i t h  t h e  rCU of bo th  
C-14-IAP and I-125-IMP at 15 sec P.L The ARG s t u d y  shows m i n i m a l  l n t r a c e r e b r a l  
r e d i s t r i b u t i o n  o f  Tc-ggm-d,l-HM-PAO a t  1 h r  P.I. w h i l e  t h e r e  a re  o b s e r v a b l e  
c h a n g e s  i n  r C U  o f  I-125-IMP a t  1 h r  P.I. T h e r e  is a good c o r r e l a t i o n  of r C U  of 
Tc-ggm-d,l-HM-PAO w i t h  Sn-l l3-rnicrosplere  d e p o s i t i o n  i n  c e r e b r a l  t i s s u e s  a t  both 5 
min and 1 h r  P.I. The r e s u l t s  using t h e s e  t echn iques  i n d i c a t e  t h a t  t h e  r C U  of Tc- 
99m-d,l-HM-PAO c o r r e l a t e s  w e l l  w i th  rCBF both s h o r t l y  after i n j e c t i o n  and a t  1 h r  
P. I. 
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1231-labeled l i p o p h i  1 i c  rad i  opharmaceuticals which cross t h e  i n t a c t  blood-brai n 
b a r r i e r  and mimic reg iona l  b lood f l ow  (1) can p o t e n t i a l l y  be used f o r  scanning 
b r a i n  l es ions  by e i t h e r  p lanar  o r  s i n g l e  photon computerized tomographic (SPECT) 
techniques (2). The s t r a t e g i e s  t h a t  have been pursued t o  develop b r a i n  imaging 
agents i nc lude  the  screening o f  a v a r i e t y  o f  rad io iod ina ted  amphetamines ( 3 )  
r e s u l t i n g  i n  the  development o f  p-[ 1231]i odo-N-i sopropylamphetami ne (IMP) f o r  
SPECT s tud ies  i n  humans (4), and "pH s h i f t "  agents (5 )  r e s u l t i n g  i n  the  
devel opmen t of N , N , N -t r i  met hy 1 -N ' -[ 2- hy droxy -3-met hy 1 -[ I li odo benzy 1 3 - 1 , 3- 
propanediamine (HIPDM) which a l so  shows exce l l en t  p r o p e r t i e s  i n  human stud ies 
(6) .  Other promis ing recent advances i n  t h i s  area i nc lude  t h e  development o f  
p-[1231]iodophentermine (7), rad io iod ina ted  p ipe raz ine  analogues (8), and 201T1 
complex o f  d ie thy ld i t h ioca rbamic  ac id  (9) as p o t e n t i a l  b r a i n  imaging agents. 

The goals o f  t h i s  paper are t o  descr ibe the  f a b r i c a t i o n  (Scheme 1) and complete 
eva lua t i on  o f  a d ihyd ropy r id ine  * p y r i d i n i u m  s a l t  t ype  redox system (10) f o r  t h e  
d e l i v e r y  o f  rad io iod ina ted  agents t o  t h e  bra in .  The work i n  p a r t  has been 
descr ibed recen t l y  (11). For  p re l im ina ry  evaluat ion,  t h e  p i v o t a l  in termediate,  
N-succi n im idy l  (1-methylpyri  d i  n i  um i o d i  de)-3-carboxyl a t e  ( I V )  was prepared by 
condensation o f  n i c o t i n i c  a c i d  ( I )  and N-hydroxysuccinimide (11) i n  t h e  presence 
o f  dicyclohexylcarbodimide, f o l l owed  by qua te rn i za t i on  o f  111 w i t h  methyl 
iod ide.  Coupling o f  I V  w i t h  4-[1251]iodoanil ine, prepared by 1251-12 treatment 
o f  4-aminophenylmercuric acetate, gave 1-methyl -3-[N-(4-i odophenyl )carbantoy1 1- 
p y r i d i n i u m  i o d i d e  ( V I I )  which a f t e r  sodium d i t h i o n i t e  reduc t i on  gave l -me thy l -  
3-[N-(4-iodophenyl )carbamoyl]-1,4-dihydropyridine ( V I I I ) .  Compound I V  was a l so  
coupled w i t h  (4-aminopheny1)ethylamine t o  g ive V which was d iazo t i zed  and 
s e q u e n t i a l l y  transformed i n t o  t r i  azines V I  , 1-methyl -3-[N-[8-( 4- [12511i~do-  
phenyl )ethyl]carbamoyl I p y r i d i n i u m  i o d i d e  ( I X )  and 1-methyl -3-[N-[B-( 4-[ 1251]- 
iodophenyl ) e t h y l  lcarbamoyl ] - l 94 -d ihyd ropy r id ine  ( X )  (Scheme I ) .  Compounds, 
l-(E-l-[125I]iodo-l-penten-5-yl)-4(2-N-acetylaminoethy1)pyridiniulr, i o d i d e  ( X V )  
and l - ( E - l - [  1251]i odo-l-penten-5yl)-4- (2-N-acetylami noethy l  )-1,4-di hydropyr i  d i  ne 
( X V I ) ,  were a l s o  prepared v i a  t h e  synthes is  and Na[1251]-chloramine-T i o d i n a t i o n  
o f  X I V  as shown i n  Scheme I 1  i n  order  t o  determine t h e  r e l a t i v e  redox p roper t i es  
and b r a i n  s p e c i f i c i t i e s  o f  new s t r u c t u r a l l y  modi f ied d ihyd ropy r id ine  * 
p y r i d i  nium agents. 

T issue d i s t r i b u t i o n  s tud ies o f  1251-labeled 4 - iodoan i l i ne  and t h e  redox agents 
were performed i n  ra t s .  [1251] Iodoani l ine i n i t i a l l y  showed moderate (0.58% 
dose/gm) b r a i n  uptake w i t h  subsequent re lease o f  t he  r a d i o a c t i v i t y  from the  
bra in .  [1251]Iodoanil ine, hwever ,  when coupled t o  a d ihyd ropy r id ine  c a r r i e r  
( V I I I )  showed s i g n i f i c a n t l y  h igher  (>l% dose/gm) uptake and r e t e n t i o n  i n  t h e  
b r a i n  (Fig. 1). 
dose/gm) and r e t e n t i o n  i n  t h e  b r a i n  very s i m i l a r  t o  V I I I .  
l i p o p h i l i c  agents, V I I I  and X ,  cross the  b lood-bra in  b a r r i e r  and are ox id i zed  
(quatern ized)  w i t h i n  the  brain. 
re lease  r e s u l t i n g  i n  h igh  uptake and r e t e n t i o n  i n  t h e  b r a i n  and h igh  brain:blood 
r a t i o s  (Fig. 2). The n o n l i p o p h i l i c  quaternary compounds V I I  and I X  do not  cross 
t h e  b lood-bra in  b a r r i e r  and, therefore,  do not  show b r a i n  uptake. Compound X V I  
showed i n i t i a l  moderate (0.49% dose/gm) b r a i n  uptake and quick washout from the  
bra in .  The d i f f e rences  i n  t h e  p roper t i es  o f  X V I  as compared t o  V I I I  and X could 
apparent ly  be due t o  the  d i f f e r e n t  s t r u c t u r a l  f ea tu res  and i n a b i l i t y  o f  X V I  t o  
undergo f a c i l e  ox ida t i on  i n  the  brain. 

The [1251]iodophenylethy1 analogue X showed uptake (>1% 
Apparently t h e  

The b lood-bra in  b a r r i e r  then prevents t h e i r  
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Fig. 1. D ihyd ropy r id ine  coupled 4-[lZ5I1- 
i odoani l i n e  agent ( V I  11) shows s i g n i f i -  
c a n t l y  h igher  uptake and r e t e n t i o n  i n  t h e  
b r a i n  as compared t o  t h e  parent 4-[12511- 
i o d o a n i l i n e  independently. Agent X shows show s i m i l a r  p roper t i es .  
p r o p e r t i e s  s i m i l a r  t o  V I I I .  

F ig .  2. High uptake and r e t e n t i o n  
i n  the  b r a i n  and low b lood l e v e l s  
o f  V I I I  r e s u l t  i n  h igh  b ra in :  
b lood r a t i o s .  Agents V I I I  and X 
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BRAIN AFFINITY OF T H E  R U T H E N O C E N E  A N A L O GUE OF A M P H E T A M I N E  
LABELLED W I T H  f-EMITTERS 

M. Wenzel and D. P r e i s s  

F r e i e  Universitat Berlin, P h a r m a z e u t i s c hes Institut, 
Berlin-Dahlem, Konigin-Luise-Str. 2 + 4 ,  (Germany) 

In nuclear medici n e  t h e r e  is a g r e a t  d e mand f o r  c o m p o u n d s  
labelled with sho r t  lived f - e m i t t e r s  w hich have a n  a f f i n i t y  
for t h e  living hu m a n  brain. F o r  b r a i n  i maging i o d o  labelled 
amphetamine deriva t i v e s  a r e  used, e.g. p-Iodo-isopropyl- 
amphetamine (1,2), a l t h o u g h  t h e r e  a r e  s ignificant d r a w b a c k s  
of t h e  radioisotop e s  of i o d i n e  (3). 

T h e  paper describ e s  t h e  s y n t h e s i s  and t h e  o r g a n  d i s t r i b u t i o n  
of amphetamine an a l o g u e s  s u b s t i t u t e d  r u thenocenes (Rc) derived 
f r o m  t h e  structure: 

T h e  ruthenocene a m p h e t a m i n e  a n a l o g o u e s  were labelled w i t h  Ru-103 
(4.5) starting f r o m  t h e  a n a l o g o u s  f e r r o c e n e  compounds. T h e  ferro- 
c e n e  compound w a s  p r e p a r e d  by t h e  c o n d e nsation o f  f e r r o c e n e  car- 
boxaldehyde and n i t r o e t h a n e  f o l l o w i n g  by t h e  r e d u c t i o n  o f  t h e  
intermediate t o  f e r r o c e n y l - i s o p r o p y l a m i n e .  Theiron w a s  r e p l a c e d  
by Ru-103 by a st a n d a r d  p r o c e d u r e  ( 6 , 7 ) .  T h e  labelled r u t h e n o c e n e  
amphetamines w e r e  s e p a r a t e d  f r o m  by-products b y  t h i n  layer- 
chromatography, y i e l d i n g  t h e  p u r e  m e t e l locene a m p h e t a m i n e  
(mixture o f  ruthen o c e n e  and f e r r o c e n e  compound, which h a v e  al- 
most t h e  s a m e  Rf-values), R a d i o c h e m i c a l  yield v 20-30 %. Spec. 
act, -100 uCi//uMol ruthenocene. 

In T a b l e  1 t h e  o r g a n  d i s t r i b u t i o n  in r a t s  o f  t h e  Ru-103 labelled 
ruthenocene amphe t a m i n e  a n a l o g u e  is summarized. T h e  o r g a n s  w i t h  
t h e  highest Ru-103 c o n c e n t r a t i o n  a r e  lung, adrenal, kidney and 
brain. T h e  Ru-103 c o n c e n t r a t i o n  in b r a i n peaked between 3.5- 
2,5 % / %  body weight. T h e  b a c k g r o u n d  r a d ioactivity r e s u l t i n g  
mainly f r o m  t h e  blood, d e c r e a s e s  q u i c k e r t h e n  t h e  radioactivity 
in the above menti o n e d  organs. T h e  c o n c entration r a t i o s  organ/ 
blood in r a t s  are r e a c h i n g  r a t i o s  f o r  t h e  brain up t o  19:1, 
20, after i.v. i n j e c t i o n  o f  N - i s o p r o p y l - R c - a m p h e t a m i n e .  T h e  
brain/blood ratio s  w i t h  r u t h e n o c e n e  d e r ivative a r e  t h e  s a m e  o r  
greater t h a n  t h a t  r e p o r t e d  f o r  t h e  iodo-labelled amphetamine 
derivatives (maxim a l  brain/blood r a t i o  in r a t s  f o r  1-123 
N-isopropyl-amphe t a m i n e  a c c o r d i n g  t o  Biersack (2) 9:1 (n=5) 
and Winchell ( 1 )  20:l (n-2) ) .  T h e r e f o r e the R u - 1 0 3  labelled 
r u t h e n o c e n e  amphe t a m i n e  d e r i v a t i v e s  s h o w a higher brain index 
than i o d o  labelle d  amphetamines. 

/ 
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Fig. Concentration o f  .N-isopropyl-Rc-amphetamin in Rats 
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THE CYCLOTRON PRODUCTION OF SHORT HALF-LIVED RADIOACTIVE NOBLE 
GASES FOR BXO-HEDICAL USE 
J.R. Daha, W.G. Uyerr, M.C. Graham 
Biophyricr Laboratory, Memorial Sloan-Kettering Cancer Center, 
1275 York Avo., New York, Now York 10021 

We prerent a genoral method for the preparation of 19Ne, 79mKr, 
and 127m.X.. Radioirotoper of the noble games have beon ured for 
bio-medical rtudier for many year.. For inatance, 133x0 ha6 been 
uaed for crrobral blood flow rtudier(1) and for lung function 
etudier(2), 127Xe and 81mKr have been ured for the evaluation 
of pulmonary direaro(3). 81mKr har been ueod for ventilation 
otudior, and 19Ne has been propored as a tracer for the 
determination of region cerebral blood flow(4). Table 1 prerenta a 
rurvey of the very rhort-lived noble garor and of the principal 
advantages and di6advantag.r of rach. The commonly used, longer 
lived, radioactive noble garea are commercially available. The 
increaming number of rmall mrdical cyclotron. may provide the 
opportunity to utilize the advantages of routine, on-line 
availability, improved imago quality, and the ohorter half-livea 
offored by very rhort-livod noble garer in otudirr deriving from 
establiehed Nuclear Uedicine proceduroa. 

TABLE 1. 

NUCLIDE HALF-LIFE DECAY GAUMA GAHUA ABUNDANCE 
SOME PROPERTIES OF THE VERY sn ORT-LIVED NOBLE GASES 

MODE ENERGY (photone out per 
(recondr) (keV) 100 decave) 

19Ne 17.5 pori tron 511 anhil 200 
79mKr 50 IT 130 27 
127mxe 69 IT 125 68 

173 35 

The method w e  have developed consistr in the proton bombardment of 
nearly raturated rolutione of the appropriate alkali aetal halide 
in a target chamber which allow8 the rolution to be rparged with 
helium gar during bombardment. The target solution (50~11) ir 
contained in a recera 1.27cm thick on the bran axis and 5cn 
diameter, with accorr parragea at the top and bottom, in a titanium 
plate. The target chamber ie a modified version of one previously 
used for 18F and 131 production(5). A e  the heliua sweep8 
upward through the target rolution, it removea the very ahort-lived 
noble gas as it is formed. A glarr adapter on top of the target 
chamber remover moat of the targot aolution from the eweep gaa 
rtream. AOrO8Ol8 and radiolyrir productr are removed from the 
atream of helium containing the radioactive noble gae by a tube 
containing NaOH pellete placed in the gar line immediately after 
the adapter on the top of the target chamber. From the target 
chamber the rwoep gar flows through about 18 M of 1.5mm ID teflon 
tube to apparatur for quality control analysis and nixing with air 
for broathing and oxygen beforo tranrmireion to the ecanning suite. 
A mearure of the radiochemical purity of the very rhort-lived noble 
gar war made by trapping 12Sml of the rweep gar in a bottle and 
obrerving it8 gamma rpectrum with a te(Li) detector coupled to a 
1024 channel analyzer or by mraruring the half-life of the 
radioactivity when the bottle wae placed in an ionization chamber. 

The (p,n) production reaction war used in all of the preparatione. 
Target solutionr wero propared by diluting raturated alkali metal 
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halide solution8 (9 parts) with de-ionized water (one part). Other 
activities generated in the target eolution, notably 13N, were 
not carried beyond the NaOH trap by the helium sweep gas. Strong 
oxidizing species were generated rapidly in the target solution and 
presumably the principal form of 13N was as 13N03 all of 
which remained in the aqueous solution. The bromide target 
solutiona from which 79mKr was prepared and the iodide solutionr 
used for preparing 1271Xe, became strongly discolored during 
bombardment, presumably through generation of elemental halide 
dissolved in the target solution. The fluoride solutions used in 
the preparation of 19Ne remained colorless. There wa6 little 
change in the pH of the target aolutions during bombardment. In 
the case of 327mXe and 19Ne, the only peaks observed in the 
gamma ray spectra o,f the flowing gae were attributable t o  the 
product isotope. In the case of 79mKr, it was posaible to detect 
both 81mKr and 79Kr in the sweep gar stream under certain 
conditions of flow. The 81mKr was reduced below detectable 
levels and the 79Kr warn maintained below 1X by uring a flow rate 
of about 114 l/min of sweep gas. The helium sweep gas required 
about 1 minute for transmission from the targe? chamber t o  the 
counting room. Within the limits of our meaaurements, the 
half-lives of each of the product radionuclidea matched the 
published values and were measured for at least 7 half-lives in all 
cases. After subtraction of the background, the only component in 
any of the decay curve6 was that of the product radionuclide. The 
yields of each product are presented in Table 2. 

TARGET AND YIELD DATA 
TARGET I  PRODUCT1 SWEEP GAS I nCi/litre I BEAM 

SOLUTION I I  PRESSURE1 FLOW RATE IIN SWEEP GAS1 CURRENT 
I I (priq) I (nl/mip) I I(micro-anp) 

KF I 19Ne I 12 I 800 I 4 I 5 
NaBr I 79mKr I 11.8 I 175 I 32 I 20 
KI I 1 2 7 m ~ e  I 1 3  I 250 I 9.8 I 6 

This work was supported in part by DOE Grant #DE-FG02-86ER60407. 
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FKlU3S INFUJECING 'IW2 KUlYNE USE OF ISUKPICWY mIm ZIW-68 PW 
ON M cALtIU&67 

T.E. Boothe, R.D. Finn*, J . S .  Sinnreich, E. Tavano, A. Rodon, P . J .  Kothari and 
J .P .  m r .  
Cyclotron Facility, Mount Sinai Medical Center, Miami Beach, FL 33140; +Division 
of Nuclear Medicine, National Institutes of Health, Bethesda, MI 20205 

Galliun-67 (tf = 78.331). an inportant radionuclide in clinical evaluation in 
Nuclear Medicine, is usually prepared by the (p,2n) reaction on isotopically 
enriched zinc-68. Limited availability and increasing costs of Zn-68 necessitate 
that cyclotron operations be as efficient as possible. The steps involved in a 
nonnal production cycle include target preparation, proton irradiation, chemical 
separation of Ga-67 from the 211-68. and recovery of Zn-68 in a chgnical form 
suitable for subsequent target preparation. To minimize losses and to provide an 
accurate accounting of the enriched material, various stages of the production 
cycle have been carefully monitored over the past 3.5 years. This represents 
several hundred cyclotron irradiations and the handling of a cained total of 
approximately 200 gram of Zn-68. 

ace irradiated. the Zn-68 contains Zn-65 (ti = 244.1d) produced primarily by the 
(p,n) reaction on (31-65. The Zn-65 allows one to follow the Zn material throw 
the chemical processing. recovery, and target preparation. 'Ihe losses attributed 
to each step are approximately 18, 2%, and 2%, respectively, with another 1% lost 
during target irradiation. 'Ihe chemical processing procedure involves etching 
the Zn fran the target with Hcl and subsequent separation of Ga-67 by liquid - 
liquid extraction (1.2); the recovery procedureinvolves the separation of Zn-68 
fran iron and copper using Hcl and an El-XB (C1 form) colum. 

To follow the mass of Zn-68 through the various steps, a high performance liquid 
chranatography method (3) has been adapted which utilizes only ug amounts of Zn 
and can determine other trace metals which may be present (TXBLE 1). 

'IXBJJ? 1. Cation Analysis Using HEW 

Cation (retention time in rnin) 

G~+(I.I), a2+(l.7), pb2+(2.2), zn2+(3.7) 

Ti4+(3.8), Ni2+(4.1), cd2+(7.3), Fe3+(7.8) 
A1 t ex U1 t raspherem (5 u,  25an x 4.h) ; 0.0lM sodiun hexane- 
sulfonate, 0;04M tartaric acid, pH = 3.4 (NaOH) at a flaw rate of 
2.0 mllmin. Detection was W - vis. at 520m using post-colum 
reaction with 0 . M l  4-(2-pyridylazo)resorcinol (PAR), 2M M140H 
and 1MNi40Ac at a flow rate of 2.hllrnin. 

Another factor to be considered is the extent of isotopic dilution of the 
enriched Zn-68 with naturally abundant Zn. It has been observed that after 
several years of cycling the Zn-68 throw the production processes, the 
enrichnent drops fran>98% to 95-96%. This results in the preparation of larger 
amounts of Ga-68 (tf = 68.1 rn) and Ga-66 (tf = 9.4 h), increases risk of 
radiation exposure to personnel, and influences transportation and shipping 
characteristics. 

Further details of the various parmeters influencing Zn-68 inventory and their 
effects on Ga-67 production will be presented. 

1. 

2. 

3. Boothe, T.E., Finn, R.D., Vora, M.M., Rnran, A.M., Kothari, P . J . ,  and 
Wukovnig, S. ,  In hccino, R.R., ed., Synthesis and Applications of Isotopic- 
ally Labeled C6&ounds-1985, Elsevier Science Publishers, 1986, pp 453-458. 

Hrpf, H.B., and Beaver J .E . ,  Int. J .  Appl. Radiat. Isot., z, 75 (1970). 
Brown, L.C., Int. J .  Pgpl. Radiat. Isot., 22, 710 (1971). 
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Produot ion of alRb u s i n g  a 60 M e V  pro ton  beam. 
aspacts of recovery.  

Ta rge t  d e v e l o p l e n t  and 

S.L. Waters1, J.C. Clark1,  P.L. Horlockl ,  C. Brown1, R. 0ett2 and H.E. Sirs2 
%RC Cyclotron hit, H a r e r s l i t h  Hospital, London W12 OBS aC. 
'AERE liarwell, Didcot ,  Oxon OX11 ORA UK. 

The use o f  t h e  60 MeV pro ton  beam from t h e  Var i ab le  Energy Cyclotron ( V E C )  
a t  t h e  Atomic Energy Research Establ ishment  (AERE) Harwell, h a s  been 
i n v e s t i g a t e d  f o r  t h e  p roduc t ion  o f  81Rb ( t t  4.58h) which is used i n  t h e  
p r e p a r a t i o n  Of 81Rb/81Krm g e n e r a t o r s .  P rev ious ly ,  p ro ton  e n e r g i e s  up t o  
42 MeV have been proposed for t h i s  
r e a c t i o n s . ( l )  As t h e  need t o  make BIRb wi th  lower energy c y c l o t r o n s  h a s  
been impor t an t ,  most a t t e n t i o n  has  focused on u s i n g  en r i ched  K r  p ton t o  
op t imise  t h e  y i e l d  o f  t h e  8 2 K r  ( p ,2n )  r e a c t i o n  (Q va lue  14 M e V ) f Z ) .  I n  
t h e  s t u d i e s  r e p o r t e d  h e r e ,  n a t u r a l  krypton was used i n  o r d e r  t o  t a k e  f u l l  
advantage o f  t h e  c o n t r i b u t i o n s  from t h e  8 4 K r  ( p , 4 n )  and 8 6 K r  ( p ,6n )  r o u t e s  
(Q v a l u e s  32 and 49 MeV r e s p e c t i v e l y ) .  

I n i t i a l  experiments  t o  measure t h e  p o t e n t i a l  y i e l d  were c a r r i e d  o u t  u s i n g  
an  uncooled s t a i n l e s s  s tee l  target (50  rn i n t e r n a l  d i ame te r ,  530 am l o n g ) ,  
l i n e d  wi th  removable 0.05 mm aluminium f o i l .  The target f i l l i n g  p r e s s u r e  
o f  14 bar  was h e l d  by a 0.125 rn Cu/2% Be f o i l  window (Goodfellow m e t a l s )  
w i th  an  e n t r a n c e  d i ame te r  of 25 mm. By u s i n g  t h i s  p r e s s u r e  o f  krypton t h e  
t a r g e t  was " th i ck"  enough t o  degrade t h e  beam from 60 t o  40 MeV. 
Following 20 min i r r a d i a t i o n s  o f  a 58.9 MeV pro ton  beam wi th  a c u r r e n t  o f  
100 nA, t h e  krypton g a s  was r e l e a s e d  through t w o  0.22 p m  membrane f i l t e r s ,  
a soda lime t r a p  and an  i o n  exchange t r a p .  The aluminium l i n e r  was 
d i s s o l v e d  i n  NaOH and f i n a l l y  t h e  t a r g e t  was washed o u t  w i th  d i l u t e  NaOH.  
By r a d i o a s s a y i n g  a1 t h e  v a r i o u s  components, ( u s i n g  a G e ( L i )  d e t e c t o r )  t h e  
p o t e n t i a l  y i e l d  o f  'lRb and t h e  o t h e r  r a d i o n u c l i d e s  p r e s e n t  were 
c a l c u l a t e d .  A summary o f  t h e s e  r e s u l t s  appea r  i n  t h e  t a b l e  below. 

Yield of 81Rb and 82Rbm from t h e  i r r a d i a t i o n  o f  n a t u r a l  krypton with 
58.9 M e V  p r o t o n s  

urpose u t i l i s i n g  t h e  na tKr  ( p , x n )  

Yield a t  end of i r r a d i a t i o n  t t  Rad i o n u c l i d e  

81Rb 4.58 h 2.38 CBq pAh-l (64 m C i  pAh-l) 

82Rbm 6 . 3  h 0.91 CBq pAh-l (38% o f  'lRb) 

A s i g n i f i c a n t  f i n d i n g  from t h e s e  experiments  was t h a t  > 70% o f  t h e  rubidium 
a c t i v i t i e s  produced d u r i n g  t h e s e  i r r a d i a t i o n s  remained i n  t h e  g a s  phase f o r  a t  
least 2 h r s  af ter  t h e  end o f  bombardment and were subsequen t ly  t r apped  by t h e  
f i r s t  membrane f i l t e r .  T h i s  phenomenon has  also been observed t o  a lesser 
e x t e n t  by ACERB1 e t  a l ( l )  and by SOLIN e t  a l ( 3 ) .  I n  c o n t r a s t ,  t h e  bromine 
r a d i o n u c l i d e s  also produced d u r i n g  t h e  i r r a d i a t i o n ,  were q u a n t i t a t i v e l y  r e t a i n e d  
by t h e  t a r g e t  walls. From t h e  r e s u l t s  o f  t h e s e  and o t h e r  experiments  with noble  
g a s  i r r a d i a t i o n s ,  a target was designed which enabled t h e  r ecove ry  o f  around 
40 GBq ( 1  Cur i e )  of 81Rb i n  s o l u t i o n  s u i t a b l e  f o r  t h e  p r e p a r a t i o n  o f  8 1 K r m  
g e n e r a t o r s .  The d e s i g n  was similar t o  t h e  expe r imen ta l  s t a i n l e s s  steel  t a r g e t  
( i . e .  530 mm l ong ,  w i th  beam e n t r a n c e  window o f  30 mm, f i l l e d  with n a t u r a l  
krypton t o  14 b a r )  and took f u l l  advantage o f  t h e  beam energy degrada t ion  (60- 
40 MeV). A t a r g e t  d i ame te r  o f  150 m was i nco rpora t ed  t o  reduce i n t e r a c t i o n s  o f  
t h e  proton beam wi th  t h e  walls of t h e  t a r g e t  due t o  m u l t i p l e  s c a t t e r i n g .  Th i s  
effect  i s  most prominent w i th  p ro ton  i r r a d i a t i o n s  o f  medium t o  h igh  2 
m a t e r i a l s . ( 4 )  The t a rge t ,  which was cons t ruc t ed  from aluminium i n  o r d e r  t o  
reduce t h e  e f f e c t s  o f  a c t i v a t i o n ,  was surrounded by a f lowing  water  c o o l i n g  
j a c k e t  and inco rpora t ed  a pure aluminium beamstop t o  abso rb  t h e  r e s i d i u a l  proton 
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energy. 
0.05 m Cu/Be vacuum f o i l  both cooled by je ts  d i r e c t i n g  a flow of  Helium. An 
i l l u s t r a t i o n  o f  t h e  p r i n c i p l e s  o f  t h i s  des ign  are schemat i ca l ly  presented i n  
Figure 1. Th i s  t a r g e t  has been e x t e n s i v e l y  used f o r  f u l l  product ion purposes 
and t h e  y i e l d  from an hour i r r a d i a t i o n  with 20 pA’s o f  58.9 M e V  p ro tons  has  
confirmed our  previous f i n d i n g s  summarised i n  t h e  Table above. 

The f r o n t  p l a t e  assembly contained a 0.125 mm C u / k  t a r g e t  foil and a 

BEAM - -b 

VACUUM FOL 

HELIUM JETS 

/ 
WAM PIPE 
ADAPTOR A S m Y  WITH 

t 

T 
HELIUM IN 

.. 

TARGET FOIL 
ASSEMBLY WITH 

HELIUM JETS 

N ?  
TARGET ASSE MBLY 

Figure 1 S-B OF FOIL ASSRfBLI AND A R R A N G m  OF BELIM COOLIBG 

Because of t h e  l a r g e  volume o f  krypton wi th in  t h i s  t a r g e t  (125 l i t r e s )  i t  was 
necessa ry  t o  dev i se  a recovery system f o r  the gas  fol lowing t h e  i r r a d i a t i o n .  
This  was carried o u t  remotely using a cryopumping system under computer c o n t r o l  
(Apple 11). 
system is shown i n  Figure 2,  where t h e  remotely operated pneumatic v a l v e s  (Nupro 
and Uhitey) are c l e a r l y  seen.  

Another consequence o f  t h e  l a r g e  t a r g e t  s i z e  was t h e  i m p r a c t i c a b i l i t y  of 
r ecove r ing  t h e  81Rb by just f i l l i n g  or r i n s i n g  t h e  t a r g e t  u i t h  ~ o l u t i o n ( ~ , 3 * ~ ) .  
The technique o f  sp ray ing  was a l s o  discounted because o f  t h e  p o s s i b l e  
v a r i a b i l i t y  i n  t h e  recovery o f  t h e  rubidium due t o  t h e  i n e f f i c i e n t  v e t t i n g  of 
t h e  t a r g e t  walls. 
r o u t i n e l y  r ecove r ing  100% o f  t h e  r a d i o a c t i v i t y  i n  about 500 m l  o f  wa te r ,  has 
been t h a t  of steaming t h e  t a r g e t ( 6 ) .  To ensure t h a t  a l l  t h e  rubidium produced 
du r ing  t h e  i r r a d i a t i o n  is recovered,  a f i l t e r  is used on t h e  g a s  o u t l e t  t o  t h e  
t a r g e t  t o  c a p t u r e  t h e  rubidium i n  t h e  g a s  phase (F igu re  2 . ) .  
membrane (0.45 p m )  (Hillipore AG45 02500) it is possible t o  steam t h e  target 
through t h i s  f i l t e r .  

The t a r g e t  walls were i n i t i a l l y  treated by steam t o  produce a f i l m  of  boehmite 
(or complex hydroxide) I n  o r d e r  t o  reduce t h e  c o r r o s i v e  e f f e c t s  o f  r e g u l a r l y  
condensing steam on t t h e  aluminium wa l l s ,  and l eav ing  them p a r t i a l l y  wet 
be twan irrad i a t i o n s ( 7 ~  . 

An i l l u s t r a t i o n  o f  t h e  computer g raph ic s  used t o  o p e r a t e  t h i s  

An a l t e r n a t i v e  approach which has  been s u c c e s s f u l  i n  

By using a s i l v e r  

Some o t h e r  groups i n t e r e s t e d  i n  r ad ionuc l ide  product ion 
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F i g u r e  2 COnPUTBR GRAPEICS DISPLAY OF RRSOTE PROCBSSIIK; S Y S m  FOR RECOVERY W 81 Bb 

u s i n g  t h i s  gas t a r g e t  approach have t a c k l e d  t h e  problem of c o r r o s i o n  by d r y i n g  
t h e  t a r g e t  betueen i r r a d i a t i o n s ( 8 ) .  O the r s  have used targets such as s t a i n l e s s  
s tee l ,  chromium and 
t a r g e t  body becoming a c t i v a t e d .  The compromise o f  producing an  alumi i u m  target 
which h a s  e l e c t r o c h e m i c a l  d e p o s i t e d  walls [such as chromium or n icke l?g ) ]  may be 
t h e  most s u i t a b l e  s o l u t i o n  i n  t h i s  s i t u a t i o n .  

n i c k e l  bu t  have had t o  s u f f e r  t h e  d i sadvan tage  o f  t h e  
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CHEMICAL CONSIDERATIONS OF 153 Sm-EDTMP, A NEW THERAPEUTIC BONE AGENT 
J. R. Gar l i ch ,  S. A. Baughman, Jaime Simon, K. McMil lan, Dow Chemical Company, 
Freepor t ,  Texas. 
Troutner, U n i v e r s i t y  o f  Missour i  Dept. o f  Radioloqy and *Chemistry. 

Samari um-153-Ethylenedi ami netetramethyl enephosphonic a c i d  (Sm-153-EDTMP) has 
shown promise f o r  t h e  treatment of bone cancer. Th i s  paper describes t h e  synthe- 
s i s  and p u r i f i c a t i o n  of t he  l i gand  EDTMP, t he  a b i l i t y  o f  Sm-153 t o  complex EDTMP, 
and t h e  nature o f  t he  Sm-EDTMP complex. I n  a d d i t i o n ,  a " k i t "  f o rmu la t i on  i s  
described. 

Synthesis o f  EDTMP was accomplished by slow a d d i t i o n  o f  formaldehyde t o  an a c i d i c  
ethylenediamine phosphorous ac id  mixture.  
enediaminetrimethy1.enephosphonic ac id  (N-methyl-EDTMP). Several o the r  i m p u r i t i e s  
were i d e n t i f i e d .  P u r i f i c a t i o n  y i e l d e d  99.9% EDTMP. F igure 1 compares EDTMP 
before and a f t e r  p u r i f i c a t i o n .  The super io r  a b i l i t y  o f  EDTMP t o  complex Sm-153 
over N-methyl-EDTMP was demonstrated us ing an HPLC coupled t o  a NaI c r y s t a l  f o r  
detect ion.  (See F igure 2.) 

Grav imetr ic  experiments were performed w i t h  non-radioact ive Sm. 
summarized i n  Table 1, ind i ca ted  a 1:l complex was formed. Fu r the r  con f i rma t ion  
o f  a 1 : l  complex was obtained by Fab Mass-spec. 

A. R. Ket r ing,  W. A. Vo l ke r t ,  *W. F. Goeckeler and *D. E. 

The major i m p u r i t y  was N-methylethyl- 

The r e s u l t s ,  

FIGURE 1. a. HPLC o f  EDTMP P r i o r  t o  P u r i f i c a t i o n  

14 

1 I f "  
12 

f 4 .  ' . l t .  ' . l b .  ' . 2 . . . '  4 '  . . t ' . . b . ' .  i'0' , . 1 2 ' .  ' 

FIGURE 1. b. HPLC o f  EDTMP A f t e r  P u r i f i c a t i o n  
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M 1  o f  0.26M Mo la r  R a t i o  Weight Weight i f  
Samari um Sm: EDTMP o f  PPT 1: l  R a t i o  

2.2 0.25 0.309 0.339 

4.4 0.50 0.619 0.679 

8.8 1 .o 1.349 1,339 

b.  98.0% N-Me 
2.0% EDTMP 

FIGURE 2. Reverse Phase HPLC o f  Sm-153 Complexed 
t o  a M i x t u r e  o f  EDTMP and N-Methyl-EDTMP 

TABLE 1. Grav ime t r i c  Exper imental  Resu l t s  f o r  t h e  R a t i o  o f  Sm:EDTMP 
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K i t  # 

3 

6 

18 

A " k i t "  f o rmu la t i on  was developed f o r  EDTMP. 
t i t r a t e d  w i t h  base t o  pH = 10.3. 
HC1 y i e l d e d  an i n j e c t a b l e  s o l u t i o n  w i t h  a pH o f  7.5-8. 
be s t a b l e  f o r  a t  l e a s t  seven days a f t e r  r e c o n s t i t u t i o n  o f  t he  k i t s .  Table 2 
summarizes t h e  complex s t a b i l i t y  over time. 

The k i t s  cons i s t  o f  210 mg o f  EDTMP 
Add i t i on  o f  6 m l  o f  a Sm-153 s o l u t i o n  i n  0.1 N 

The complex was shown t o  

TABLE 2. Complex S t a b i l i t y  Tests 

Day 1 Day 2 Day 4 Day 9 Day 12 

99.62 99.59 99.82 99.17 98.61 

99.77 99.65 99.86 99.13 97.66 

99.56 99.70 98.91 99.01 99.02 
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153 Sm-EDTMP, A POTENTIAL THERAPEUTIC BONE AGENT 
J. Simon and W .  F .  Goeckeler, Dow Chemical Company, Freepor t ,  Texas 
*B. Edwards. *L. Strinaham. **W. A. Vo lke r t .  ***D. E. Troutner .  and *R. A. . , -  
Holmes, *Harry S. Truman Memorial Veterans Hosp i ta l ,  U n i v e r s i t y  o f  M issour i  
Department o f  **Radiology and ***Chemistry 

Ethylenediaminetetramethylenephosphonic a c i d  (EDTMP) forms a s t a b l e  complex w i t h  
Sm-153. B i o d i s t r i b u t i o n s  i n  r a t s  and r a b b i t s  show t h e  complex t o  be an e x c e l l e n t  
bone agent. The nuc lea r  p r o p e r t i e s  o f  Sm-153 make i t  an i d e a l  candidate f o r  
therapy. This  paper d iscusses p r e - c l i n i c a l  development o f  Sm-153-EDTMP as a 
t he rapeu t i c  bone agent. 

Evidence f o r  complex fo rma t ion  i n c l u d e s  HPLC, paper chromatography, i o n  exchange 
and e lec t rophores i s .  
phase HPLC. 
l y  a c i d i c  t o  very basic.  The r a t i o  o f  metal  t o  l i g a n d  appears t o  be 1: l  f o r  t h e  
compl ex. 

B i o d i s t r i b u t i o n s  i n  r a t s  show h i g h  s k e l e t a l  uptake, f a s t  b lood c learance,  low 
s o f t  t i s s u e  uptake, and a l e s i o n  t o  normal bone r a t i o  equal t o  Tc-99m-MDP. (See 
Table 1 below.) 

TABLE 1. B i o d i s t r i b u t i o n  o f  Sm-153-EDTMP i n  Rats 
(S.D.) o f  5 A nimal  s 

F igu re  1 shows a s i n g l e  r a d i o a c t i v e  species on reverse 
Complex fo rma t ion  occurs i n  h i g h  y i e l d s  a t  pH's rang ing  from s l i g h t -  

Organ 

B1 ood 

L i  ver  

Spleen 

Lg. I n t e s t i n e  

Sm. I n t e s t i n e  

Kidneys 

Muscle 

Femur 

Ur ine  

Skeleton* 

15 Min. 

5.8 
(0.5) 

0.96 
(0.14) 

0.055 
(0.004) 

0.62 
(0.08) 

0.79 
(0.07) 

1.75 
(.33) 

8.85 
(0.85) 

1.90 
(0.15) 

28.38 
(3.10) 

47.56 
(3.70) 

2 Hrs .  

0.03 
(0.02) 

0.25 
(0.04) 

0.006 
(0.004) 

0.09 
(0.02) 

0.75 
(0.39) 

0.25 
(0.04) 

0.22 
(0.07) 

2.31 
(0.16) 

49.11 
(3.92) 

57.71 
(4.04) 

24 Hrs. 

0.007 
(0.002) 

(0.02) 
0.35 

0.007 
(0.006) 

0.06 
(0.01) 

(0.01) 

(0.09) 

0.05 

0.25 

0.13 
(0.04) 

2.08 
(0.12) 

54.68 
(2.42) 

52.04 
(2.90) 

*Based on % dose femur x 25. 
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Rat ios  o f  bone t o  s o f t  t i s s u e  uptake a r e  ext remely h i g h  due t o  t h e  s p e c i f i c i t y  
f o r  t h e  s k e l e t a l  system and t h e  e f f i c i e n t  b lood  clearance. 
rena l  c learance has been b locked,  much h i g h e r  uptake i n  t h e  bone i s  observed w i t h  
s l i g h t l y  h i g h e r  s o f t  t i s s u e  uptake (see Table 2).  

I n  animals where 

TABLE 2. B i o d i s t r i b u t i o n  o f  Sm-153-EDTMP 
3 Hours Post I n j e c t i o n  o f  Rabbi ts  w i t h  Exc ised Kidneys 

% Admin is tered Dose ( S . D . )  o f  5 Animals 

% Renal Func t i on  

Organ 

B1 ood 

Muscle 

Marrow 

L i v e r  

Kidneys 

Ur ine  

Femur 

Ske le ta l  

100% 

0.176 (.099) 

,321 (.112) 

.172 (.070) 

.483 (.084) 

.611 ( . l og )  

37.382 (8.150) N=3 

2.686 (.342) 

54.001 (6.889) 

50% 

.226 (.045) 

.332 (.132 

. l o4  (.032) 

.636 (.223) 

.521 (.596) 

28.777 (7.278) 

3.449 (.345) 

69.325 (6.917) 

0% 

1.109 (.410) 

1.334 (.849) 

.242 ( .  179) 

1.323 (.359) 

.058 (.064) N=3 

4.32 (.262) 

92.871 (6.728) 

A s e r i e s  o f  normal dogs have been t r e a t e d  w i t h  up t o  2 mci /kg of Sm-153-EDTMP. 
The o n l y  observable e f f e c t  was t o  t h e  bone marrow. Th is  was measured by w h i t e  
b lood c e l l  and p l a t e l e t  count.  I n  a l l  cases, t h e  b lood  va lues re tu rned  t o  
normal. Dogs w i t h  spontaneous bone tumors were t r e a t e d  w i t h  0.5-1.0 mci /kg of  
Sm-153-EDTMP. Images compared f a v o r a b l y  w i th  corresponding Tc-MDP scans. 

which were non-weight b e a r i n g  p r i o r  t o  t rea tmen t .  
t rea tmen t  showed tumor shr inkage.  Also,  i n  seve ra l  
cases, complete absence o f  d isease was proven. 

Data ob ta ined  f rom r a t s  have been used t o  c a l c u l a t e  r a  t i o n  dose i n t o  human 
sub jec ts  f o l l o w i n g  t h e  a d m i n i s t r a t i o n  o f  Sm-153-EDTMP."' The da ta  were f a v o r -  
ab le  f o r  t h e  proposed use. Thus, a l l  d a t a  p o i n t  toward t h i s  agent as an exce l -  
l e n t  candidate f o r  t h e  t rea tmen t  o f  c a l c i f i c  tumors. 

1. 

Evidence o f  p a i n  r e d u c t i o n  was observed by t h e  an ima ls '  use o f  l imbs  
Radiographs b e f o r e  and a f t e r  

Logan, e t .  a l . ,  K. W . ,  R a d i a t i o n  Dose C a l c u l a t i o n s  i n  Persons Rece iv ing  
I n j e c t i o n  o f  Sm-153-EDTMP, submi t ted t o  Journal  o f  Nuclear Medic ine.  
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PHARMACOKINETICS AND METABOLISM O F  153-GADOLINIUM CHELATES 
Tweedle, M.F., W.C. Eckelman, P. Wedeking 
Contrast Media Research Department, Squibb Institute for Medi.cal 
Research, New Brunswick, NJ, 08903 

First generation NMR imaging agents will have A. ~Ai.0 
distribution, k etics, and excretion similar to x-ray contrast 
agents and to 4BmT~-DTPA; they will be used initially in NMR 
imaging for the same indications that diatrizoic acid and 
iopamidol are currently used for in x-ray CT. 

Gadol nium(II1) (Gd) is a highly paramagnetic rare earth ion 
(u f f 4  = 63 B.M.) and is effective at creating NMR image 
engancement through enh ncement of+ the proton relaxation rate 
(1). Approximately lo-' m o l a l  Gd is required in tissues to 
create substantial contrast in the images, making the i.v. dose 
for a widely distributed agent on the order of 0.1 mmol/kg, 
compar d to 3 m m o l  I/kg for CT, and <1 mg/kg (of ligand) €or 
most 9egmTc radiopharmaceutic kits. Consequently, acute 
toxicity is a major concern. Gd?' is poorly tolerated in vivo as 
the free ion. 
were found to be 0.3 and 0.f mmol/kg, respectively > l a  
mmol/kg (no deaths at 10 mmol/kg) were found for Gd" ::zfEes of 
DOTA and DTPA. LD50 for Na[Gd(EDTA)] in mice was >1 mmol/kg. 

The dynamics of blood clearance and urine accumulation were 
determined and compared for four Gd-chelates administered to 
anesthetized dogs and rats; we also looked for metabolites of the 

The studies were V n e  by co-injecting 
Eg3Gd-labeled Gd(ligand) and carrier-free mT~(DTPA). HPLC was 
used to determine the purity of the radiolabeled compounds and 
the degree to which replacement reactions (metals trading 
ligands) occurred. TLC was used to determine the amount of 
unchelated metals. The ligands tested were DTPA (di- 
ethylenetriaminepentaacetic acid), DOTA (1,4,7,10-tetraaza- 
cyclododecane tetraacetic acid) , TETA (lI4,8,1l-tetraaza- 
cyclotetradecane tet acetic acid), EDTA (ethylenediamine- 
tetraacetic acid). lgfGd(acetate) was also tested along with 
unlabelled Gd(D0TA)- in order to determine the extent to which 
weakly chelated Gd affected the results. 

Following an co-injection of 0.05 t o  0 . 2 5  mol /kg  of 
Gd (1 igand) at 0.3 mCi " mTc (DTPA) , 
serial (arterial) blood and urine samples were collected and 
counted. &yr days later, the samples were recounted to 
data for Gd, and the initial data corrected €or the 
The data were reduced using standard curve stripping methods. 
Theoretical Area Under the blood clearance Curves (AUC) were 
compared with AUC's calculated assuming a two compartment model. 
Data were paired by calculating ratios to the 99mTc(DTPA) data. 

a from six dogs dosed with 153Gd(DTPA) (<0.3 % unchelated 
"'Gd to 95 % Confidence) are summarized in Tables 1 and 2. These 

a fit a two compartment model. The elimination phase of 
@'Gd(DTPA) is only slightly, but significantly, different than 
99mTc(DTPA). 153Gd(WTA) and 153Gd(DTPA) showed similar results 
in dogs and rats. HPLC of collected rat urine indicated a single 
peak at the same retention time found when the chelates were 
added to urine or to water; TLC confirmed these results. The 
compounds were creted to >90 % in urine, and based on the 
Similarity to g'mT~(DTPA) , were probably eliminated by 
glomerular filtration. 

The i.v. LD5 ' 8  in mice for GdC13 and- G d ( O H )  

-&elates injected. 

= 4 uCi m m o l - l  and 
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Table 1. Summary of 2-Compartment Data (N = 6 dogs) 

Data: Tc(DTPA) Gd (DTPA) 2- Ratio Paired-comparison 

A* 0.0709 (0.0078) 0.0719 (0.0068) 1.014 0.47 NS 
a** 0.3898 (0.0330) 0.3773 (0.0212) 0.968 0.97 NS 

: 1.79 (0.16) 1.85 (0.11) 1.030 1.030 NS 

- -- 

Mean (295% CL) Mean (295% CL) Gd:Tc t- P: 

TtAf 

'tG 
B* 0.0265(0.0045) 0.0257(0.0044) 0.970 0.87 NS 
b** 0.0133 (0.0021) 0.0148(0.0013) 1.114 2.72 <0.025 

: 53.61 (8.19) 47.25 (4.12) 0.881 2.77 <0.025 

* y-intercept: % ID/g-blood ** -(slope)min 
Table 2. Summary of Chelate Excretion Data 

Che 1 ate Mean total % ID (595 % CL) 
Urine : -Bile: 
@ 120 min @ 240 min @ 240 min 

Gd (DTPA) 2- 81.07 (4.23) 95.64 (2.79) 0.0188 (0.0057) 
Tc (DTPA) 77.38 (4.68) 92.48 (3.64) 0.1822 (0.0365) 

- - 
Ratio Gd:Tc 1.05 1.03 0.10 

153Gd (EDTA) aye3 153Gd(TETA) hj$ much longef5gliminat ion half - 
times n Gd(D0TA) and 3Gd(DTPA) ( Gd(EDTA) b-slope 
>lox's @'Gd(DTPA) b-slope) , probably due to protein binding or 
in tabil t of the cqelates. Stabil3.s in aqueous solutions of 
Fa'+, CJ', and POq - wed that Gd(TETA) reacted in each 
medium, precipitati g+'"Gd, while 153Gd(EDTA) reacted only in 
the presence of Fe . To determine serum stability, the 
relaxivity of the Gd complexes with time was determined in serum. 

Comparing the be av'or of the stronger c es of 153Gd with 
DTPA (Keq = lo2'-'') a?$ DOTA (K = 109t'q') to the weaker 
chelates, EDTA (Keq = 10 = 10l6), suggests that 
stabilities of the order of Gd(EDTA) a8d Gd(TETA) will not be 
high enough to allow these complexes to be used as NMR contrast 
agents. 

1. Weinmann, H.J., Brasch, R.C, Press, W.R., and Wesby, G.E., 

'I 

) and TEfAq(Ke 

AJE, 1%:619 (1983). 
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SOLUTION AND TISSUE RELAXIVITIES OF SOME PARAMAGNETIC COMPLEXES 
M A  Tweedle, H. C. Brittain, A. X r u f i d e  
Contrast Media Research Department, Squibb Institute for Medical 
Research, New Brunswick, NJ, 08903 

In SPECT and CT the signal intensity in the image is due to 
sorption of X-rays by (e.g.) iodine or emission of (e.g.) 

8’mTc, and signal intensi in the image is linear with the 
concentration of iodine or 5’mTc in the tissues, regardless of 
the chemical environment of the agents. In NMR the signal 
intensity in the image is governed by the concentration and 
relaxation rate of the water protons in the tissues. Solvated 
paramagnetic compounds change the NMR signal intensity by 
increasing the rate of the water-proton relaxatio rocess. 
Unlike absorption by iodine and gamma emission of 89;pTc, the 
ability of a paramagnetic compound to increase the water-proton 
relaxation rate depends on the chemical nature of the compound 
and on its environment in the tissue. 

Relaxation rate enhancement by paramagnetic ions is governed by 
a second order rate constant which describes each paramagnet 
ion‘s ability to rela5 b v k  water protons. The relq3ivity of a 
paramagnet, PI in M -  8- measured at 2 0  MHz ( kl) is as 
follows : 

1 (P) - - 1 (water) = 2ok1 [PI (1) 
T1 T1 

where the term on the left is the difference in measured water- 
proton relaxation rate due to the presence of P and [PI is the 
molar concentration of P (or molal for tissues). Relaxation rates 
are gener lly linear in paramagnet concentration in the range 
10-4 to ,,-3 M in fluids, but nonlinear in some tissues. 

Gd(III), a 4f7 rare earth, has nearly ideal properties for 
maximizing its effect on water-proton relaxation. Its half 
filled f shell give8 it a symmetric electroni ground state and 
the spin only magnetic moment ie maximum: ’ - 63. The normal 
rater-proton relaxation rate in v vo is 2 5 L e  order 1 to 10 s- . When water is  coord nated to  its proton relaxation rate 
is on the order lo6 s-’, so a rapid water exchange rate in the 

TABLE 1. Relaxivities and Water Exchange Rates 

6 X 10’ 
1-4 x l o 2  
- >lo9 3 . 7  x l o 3  
7 x 108 2.0 x l o 3  

1.6 x l o 3  
- >lo9 3.4 x l o 3  

1.1 x l o 3  
0 . 4  x 103 
0.7 x 103 
1.1 x l o 3  

( 3 )  

inner coordination sphere is desisp to optimize the number of 
protons relaxed per second. For Gd the exchange rate is nearly 
diffusion controlled. Ta e 1 ompares t e measured relaxivities 
of free and ahelated Fe”, Mnq+, and Gd’+. The free ion k data 
might lead one to expect low relaxivity for Fe(EDTA) (H207 , but 
chelation nearly2%lways increases these rates, and it leads to a 
relatively high kl for Fe(EDTA) ( H 2 0 ) - .  The new ions, Fe(DOTA)- 
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and [Mn(DOTA)l2-, probably have no coordinated water, a d the 
observed elaxivity '- and 
x 10 M s I for 
hexacoordinate ligand and no inner sphere coordinated water. We 
can view the observed relaxivity as arising from two relaxation 
processes, one occurring through inner sphere interaction of 
protons on coordinated water and one occurring through outer 
sphere interaction (4) : 

[Mn(D'J.PA)Jl 3- . Jpuffer 

20 20 
kl observed = kl inner ' 2ok1 outer 

The data in Table 1 allow u t o  estimate the relative 
contributions for Mn2+ and for Fe'+ in Fe(EDTA)(H20)-. To obtain 
an estimate for the outer sphere contribution to the relaxivity 
of the Gd(polyaminecarboxylates), the number of inner sphere 
waters can sometimes be reduced b making ternary complexes: 
Gd(EDTA) (citrate) gave a meas red 'Ok dependent on [citrate] 

The 
number of coordinated water molecules was determined by the 
Horrocks method (5) for a series of Gd(1igand) complexes where 
ligand = EDTA, DTPA, DOTA, TETA, and Desferrioxamine by 
me suring the emission lifetimes of the corresponding Tb3' and 
Eu" chelates in H20 and D20. The outer and inne$+sphere (per 
Ytter) contributions were about equal fo th G comp exes: 

1 - 2 x lo5 M-'s-'. For Fe" and 
Mnkpu!%5 data in Table 1 suggest that the outer sphere 
contribution for these ions is also equal t o  that of one 
coordinated water. 

It is well known that cq5relation phenomena can be used to 
increase the relaxivity. kl values are increased as tc, the 
correlation time, increases. For Gd3+1 tc at 20 MHz depends 
primarily on a rotational component tty+t can be increased by 
slowing the molec ar rotation of the Gd on. This is usually 
dog? by binding Gd" to proteins. Data on 2bkl per Gd3+ when the 
Gd is bound to proteins could be used to estimate the magnitude 
of this effect obtainable, but existing data are not nor alized 

By 

seven proteins and polymers we obtained values for "kl per 
coordinated water. This value increase wi h m lecular weight, 
and can be at least a8 high as 2.9 x 10' M-' s-' per coordinated 
water. compares to about -2 x lo3 M-ls-l per coordinated 
water for Gd" chelates.Theory predicts a potential rate increase 
on the order of 10 - 100, controlled by the water exchange rate, 
and we saw no leveling of the value at 180,000 daltons. 

with a lower limit of -2 x 10 Y M-l s4 at 50 mM citrate. 

was estimated to be 

by measuring the number of coordinate waters per Gd Jn+ . directly determining that number for Gd 5? (aq) bound dire tly to 

Thi 

In vivo the observed relaxivity may be altered by protein 
m n d m .  Gd concentrations vivg were determined either by 
homogenizing tissues of animals mniected with Gd and measuring Gd 
by Ion Coupled Plasma or x- fluorescence, or by preparing the 
Gd( ligand) complexes with '"Gd. Radiolabelling the chelates 
has proven to be far t e simplest and most accurate technique. 
Reactions of 1'YGd-Gd9+ with ligands were monitored by 
determining the extent of reaction by ITLC-SG and HPLC. All 
reactions proceeded smoothly to completion at pH 7 with mild 
heating as long as acetate was present to keep the Gd3+ in 
solution. Relaxi ities were determined for [Gd(DOTA) (H20) 1- and 
[Gd(DTPA)(H O ) ] ' -  in serum, kidney and a mouse tumor. No 
substantial &f ferences were observed between the two chelates, 
but some concentration dependence of the relaxivity was observed, 
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par$.)cularly i n  r a t  k idneys ,  where r e l a x i v i t y  i n c r e a s e d  a s  t h e  
[Gd ] decreased. 

Table  2- 2ok1 Values  of Gadolinium C h e l a t e s  a t  2 0  M H z  ana flo C 
2ok i n  M-'S-' 

Chelate Watera Dog &eruma Mouse Tumorb 

[Gd(DTPA) 12- 3731+110 40862417 559951921 

[Gd (DOTA) 1- 33765227 37852497 481451267 

+ 95 0 Confidence L i m i t s .  
3 min. p o s t  i n t r a v e n o u s  0.4 mmol/kg i n  25 g MRL 

+/+ m i c e  (n=3) w i t h  8-day o l d  f l a n k  implanted  
mammary adenocanthoma. [Gd] - 2.2 5 0.2 molal i n  
t h e  tumor i n  300 m g  tumors. + Standard Deviation. 
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