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A SEMI-AUTOMATIC REMOTE CONTROLLED SYNTHESIS OF L1 ’C] -2-DEOXY-0-GLUCOSE 

S. A. Stone-Elander, E. Ehrin, and 3. L. G. Nilsson. 
Karolinska Pharmacy, Box 60024, 5-104 01 Stockholm, Sweden. 

p4q -2-Oeoxy-0-glucose (2-DG) has been used as a substrate for measuring local 
rates of brain glucose metabolism in animals by quantitative autoradiography (1). 
The substitution of  the 2-hydroxyl gmup by a hydrogen atom isolates the first step 
o f  glucose metabolism with no subsequent loss of labelled metabolic products from 
the tissues as is true for radioactive 0-glucose. To investigate the suitability 
o f  2-OG f o r  ”in vivo” studies of local energy metabolism in man by positmn 
emission tomography, we have developed a rapid, semi-automatic synthesis suitable 
for lakelling with carbon-11. Availability of this tracer will enable a Comparison 
with Ll’q-O-glucose, the synthesis of which was developed here (2) and is now 
routinely prepared in our lab. 

p1a-2-OG is synthesized by the reaction of l-deoxy-l-iodo-2,3:4.5-di-0- 
isopropylidene-0-arabinotol with Nal’CN. H’lCN, pmduced by the 14N [p,u) 
reaction (31, is trapped by bubbling into a solution of NaOH or NaCN in dry 
dimethylsulfoxide. A solution of the iodide in OMSO is added and the vial heated 
at 900 f o r  5 minutes under N2-bubbling. At the end of the reaction period, the 
contents are drawn over onto a dry silica column and the nitrile rapidly eluted 
with diethylether by ”flash chromatography”. The ether solution is cooled to -78OC, 
excess diisobutylaluminum hydride added and the nitrile reduced for 3 minutes. 
Aqueous ethanol is added to quench the excess hydride, dilute HC1 added, and the 
solution heated at YOo to hydrolyze the intermediate imine and remove the 
isopmpylidene protecting groups. After elution through an ion-exchange column, 
the aqueous solution is concentrated to 0.5-1.0 ml and injected onto an Aminex 
HPX-87P HPLC column. The aqueous solution of p1C]-2-OG thus obtained is diluted 
with saline and passed through a Milliporem filter (0.22~) yielding a solution 
suitable for injection 45 minutes after the initial trapping o f  H1’CN and a 
radiochemical yield of 20-30%. 

Synthetic methods have been previously published (4.5) for labelling 2-DG with 
carbon-11. However, the catalysts used in the reduction of the nitrile were 
poisoned by any iodo compound remaining in the reaction vessel, thereby requiring 
the daily synthesis o f  a 
labelling. Reduction with diisobutylaluminum hydride permits the use o f  the more 
stable iodo precursor without the accompanying problems of catalyst poisoning. 
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triflate precursor imnediately prior to the cyanide 
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SYNTHESIS O F  FI8-FLUORINE GAS FROM NO CARRIER ADDED FI8-HF 

M.G. Straatmann, D.J. Schlyer, and J. Chasko. 
The Cyclotron Corporation, 950 Gilman Street ,  Berkeley, CA 94710. 

Fluorine-18 in the form of fluorine gas has proven to be of great  value in t h e  synthesis of 
organic compounds with application in positron emission tomography (1). Prior methods of 
F18-fluorine production required a passivated target  chamber and t h e  presence of carr ier  
fluorine in t h e  target  gas during irradiation (2 ) .  In t h e  system reported here, F18-HF is 
converted to F18-fluorine gas utilizing a microwave discharge (3). This allows production of 
F18 from the  high yield '*O(p,n) ' 8 F  reaction via recycled 018-oxygen gas which never comes 
in contact  with carr ier  fluorine. This approach fur ther  permits t h e  use of a single F18 t a rge t  
for t he  production of several different F18-precursors since the  F18-activity is  removed from 
t h e  t a rge t  in t h e  form of HF without passivation or t he  addition of carr ier  (4). The eluted 
activity is  trapped in a fluorine-gassivated Coors AD 998 alumina tube at liquid nitrogen 
temperature.  While still at -196 C, the  alumina tube is closed off from the  target  and 
evacuated. The t r a p  is then isolated by valves and allowed to warm to room temperature.  A 
microwave discharge (100 watts,  2450 MHz) is initiated in the  tube and a mixture of 5% F, in 
helium is added slowly to a total  pressure of 1.5 psia. After about 5 minutes the  discharge IS 
extinguished and the tube is pressurized to 1 atmosphere with nitrogen gas. The gas containing 
t h e  F18-activity is then bubbled through a solution of difluorostilbene in freon-11 (5). The 
products of the resultant Tgdition reaction a r e  then analyzed by radiogas chromotography to 
determine the yield of the F-F, conversion reaction. 

Target Pressure 

Alumina 0 F S/ Freon Vacuum 

LN T r a p  

This synthesis has proven to be particularly sensitive to contaminants in the  system and to the  
surface a rea  of t he  alumina tube. Efforts are underway to improve t h e  conversion yield of this 
reaction from the  present value of 3% (percent of theoretical  F18 t a rge t  yield as Fl8-DFS 
adduct). Under optimized conditions, t h e  microwave dissociationhecombination approach may 
b e  a route  to other FI8-precursors containing more  than one fluorine atom such as xenon 
difluoride (6) .  

(1) Reivich M., Kuhl D., Wolf A.P., et al, Circ. Res., 9, 127 (1979). 
(2) Bida G.T., Ehrenkaufer R.L., Wolf A.P., Fowler J.S., MacGregor R.R., and Ruth T.J., J. 

Nucl. Med., 21, 758 (1981). 
( 3 )  Rosner D.E. and Allendorf H.D., J. Phys. Chem., 75, 308 (1971). 
(4) Straatmann M.G. and Hendry G.O., Proceedings of 11th International Hot Atom 

Chemistry Symposium, Davis, California, 1982. 
(5) MacGregor R.R., Fowler J.S., and Guzikowski A., private communication (1982). 
(6) Firnau G., private communication (198 1). 
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DEVELOPMENT OF AN EQUIPMENT FOR THE AUTOMATIC PRODUCTION OF 
AND L- ( 3N) -GLUTAMATE 

3NH3 

- K. Suzuki, K. Tamate, T. Nakayama, T. Yamazaki, Y. Kasida, K. Fukushi, 
Y. Maruyama, H. Maekawa, and H. Nakaoka. 
National Institute of Radiological Sciences, 9-1, 4-Chome Anagawa, 
Chiba-Shi, Japan. 

Up to now, 200-300 mCi of 13NH3 have been produced remotely per batch 
by the I6O(p, a) 3N reaction by irradiating distilled water with 18 
MeV proton beam. Devarda’s alloy and sodium hydroxide were used to 
reduce I3N-labeled oxides formed in the target solution. By manual 
operation, L-(13N)-glutamate has been produced at a yield of about 
90 % by passing distilled 13NH3 through a column in which glutamate 
deh- drogenase was immobilized on an activated Sepharose-4E (I). The 
L- i  3N)-glutamate is purified with an AG-50 cation exchange column. 

TO achieve the automation in the above procedure, an equipment having 
fol.lowing characteristics was developed. 

It is divided into two units, i.e., working unit and control unit. 
The working unit is set up inside a hot cell and is composed of 
electric valves, pumps, reaction vessels, 8 GM tubes, 2 conductivi- 
ty sensors, etc. which are connected mutually by using teflon tubes. 
The control unit is located outside the hot cell. It is constructed 
by connecting a sequential processor to an operation panel, rate 
meter, CRT, printer, and cassette recorder. 
The procedures of filling water into a target box, purging out the 
irradiated solution, preparing and purifying 13NH3 and L- ( 3N) - 
glutamate, and conditioning the immobilized enzyme coltimn and AG-50 
cation exchange column are auto tized. 

cessively 4 times without any additional procedure. When more than 
4 repetitions are required, reaction vessels should be changed. In 
this respect, the method using Devarda’s alloy is not so suitable 
as a reducing agent far the automatic production of 13NH3. 
A sequential processor is used as a controller for the equipment. 
It contains two CPU, each of which has 32 K bits ROM as an internal 
program area and 6 K bits RAM as a user’s program area, ~t has a 
sequencer interface which can control AC power directly and accept 
two analog inputs and 7 ON-OFF signals. This processor can be used 
not only for the present purpose but also as an universal processor. 
The diagram for the system is displayed on the CRT and runnina 

The production of I3N€f3 and L-( v “N)-glutamate can be repeated suc- 

lines are distin uished from otheks by flashing the route. 

counting rate from the GM tubes and some comments are a1 dis- 
iJlayed 011 the CKT. By this function, desired amounts of  ”N can be 
produced even after some interruptions of irradiation. 

rimer but also by signals from detectors. 

1 The amounts of formed in the target box during the irradiation, 

7 )  The programming sequence is stepped not only by signals from the 

It s s  very important to develop a small and stabilized detector as a 
line monitor for the radioactivity for an automatic equipment. Although 
8 small GM tubes (6 mmd x 1 2  mm, Philips) have been used as line moni- 
tors, they have a problem in stability. Therefore, two new types of 
detectors are now under development. One is a NaI crystal (10 nun$ x 
30 xm) coupled to a photo-multiplier with photo-fibers and the other 
is a l s o  NaI crystal, but coupled to a photo-diode directly. At present, 
the sensitivity of the latter detector is not enough, but it is most 
promising since it needs no special equipment for high voltage, coun- 
ting device, etc. 
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OPTIMIZATION OF ' l C 0 2  PRODUCTION I N  A GAS TARGET 

T. Vandewalle and C.  Vandecas tee le .  
I n s t i t u t e  of  Nuclear  S c i e n c e s ,  P r o e f t u i n s t r a a t  86,  B - 9 0 0 0  Gent 
(Belgium).  

I n  g e n e r a l  t h e  y i e l d  of a r a d i o n u c l i d e  produced i n  a g a s  t a r g e t  i s  
lower t h a n  expec ted  from t h e  e x c i t a t i o n  f u n c t i o n .  Also, t h e  y i e l d  i s  
o f t e n  n o t  p r o p o r t i o n a l  t o  t h e  beam i n t e n s i t y  ( 1 , 2 , 3 ) .  

1 1 C 0 2  i s  a p r e c u r s o r  used f o r  l a b e l l i n g  b i o l o g i c a l  a c t i v e  molecules  
w i t h  carbon-11. I t  is  produced i n  a g a s  t a r g e t  u s i n  t h e  1 4 N ( p , a ) 1 1 C  
r e a c t i o n .  l l C  r e a c t s  w i t h  t r a c e s  of oxygen t o  form q 1 C 0 2 .  P r a c t i c a l  
l 1 C 0 2  y i e l d s  are s i g n i f i c a n t l y  lower t h a n  t h e  t h i c k  t a r g e t  y i e l d s  i f  
no a t t e n t i o n  is  p a i d  t o  t h e  t a r g e t  c o n s t r u c t i o n  and i r r a d i a t i o n  condi-  
t i o n s .  Our purpose  i s  t o  develop  a t a r g e t  w i t h  a "CO2 y i e l d  c l o s e  t o  
t h e  t h i c k  t a r g e t  y i e l d  f o r  18 MeV p r o t o n s  and i n t e n s i t i e s  up t o  2 0  
pA. T h e r e f o r e  t h e  t h i c k n e s s  and mater ia l  o f  t h e  i n l e t  f o i l ,  t h e  d i a -  
meter of  t h e  t a r g e t  and t h e  N 2  p r e s s u r e  must be s t u d i e d  and o p t i m i s e d .  

A scheme of t h e  t a r g e t  is  r e p r e s e n t e d  i n  F i g .  1 and t h e  exper imenta l  
c o n d i t i o n s  shown i n  Table  1 .  

Table  1 

T a r s e t  dimension Ent rance  windows D i a m e t e r  of t h e  

I n t e r n a l  
d iameter  Length i l l  121  

c o l l i m a t o r s  

[ 4 1  L51 

2 s r  Ti 2 0  mm 2 0 ,  15 mm 5 c m  4 0 ,  50 c m  
8 c m  2 0 ,  30,  4 0  c m  2 s  Ti 500 pm A 1  

Two c o l l i m a t o r s  [ 4 1  and [51 are p l a c e d  r e s p e c t i v e l y  61 and 2 c m  b e f o r e  
f o i l  [ I ] .  Between [ I ]  and [ 2 ]  a hel ium f low a s s u r e s  t h e  c o o l i n g .  
Behing an e x i t  f o i l  L3] (100 pm T i )  a n  e l e c t r i c a l l y  i s o l a t e d  Faraday 
cup is  p l a c e d .  The beam i n t e n s i t i e s  on t h e  t a r g e t  and on t h e  Faraday 
cup are measured s e p a r a t e l y .  Throughout t h i s  work 18 MeV p r o t o n s  w e r e  
used.  

F i r s t  t h e  beam s c a t t e r i n g  i n  t h e  i n l e t  f o i l s  w a s  s t u d i e d .  A t h i n  
copper  f o i l  w a s  p l a c e d  a t  t h e  e x i t  window and t h e  evacuated  t a r g e t  
w a s  i r r a d i a t e d .  Autoradiographies  of t h e  f o i l  w e r e  made and t h e  
induced 62Zn a c t i v i t y  d i s t r i b u t i o n  over  t h e  f o i l  w a s  measured. For 
t h e  d i f f e r e n t  e n t r a n c e  f o i l s  s i g n i f i c a n t  s c a t t e r i n g  o c c u r e d ,  i n  
agreement w i t h  t h e  a n g u l a r  d i s t r i b u t i o n  c a l c u l a t e d  a c c o r d i n g  t o  
Marion and Zimmermann ( 4 ) .  To minimize t h e  e f f e c t  of s c a t t e r i n g  a 
l a r g e  s h o r t  t a r g e t  w i t h  a t h i n  e n t r a n c e  f o i l  made of a l o w  2 m a t e r i a l  
should  be used.  However, i n  g e n e r a l  a h i g h  p r e s s u r e  i s  r e q u i r e d  t o  
stoR t h e  beam so t h a t  t h e  i n l e t  f o i l  must have a h i g h  mechanical  
s t r e n g t h  under  i r r a d i a t i o n  and fo r  f a s t  r e c o v e r y  of  t h e  produced 
a c t i v i t y  t h e  t a r g e t  volume must b e  k e p t  r e a s o n a b l y  s m a l l .  F i n a l l y  
a t a r g e t  of 8 c m  i n t e r n a l  d i a m e t e r  and 30 c m  l e n g t h  and an  e n t r a n c e  
f o i l  [ 2 ]  of 50 pm T i  w a s  chosen.  To s t o p  t h e  18 MeV p r o t o n  beam l o 6  
Pa ( 1 0  kg/cm2) is  n e c e s s a r y .  

The t h i c k  t a r g e t  y i e l d  f o r  t h e  1 4 N ( p , a ) 1 1 C  r e a c t i o n  w a s  de te rmined  a s  
a f u n c t i o n  o f  t h e  energy  ( F i g .  2 ) .  The r e s u l t s  a g r e e  s a t i s f a c t o r i l y  
w i t h  t h o s e  o f  B i d a  e t  a l .  ( 3 ) .  Nylon d i s k s  w e r e  a l so  i r r a d i a t e d  a t  
d i f f e r e n t  l o c a t i o n s  (front-middle-back)  i n  t h e  evacuated  t a r g e t  and 
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i n  t h e  t a r g e t  f i l l e d  wi th  n i t rogen  gas .  A s  appears  from Fig .  2 ,  t h e  
y i e l d s  do n o t  d i f f e r  s i g n i f i c a n t l y  from t h e  t h i c k  t a r g e t  y i e l d s  a t  
t h e  corresponding energy.  S c a t t e r i n g  by t h e  en t r ance  f o i l s  and by 
t h e  gas  thus  does n o t  nega t ive ly  in f luence  t h e  y i e l d .  

For a p re s su re  s u f f i c i e n t  t o  s t o p  t h e  beam a t  low i n t e n s i t i e s  t h e  
c u r r e n t  on t h e  Faraday cup was cons idered  a s  a func t ion  of t h e  beam 
i n t e n s i t y .  A t  a given beam i n t e n s i t y  t h e  i n t e n s i t y  on t h e  cup rises 
sha rp ly .  Since 4 . 2  MeV, t h e  pro ton  energy r equ i r ed  t o  p e n e t r a t e  t h e  
e x i t  window, corresponds t o  t h e  p r a c t i c a l  t h re sho ld  of t h e  
14N(p ,a)11C r e a c t i o n  f o r  a given p res su re ,  t h i c k  t a r g e t  cond i t ions  
a r e  i n  p r a c t i c e  only in su red  uy, t o  t h e  p o i n t  where t h e  c u r r e n t  on 
t h e  cup s tar ts  t o  rise. Ca lcu la t ions  show t h a t  reduct ion  of t h e  gas  
d e n s i t y  due t o  beam hea t ing  i s  r e spons ib l e  €o r  t h i s  e f f e c t .  A curve 
of t h e  breakpoin t  i n t e n s i t i e s  a s  a func t ion  of t h e  p re s su re  was 
determined exper imenta l ly .  

I n  a f i n a l  experiment t h e  1 1 C 0 2  produced under opt imal  i r r a d i a t i o n  
cond i t ions  a t  d i f f e r e n t  i n t e n s i t i e s  was t rapped  i n  a sodium hydroxide 
s o l u t i o n .  The y i e l d s  w e r e  c l o s e  t o  t h e  expected ones.  

When t h e  s c a t t e r i n g  of t h e  i n c i d e n t  p a r t i c l e s  by t h e  en t r ance  f o i l s  
and by t h e  t a r g e t  gas  as w e l l  as t h e  gas  d e n s i t y  r educ t ion  due t o  t h e  
beam hea t ing  a r e  cons idered ,  parameters  r e l a t i v e  t o  t h e  product ion 
can be chosen t o  a l low a reproducib le  “ C 0 2  product ion wi th  a 
maximum y i e l d .  

( 1 )  Oselka M . ,  Gindler  J . E .  and Friedman A.M., I n t .  J. appl .  Radiat .  

( 2 )  Wieland B.W.,  Schlyer  D . J . ,  Ruth T . J .  and Wolf A . P . ,  J .  Lab. 

(3) Bida G.T. ,  Ruth T . J .  and Wolf A . P . ,  Radiochim.Acta, 27, 181 

(4) Marion J . B .  and Zimmerman B . A . ,  Nucl. I n s t r .  Methods, 11, 93 

I so topes ,  28, 8 0 4  (1977) .  

Comp. Radiopharm. , X V I I I ,  27 (1981) .  

(1980) .  

( 1 9 6 7 ) .  
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FARADAY 

I .  CUP BEAM TRANSPORT TARGET 
1' r 

copling in vacuum 

N &tier cooling out  2 N2 in'let 

Fig .  1 Target .  

X 
A 

0 

Fig .  2 

Thick t a r g e t  y i e l d  ( a t  
s a t u r a t i o n )  f o r  t h e  
14N(p,a) "C r e a c t i o n  as 
a f u n c t i o n  of t h e  energy.  
(x) : Experimental ly  
determined wi th  nylon 
d i s k s  as t a r g e t s  and de- 
g rad ing  t h e  energy wi th  
T i  and A 1  f o i l s ;  ( A ) :  
R e s u l t s  of Bida e t  a l .  
( 3 )  i ( 0 1  : Experimental ly  
determined with nylon 
d i s k s  i r r a d i a t e d  a t  
d i f f e r e n t  l o c a t i o n s  of 
t h e  t a r g e t  (see t e x t )  ~ 
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f i l l e d  wi th  n i t r o g e n  g a s .  
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USING A Ge(Li) DETECTOR FOR THE ABSOLUTE ASSAY OF POSITRON EMITTING 
RADIONUCLIDES, IN PARTICULAR Sr-82/Rb-82 

S.L. Waters. M.R.C. Cyclotron Unit, Hammersmith Hospital, London, W12 OHS, U.K. 

A prerequisite for quantitative studies involving the positron emission 
computerised axial tomographic (PECAT) technique, is that the levels of radio- 
activity being measured are accurately known. In order to achieve this objective, 
the PECAT and auxiliary counting equipment must be calibrated for the specific 
radionuclide of interest, and this is most conveniently carried out using 
radioactive standards. These may be available from a national measurement 
laboratory; 
have to be prepared and measured "on-site'' using a calibrated gamma-ray 
spectrometer. 

The calibration of the spectrometer for gamma-ray detection efficiency generally 
involves the measurement of a series of standard radioactive sources, with 
different gamma-ray energies, that often includes Na-22 which provides an 
efficiency value at 511 and 1275 keV. The efficiency for the annihilation 
radiation at 511 keV may then be taken as the measured efficiency value for Na-22 
or interpolated from a smoothed function drawn through the efficiency values for 
the range of gamma-ray energies from the other standards (1,2). 

It should be noted that substantial errors can be introduced into the radioassay 
of positron emitters using this approach. This is particularly the case with 
semi-conductor detectors such as Ge(Li) crystals (2.p.826) and with radionuclides 
emitting relatively energetic positrons (e.g. Sr-82/Rb-82 f3+ 3.35 MeV.). 

Various factors contribute to the overall efficiency of the spectrometer for the 
511 keV quanta resulting from positron annihilation, and these have to be 
carefully standardised before accurate radioassays can be obtained, It is 
important therefore to take full account of such factors as: 

(a) the exact geometry of the source (including source to detector distance, 
and the type and dimensions of the annihilator). 
(b) the absorption of the emitted gamma-rays (by the source, annihilator, 
air gap, detector, etc.) (31 .  
(c) the increase in width of the 511 keV gamma-ray peak due to the Doppler 
broadening effect of the positron annihilation process. (4) 

In view of the difficulties and potential inaccuracies in predicting some of the 
above effects by calculation, we have chosen to make direct measurements in 
order to assess the magnitude of the problem for our spectrometer arrangement. 

We have adopted a fixed geometry for all our radioassay procedures. Standard 
1 ml liquid sources sealed in British Standard 2 ml glass ampoules are measured 
at 25 cm from the detector face. (see Fig. 1). A Ge(Li) crystal (P.G.T., 
85cm 3 co-axial + RGllA pre-amp) is used as the detector and this is linked via 
a spectroscopy amplifier (Ortec 5 7 0 )  to.a 4096 multichannel analyser (Nuclear 
Data ND-66). The complete system typically handles total count-rates in the 
region of 5K sec-1 without any artifacts. 
annihilators in the geometry as shown in Fig. 1. 

Measurements were made of the integrated photo-peaks of Sr-85, Na-22, and 
Ge-68/Ga-68 sources which had been calibrated for absolute activity using 
pressurised ionisation chambers at the National Physical Laboratory (N.P.L.). 
A variety of Rb-82 sources were also prepared from the elution of a Sr-82 
generator ( 5 ) ;  the activity being based on the integration of the 777 keV 
photo-peak(6) and the Ge(Li1 efficiency calibration interpolated from a curve 
obtained using standards as previously described (1,2). All these sources were 
examined using a range of aluminium annihilators up to a maximum thickness of 
0.8 cm. A thickness of 0.81 cm of aluminium (2.19 g cm-2) is required to 
completely annihilate the 3.35 MeV positrons from Rb-82 ( 7 ) .  The results of 
these measurements are shown in the accompanying table and in Fig. 2. 

such as sources of Ge-68/Ga-68; or more usually secondary standards 

We also use pure aluminium 
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Detector Efficiency for integrated annihilation radiation photopeaks 
(corrected for y-quanta) as a function of aluminium annihilator thickness. 

Aluminium Annihilator Thickness 
Radio- Maximum 
nuclide Positron No 0.86 1.28 1.71 2.14 

Energy Annihilator gcm-2 gcm-2 gcm-2 gcm-2 

85Sr (514 keV y-ray) 0.000351 

'Na 0.545 MeV 0.000339 

(f0 .9%) 

( fO .2%) 

68Ga 1.90 MeV 0.000382 
(fO. 6 % )  

2Rb 3.35 MeV 0.000317 
(27.2%) 

0.000329 
(+1.1%) 

0.000313 
(fl.2%) 

0.000347 
(f0.9%) 

0.000277 
(27.6%) 

0.0003 2 1 
(f0.58) 

0.000303 
(20.8%) 

0.000334 
(+0.4%) 

0.000270 
(t7.58) 

0.000307 0.000294 
(20.8%) (+1.3%) 

0.000292 0.000282 
(f0.4%) (20.3%) 

0.000317 0.000305 
(+0.2%) (f0.9%) 

0.000264 0.000259 
(28.1%) (f7.2%) 

It is apparent from the data presented that the efficiency of the detector for 
the 511 keV annihilation radiation is dependent on the source used to calibrate 
the spectrometer. In the case of Sr-85 where there is no annihilation process, 
the reduction in the detector efficiency is due solely to absorption effects. 
However in the case of Na-22 and Ga-68 where the annihilation process is taking 
place in a 4n geometry around the source, considerable deviations from the 
Sr-85 values were measured. 

Even greater effects were measured with Rb-82, where it now appears from this 
data, that the radioassay based on the intensity of the 777 keV emission as 
13.6% and the 511/777 ratio as 14.1 t 1.0 (6) may be in some doubt, as the authors 
of the original publication appeared to have made no allowances for the problems 
outlined above. Further investigations into the Sr-82/Rb-82 decay scheme are 
progressing. 

Acknowledgements: The author is indebted to J.C. Clark (MRC Cyclotron Unit), 
I.W. Goodier and M.J. Woods (NPL) for much useful discussion. 
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REMOTE SYSTEMS FOR THE ROUTINE PRODUCTION OF SOME CARBON-11 RADIOPHARMACEUTICALS 

M . J .  Welch, C . S .  Dence, and M.R. K i lbourn .  
The Edward Mal l inck rod t  I n s t i t u t e  o f  Radio logy ,  Washington U n i v e r s i t y  School o f  
Medicine,  S t .  Lou i s ,  MO 63110, USA.  

The i n c r e a s i n g  use of  s h o r t - l i v e d  p o s i t r o n - e m i t t i n g  r ad iopha rmaceu t i ca l s  f o r  
c l i n i c a l  r e s e a r c h  h a s  n e c e s s i t a t e d  t h e  development o f  sys tems which can  b e  
u t i l i z e d  t o  produce t h e s e  r ad iopha rmaceu t i ca l s  r o u t i n e l y  and wi th  minimal 
r a d i a t i o n  dose  t o  t h e  chemis t  (1).  
carbon-11 un i fo rmly  l abe led  g lucose  i s  be ing  u t i l i z e d  f o r  s t u d i e s  of b r a i n  
metabolism ( 2 )  whi le  l- l lC-palrnit ic a c i d  i s  u t i l i z e d  i n  s t u d i e s  o f  myocard ia l  
metabolism ( 3 ) .  Remote systems have been developed  f o r  t h e  l a b e l i n g  of bo th  o f  
t h e s e  carbon-11 r ad iopha rmaceu t i ca l s .  Carbon-11-labeled g lucose  is  produced i n  
our  i n s t i t u t i o n  p h o t o s y n t h e t i c a l l y  u t i l i z i n g  l i g h t  s t a r v e d  s w i s s  cha rd  p l a n t  
l e a v e s .  In o r d e r  t o  produce s u f f i c i e n t  amounts (20-30 mCi) o f  p u r i f i e d  l a b e l e d  
g l u c o s e ,  approximate ly  1 c u r i e  o f  carbon-11-labeled carbon d i o x i d e  i s  needed a t  
t h e  s t a r t  o f  t h e  procedure .  
carbon-11-labeled g lucose  is con ta ined  i n  a h o t  c e l l  and c o n s i s t s  o f  two major  
components. In one o f  t h e s e  components t h e  carbon-11 carbon d i o x i d e  i s  t rapped  a t  
l i q u i d  n i t r o g e n  t empera tu re ;  t hen  a f t e r  warming t h e  a c t i v i t y  i s  c i r c u l a t e d  
u t i l i z i n g  a sma l l  p e r i s t a l t i c  pump through a r e a c t i o n  v e s s e l  c o n t a i n i n g  t h e  l i g h t  
s t a r v e d  l e a f .  The same r e a c t i o n  v e s s e l  i s  used f o r  i l l u m i n a t i o n ,  a d d i t i o n  o f  
r e a g e n t s ,  and evapora t ion  o f  e x c e s s  s o l v e n t .  Fol lowing  t h e  conve r s ion  o f  t h e  
pho tosyn the t i c  p roduc t s  t o  a f r u c t o s e / g l u c o s e  m i x t u r e ,  t h e  s o l u t i o n  i s  t r a n s f e r r e d  
t o  t h e  second component o f  t h e  sys tem which i s  a remote ly  c o n t r o l l e d  HPLC system. 
The carbon-11-labeled g lucose  i s  s e p a r a t e d  from f r u c t o s e  i n  t h i s  system and t h e  
e f f l u e n t  moni tored  us ing  a r a d i a t i o n  d e t e c t o r  and t h e  g lucose  peak i s  t r a n s f e r r e d  
i n t o  a s t e r i l e  r e c e i v i n g  f l a s k .  T o t a l  p r e p a r a t i o n  t i m e  f o r  t h e  g lucose  inc lud ing  
c y c l o t r o n  i r r a d i a t i o n  i s  approximate ly  80  minu tes  and c o n s i s t e n t l y  y i e l d s  o f  
g r e a t e r  t han  20 m C i  have been ob ta ined  u t i l i z i n g  t h e  carbon-11-labeled C02 
produced wi th  t h e  Washington U n i v e r s i t y  School o f  Medicine Cyc lo t ron  Corpora t ion  
CS-15 c y c l o t r o n .  The system t h a t  we have developed w a s  des igned  f o r  use wi th  t h e  
l i g h t  s t a r v e d  l e a f ,  however, t h e  sys tem w a s  des igned  so t h a t  it cou ld  simply be  
adapted  f o r  use with  a l g a e  as o t h e r  i n v e s t i g a t o r s  have developed p r e p a r a t i o n s  of 
g lucose  u t i l i z i n g  a l g a e  ( 4 ) .  

The remote c o n t r o l  system f o r  t h e  p roduc t ion  o f  p a l m i t i c  a c i d  u t i l i z e s  a s i n g l e  
r e a c t i o n  v e s s e l  i n  which carbon-11 carbon d i o x i d e  i s  r e a c t e d  w i t h  pen tadecy l  
magnesium bromide. The magnesium c a r b o x y l a t e  i s  hydro lyzed ,  the p a l m i t i c  a c i d  i s  
e x t r a c t e d  i n t o  e t h e r ,  t h e  e t h e r  i s  evapora t ed ,  and t h e  f i n a l  p roduct  i s  
s o l u b i l i z e d  us ing  human serum albumin. A s  a f i n a l  s t e p  i n  t h e  p rocedure ,  t h e  
s o l u t i o n  i s  M i l l i p o r e  f i l t e r e d  u s i n g  a remote sys tem and a s te r i le  pyrogen f r e e  
product  i s  o b t a i n e d .  The t o t a l  p roduc t ion  t i m e  i n c l u d i n g  c y c l o t r o n  bombardment i s  
approximate ly  45 minutes  and up t o  400 m C i  o f  p a l m i t i c  a c i d  have been prepared  
wi th  minimum exposure  t o  t h e  chemis t .  

Both t h e  systems t h a t  we have developed t o  d a t e  r e q u i r e  o p e r a t o r  i n t e r a c t i o n ,  
s p e c i f i c a l l y ,  i n  t h e  r eagen t  a d d i t i o n ,  t r a n s f e r ,  and o r g a n i c  aqueous e x t r a c t i o n  
s t e p s .  We are c u r r e n t l y  deve loping  t echn iques  f o r  t h e  t o t a l  au tomat ion  o f  t h e  
systems d e s c r i b e d .  
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APPLICATION OF A COMPACT GAMMA-RAY DETECTOR TO AUTOMATIC SYNTHESIS OF RADIOPHARMA- 

CEUTICALS LABELLED WITH "C, I 3 N ,  AND I8F 

M. Yabe, N. Sato,  and K .  Matsuno. 

Fuj i  E l e c t r i c  Corporate Research and Development, L td . ,  Nagasaka, Yokosuka, 
Kanagawa 240-01, Japan. 

Automatic synthes is  of rad io  pharmaceuticals l a b e l l e d  with "C, 1 3 N ,  and 18F a r e  
e s s e n t i a l  i n  t h e  cyclotron medicine. These radiopharmaceuticals must be promptly 
synthesized j u s t  before  thej-r  use, because t h e i r  h a l f - l i v e s  
a r e  very shor t .  In  t h e  course of t h e  synthes is ,  t h e  c l o s e  monitoring of 
pos i t ron  r a d i o a c t i v i t y  from u n i t  t o  u n i t  i n  t h e  synthes izer  i s  e s s e n t i a l l y  needed 
f o r  i t s  computer cont ro l .  Since t h e  posi t ron-electron annih i la t ion  emits 5 1 1  keV 
gamma-ray photons, gamma-ray de tec tors  a r e  usefu l  for t h e  monitoring. However, 
s ince t h e  synthes izer  i s  genera l ly  very compactly constructed,  e x i s t i n g  gamma-ray 
de tec tors  a re  t o o  l a r g e  t o  f i t  t h e  t i g h t  spaces ava i lab le  f o r  f i x i n g  them i n  it. 
Therefore, a gamma-ray de tec tor  which i s  s u f f i c i e n t l y  s m a l l ,  simple i n  opera t ion ,  
and s u i t a b l e  f o r  obtaining i t s  output s i g n a l  ava i lab le  f o r  computer processing has 
been looked f o r .  

Independent of t h i s  s i t u a t i o n ,  we developed a compact p lanar  d i f fused  p-n junc- 
t i o n  type s i l i c o n  gamma-ray de tec tor  by using a ul t ra-high p u r i t y  p-type s i l i c o n  
c r y s t a l  of 10-30 kn.cm r e s i s t i v i t y  i n  order  t o  make a pocket-size personal  gamma- 
ray  monitor (1). Since t h i s  de tec tor  i s  encapsulated i n  a meta l l ic  t r a n s i s t o r  cas- 
ing  4.8 mm high and 9 . 1  mm i n  diameter (F ig .  1) and operable with a 20 v o l t  b i a s  i n  
f u l l y  depleted mode a t  room temperature, it is p a r t i c u l a r l y  s u i t a b l e  f o r  so lv ing  t h e  
above mentioned d i f f i c u l t y .  Because t h e  a c t i v e  region i s  designed t o  be 140 pm 
t h i c k  for s t a b l e  operat ion i n  t h e  gc$Aetion mode a t  20 v o l t ,  t h e  counting r a t e  of 
t h i s  de tec tor  f o r  gamma-rays from Am and pos i t ron  a n n i h i l a t i o n  decreases r a t h e r  
rap id ly  with t h e i r  energies  as shown i n  Fig.  2 .  This c h a r a c t e r i s t i c  i s  r a t h e r  
favorable  f o r  counting high energy gamma-ray photons with a good l i n e a r i t y  veryus 
energy r e l a t i o n .  

The a p p l i c a b i l i t y  of  t h i s  de tec tor  t o  t h e  monitoring of t h e  automatic pharmaceuti- 
c a l  synthesizer  has been t e s t e d  i n  connection with i t s  s e n s i t i v i t y  t o  t h e  gamma- 
rays  due t o  pos i t rons  from r e a c t i n g  m a t e r i a l s ,  response t o  t,he r a d i o a c t i v i t y  change, 
and a t tenuat ion  and noise  due t o  cable  length.  Figure 3 shows t h e  t y p i c a l  respon5e 
(counts  per  2 seconds) of  t h e  d e t e c t o r  with a 80 cm long cable  and t h e  response 
( i n s t a y ~ o u s  peak value at every 20 seconds) of 
f o r  a N flow c a r r i e d  by NH gas flowing a t  50 cm / m m .  

These appl ica t ion  d a t a  and t h e  c h a r a c t e r i s t i c s  of  t h e  de tec tor  w i l l  be presented 
along with an exhib i t ion  of t h e  de tec tor  u n i t ,  although t h e  d e t a i l s  of t h e  
fundamental c h a r a c t e r i s t i c s  have been reported elsewhere. 

(1) M.  Yabe, N .  Sato,  H .  Kamijo, T .  Takechi, and F. S h i r a i s h i ,  F i f t h  Symposium on 
X- and Gamma-Ray Sources and Applicat ions,  Universi ty  of  Michigan, Ann Arbor, 
Michigan, U.S.A., June 10, 1981: Nuel. I n s t r .  Methods, 193 (1982) 63. 
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A LOW TEMPERATURE I R R A D I A T I O N  ASSEMBLY FOR THE STUDY OF TECHNETIUM 

RECOIL IMPLANTATION BY USING CYCLOTRON ACCELERATED PARTICLES 

K .  Yoshihara ,  T .  Sek ine , and  T .  Ido*. 
Department of  Chemistry,  F a c u l t y  of  S c i e n c e ,  Tohoku U n i v e r s i t y  
Senda i  9 8 0 ,  J apan .  
*Cyc lo t ron  R a d i o i s o t o p e  C e n t e r ,  Tohoku U n i v e r s i t y ,  Senda i  980, Japan, 

Chemistry of  t e c h n e t i u m  compounds i s  d e v e l o p i n g  a s  r ad iopha rmaceu t i -  
c a l s  of  t e c h n e t i u m  are  widely used nowadays. The chemica l  
p r o p e r t i e s  o r  r e a c t i o n  mpchanisms of t h e  t echne t ium complex 
compounds a r e  n o t  a lways  w e l l  e l u c i d a t e d ,  because o f  complex i ty  o f  
t e c h n e t i u m  c h e m i s t r y .  

The a u t h o r s  have been t r y i n g  t o  s y n t h e s i z e  v a r i o u s  t e c h n e t i u m  
complex compounds by r e c o i l  i m p l a n t a t i o n  and t o  s t u d y  t h e i r  
p r o p e r t i e s  and r e a c t i o n  mechanisms. For  such  p u r p o s e s ,  low 
t e m p e r a t u r e  i r r a d i a t i o n  i s  o f t e n  n e c e s s a r y  t o  s u p p r e s s  t h e r m a l  and 
r a d i a t i o n  decompos i t ion  of  i r r a d i a t i o n  t a r g e t s  and t o  u n d e r s t a n d  
r e a c t i o n  mechanisms a c c u r a t e l y .  

T h e r e f o r e ,  a low t e m p e r a t u r e  assembly was dev iced  f o r  c y c l o t r o n  
bombardment of t h e  t a r g e t s .  The o u t l i n e  of  t h e  assembly i s  shown 
i n  F i g .  1. A s t r eam of  c o o l i n g  g a s  which i s  coo led  w i t h  l i q u i d  
n i t r o g e n  i s  blown t o  t h e  t a r g e t  f o r  d e u t e r o n  i r r a d i a t i o n .  The 
t e m p e r a t u r e  a t t a i n a b l e  was i n v e s t i g a t e d  f o r  c o o l i n g  t i m e .  The 
r e s u l t s  a r e  shown i n  F i g .  2 .  A t e m p e r a t u r e  o f  - 1 6 2 O C  i s  o b t a i n e d  
w i t h  hel ium, w h i l e  USP of n i t r o g e n  g a s  i s  less  e f f e c t i v e  t h a n  
hel ium under  s imilar  c o n d i t i o n s .  A he l ium s t r e a m  (3OOP,/min) f o r  
c o o l i n g  was adop ted  i n  t h e  expe r imen t s  h e r e a f t e r .  

Suppres ion  of  t h e r m a l  and r a d i a t i o n  decompos i t ion  by t h i s  assembly 
was much improved compared t o  t h e  c a s e  when t h e  i r r a d i a t i o n  was done 
by a n  o r d i n a r y  water c o o l i n g  system. A d e u t e r o n  beam c u r r e n t  o f  
1yA f o r  4Omin. was a s t a n d a r d  i r r a d i a t i o n  c o n d i t i o n  i n  o u r  
expe r imen t s .  P h t h a l o c y a n i n e s  were o u t s t a n d i n g l y  s t a b l e ,  p o r p h y r i n s  
were a l s o  s t a b l e  and metal  a c e t y l a c e t o n a t e  complexes were f a i r l y  
s t a b l e  under  t h i s  c o n d i t i o n .  

When t h e  low t e m p e r a t u r e  i r r a d i a t i o n  was combined w i t h  a i r - f r e e  
t r e a t m e n t  i n  a g l o v e  box, o x i d a t i o n  of imp lan ted  t e c h n e t i u m  t o  
p e r t e c h n e t a t e  was a lmos t  comple t e ly  a v o i d e d .  The r e s u l t  i s  shown 
i n  F i g .  3 .  The t a r g e t  p e l l e t  o f  a m i x t u r e  o f  molybdenum and 
chromium a c e t y l a c e t o n a t e  was i r r a d i a t e d  w i t h  24 MeV d e u t e r o n s  under 
t h e  above c o n d i t i o n ,  and l e f t  f o r  1 day i n  l i q u i d  n i t r o g e n .  Then 
t h e  t a r g e t  was d i s s o l v e d  i n  benzene and t h e  s o l u t i o n  was shaken 
w i t h  p e r c h l o r i c  a c i d  of  pH 3 ,  and t h e  aqueous e x t r a c t  was passed  
t h r o u g h  a g e l  chromatography column of  Sephadex G-10.  

95Tc and 99mTc produced by t h e  decay of  99M0 were t h e  main o b j e c t s .  
Almost a l l  of  t h e  t e c h n e t i u m  is p r e s e n t  i n  reduced forms and no t  as 
p e r t e c h n e t a t e  as i s  c l e a r l y  shown i n  F i g .  3 .  
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BIOLOGICAL EFFECTS AND THERAPEUTIC APPLICATIONS 
OF AUGES AND ALPHA EMITTING RADIONUCLIDES 

S . J .  A d e l s t e i n  and W. D .  Bloomer. 
Departments of Radiology and R a d i a t i o n  Therapy, 
Xarvard Pledical School ,  Bos ton ,  Massachuse t t s  02115.  

The r o l e  f o r  unsea led  r a d i o n u c l i d e s  i n  cance r  t he rapy  remains l a r g e l y  u n r e a l i z e d ,  
t h e  r easons  be ing  t h e  s c a r c i t y  of c a r r i e r  mo lecu le s  w i t h  which t o  a c h i e v e  d i f -  
f e r e n t i a l  tumor accumula t ion  and t h e  p a u c i t y  of a p p r o p r i a t e  r a d i o n u c l i d e s  . TWO 
types  of r a d i o a c t i v e  decay which s a t i s f y  t h e  l a t t e r  requi rement  a r e  e l e c t r o n  
c a p t u r e  w i t h  subsequent  Auger cascade  and a l p h a  emiss ion .  

1251 decays  by e l e c t r o n  c a p t u r e  and undergoes  i n t e r n a l  conve r s ion  i n  93% of d i s -  
i n t e g r a t i o n s .  These  e l e c t r o n  v a c a n c i e s  are f i l l e d  by o u t e r  s h e l l  e l e c t r o n  re- 
ar rangements  and i o n i z a t i o n s  which c o n t i n u e  u n t i l  t h e  v a l a n c e  s h e l l  is  reached  
(Auger e f f e c t ) .  
s u b s t a n t i a l  and t h e  e l e c t r o n s  most f r e  u e n t l y  produced have a s u b c e l l u l a r  range  (I). 
Assuming homogeneous d i s t r i b u t i o n s  of jZ5I w i t h i n  s p h e r i c a l  volumes whose d i ame te r s  
approximate  t h o s e  of t h e  DNA h e l i x  and an  i d e a l i z e d  tumor c e l l ,  t h e r e  is  a t  least  
a n  o r d e r  of magnitude i n c r e a s e  i n  energy d e p o s i t i o n  w i t h i n  t h e  genome. Consequent- 
l y  one would expec t  t h e  b i o l o g i c a l  t o x i c i t y  t o  be  c r i t i c a l l y  dependent on sub- 
c e l l u l a r  l o c a l i z a t i o n .  

Rega rd le s s  of t h e  a s s a y  system used ,  1251 accumula t ion  w i t h i n  n u c l e a r  s t r u c t u r e s  i s  
s i n g u l a r l y  damaging(2).Yuch o f  t h e  s u p p o r t i n g  d a t a  h a s  been ob ta ined  from s t u d i e s  
where t h e  thymidine  ana logue  1251UdR is  i n c o r p o r a t e d  i n t o  t h e  DYA backbone. The 
p rocess  i s  h i g h l y  e f f i c i e n t ;  n e a r l y  every  1251 d i s i n t e x r a t i o n  pro- 
duces  a doub le  s t r a n d  b reak  i n  co l iphage  and mammalian DNA ( 3 ) .  Cons ide rab le  
ev idence  e x i s t s  t o  sugges t  t h a t  t h e  molecu la r  l e s i o n ( s )  produced by 125IUdR d i f f e r  
from t h o s e  c r e a t e d  by photon i r r a d i a t i o n .  125IUdB decay l e a d s  t o  marked molecular  
f r agmen ta t ion ;  by comparison, e x t e r n a l  y - r a d i o l y s i s  of non- rad ioac t ive  IUdR r e s u l t s  
a lmost  e x c l u s i v e l y  i n  s imple  deha logena t ion  ( 4 ) .  Recent s t u d i e s  u s i n g  l z5 I - l abe led  
deoxycy t id ine  l o c a t e d  a t  a s i n g l e  p o s i t i o n  w i t h i n  a DW fragment of de f inedsequence  
have  shotm t h a t  most r ad iochemica l  damage o c c u r s  w i t h i n  f i v e  n u c l e o t i d e s  o r  1 5  t o  
20 2 of t h e  s i t e  of decay (5) .  
s h a r e s  a commonlethal expres s ion  i n  chromat in  wi th  o t h e r  r a d i a t i o n s ,  a t  least i n  
terms of morpho log ica l ly  o b s e r v a b l e  phenomena ( 6 ) .  

The u s e  o f  1251UdR i n  v i v o  r a i s e s  a number of p o t e n t i a l  d i f f i c u l t i e s :  
h e p a t i c  deha logena t ion ,  S-phase s p e c i f i c i t y  and h igh  growth f r a c t i o n  a r e  necessa ry  
f o r  e f f i c a c y .  D e s p i t e  t h e s e  o b s t a c l e s ,  t h e r a p e u t i c  doses  of c a r r i e r - f r e e  1251UdR 
can b e  admin i s t e red  by i n t r a p e r i t o n e a l  i n j e c t i o n  t o  mice b e a r i n g  ascites tumor c e l l s  
w i thou t  producing o v e r t  signs of normal t i s s u e  t o x i c i t y  ( 7 ) .  Under t h e s e  circum- 
s t a n c e s ,  tumor c e l l s  a r e  exposed d i r e c t l y  t o  1251UdR i n  t h e  p e r i t o n e a l  c a v i t y  b e f o r e  
t h e  drug  e n t e r s  t h e  sys t emic  c i r c u l a t i o n  and is degraded .  A s u r v i v a l  f r a c t i o n  of 

can  b e  ob ta ined  w i t h  7 i n j e c t i o n s  of 20 uCi each  ove r  a 24 hour pe r iod .  

A l t e r n a t i v e s  t o  t h e  u s e  of DNA p r e c u r s o r s  as c a r r i e r s  of 1251 are s t e r o i d  hormones 
o r  their  ana logues  which a r e  t r a n s l o c a t e d  from t h e  cytoplasm t o  t h e  nuc leus  of 
c e l l s  t h a t  c o n t a i n  s p e c i f i c  hormone r e c e p t o r s .  Once formed, t h e  s p e c i f i c  r e c e p t o r -  
hormone complex is  t r a n s l o c a t e d  from t h e  cy toplasm t o  t h e  nuc leus  (8 ,9 ) .  

Tamoxifen i s  a n o n - s t e r o i d a l  a n t i e s t r o g e n  t h a t  competes wi th  1 7 - 8 - e s t r a d i o l  f o r  
t h e  e s t r o g e n  r e c e p t o r  and is  t r a n s l o c a t e d  t o  t h e  nuc leus  (10) .  C a r r i e r - f r e e  
tamoxi fen  (1251TPSI) can  b e  syn thes i zed  by t h e  chloramine-T r e a c t i o n  u s i n g  t h e  
t r i - g - b u t y l t i n  tamoxifen i n t e r m e d i a t e  (11). An i n  v i t r o  l i n e  of human b r e a s t  cance r  
c e l l s  (MCF-7) de r ived  from a ma l ignan t  p l e u r a l  e f f u s i o n  c o n t a i n s  b i o l o g i c a l l y  a c t i v e  
e s t r o g e n  r e c e p t o r  and i s  w e l l - s u i t e d  t o  i n v e s t i g a t e  lz5I c y t o t o x i c i t y .  The spec i -  
f i c  c y t o s o l  e s t r o g e n  r e c e p t o r  l e v e l s  f o r  TfCp-7 ( r e c e p t o r - r i c h )  and Chinese  hamster 
V-79 ( r ecsp to r -poor )  c e l l  l i n e s  are  6r? and 4 fmol/mp r o t e i n ,  r e s p e c t i v e l y .  When 
s u r v i v a l  i s  expressed  i n  terms of c e l l u l a r  up take ,  i2%I'AM is  d i f f e r e n t i a l l y  cyto- 
t o x i c  t o  p q y - 7  c e l l s  ( 1 2 ) .  There  is  a two decade  d i f f e r e n c e  i n  s u r v i v i n g  f r a c t i o n  

The number of Auger e l e c t r o n s  r e l e a s e d  pe r  lZ5I d i s i n t e g r a t i o n  is  

D e s p i t e  p o s s i b l e  m e c h a n i s t i c  d i f f e r e n c e s ,  1251 

Rapid 
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between t h e  two c e l l  l i n e s  a t  t h e  h i g h e s t  doses  t e s t e d .  
l o c a l i z e d  e x c l u s i v e l y  w i t h i n  DNA, 125ITAM i s  he te rogenous ly  d i s t r i b u t e d  throughout  
t h e  c e l l ,  on ly  a s m a l l  f r a c t i o n  be ing  a s s o c i a t e d  w i t h  n u c l e a r  s t r u c t u r e s .  T r i -  
c h l o r o a c e t i c  a c i d / e t h a n o l  p r e c i p i t a b l e  r a d i o a c t i v i t y  (1251TAMppt) w i l l  i s o l a t e  
1 2 5 I ~ M f  a s s o c i a t e d  w i t h  n u c l e i c  a c i d  and p r o t e i n ,  s e c i f i c a l l y  o r  n o n - s p e c i f i c a l l y  
bound, from t h a t  a s s o c i a t e d  wi th  t h e  whole c e l l .  1551TAMppt i s  j u s t  about  a s  
t o x i c  as 125IUdR l o c a l i z e d  w i t h i n  t h e  DNA backbone ( 1 3 ) .  

Among t h e  c u r r e n t l y  a v a i l a b l e  a l p h a  e m i t t i n g  r a d i o n u c l i d e s ,  a s t a t i n e - 2 1 1  appea r s  
t h e  most promis ing .  
d i r e c t l y  by a l p h a  emis s ion  ( 4 2 % )  and i n d i r e c t l y  through e l e c t r o n  c a p t u r e  (58%) t o  
polonium-211 which a lmost  spontaneous ly  decays  by a l p h a  emis s ion .  The p h y s i c a l  
ha l f  l i f e  is 7 . 2  hour s ,  t h e  ave rage  a l p h a  p a r t i c l e  energy  i s  6 .8  M e V ,  t h e  r ange  
i n  water 60 pm (6 c e l l  d i ame te r s )  and t h e  l i n e a r  energy  t r a n s f e r  is  Q113 k . 
Clonogenic s u r v i v a l  a s s a y s  i n  V-79 Chinese  hamster  c e l l s  exposed t o  i o n i c  
y i e l d  a l i n e a r  dose  r e sponse  r e l a t i o n s h i p  w i t h  no shou lde r  i n  t h e  low dose  r e g i o n ;  
Eurthermore,  t h e  oxygen enhancement r a t i o  of 1 . 5  i s  c l o s e  t o  t h a t  of o t h e r  dense ly  
i o n i z i n g  (h igh  LET) p a r t i c l e s  (14 ) .  

We s t u d i e d  t h e  t h e r a p e u t i c  e f f i c a c y  of * l l A t  c o l l o i d  i n  expe r imen ta l  mal ignant  
a s c i t e s  and r e p o r t e d  t h a t  t h e  r a d i o c o l l o i d  can  b e  c u r a t i v e  w i t h  minimal normal 
t i s s u e  t o x i c i t y  (15 ) .  Under t h e  expe r imen ta l  c o n d i t i o n s ,  t h e  t h e r a p e u t i c  r a t i o  
is f a v o r a b l e  because  t h e  c o l l o i d  r e p r e s e n t s  a form of d i r e c t e d  a d m i n i s t r a t i o n  
t h a t  p h y s i c a l l y  s e p a r a t e s  and p r o t e c t s  t h e  s e n s i t i v e  mucosal l i n i n g  of t h e  in- 
t e s t i n e .  
i n j e c t i o n  24 hours  a f t e r  t h e  i n t r a p e r i t o n e a l  i n o c u l a t i o n  of l o 6  tumor c e l l s .  
t r e a t e d  wi th  <50  U C i  of t h e  211At c o l l o i d  demonst ra ted  a d rama t i c  i n c r e a s e  i n  
median s u r v i v a l  t h a t  w a s  p r o p o r t i o n a l  t o  dose .  Doses of 25 and 50 U C i  w e r e c u r a t i v e  
in a l l  an ima l s ;  a l though  t h e r e  was some a c u t e  morb id i ty  a t  t h e s e  doses ,  t h e r e  were 
no a c u t e  d e a t h s .  The t h e r a p e u t i c  e f f i c a c y  of 211At c o l l o i d  was compared wi th  t h a t  
o f  nega t ron -emi t t i ng  32p  a s  chromic phosphate .  Chromic phosphate  had no therapeu-  
t i c  e f f i c a c y  - a t  doses  of 5 t o  100  V C i ,  t h e r e  w a s  l i t t l e  i f  any p ro longa t ion  of 
median s u r v i v a l ,  and a t  h ighe r  d o s e s ,  m i c e  d i e d  of t o x i c i t y .  The most compelling 
r eason  f o r  t h e  inc reased  e f f i c a c y  of t h e  211At-tellurium c o l l o i d  i s  t h e  d i r e c t  
and dense ly  i o n i z i n g  c h a r a c t e r  of t h e  emi t t ed  a l p h a  r a d i a t i o n s .  

Although 1251UdR i s  

211At decays  by a complex double-branched pathway t o  lead-207 

5%: 

S i n g l e  graded  doses  of 211At c o l l o i d  were admin i s t e red  by i n t r a p e r i t o n e a l  
Mice 
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SYNTHESIS AND BIO-DISTRIBUTION OF AN 211At-ASTATINATED AROMATIC 
ANTITUMOUR DRUG 

Ian Brown: 
The Research Laboratories, The Radiotherapeutic Centre, University of 
Cambridge School of Clinical Medicine, Addenbrooke's Hospital, 
Cambridge CB2 ZQQ, United Kingdom. 

The development of potential endoradiotherapeutic drugs represents an 
alternative approach towards the management of refractory and 
metastatic malignant disease. (1) Substituted naphthoquinol phosphate 
salts selectively concentrate in certain tumours, (2) both in vitro 
and in vivo. In particular, 6-211At-astato-2-methyl-l, 4-naphtho- 
q u i n m d i l  ithium phosphate), abbreviated 6-211At-astato-MNDP, 
is being investigated as an antitumour drug; its cytotoxic action is 
due to the in situ radiotherapeutic effect of the highly ionizing 
decay products of 11At. The resultant a-particle emission, of mean 
energy 6.8 MeV and range 60 p can achieve immense subcellular damage 
and cell death within a significant tissue volume. 

Although 6-211At-astato-MNDP has been synthesized over periods of 
5 - 7 h, by a five-stage preparation, in yields of 28 - 32%;(3) it is 
preferable, in view of the short half-life of 211At, to investigate 
more direct synthetic routes. Thermal heterogeneous isotopic 
exchange methods are well established; (4) several 211At-astato- 
aromatic compounds have been prepared from both bromo- and iodo- 
analogues.(5) Here, isotopic exchange has been attempted for 
6-iodo-MNDP (d.pt 180°C) and 211At- at 17OoC. 

Astatine-211 was produced via the 209Bi(a,2n)211At reaction at the 
Birmingham University Nuffield 1.52 m cyclotron. Bismuth, melted 
onto supporting copper foils was irradiated with a 28 MeV a-beam. 
211At was extracted from the irradiated target by dry distillation at 
56OoC, into 100 mM NaOH. 

To a solution of Na211At (100 pCi) was added 1 mg 6-iodo-MNDP; the 
solution was evaporated to dryness, in vacuo. The mixture was heated 
in vacuo, at 17OoC for time periods ranging from 2 - 30 m, followed 
by cooling to room temperature. The residue was dissolved in 30 p1 
distilled water. Excess 211At- was removed by ion-exchange chromato- 
graphy (DEAE-Sephadex); 0.9% aqueous NaCl was used as an eluant. The 
final solution of 6-211At-astato-MNDP was sterilized by membrane 
filtration (0.2 p), ready for injection. The product was identified 
by tlc-radiochromatography using: cellulose/W2~4 and n-BuOH/MeCOOH/ 
H20 (v/v 10:3:7) solvent system. RF values were 0.45 and 0.90 for 
6-2llAt-astato-MNDP and 211At- respectively. 
by measuring X- and y-ray emission, using a 2 in NaI well crystal. 
Isotopic exchange efficiency (Fig. 1) appeared to plateau at 40-50%, 
for periods in excess of 5 m. Heating f o r  10 m, enabled a rapid and 
efficient preparation of 6-211At-astato-MNDP to be achieved, in 
sufficient amounts for bio-distribution and therapeutic studies. 

Bio-distribution studies were carried out in C57B1 male mice with a 
transplanted murine rectal adenocarcinoma. 6-211At-astato-MNDP 
solution (5 - 10 pCi) was administered by an intra-peritoneal route, 
to mice whose thyroid activity has been blocked by the prior sub- 
cutaneous injection of KC104. Mice were sacrificed at 30 m, 1 h, 3 h 
and 6 h. Tissue uptake was expressed in terms of the Mean Biological 
Concentration (MBC = 100% x Specific activity of organ/specific 
activity of the whole body). The MBC for tumour was found to range 
* Beit Memorial Fellow for Medical Research 

Activity was determined 
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from 150 - 230%, over the first 3 h p t injection (Fig. 2); these 
values parallel those obtained for 6-?55;-iodo-MNDP in the same 
system.(6) Tumour:blood ratio was 2.8 2 0.7 : 1 over the 6 h 
studied. Activity was principally excreted via the renal system. 
Important in any radiotherapeutic treatment is the radiation dose 
delivered to critical organs; in this respect, kidney, liver and 
bone marrow are pertinent. Uptake into kidney was 100 - llO%, re- 
flecting the plasma clearence of the drug and its metabolites. 
Liver and whole blood exhibited a similar pattern of MBC (65 - 75%). 
For bone marrow, the MBC is 25 - 40% over 6 h; although it is likely 
that bone marrow toxicity would not be a major problem, it is 
probable that therapy would involve several successive injections of 
6-211At-astato-MNDP. 
possibility of a cumulative haemapoetic impairment. 

Whilst 6-211At-astato-MNDP is known to be stable in vitro,(3) it is 
important that the 211At-carbon bond is not labile in vivo. 
studies with 211At- have indicated a high uptake of activity into 
macrophage-laden tissue, such as lung and s leen. There is a 

spleen and lung, compared with that for 211At-. 
the C-211At bond is stable in vivo, at least over the first 3 h post- 
injection. 
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Fig. 2 
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PALLADIUM-109 LABELED LYMPHOCYTES - A NEW AGENT FOR LYMPHOID ABLATION 

S.C. Srivastava, R.A. Fawwaz, T.S.T. Wang, T. Prach, P. Richards, and P.O. Alderson. 
Medical Department, Brookhaven National Laboratory, Upton, New York 11973. 

Palladium-109 has favorable radionuclidic properties (tk 13.4 hr, p 1.028 MeV 
max.) for use in lymphatic ablation therapy prior to organ transplantation. Earlier 
work has demonstrated the effectiveness of lo9Pd complexes of porphyrins (that 
localize in lymph nodes) at preventing allograft rejection in dogs and rats, presum- 
ably as a result of irradiation from the beta emission of palladium-109 (1-3). 
Labeled lymphocytes should prove superior for this application since higher and more 
selective concentration in lymphatic tissue can be achieved than what is generally 
achieved using porphyrin derivatives. 

This study was carried out to: 
quinoline (Pd-oxine) complex suitable for cell labeling; (ii) optimize conditions 
for labeling lymphocytes with Pd-oxine; (iii) determine biodistribution of Pd-oxine- 
labeled lymphocytes (Pd-L) and compare localization results with those obtained 
with ll'In-labeled lymphocytes (In-L); and (iv) evaluate the potential of Pd-L for 
selective lymphoid ablation relative to that of 109Pd-porphyrins. 

Neutron bombardment of enriched '08PdC12 . 2H20 (2.03 mg) in a sealed quartz ampule 
for 16 hr using the Brookhaven High Flux Reactor (5.5 x n s-l cm-2) produced 
1.52 Ci of Io9Pd. The material was dissolved in 1.0 ml DMSO with gentle heat and 
stirring. An aliquot of this solution containing 45 mCi of lo9Pd was transferred 
into a 30 ml multi-injection bottle containing 5 ml of a 0.1 acetate buffer, 
pH 3.95, followed by the addition of 234 g oxine dissolved in the same buffer to 
aive a molar ratio of oxine to palladium of 2.6. The solution was stirred for 30 
min and the complex extracted with 5 ml chloroform by vortex mixing (590% extrac- 
tion). 
stream. The residue was dissolved in 3.0 ml warm absolute ethanol and filtered 
through a 0.45pm Nylon-66 filter. 
the time of experiments was 122 mCi lo9Pd/mg Pd-oxine. 

Lymph nodes obtained from Lewis rats were passed through a mesh. The cells were 
washed twice withaedium 199 and suspended in whosphate buffered saline, pH 7.4. 
'09Pd-oxme was added dropwise to the cell susuension and incubation carried mit 
for 30 min. The cells were washed once with medium 199 and resuspended in 1 ml 
of medium 199. The ield varied between 40 and 65% which is comparable to the 
yield obtained for '"In oxine labeling of lymphocytes. 
into animals (n = 3/group) i.v. The animals were sacrificed at 3 hr post injection 
and % injected dose (ID)/g determined in various tissues by counting. Tissue 
histology was also obtained. ?he results are summarized in Table 1. 

In tracer doses Pd-L and In-L had similar distributions. Pd-L showed 72 t 5% of 
activity in spleen, 15 t 0.6% in lymph nodes, and 3 ?r 0.4% in bone marrow. However, 
Pd-L showed higher uptake in kidney (9 I 0.9%) than In-L. An increase in the amount 
of Pd-oxine 0 0 . 5  Pg/lO8, cells) or an increase in Pd-109 activity to > 55 ftCi/108 
Cells resulted in a significant drop in activity in lymph nodes to 0.5% ID. Histo- 
logic studies showed that therapeutic doses of Pd-L (8OOf4Ci Pd-109, 1 . 2 ~ 9  Pd- 
oxine, and 300pCi Pd-109/108 cells) resulted in marked splenic lymphopenia by day 
4, but no lymph node lymphopenia. 

This study shows that localization of 109Pd-labeled lymphocytes in lymphatic tissue 
is indeed much higher and more selective as compared to lo9Pd-labeled porphyrins. 
The results also suggest that splenic lymphoid ablation can be achieved by Pd-109 
.lymphocytes. However, in order to achieve high lymph node localization and more 
generalized lymphatic ablation, the ratio of rug Pd-oxine or PCi of lo9Pd to cells 
that are administered must be kept sufficiently low. This entails use of larger 
numbers of labeled cells at modest ( 55pCi/108 cells) Pd-L activity concentrations. 
Presently this is a limiting factor that remains to be solved. 

- 

(i) develop a method for preparing 109Pd-8-hydroxy- 

r 
?he chloroform layer was separated and the solvent evaporated under a N2 

The specific activity of 109Pd-oxine complex at 

Pd-L or In-L was injected 
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Table 1 
Biodistribution of Pd-109 and In-111-Labeled Lymphocytes 

)rCi k9 % Administered D o s e  Per Gram Tissue 
3 hrs Pd (oxine) / 

LPPh Bone Intestinal 
Pd/ 
8 8 

109 

10 Cells 10 Cells Spleen Liver Node Kidney Marrow Mucosa 

10 0.06 68.1 6.7 15.6 9.7 4.0 0.14 
t i f * f ?r 
5.4 0.7 0.1 0.9 0.6 0.009 

10 0.30 72.0 5.4 15.6 6.5 3.2 0.18 
?r f t- i t t 
5.8 0.6 0.6 0.7 0.4 0.012 

10 0.50 79.1 4.9 13.6 5.6 3.3 0.14 
+ - +_ f +_ 2 +_ 

4.2 0.4 0.7 0.7 0.2 0.008 

10 1.20 

3 0  0.06 

61.1 5.5 0.72 7.7 0.6 0.19 
f t i f t f 

7.1 0.4 0.07 0.6 0.03 0.016 

61.3 9.6 12.8 4.1 4.4 0.11 
f f f t f f 
8.2 0.5 0.8 0.3 0.7 0.013 

55 0.06 61.8 6.7 16.17 4.5 4.6 0.14 
f f f +_ t f 
5.4 0.9 0.8 0.4 0.4 0.014 

114 0.06 55.1 6.1 0.46 6.2 1.4 0.16 
f f f f ?r f 
6.9 0.7 0.03 0.4 0.05 0.01 

1* lo** 82.3 5.6 18.2 1.1 5.3 0.11 

6.7 0.7 0.9 0.09 0.6 0.16 
+ - -+ - + z - + 5 - 

** 
>Ci In-111 and pg oxine, per lo8 cells. 

Research at Brookhaven National Laboratory supported under U.S. Department of 
Energy Contract #DE-AC02-76CH00016. 
a grant from the National Heart, Lung and Blood Institute. 

Research at Columbia University supported by 
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l l C  AI?D I3N LABELLED BCNU AND ITS I N  V I V O  PHARllACOKINETICAL STUDY WITH PET * 
PI. D i k s i c ,  S .  Far rokhzad ,  Y.L. Yamamoto,and W .  Fe inde l .  
Mont rea l  Neuro log ica l  I n s t i t u t e ,  XcGi l l  U n i v e r s i t y ,  X o n t r e a l ,  Canada, II3A 2B4. 

1,3-bis(2-chloroethyl)-l-nitrosourea (BCNU) is  w e l l  known as a n  a n t i t u m o r  drug  ( 1 ) .  
We have s y n t h e s i z e d  
s t u d i e s  w i t h  p o s i t r o n  emiss ion  tomography (PET). 

I3N h a s  been produced i n  t h e  form of 1 3 N O j  by i r r a d i a t i n g  h igh  p u r i t y  w a t e r  w i t h  
-9 .5  ?.lev p ro tons  ( a t  t a r g e t  m a t e r i a l )  and a beam c u r r e n t  of 50 uA.  The volume of 
t h e  t a r g e t  chamber i s  10  m l .  The water i s  k e p t  i n  t h e  t a r g e t  d u r i n g  i r r a d i a t i o n  
wi th  he l ium over  p r e s s u r e  of one atmosphere.  

l1C0 was produced by p ro ton  i r r a d i a t i o n  o f  r e s e a r c h  p u r i t y  n i t r o g e n  i n  a cont inuous  
mode. 
t o  CO. Any t r a c e s  of C02 a r e  removed w i t h  NaOa t r a p .  The Japan  S t e e l  Works medical 
c y c l o t r o n  has  been used as t h e  s o u r c e  of a c c e l e r a t e d  p r o t o n s .  

A f t e r  i r r a d i a t i o n  of water, 2 ~ 1 0 - ~  mmol of HNO3, t h e  hold-back c a r r i e r ,  w a s  added 
and water w a s  evapora t ed  t o  d ryness .  The l a b e l l i n g  is  done i n  t h e  same f l a s k  by 
adding  a s o l u t i o n  of 1 ,3 -b i s (2 -ch lo roe thy l )  u r e a  (BCU) i n  a c e t i c  a c i d  and Cu-dust. 
Th i s  r e a c t i o n  t i m e  w a s  about  5 min. I n  g e n e r a l  t h e  l a b e l l e d  13N-BCNU i s  a v a i l a b l e  
f'or IV- in j ec t ion  30 rnin a f t e r  t h e  end of i r r a d i a t i o n .  

Typ ica l  s p e c i f i c  a c t i v i t y  of "N-BCNU a t  t h e  t i m e  o f  i n j e c t i o n  is about  5 mCi/mg 
o r  about 1 Ci/mmol. 

11C- labe l led  BCNU (no carrier added) w a s  p r e  a r e d  by n i t r o s a t i o n  of "C-labelled 
I3CU w i th  NaTJ02 i n  CH3COOH o r  formic  a c i d .  lPC- labe l l ed  BCU w a s  s y n t h e s i z e d  from 
1-1COC12 (no c a r r i e r  added) and e thy len imine  by adop t ing  t h e  method d e s c r i b e d  by 
1;estion ( 2 )  f o r  n o n r a d i o a c t i v e  BCU. 
of about  25 mCi/min. The g a s  i s  mixed w i t h  r e s e a r c h  p u r i t y  c h l o r i n e  a t  a f low r a t e  
of -10 ml/min. A low p r e s s u r e  mercury lamp ( 4 5 0  b') i s  used t o  i r r a d i a c e  g a s  mix tu re  
i n  a q u a r t z  s p i r a l .  The q u a r t z  i n  t h e  s p i r a l  has  I D  of 3 mm. Nonreacted c h l o r i n e  
i s  removed from t h e  r e a c t i o n  g a s  by Sb-trap.  
s o l u t i o n  of d ry  e thy len imine  i n  ace tone .  
c o l l e c t e d  r e a c t i o n  mix tu re  is warmed up t o  abou t  40OC. The b e s t  r ad iochemica l  y i e l d  
f o r  BCU o b t a i n e d  so f a r  i s  -302. A f t e r  5 min a c e t o n e  is  evapora t ed  and n i t r o s a t i o n  
i s  done as mentioned e a r l i e r .  The f i n a l  product  (llC-BCNU) is  s e p a r a t e d  by HPLC on 
a P a r t i s i l  PAC column by us ing  70% e t h e r  i n  hexane as e l u t i o n  mix tu re .  
f r a c t i o n  i s  c o l l e c t e d  and a f t e r  evapora t ion  of t h e  s o l v e n t  d i s s o l v e d  i n  s a l i n e  and 
s t e r i l i z e d  by f i l t e r i n g  i t  through 0.2 1-1 N i l l i p o r .  
r e a d i l y  a v a i l a b l e  f o r  p a t i e n t s  u se .  liaximum s p e c i f i c  a c t i v i t y  achieved  so f a r  i s  
40 Ci/mmol of BCNU a t  t h e  t ime of i n j e c t i o n .  S y n t h e s i s  t i m e  i s  about  15  min a f t e r  
11C0C12delivery is  s topped .  

The o p t i m i s a t i o n  of t h e  l a b e l l i n g  p rocedures  w i l l  b e  d i s c u s s e d  w i t h  an  emphasis on 
t h e  r ad iochemica l  y i e l d  and s p e c i f i c  a c t i v i t y  of t h e  f i n a l  p roduc t .  

The PET s c a n s  have been  t aken  immediately a f t e r  IV- in j ec t ion  and con t inued  f o r  60 
min. During scann ing ,  t h e  b lood  samples are t aken  eve ry  5 min and ana lysed  f o r  
i n t a c t  BCNU. The PET scans  i n  con junc t ion  w i t h  blood samples were used i n  t h e  
pharmacokine t ics  s t u d i e s .  

and l lC- l abe l l ed  BCMU and made i t  s u i t a b l e  f o r  i n  v ivo  

I r r a d i a t e d  g a s e s  a r e  c a r r i e d  through Zn-oven a t  4OO0C where C02 i s  reduced  

l l C 0  i s  d e l i v e r e d  t o  t h e  h o t  c e l l  a t  a r a t e  

11C-phosgene i s  c o l l e c t e d  i n  a co ld  
A f t e r  enough of llC-phosgene has  been 

11C-BCIiL 

Th i s  makes 10-15 m C i  of llC-BCNU 
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SYNTHESIS OF 5'-DEOXY-5-[ 18F]FLUOROURIDINE AS A PROBE FOR MEASURING 
TISSUE PROLIFERATION IN V I V O  
C.-Y. Shiue, A.P. Wolf, and M. Friedkin. 
Department of Chemistry, Brookhaven National Laboratory, Upton, NY 11973. 

The rapid development of positron emission tomography (PET) coupled with 
a rational choice of radiopharmaceuticals has made it possible to carry 
out the in vivo study of dynamic biochemical processes. This technique 
has been used for the measurement of regional glucose metabolism in a 
variety of human diseases as well as in the localization and 
quantitation of normal cortical activity by the application of 2-I8FDG 
and PET ( 1 - 4 ) .  The principles of this technique could also apply to 
measuring tissue proliferation in vivo by using suitably labeled 
probes. 
study DNA synthesis in mice and tumor bearing animals (5,6). The use of 
labeled uridine or uridine analogs could also provide an index of tissue 
proliferation via increased transport and increased intracellular 
phosphorylation and incorporation into RNA ( 7 , 8 ) .  Therefore, if we 
label uridine or its analog with a positron emitting nuclide, such as 
18F, it might be feasible to measure tissue proliferation in vivo. 

I8F-Labeled 5-fluorouracil (9 ) ,  5-fluorouridine (10) and 
5-fluorouridylate have been synthesized chemically and enzymatically and 
used to study the differences in the biodistributions in normal and 
tumor bearing mice (11). Recently, a new fluorinated nucleoside, 
5'-deoxy-5-fluorouridine has been synthesized and has shown equal or 
better cytostatic activity at lower levels of toxicity than 
5-fluorouracil or 2'-deoxy-5-fluorouridine (12,13). The unlabeled 
compound was prepared from 5-fluorouridine by isopropylidination and 
iodination, followed by reduction and deprotection ( 1 4 ) .  

I 4 C ,  3H and IIC-Labeled thymidine has been used as a tracer to 

The method, however, I s  not suitable for the synthesis of the 18F 
labeled compound. We report here the synthesis of 
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5' -deoxy-5- [ 18F] f luorouridine from either [ 18F] acetyl hypof luorite 
(15,16) or [18F]F2. 

Reaction of 5'-deoxy-2' ,3'-di-g-acetyluridine (8) with [18F]acetyl 
hypofluorite in acetic acid gave [18F]-5'-deoxy-2' ,3'-di-g-acetyl- 
5,6-dihydro-5 6-difluorouridine (3 in - 30% radiochemical yield (based 
on recovered 
purification with column chromatographs (cation exchange and silica gel) 
gave 5'-deoxy-5-[ 18F] fluorouridine (2) in 20-25% radiochemical yield in 
a synthesis time of - 80 min from EOB. 

Hydrolysis of 2 with NaOMe/MeOH followed by 

H3a OAc OAc 

8 
w 

7 - 6 
N 

Reaction of  5'-deoxy-2' 3'-di-g-acetyluridine with [18F]F2 in acetic 
acid gave 5'-deo~y-5-[~~F]fluorouridine in a yield comparable to that 
from [ 18F]acetyl hypofluorite since there are no isomeric separations, 
in contrast to the synthesis of 2-deoxy-2-[18F fluoro-D-glucose from the 
reaction of 3,4,6-tri-~-acetyl-D-glucal with [18F]F2 (17). 

In order to achieve the maximum radiochemical yield of 
5 '-deoxy-5-[ 18F]fluorouridine and without the contamination of 
5'-deoxyuridine, the molar ratio of [18F]F2 (or [18F]CH3C02F) with 
substrate should keep at - 2. 
tlc (silica gel, EtOAc- n -H20, 70:40:5), Rf = 0.65, and in comparison 
with the authentic sample. 

In summary, we report here a convenient synthesis of  5'-deoxy-5- 
[ 1 8 F ] f l ~ o r o ~ t - i d i n e  fromeither [ 18F]F2 or [ 18F]CH3C02F in high 
radiochemical yield. 

This work was carried out at Brookhaven National Laboratory under 
contract with the U. S. Department of Energy and also by the Office of 
Health and Environmental Research. The authors wish to thank 
Dr. A. F. Cook of Hoffmann-LaRoche for the gifts of 5'-deoxy-2',3'-di-g- 
acetyluridine and 5'-deoxy-5-fluorouridine. 
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SYNTHESIS AND ANIMAL STUDIES WITH lZ31 LABELLED ~-(~'-IoDo-~'-DEoxY-B-D- 
ARAB INO FURANOSYL) URACIL 

- .J.R. Mercer ,  L.I. Wiebe, E . E .  Knaus, W. Maier -Bors t ,  and  F. H e l u s .  
F a c u l t y  of Pharmacy, U n i v e r s i t y  of  A l b e r t a ,  Edmonton, A l b e r t a ,  Canada. 

In a n  ongoing  s t u d y  t o  e v a l u a t e  t h e  p o t e n t i a l  of s y n t h e t i c  n u c l e o s i d e s  f o r  u s e  
i n  n o n - i n v a s i v e  d i a g n o s t i c  oncology,  w e  h a v e  p r e p a r e d  a v a r i e t y  of  r a d i o -  
h a l o g e n a t e d  a n a l o g u e s  of n a t u r a l l y  o c c u r r i n g  n u c l e o s i d e s  (1). The n u c l e o s i d e  
e p o x i d e  ( I )  p roved  t o  b e  a v a l u a b l e  p r e c u r s o r  f o r  a h i g h - y i e l d  o n e - s t e p  s y n t h e s i s  
o t  r a d i o h a l o g e n a t e d  l-(3'-halogeno-3'-deoxy-B-D-arabinofuranosyl)uracils ( I T ) .  

Compounds w i t h  s t r u c t u r e  11 d i d  n o t  s i g n i f i c a n t l y  i n h i b i t  t h e  growth  of leukemia  
ce l l s  i n  v i t r o  ( 2 ) .  The a p p a r e n t  a b s e n c e  of t h e r a p e u t i c  p r o p e r t i e s  d i d  n o t  pre-  
c l u d e  t h e  p o s s i b i l i t y  of i n  v i v o  u p t a k e  of  t h e  n u c l e o s i d e s  I1 i n t o  tumor o r  
normal t i s s u e .  It w a s  t h e r e f o r e  of i n t e r e s t  t o  p r e p a r e  t h e  r a d i o l a b e l l e d  
compounds I1 and t o  i n v e s t i g a t e  t h e i r  p o t e n t i a l  as n o n - i n v a s i v e  d i a g n o s t i c  
a g e n t s .  

The e p o x i d e  ( I )  w a s  p r e p a r e d  i n  30% o v e r a l l  y i e l d  i n  5 s t e p s  from u r a c i l  u s i n g  
a known p r o c e d u r e  (3,4). The i o d o  compound (11-a) w a s  r e a d i l y  p r e p a r e d  i n  
g r e a t e r  t h a n  90% y i e l d  when e q u i m o l a r  q u a n t i t i e s  of e p o x i d e  and H I  were h e a t e d  
a t  9 3 O C  f o r  2 h o u r s  i n  a minimal  volume of  s o l v e n t .  T h i s  r e p r e s e n t s  a s i g n i -  
f i c a n t  improvement o v e r  e x i s t i n g  methods o f  s y n t h e s i s  of 11-a ( 5 ) .  F o r  r a d i o -  
c h e m i c a l  s y n t h e s e s ,  1231 was p r e p a r e d  by p r o t o n  i r r a d i a t i o n  of  a n  e n r i c h e d  l Z 4 T e  
t a r g e t  u s i n g  t h e  D.K.F.Z. H e i d e l b e r g  compact c y c l o t r o n .  A f t e r  r e a c t i o n  and 
work-up a p r o d u c t  of g r e a t e r  t h a n  99% r a d i o c h e m i c a l  p u r i t y  w a s  o b t a i n e d  w i t h  a 
r a d i o c h e m i c a l  y i e l d  i n  e x c e s s  of  90%. I n j e c t i o n - r e a d y  s a m p l e s  of ( 1 7 3 1 )  11-a 
w i t h  s p e c i f i c  a c t i v i t i e s  of 0.37 GBq/mg (0.127 GBq/pmole) were p r e p a r e d .  The 
compound 11-a w a s  a l s o  p r e p a r e d  u s i n g  ( 1 3 1 1 )  N a T .  

The r a d i o l a b e l l e d  compounds ( l Z 3 I  and 1311) 11-a were used  i n  whole  body 
d i s t r i b u t i o n  and e l i m i n a t i o n  s t u d i e s  w i t h  normal  and  tumor-bear ing  Wistar r a t s .  
The d a t a  s u g g e s t s  r a p i d  e x c r e t i o n  of unchanged i o d o  compound and a n  a b s e n c e  of 
tumor o r  normal t i s s u e  l o c a l i z a t i o n  of r a d i o a c t i v i t y .  Compounds (R2Br) 11-b 
and ( 3 6 C l )  11-c have a l s o  been  s y n t h e s i z e d  and show s i m i l a r  r e s u l t s  i n  a n i m a l  
e cperiment s ( 6 )  . 
(1) Abrams, D.N., Knaus, E . E . ,  Mercer, .J .R.  and  Wiebe, L . I . ,  J .  L a b e l .  Cmpds. 

( 2 )  H o l l e n b e r g ,  D . H . ,  Watanabe, R.A.  and  Fox, J . J . ,  J. Med. Chem., LO, 113 

( 3 )  Codington ,  J . F . ,  F e c h e r ,  K. and Fox, J . J . ,  J .  Org.  Chem., 2_7, 1 6 3  ( 1 9 6 2 ) .  
(4) Codington ,  J . F . ,  F e c h e r ,  R .  and Fox, J . J . ,  . J .  Amer. Chem. S O C . ,  8-2, 2794 

(5)  Cushley ,  R . J . ,  C o d i n g t o n ,  J .F .  and  Fox, J . J . ,  Can. J .  Chem., 46, 1131 ( 1 9 6 8 ) .  
(6)  Lee ,  Y.W., Knaus, E . E .  and Wiebe, L . I . ,  Unpubl i shed  r e s u l t s .  

Radiopharm.,  16, 1 2  ( 1 9 7 9 ) .  

(1977) .  

(1960) .  
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STUDIES WITH PT-195M LABELED PLATINUM COMPLEXES 

W .  Cole, J. Wiza, B e  Odenheiner, and W e  Wolf, Radiopharnacy Proqran, 
University o f  Southern California, Los Anqeles,. CA 900333 
J.D. Hoeschele and T.A. Butler, Oak Ridqe National Laboratory, Oak 
Ridge, TN 37830; and 
RID. Snyth, Eristol Laboratories, Syracuse, NY 13201. 

Cisplatin (cis-dichloro-diannirte-platinun(I1)) is the first o f  a neu 
fanily o f  inorqanic pharnaceuticals that have siqnificant 
chenotherapeutic potential, in cancer and in other najor diseases. 
Cisplatin has been approved as an antitunor drug, and is nost 
effective in testicular, ovarian,  head and neck and transitional 
bladder cancer, althouqh it is also provinq useful in other torns of 
cancer (1). One najor problen in its use, however, is the severe 
nephrotoxicity that it can induce, a problen which has spurred the 
search f o r  other drugs o f  that fanily devoid o f  this nost 
undesirable side effect. Platinun possesses several radionuclidee, 
of uhich Pt-145n has Proven to be the nost desirable so tar. 
Nunerous articles have been published describinq the use o f  Pt-195n 
labeled cisplatin in biodistribution, netabolisn and 
radiopharnacokinetic studies. 

Pt-19Jn is nade by neutron activation of  Pt-194, and is obtained at 
specific activities ranqinq f ron  0.7 to 1.2 nCi/nq. Inesnuch as 
natural platinun contains only 32.9% o f  Pt-194, the naterial 
irradiated is usually a tarqet of highly enriched (97.41%) Pt-194. 
The crude Pt-195n is then dissolved in aqua regia, and traces o t  
Au-199 (produced by decay o f  the 30-ninute Pt-199) are renoved by 
liquid/liquid extraction. The next step involves the reduction ot 
Pt(IV) to Pt(II), probably the nost delicate step in this process. 
Once the tetrachloroplatinate has been obtained, further syntheses 
uill depend on the nature o f  the carrier liqand that uill be 
attached. Probably the nost widely used nethod involves conversion 
o f  the tetrachloroplatinate to the tetraiodoplatinate, SO as to use 
the high trans-directing effect of the iodine liqand t o  produce as 
pure as possible a cis-diannine conplex, devoid o f  any trans- 
diannine inpurities (2,3)+ 

QSAR studies at the leaving lisand had suqqested that dicarboxylic 
ligands capable o f  fornins a chelate night be o f  particular 
interestj and we have chosen the cis-dian~ine-ethylnelonato Pt(II) 
as a nodel f o r  initiatinq QSLR (Quantitative Structure Localization 
Relationship) studies (4). The ethylnalonato conplex is prepared by 
the stoichionetric addition of ethylnalonic acid to cis-diannine- 
diaquo Pt(11). The latter, uhich in the synthesis o f  cisplatin is 
obtained followinq the renoval o f  iodine with silver nitrate, can 
also be generated in the sane uay fron Pt-195n cisplatin itsel?. 
The latter process appears to be nore advantaqeous when snall 
quantities o f  conplexes need to be synthesized, inasnuch as Pt-195n 
cisplatin appears to be a better startins naterial than either the 
Pt-1VSn tetrachloroplatinate or the diaquo conplex itself', possibly 
due to the oliqonerization o f  the diaquo conplex durinq shippinq. 
Synthesis of cis-disnnine-eth~lnalonato Pt(1I)f The ionic chloride 
content of the solution o f  Pt-195n cisplatin in isotonic saline is 
neasured. A solution o f  silver nitrate is prepared containinq in 
0.1 nl the stoichionetric anount o f  silver ion required for 2 nl o t  
the Pt-195n cisplatin solution; followinq nixins o f  these two 
solutions, the reaction nixture is centrifuqed tor 30 seconds in a 
Becknan Hicrofuqe, the silver chloride pellet is washed and conbind 
uith the supernatant and this naterial is labeled as solution A. 
Solution E is prepared as follows: 0.2 nl containins 2 nolar- 
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equivalents o f  silver nitrate and 1 o f  ethrlmalonic acid, 
corresponding to the cisplatin i n  solution A, are adjusted to pli 
4.5-5. Solution A and B are mixed and incuhated at 40-50 C for 
three hours, and then centrifugedr Chromatosraphic analysis o f  the 
material documented that better than 37% o f  the activity 
corresponded to the ethylnalonato complex, and this solution was 
stable f o r  14 days. 
Chemical reactivitq studies: Given that chlorine forms a more 
st8ble bond uith class (b) metals (such as Pt) than oxygen, 
displacement of the chloro liqands by ethylmalonic acid is unlikely, 
a5 verified experimentallyr Houever, we have also observed that the 
ethylmalonato is strongly bound, and that its displacement by 
chloride ions is slow, probably because o f  the stabilization 
afforded by the chelate ring. In addition, this displacement is 
highly pH dependant. It is particularly slow at pH 7, sugqestinq 
that it is unlikely that the free ethylmalonato complex may be 
converted in vivo into cisplatin. Details o f  the kinetic studies are 
shown i n  figures 1 and 2. 
Biodistribution studies: Pt-195m ethylmalonato was administered to 
Sprague-Dauley rats, 150-200 q r  which were secrif'iced at times 
ranginq from 5 mine to 96 hrs. post-injection. Clearance o f  Pt-19Sm 
f rom the blood and tissues is siqnificantly higher following 
administration of the Pt-19511 ethylmalonato complex than that o f  
cisplatin. As an example, at 3 hrs. post-administration, the 
comparative X retained per organ is given in Table I, following 
comparable therapeutic doses ( 8  m g  and 1 mg/kqr respectively). 

In conclusion, the present studies with Pt-195m cis-dianmino- 
ethylmalonato Pt(I1) have documented some o f  the chemical and 
bioloqical properties o f  this compound that are important in 
understandinq its chemotherapeutic activity and why it may (or may 
not) possess undesirable side-effects. Such Pt-19Sm labeled 
complexes uill also be inportant in assessing non-invasively the 
biological disposition o f  platinum complexes in individual patients. 

(i) Prestayko, A.W. ,  Crooke, S.T. and Carter, "Cisplatin: 
Current Status end Neu Developments", Academic Press, New York, 

( 2 )  Wolf, W .  and Hanaka, R.C., J. Cline Hematol. Oncol. & 79, 

(3) Hoescheler J.D., Butler, T.A.,  Roberts, J . A .  and Guyer, G.E., 
submitted to Radiochin. Acta 

(4) Hanakar R.C. end Wolf, W a r  in "Radiopharmaceuticals: Strvcture- 
Activity Relationships", R. Spencer, ed. Academic Press, Neu 
York, 1981. p r  183. 
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AN IMPROVED METHOD FOR THE PREPARATION OF DTPA-COUPLED PROTEINS 

D.J. Hnatowich, W.W. Layne, R.L. Ch i lds ,  P.W. Doherty,  D. Lanteigne,and J. Ansell. 
Departments of Nuclear  Medicine,  Radiology, and Medicine,  U n i v e r s i t y  of  Massachu- 
se t t s  Medical Center ,  Worcester,  MA 01605. 

Although a few p r o t e i n s  such as t r a n s f e r r i n  form s t a b l e  c h e l a t e s  w i th  metall ic 
r a d i o n u c l i d e s  such as 67Ga and l l 1 I n ,  most p r o t e i n s  do no t  posses s  t h i s  property.  
Perhaps t h e  only r easonab le  approach t o  t h e  r a d i o l a b e l i n g  of t h e s e  p r o t e i n s  wi th  
metal l ic  r a d i o n u c l i d e s  i s  by c o v a l e n t l y  a t t a c h i n g  a s t r o n g  c h e l a t i n g  group t o  t h e  
p ro te in .  
does provide a p r o t e i n  capable  of c h e l a t i n g  metals. 
e i t h e r  a complicated mul t i - s t ep  s y n t h e s i s  of t h e  coupl ing agen t ,  ha r sh  coupl ing 
c o n d i t i o n s ,  a n d / o r  l eng thy  and involved p u r i f i c a t i o n  procedures  because of low 
coupl ing e f f i c i e n c i e s .  
appears  t o  be s u p e r i o r  t o  p rev ious ly  r e p o r t e d  methods. We are coupl ing p r o t e i n s  
wi th  diethylenetriaminepentaacetic a c i d  (DTPA) through t h e  u s e  of the c y c l i c  
anhydride of t h i s  ac id .  

The anhydride i s  prepared by r e a c t i n g  ace t ic  anhydride wi th  DTPA. 
t i o n  by NMR and I R  i n d i c a t e  t h a t  t h e  anhydride i s  c y c l i c  and that  t h e  c e n t r a l  
acetic acid-amine group i s  a zwi t t e r ion .  The anhydride is  s t a b l e  f o r  a t  least 
s e v e r a l  months a t  room temperature  in mois tu re - f r ee  environments. 

Th i s  has  been considered by many i n v e s t i g a t o r s  i n  t h e  p a s t  (1-6) and 
However, each method r e q u i r e s  

We have developed a new method of coupl ing p r o t e i n s  which 

Charac te r i za -  

Coupling i s  achieved by adding s o l u t i o n s  of t h e  p r o t e i n  i n  pH 7 b u f f e r  t o  t h e  
s o l i d  anhydride.  The r e a c t i o n  i s  completed in about  1 min a t  room temperature .  
Hydrolyzed c o n t r o l  experiments  are performed i n  which t h e  i n t e n t i o n a l  h y d r o l y s i s  
of t h e  anhydride be fo re  adding t o  t h e  p r o t e i n  is  t h e  on1 r o c e d u r a l  change. We 
have determined t h a t  t h e  c o n s t a n t s  f o r  t h e  formation of ylpIn l a b e l e d  f r e e  DTPA 
and protein-bound DTPA are similar, t h e r e f o r e  coupl ing e f f i c i e n c y  i s  e q u i v a l e n t  t o  
t h e  percentage of l l 1 I n  a c t i v i t y  bound t o  p r o t e i n  fo l lowing  t h e  a d d i t i o n  of 
l l 1 I n  a c e t a t e  and may be measured e i t h e r  by exhaus t ive  d i a l y s i s ,  Sephadex o r  
Sepharose chromatography, o r  by h igh  performance l i q u i d  chromatography. 

I n i t i a l  work was performed wi th  serum albumin as t h e  model p r o t e i n  ( 7 ) .  The 
i n f l u e n c e  of anhydr ide :p ro te in  molar r a t i o  and p r o t e i n  c o n c e n t r a t i o n  on coupl ing 
e f f i c i e n c y  was determined. Under opt imal  c o n d i t i o n s  ( i . e . ,  p r o t e i n  c o n c e n t r a t i o n s  
of about  10 mg/ml o r  g r e a t e r  and anhydr ide :p ro te in  r a t i o s  of about 1:l o r  l e s s )  
coupl ing e f f i c i e n c i e s  are 65 2 5% wi th  c o n t r o l s  showing 7 2 3% bound a c t i v i t y .  
Because of t h e  e f f i c i e n t  coup l ing ,  p u r i f i c a t i o n  of t h e  coupled p r o t e i n  from f r e e  
DTPA i s  accomplished by a s i n g l e  passage through a Sephadex G50 column. Biodis- 
t r i b u t i o n s  a t  45 min were determined in mice f o r  lllIn-DTPA-albumin and commercial 
1251-albumin; accumulat ion i n  each t i s s u e  type  and blood a g r e e  t o  w i t h i n  two 
s t anda rd  d e v i a t i o n s  and most ag ree  t o  w i t h i n  one s t anda rd  dev ia t ion .  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t  of coup l ing  on p r o t e i n  v i a b i l i t y ,  we have 
coupled f i b r i n o g e n ,  a p r o t e i n  f o r  which bo th  in v i t r o  and i n  v ivo  a s says  of c l o t -  
a b i l i t y  a r e  a v a i l a b l e .  Under t h e  c o n d i t i o n s  of t h e  s tudy ,  coupl ing e f f i c i e n c y  is  
13 + 3% wi th  c o n t r o l s  showing z e r o  bound a c t i v i t y  (8). The i n  v ivo  p r o p e r t i e s  of 

dogs. Over 130 h r s  blood c l e a r a n c e  of bo th  l a b e l s  w a s  i d e n t i c a l  w i t h i n  experi-  
mental  e r r o r .  
a l s o  i n  agreement and images ob ta ined  a t  24 h r s  c l e a r l y  show t h e  c l o t  a long  t h e  
l e n g t h  of a c a t h e t e r  i n  t h e  j u g u l a r  vein.  

Because of ou r  i n t e r e s t  i n  radioimmunodiagnosis, we have a l s o  i n v e s t i g a t e d  t h e  
coupl ing t o  ant ibody.  
w i th  r e s p e c t  t o  t h e  in f luence  of p r o t e i n  c o n c e n t r a t i o n  and anhydr ide :p ro te in  molar 
r a t i o  as i s  observed wi th  albumin but  t h e  maximum coupl ing e f f i c i e n c y  i n  t h i s  case 
i s  35 2 5%. 
coupl ing e f f i c i e n c i e s  were ob ta ined  f o r  bovine non-specif ic  IgG and f o r  monoclonal 

"Yn-DTPA-f ib r inogen  were compared t o  t h o s e  of commercial lZ5I-f i b r i n o g e n  i n  

Using a dog thrombogenic c a t h e t e r  model, t h e  c1ot:blood r a t i o s  were 

Using human non-specif ic  IgG, t h e  same t r e n d s  are observed 

Coupling e f f i c i e n c y  was a l s o  found t o  be optimum a t  pH 7. S i m i l a r  
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anti-CEA and anti-PAP antibody. 
DTPA-anti-CRA antibody show that when coupled a t  0 .03 groups per molecule t h i s  
protein is st i l l  capable of binding with CEA. 

Preliminary s tudies  of the v i a b i l i t y  of 'l11n- 

Sundberg M . W .  , Meares C .  F. , Goodwin D.A., e t  a l . ,  J .  Med. Chem. , 11, 1304-1307 
(1974) .  
Yeh S.M., Meares C.F. and Goodwin D . A . ,  J. Radioanal .  Chem., 53, 327-336 
( 1979).  
Krejcarek G.E. and Tucker K.L., Biochem. Biophys. Res. Corn., 77, 581-585 
(1977). 
Wagner S.J. and Welch M . J . ,  J. n u c l .  Med., 20, 428-433 (1979). 
P r i t c h a r d  J . H . ,  Ackerman M . ,  Tubis M. and Blahd W . H . ,  Proc.  SOC. Exp.  B io l .  
Me&. , 151, 297-302 (1976). 
Yokoyama A . ,  Omomo Y . ,  Horiuchi  K . ,  S a j i  H . ,  Yamamoto K . ,  I s h i i  Y . ,  Tanaka H. 
and Torizuka K . ,  J .  n u c l .  Med., z, P32 (1981)  ( A b s t r a c t ) .  
Hrlatowich D . J . ,  Layne W . W .  and Ch i lds  R . L . ,  I n t .  J. a p p l .  Rad ia t .  I so topes  
( i n  press). 
Layne W . W . ,  Hnatowich D . J . ,  Doherty P.W., Ch i lds  R . L . ,  Lanteigne D. and 
Ansell J . ,  J. nuc l .  Med. ( i n  p r e s s ) .  
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LABELING STUDIES OF PROTEINS USING BIFUNCTIONAL CHELATES: THE 
DESFERRIOXAMINE-HUMAN SERUM ALBUMIN (DF-HSA) CONJUGATE 

Gy. A .  Janoki, J. F. Harwip, and W e  Wolf 
Radiopharmacy Proqram, University o f  Southern California, Los 
Angeles, CA 90033.  

Biolosically important proteins labeled with various radiometals 
which have favorable decay character istics are o f  signif icant value 
in diagnostic studies. The in vivo stability o f  such radiometal- 
protein complexes is senerally low, however, due to the absence of 
specific netal bindinq receptors which form stable bonds. One 
approach towards improvinq the stability o f  such complexes involves 
the concept o f  “bifunctional chelates”, first introduced into 
radiopharnaceutical studies by Sundberq et. el. (1) . Various chelons 
and coupling Methods have been tried which lead to compounds having 
a hisher libeling yield and a superior in vivo stability compared tQ 
the directly labeled proteins. However, while numerous papers have 
been published usins such techniques, a number o f  key problems 
remain to be solved. Primary anon9 these is the low specific 
activity reported by Most workers, usually in the 5 - 50 uCi/mg 
range. These results fall far short o f  the theoretical specific 
activities for such bifunctional chelates, which exceed 500 mCi/mq, 
and raise the question o f  why the theoretical yields cannot be 
attained. 

We have chosen desferrioxanine-mesylate (DF) as the chelatins agent 
for this study. DF forms a 1:l complex with trivalent metal ions 
such as Fe, Gat In, etc. and has a free amino qroup which is not 
involved in metal binding. With ferric ions, DF forms conplexes o f  
high stability (10s K = 30.6) ( 2 ) .  The relative stability o f  the Ga- 
DF conplex is apparently even higher, siven that DF at relatively 
low concentration can remove Ga-67 from the Ga-Transferrin complex. 
Couplinq o f  DF to a protein (human serum albumin, HSA) was effected 
usinq either i-ethyl-3-(3-dimeth~laminopropyl~carbodiimide HCX 
(ECD), to yield a carboxy-modified protein, or qlutareldehyde (GL), 
to yield an anino-modified protein. Both methods offer the 
advantages o f  mild and simple reactions. 
Srnthesis of DF-HSA conjusate usins ECD: In a typical synthesis, 
0.2 unole of the purified HSA monomer in 1 fil isotonic saline were 
mixed with 10 unole ECD (solid) at pH 4.7 and 1 0 ,  respectively, and 
0 .1  mnole DF in 1 ~1 saline were added. The reaction was stopped by 
addition of 1 m 1  o f  1M acetate buffer -PH 4.7, which quenched any 
excess o f  unreacted ECD. The resulting DF-HSA conjugates were then 
dialysed at 4oC for 24 hours against O + l M  acetate buffer pH 5.0 and 
for another 24 hows, also at 4OC, against 0.15M sodium chloride p H  
7.4, using a dialysis membrane tube that retained molecules above 
12,000-14,000 daltons. The conjuqates were purified further on 
Sephadex G-150 columns. The fractions corresponding to the albumin 
monomer peak were combined and concentrated by ultrafiltration. The 
two conjugates obtained, following couplinq at PH 4.7 and pH 10, 
will be referred to as compounds I and If, respectively. The 
coupling efficiency o f  this reaction was also determined by using DF 
which had been complexed with Ga before couplinq (“preliabeled DF“) 
(3). 
Synthesis of DF-HSA conjusate usins GL: 1 m l  o f  a 0.2 M solution o f  
DF in 0.15 M phosphate buffered saline (PBS) at pH 7.8  was stirred 
with 12 ul of 25% glutaraldehyde. The HSA mononer (100 m q ,  0.15 
nnoles, in 1 0  fil PBS) was then added and was stirred for 2 hours at 
room temperature. The crude conjugate was purified as described 
above to yield compound 111. 
Radiolabelins of the DF-HSA conjuqates: With constant stirrinq 1 m q  
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o f  each o f  the purified DF-HSA conjusates in Ob2-O+S ml o f  O.1SM 
NaCl pH 7+4 was mixed with 061 ml o f  a O+OSH NaHCO, solution pH 7.4, 
and 0.01-1 mCi o f  Ga-67-citrate was added. This solution was stirred 
at room temperature for 1 hour, and was analyzed by qe1 tiltration 
on a Sephadex G-SO column eluted with O+lSH NaCl PH 7+4 at a flow 
rate o t  0 .8  ml/minute. The radioactivity o f  the eluate and its 
absorbance at 280 nH were monitored. The labeled conjuqates ware 
also assayed usins paper chronatosraphy on Whatman N o + l ,  usinp 
methanol 85% as the developing solvent. 
Urea treatment o f  the conjusates: Either before or after the 
labelinq step, urea was sdded to the conjuqates to yield a final 
concentration that was 7.5 H in urea. The relative changes in 
labelinq efficiency were determined as described above+ 
Eiodistribution of the Ga-67-citrate labeled coniusates: The 
biodistribution o f  the labeled conjuqates was studied in rabbits 
using a scintillation canera. The blood clearance o f  the labeled 
conjuqates was compared t o  that o f  the folllowins reference 
conpoundst Ga-67-citrate. Ga-67-DFt Tc-99m-HSAI Tc-99m-REC (labeled 
in vivo ) *  In additionr I-125-HSA was adninistered t o  each rabbit 
conjointly with the test substance studied+ 

The kinetics o f  the reaction o f  Ga-67-citrate with the conjuqates 
were studied between 30 minutes and 5 hours o f  incubation+ A t  60 
minutes nore than 95% labelins had been achieved (Figure 1). The 
stability o f  the conjugates was measured daily over a one week 
period. After one week o f  storaqe the protein retained 90% o f  its 
oriqinal activity. The labeling efficiency was affected little by 
chanqes in pH from 4-8 (Fiqure 2) .  The typical elution profile o f  
the conjuqates is shown in Figure 3. Hore than 95% o f  the applied 
activity eluted fron the column with the sane elution profile as 
HSA, 8s verified both by radioactivity and UV determinations+ The 
specific activities o f  the conjuqates ranqed from 5 to 50 uCi/nq; 
followinq urea treatment the metal bindins capacity increased 
siqnificantly, with 4pecific activities ransinq from 100 to 1500 
uCi/mq (Fiqure 4). The Ga-DF-HSA conjusates localized predominantly 
in the central blood pool and the livert with a very small fraction 
localirinq in the kidneys, The blood clearance o f  the conjusates 
studied was slower than that of Ga-67-citratet Ga-67-DF or Tc-99m- 
HSA, hut faster than that o f  Tc-99m-RBC and o f  I-125-HSA (Figure 5 ) .  
Amonq the conjuqates, conpound I1 localized least in the liver and 
had the slowest blood clearance. Liver localization, specially in 
the case o f  compound I, was siqnificantlr hiqher than expected from 
the blood perfusion o f  liver+ 

These results show that such labeled conjusates have excellent 
vitre and in vivo stability and acceptable bioloqical PPoperties. 
The specific activity o f  the various labeled conjusates was lower 
than expected based on the couplinq efficiency ( 3 ) t  but was 
increased followinq urea treatment, a fact that is consistent with 
the notion that numerous coupled chelons are hidden as a consecuence 
of intra-molecular non-covalent cross-linkinq between the protein 
and the chelon substituents. Hencet the full potential o f  proteins 
labeled with bifunctional chelates will only be realized when such 
macromolecules can be labeled at their theoretical specific 
activities, 

(1) 

(2 )  

(3) 

Sundberq, HWt Meares, CF, Goodwint DAt et. al., J. Med. Chen., 

Goodman+ HH, Thakur, i lLt  Hoffert PE, et+ albt J. Label+ Compds. 
Radiopharm., $&+ 1 (1979) 
Janoki, GyA, Herwig* JF, Chanachait W and Wolf, W ,  Submitted t o  
Int. J. A w l +  Rad. Isotop+ 

17, 1034 (1974). 
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PHENOLIC AMINOCARBOXYLIC ACIDS - NEW CHELATING AGENTS FOR MODIFYING GALLIUM-67 
BIODISTRUBUTION 

F.C. Hunt and D.J. Maddalena. 
Isotope Division, Australian Atomic Energy Commission, Lucas Heights Research 
Laboratories, Private Mail Bag, Sutherland, NSW, 2232, Australia. 

The limitations of Ga-67 tumour and abscess imaging due to high uptake by blood 
and normal tissue, have led to a variety of strategies to remove background 
activity, thereby enhancing lesion to normal tissue ratios. 

The methods used to lower Ga-67 blood and tissue radioactivity include intravenous 
iron administration to displace Ga from transferrin (1,2) or treatment with 
chelating agents such as desferrioxamine (3,4) and tricatecholamides (5). All 
these methods rely on the similarity in ionic radii and properties of the ferric 
and gallic ions. 

Other types of chelating agents with a high affinity and stability constant for 
ferric ion are the phenolic aminocarboxylic acids, previously suggested for the 
treatment of iron overload in thalassaemia patients (6). The use of these 
chelators for in-vivo gallium chelation and scintigraphic image enhancement was 
therefore attempted. 

The chelating agents, ethylenediamine di(o-hydroxyphenylacetic acid), EDDHA (I), 
and N,NLbis (2-hydroxybenzyl) ethylenediamine N,Nldiacetic acid, HBED (11) , were 
synthesized by literature methods (7,8) with carboxy or sulphonyl groups in the 
phenolic ring, to favour the urinary excretion route on complexation with gallium. 

The ability of these compounds to chelate Ga-67 in-vivo was tested in rats bearing 
transplanted lymphatic leukaemias. 

Administration of carboxy EDDHA as the sodium salt (25 mg/kg, I.V.) to tumour 
bearing rats 2 hours post Ga-67 citrate injection induced a decrease in Ga-67 
concentration in all tissue. The tumour concentration decreased to half that in 
the untreated control animals. There was a tenfold decrease of Ga in the blood 
compared with controls and an eleven fold increase in urinary excretion 1 hour 
post injection of the chelating agent. The tumour to blood ratio increased four 
fold. The results are shown in Table 1. 

Scintigraphic images of rats treated as above with carboxy EDDHA, showed a 
decreased body background and clearer delineation of tumour compared with controls. 

It is concluded that the phenolic aminocarboxylate chelating agents are capable 
of chelating gallium in-vivo, promoting its urinary excretion and enhancing tumour 
images by increasing tumour to blood ratios. 

The similarity of gallium and indium chemistries suggests a potential application 
of these chelating agents as gallium-67 or -68, and indium-111 radiopharmaceuticals, 
particularly as the phenolic ring can be readily substituted with lipophilic 
groups. The phenolic aminocarboxylates have already been formulated into 
technetium-99m hepatobiliary radiopharmaceuticals (9). 

Sephton R.G. and Martin J.J. ,  Brit. J. Radiol., 53, 572 (1980). 
Smith F.W. and Dendy P.P., Brit. J. Radiol. 54, 5 8  (1981). 
Sephton R.G. and DeAbrew S., Proc. SOC. Exptc Biol. Med. 161, 402 (1979). 
Oster Z.H., Som P., Sacker D.F., and Atkins H.L., J. Nucl. Med. z, 421 (1980). 
Moerlein S.M., Welch M.J., Raymond K.N., and Weitl F.L., J. Nucl. Med. 22, 
710 (1981). 
Pitt G.G. and Martell A.E., Inorganic Chemistry in Biology and Medicine. 
American Chemical Society, Washington, 1980, p.279. 
Dexter M. and Cranston R.I., U.S. Patent 2,824,128 (1958). 
Geigy J.R. (A-G) , British Patent 843,003 (1960). 
Hunt F.C., Wilson J.G., Maddalena D.J., Bautovich G.J., and Hutcherson R., 
Proc. 1st Asia & Oceania Cong. Nucl. Med. Sydney, Australia, Sept. 1976 p.140. 
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PREPARATION AND EVALUATION OF A NEW 
OF HUMAN PLATELETS I N  PLASMA 

M.1,. Thakur  and  M . J .  B a r r y ,  Depar tment  of  D i a g n o s t i c  R a d i o l o g y ,  Yale U n i v e r s i t y  
School  o f  Medic ine ,  333 Cedar  S t . ,  New Haven, C o n n e c t i c u t  06510.  

I N D I U M - 1 1 1  AGENT FOR EFFICIENT LABELING 

__ - 

S i n c e  t h e  i n t r o d u c t i o n  o f  I l l I n  o x i n e  c e l l  l a b e l i n g  t e c h n i q u e  i n  1 9 7 6 ,  (I), a 
number o f  methods f o r  l a b e l i n g  o f  human p l a t e l e t s  h a v e  b e e n  r e p o r t e d  (2-6) .  The 
most e f f i c i e n t  i n c o r p o r a t i o n  of l l l I n  i n t o  p l a t e l e t s  o c c u r s  when the c e l l s  a r e  
suspended  i n  media ,  o t h e r  t h a n  plasma.  P l a t e l e t s  s u s p e n d e d  i n  s u c h  media ,  
however ,  s u f f e r  f rom r e d u c e d  a g g r e g a b i l i t y  . 
( 7 )  o r  I l l I n - t r o p o l e n e  ( 8 )  h a v e  p r o v i d e d  no  s o l u t i o n  t o  t h e  problem due t o  t h e  
i n a b i l i t y  o f  t h e  a g e n t s  t o  p r e s e r v e  t h e i r  i n t e g r i t y  i n  p r e s e n c e  of  p lasma 
t r a n s f e r r i n .  

We have d e v e l o p e d  a new a g e n t  (lllIn-M) t h a t  l a b e l s  p l a t e l e t s  i n  p l a s m a  e f f i c i e n t l y  
(82 5 4%) w i t h  no  a p p a r e n t  l o s s  of  p l a t e l e t  a g g r e g a b i l i t y  (100% of  c o n t r o l  
p l a t e l e t s ,  F i g .  l a ) .  The a g e n t  which compares  f a v o r a b l y  w i t h  l l l I n - o x i n e  i s  
formed a l m o s t  q u a n t i t a t i v e l y  i n  aqueous  s o l u t i o n s  o f  a wide  r a n g e  o f  pH and i s  
e x t r a c t a b l e  i n  c h l o r o f o r m  ( F i g .  2 ) .  It  c a n  b e  p r e p a r e d  i n  i s o t o n i c  s a l i n e ,  
s t o r e d  a t  22OC f o r  l o n g e r  t h a n  a week ( T a b l e  1) and b e  used  f o r  l a b e l i n g  p l a t e l e t s  
i n  plasma w i t h o u t  any  f u r t h e r  t r e a t m e n t ,  

The i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  i n t o  p l a t e l e t s  i s  r e l a t e d  t o  t h e  p l a t e l e t  
c o n c e n t r a t i o n  ( r i g .  3 ) ,  pH o f  t h e  medium ( T a b l e  2) and t o  t h e  t i m e  and t e m p e r a t u r e  
of i n c u b a t i o n  ( F i g .  l b ) .  P l a t e l e t s  s e p a r a t e d  from 3 3  m l  venous  human b l o o d  and  
suspended  i n  1 . 5  m l  a u t o l o g o u s  plasma a t  pH 6.5 t o  6 . 9 ,  y i e l d e d  82  2 4% 
l a b e l i n g  e f f i c i e n c y  i n  1 0  m i n y t e s  i n c u b a t i o n  a t  37OC. 
i n c r e a s i n g  c o n c e n t r a t i o n  o f  M r e d u c e s  p l a t e l e t  l a b e l i n g  e f f i c i e n c y  b u t  h a s  l i t t l e  
e f f e c t  o n  p l a t e l e t  a g g r e g a b i l i t y  ( F i g .  l a ) .  C a n i n e  p l a t e l e t s  l a b e l e d  w i t h  t h i s  
a g e n t  had  70% r e c o v e r y  a n d  7 . 8  d a y s  s u r v i v a l .  

Ruthenium-103-M and 99mTc-M complexes  had b e e n  a l s o  p r e p a r e d .  
c o n d i t i o n s  t h e s e  a g e n t s  i n c o r p o r a t e d  24% and 5 . 7 %  r a d i o a c t i v i t y  r e s p e c t i v e l y ,  
i n t o  p l a t e l e t s  suspended  i n  p lasma.  

The new l l I I n - a g e n t  is p r o m i s i n g  f o r  an e f f i c i e n t  l a b e l i n g  of human p l a t e l e t s  
i n  p l a s m  and j u s t i f i e s  c o n t i n u a t i o n  o f  f u r t h e r  i n v e s t i g a t i o n s .  

(1) McAfee, J . C .  and Thakur ,  M . L . ,  J .  N u c l .  Med., 17, 480 ( 1 9 7 6 ) .  

(2) Thakur ,  M . L . ,  Welch, M . J . ,  J o i s t ,  J . H .  and Coleman, R . E . ,  Thrombosis  R e s . ,  

A g e n t s  s u c h  as l l l I n - a c e t y l  a c e t o n e  

Analogous  t o  o x i n e ,  a n  

Under i d e n t i c a l  

- 9 ,  345 ( 1 9 7 6 ) .  

(3) S c h e f f e l ,  U., Tsan,  M.F. and M c I n t y r e ,  P.A., J .  Nucl .  Med., 2, 524 ( 1 9 7 9 ) .  

( 4 )  Heaton ,  A . W . ,  D a v i s ,  H . H . ,  Welch, M . J . ,  H a t h i a s ,  C . J . ,  J o i s t ,  H . J . ,  
Sherman, L.A. and S i e g a l ,  B .A . ,  B r .  J .  Hematology,  42, 613 ( 1 9 7 9 ) .  

( 5 )  Hawker, R . J . ,  Hauker ,  L . M .  and W i l k i n s o n ,  A . R . ,  C l i n i c a l  S c i e n c e ,  3, 243 
(1980) .  

(6) Thakur ,  M . L . ,  Walsh,  L . ,  Malech,  H.L. and G o t t s c h a l k ,  A . ,  J. Nucl .  Med., 
-~ 22, 381 ( 1 9 8 1 ) .  

( 7 )  S i n n ,  H .  and S i l v e s t e r ,  D . J . ,  B r .  J .  R a d i o l . ,  52, 758 ( 1 9 7 9 ) .  

( 8 )  Dewanjr r ,  M . K . ,  Rao, S . A .  and D i d i s h e i m ,  P . ,  J. N u c l .  Med,, 2, 9 8 1  (1981) .  

+ 
M = 2-Mercaptopyr id ine  1-oxide .  



J o u r n a l  of Labe l l ed  Compounds and Radiopharmaceut ica ls  - Vol. X l X ,  Nos 11-12 1411 

100 

80 

5 60 
W 
0 

W 
a 40 
a 

20 

0 

Table  1 

S t a b i l i t y  of '''1n-M prepa red  
i n  0.9% N S  

Days a f t e r  
P r e p a r a t i o n  % Ext rac t ed  

0 
1 
2 
3 
6 

13 
1 4  

99 
99 .3  
99.2 
99.4 
99.0 
97.9 
98.4 

M - c o n c e n t r a t i o n  10 Pg/ml 

Tab le  2 

E f f e c t  of pH on p l a t e l e t  
l a b e l i n g  e f f i c i e n c y  

pH % Yie ld  

4.46 28.9 
6.36 8 1 . 2  
6.46 90 .7  
6.97 98.4 

P l a t e l e t s  ( 8  x lo8) were 
suspended i n  0 .9% N a C l  and 
pH was a d j u s t e d  w i t h  c i t r i c  
a c i d  or Na-Ci t ra te  

INFLUENCE OF M, TIME AND TEMPERATURE 
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F i g .  1.a.  F ig .  1.b.  
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PREPARATION OF "I In M 
INFLUENCE OF pH 
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- Temperature - 22OC 
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LABELING HUMAN PLATELETS IN PLASMA 
WITH "'In M IN A BUFFER SOLUTION pH 6.2 

- Influence of platelet concentration 
- M concentration is lOpg / m l  
- Incubation at 22OC for 20 min 
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FATE OF '''in IN I"I~-LABELED PLATELETS LABELED VIA TROPOLONE AND oXINE CARRIER 
IN RABBITS AND DOGS 

S.A. Rao, M.K.  Dewanjee, and P. Didisheim. 
Division of Nuclear Medicine and Hematology, Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota 55905, U.S.A. 

Fate of '"In in lllIn-labeled platelets was studied by a) analyzing the subcellu- 
lar distribution of ll1In in cytoplasmic proteins, organelles and membrane, b) bio- 
distribution of lysate of lllIn-labeled autologous platelets in rabbits at 3 and 24 
hours and c) biodistribution of 111In-labeled autologous platelets at 1 day and 4 
days after intervenous administration. 

Do 
1"In-oxine (50ug oxine) in ACD-saline and ACD-plasma media (1-3). Lipid soluble 
lllIn-tropolone or lllIn-oxine binds with cytoplasmic platelet proteins, membrane 
and organelles; lllIn-bound radioactivity in these fractions was determined by su- 
crose gradient separation (25%, 45%, and 60% sucrose density). 

"lIn-Platelets were lysed by six repeated freezing and thawing (freezing - 26OC, 
thawing: 37OC). The su- 
pernatant was filtered with 0.22i.lmeter millipore filter paper. The amount of orga- 
nelles and membrane bound lllIn accounted for (55i5)% of total IllIn in platelets; 
about (25?5)% of this is bound to membrane. A fraction of filtered platelet lysate 
was chromatographed (Sephadex G-100). Major fraction (85% of ll'In) was bound to a 
platelet protein of molecular weight 50,000+5000 daltons (4-61, (Fig. 1). Fraction 
of "'In-labeled autologous platelet lysate of rabbit without filtration was admin- 
istered t o  rabbits. Results of biodistribution was shown in Table 1. Biodistribu- 
tion of intact platelet labeled with oxine or tropolone carrier in ACD-saline or 
ACD-plasma media at 1 day and 4 days are shown in Table 2. 

As platelets undergo lysis, these lllIn-bound membrane fragments, organelles and 
proteins localize in the reticuloendothelial system; 30-40% in liver, 2% in spleen, 
6-8% in bone marrow. Only  9-11% are in systemic circulation. By administration of 
labeled platelet lysate and separation of cell and plasma bound labeling media car- 
rier lllIn at 3 and 24 hours we found that medium of ACD-saline, ACD-plasma or car- 
rier of oxine or tropolone did not significantly alter biodistribution. This 24 
hour biodistribution of labeled platelet lysate is similar to the 96 hour distribu- 
tion of intact labeled platelets in rabbits. These studies clearly demonstrate that 
l"In radioactivity in spleen is mainly due to platelet pooling, that in marrow is 
due to accumulation of labeled platelet fragments and platelet proteins and that in 
liver is due to a combination of pooling and sequestration. 

(1) Thakur M.L., Welch M.H., Joist J.H., et al., Thromb. Res. 2, 345-357 (1976). 
(2) Heaton W.A., Davis H.H., Welch M.J., et al., Indium-111: a new radionuclide 

(3) Dewanjee X.K., Rao S.A., Didisheim P., Indium-Ill Tropolone, a new high- 

and rabbit platelets were labeled with lllIn-tropolone (20ug tropolone) and 

A fraction was centrifuged at 28000 g for 1 hour at 8OC. 

label for studying human platelet kinetics. 

affinity platelet label: preparation and evaluation of labeling parameters. 
J. Nucl. Ned. 22, 981-987 (1981). 

(4) Hudson E.M., Ramsey R.B., Evatt B.L., Subcellular localization of indium-111 
labeled platelets. J. Lab. Clin. Med., 97, 577-582 (1981). 

(5) Mathias C.J., Welch M.J., Labeling mechanism and localization of '"In in human 
platelets. J. Nucl. Med., 20, 659 (1979) abst. 

( 6 )  Joist J.H. and Baker R.K., Loss  of lllIndium as indicator of platelet injury. 

Br. J. Hematol. 9, 613-622 (1979) 

Blood, z8, 350-353 (1981). 
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FURTHER STUDIES ON TRANSLOCATION OF Ga-67 FROM TRANSFERRIN TO FERRlTlN 

R.E. Weiner, B.-S. Hung, G.J. Schreiber,and P.B. Hoffer. 
Departments of Diagnostic Radiology and Pharmacy Practice, University of Kansas Medical 
Center, Kansas City, KS 66103, U.S.A. 

Ga-67 is known to localize in tumors and abscesses although the mechanism is obscure. 
There is  evidence that the iron transport protein, transferrin (TF), may participate i n  the 
delivery of this radionuclide (1-4). Ferritin (FE), the iron storage protein which is largely 
present intracellularly, may act as a sequestering agent for Ga-67. We have shown, using 
the equilibrium dialysis technique (5), that certain low molecular compounds enhance the 
translocation of Go-67 originally TF bound to FE. Since the dialysis membrane may slow 
translocation (6,7), we have investigated this transfer i n  the abscence of a membrane and 
also examined the mechanism of this transfer. 

For the transfer experiments, Go-67 citrate was complexed with TF and dialyzed overnight 
at 4 OC to rid non-bound activity. Aliquots of a mediatin ion and a FE solution were added 
to a 3opM TF solution and the mixture incubated at 37 C. At desired times, 250111 of this 
sarnple was chromatographed on a column containing AG 1x4 resin to separate TF bound Ga- 
67 from FE-Ga-67 and non-protein bound activity (7). To obtain the amount of non-protein 
bound Ga-67, an additional 2 5 0 ~ 1  was placed on a column containing Sephadex G-50. 
Control experiments showed that less than 0.1% of the added activity chromatographed with 
albumin or immmoglobulin G on this column. The transfer rate (TR) of Ga-67 from TF to 
FE was determined from the initial slope of the % bound vs. time plot. To investigate the 
role of mediating ions on Ga-67 binding to FE, an aliquot of a mediating ion and Ga-67 
citrate solution were added to a 3pM FE solution and the mixture incubated at 37 OC. At 
desired times, 250 p Is of this sample was chromatographed on a G-50 containing column and 
the percentage bound determined. Paper chromatography was performed according to 
Hnatowich (8) using ITLC-SG and solvent systems A and B. 

Figure I shows that in the abscence of m y  mediator there was a significant transfer of Ga- 
67 from TF to FE. At 50 hrs, FE had bound about 45% of the activity while the TF bound 
activity had decreased from 86% to 43%. In contrast, the addition of adenosine triphosphate 
(ATP) at ImM, to the incubation media had greatly enhanced the TR. 42% of the Go-67 was 
bound to FE in less t hm half the time (20 hr). The TR for ATP was -2.6 %/hr compared to 
-0.83 without any mediator. The other compounds examined, 30 V M  citrate, ImM lactate, 
ImM AMP and O.lmM pyrophosphate (PPi), had a TR similar (rmge -0.52 to -0.85) to the TR 
in abscence of any mediator. 

To investigate the mechanism of transfer, the ability of ATP to enhance FE*Ga-67 
formation was examined. This command did not appear to augment the binding of Ga-67 to 
FE (Fig. 2). Initially, the reaction with and without ATP was examined at 37 C. Since the 
reaction was rapid compared to the time required for chromatography, the temperature was 
lowered to slow the reaction and enhance any possible differences. At both temperatures 
there appears to be no stimilatory effect due to the presence of ATP. 

To help explain the influence of  these phosphate containing compounds, we examined the 
relative affinity of PP. compared to EDTA. We have shown earlier (Weiner et al., 
unpublished data) that 'PP. was more effective than ATP in removing Go-67 from TF. 
However, even at a 1O:l PP. (Rf=O) to EDTA ratio, > 98% of the activity migrated with the 
EDTA (Rf=l.O) suggesting ot'least compared to EDTA, PPi had a lower affinity for Go-67. 

In conclusion, it i s  likely that ATP enhances translocation of Ga-67 from TF to FE by i t s  
ability to destablize the TF-Ga-67 complex. This increased rate is probably not due to a 
high affinity ATP-Go-67 complex removing Go-67 from TF or ATP facilitating the binding 
to FE. Postulates that may explain this phenomena ( 9 )  are I .  ATP may bind to the TF and 
causing a conformational change which has a lower affinity for gallium, 2. interacticn of 
ATP with the HC03- ligand at the metal binding site that disrupts the site, and 3. ligand- 
exchange initiated at the coordinated water site. 

The presence of a membrane did appear to slow the translocation of the radionuclide 
between proteins. In previous dialysis experiments (Weiner et al., unpublished data) the 
transfer i n  the presence af ATP required about 60 hrs while only 20 hrs were required when 

8 
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the two proteim were in contact. Whether these two proteins came in  contact or interacted 
through the membrane of the cell or vesicle is unknown at present. However, in either case, 
our results show that the cytoplasmic constitutents would facilitate the movement of Go-67 
into the cell. 

This research was supported in part by DOE contract DE-AC02-78EV04625. 
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Figure I .  Influence of ATP an Ga-67 transfer from TF to FE as a functim of dime. Thirty 
pM TF-Go-67 complex was prepared and then incubated with 3uM FE at 37 C with (*,a) 
and without !Q,Q) ImM ATP. At times indicated two 250pl aliquots of sample were 
chromatographed on an AG 1x4 and Sephadex G-50 columns as described, and the percentage 
of activity bound to TF (.,0) and FE (I,a) was determined. 

100 
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Figure 2. Efect of ATP and temperature on Ga-67 binding to FE with time. A 3uM FE 
solution was incubated with 10 VCi Ga-67 citrate in the presence (*,b) and absence (60 of 

I mM ATP at 5 OC (0,O) and 37 OC (@a. At indicated times, 250 p I  of sample was 
chromatographed on a G-50 column as described and the percent of activity bound to FE 
determined. 
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COMPARISON OF Ge-68/Ga-68 GENERATOR SYSTEMS FOR RADIOPHARMACEUTICAL PRODUCTION 

K.D. PlcElvany, K.T. Hopkins, T.J. Hanrahan, H.A. Moore, Jr., and M.J. Welch. 
The Edward E l a l l i n c k r o d t  I n s t i t u t e  o f  Radio logy,  Washington U n i v e r s i t y  School o f  
Medicine, S t .  Lou is ,  M issour i  63110. 

Several  germanium-68/gall ium-68 generator  systems have been proposed over  t h e  past  
seve ra l  yea rs  i n  an e f f o r t  t o  p r o v i d e  a source o f  t h e  p o s i t r o n - e m i t t e r  ga l l ium-68 
t h a t  can r e a d i l y  be conver ted i n t o  rad iopharmaceut ica ls  f o r  use w i t h  p o s i t r o n  
emiss ion tomography. The f i r s t  Ge-68/Ga-68 genera to r  t o  be desc r ibed  cons is ted  o f  
Ge-68 adsorbed on to  an alumina column; t h e  daughter r a d i o n u c l i d e  was e l u  ed w i t h  
0.005 M EDTA (1). I n  o r d e r  t o  produce rad iopharmaceut ica ls  o t h e r  than  6kGa-EDTA, 
i t  i s  f i r s t  necessary t o  break t h e  s t a b l e  EDTA complex and remove a l l  t r a c e s  o f  
EDTA; t h i s  procedure adds seve ra l  s teps  and a s i g n i f i c a n t  amount of t i m e  t o  
procedures f o r  p repar ing  68Ga-radiopharmaceutical s .  
r e c e n t l y  desc r ibed  an i o n i c  Ge-68/Ga-68 genera to r  system u t i l i z i n g  a t i n  d i o x i d e  
column e l u t e d  w i t h  1 E l  HC1. 
alumina column t h a t  i s  e l u t e d  w i th  0.1 M NaOH t o  y i e l d  Ga-68 as t h e  g a l l a t e  i o n  - 
has a l s o  been desc r ibed  (3) .  

Long te rm t e s t i n g  o f  20-30 m C i  generators  o f  each o f  t hese  t h r e e  types has been 
c a r r i e d  o u t  t o  eva lua te  Ga-68 l u t i o n  y i e l d s ,  Ge-68 breakthrough l e v e l s ,  chemical 
contaminants,  and t h e  ease o f  g8Ga-radiopharmaceutical prepara t i on .  The e l u t i o n  
c h a r a c t e r i s t i c s  o f  t hese  t h r e e  genera to rs  a r e  summarized i n  Table 1. 

Comar and co-workers (2)  more 

Another i o n i c  Ge-68/Ga-68 generator  system - an 

Table 1. E l u t i o n  C h a r a c t e r i s t i c s  o f  20-30 m C i  Germanium-68/Gallium-68 Generators 

A1 umi na/ Alumina/ T i n  D iox ide /  
0.005 M EDTA 0.1 M NaOH 1 M HC1 

68Ga E l u t i o n  E f f i c i e n c y  70-80%* 50-60% 70-80% 
68Ge Breakthrough <0.01% <O .003% <O .003% 
Chemical Contaminants <5 ppm ~ 1 3 +  20-50 ppm A13+ <2 ppm Sn*+ 

*decreases d r a m a t i c a l l y  over  a p e r i o d  o f  6-12 months 

O f  t h e  t h r e e  Ge-68/Ga-68 generators ,  t h e  alumina/0.005 M EDTA system has t h e  l e a s t  
f a v o r a b l e  p r o p e r t i e s .  The gal l ium-68 e l u t i o n  y i e l d  d r o  o f f  cons ide rab ly  w i t h  
t ime; i n  a d d i t i o n ,  t h e  e x t r a  s teps r e q u i r e d  t o  prepare p8Ga-radiopharmaceuticals 
o t h e r  t h a n  EDTA a r e  a ma jo r  disadvantage. 
l ow  l e v e l s  o f  Ge-68 leakage coupled w i t h  reasonably  good Ga-68 e l u t i o n  y i e l d s ;  t h e  
t i n  d i o x i d e / l  M HC1 system produces somewhat h i g h e r  y i e l d s  o f  ga l l ium-68 w i t h  
lower  l e v e l s  o f  chemical contaminants.  

Both o f  t h e  i o n i c  generators  have very 

I n  an e f f o r t  t o  determine which generator  would p rov ide  Ga-68 bes t  s u i t e d  f o r  
l a b e l i n g  p r o t e i n s  and a n t i b o d i e s  v i a  b i f u n c t i o n a l  c h e l a t i n g  groups, a s tudy  was 
c a r r i e d  o u t  t o  determine t h e  amount o f  a c h e l a t i n g  group r e q u i r e d  t o  e f f i c i e n t l y  
b i n d  t h e  rad ionuc l i de .  The i o n i c  genera to r  e l u a n t s  were used b o t h  d i r e c t l y  and 
f o l l o w i n g  e x t r a c t i o n  i n t o  d i e t h y l  e t h e r  f rom 6 M HC1 t o  l a b e l  d i f f e r e n t  amounts o f  
EDTA; t h e  e l u a n t  f rom t h e  alumina/0.005 M EDTA genera to r  was f i r s t  e x t r a c t e d  i n t o  
e t h e r  from 6 M HC1 and washed t o  remove a l l  t r a c e s  o f  EDTA. Table 2 summarizes 
t h e  d a t a  f rom these  exper iments.  

The gal l ium-68 ob ta ined  f rom a l l  t h r e e  generator  systems has been used t o  l a b e l  a 
r i e t y  o f  compounds w i t h  p o t e n t i a l  uses i n  n u c l e a r  medicine; t hese  i n c l u d e  

x8Ga-EDTA, 68Ga-EDTMP, 68Ga- t rans fe r r i  n , 68Ga-human serum a1 bumi n m i  crospheres , 
68Ga-red b l  ood c e l l  s , and 68Ga-pl a te1 e t s  . 
t r a c e  amounts o f  c h e l a t i n g  groups, such as a n t i b o d i e s  o r  p r o t e i n s  l i n k e d  t o  
b i f u n c t i o n a l  chelates,  s t u d i e s  such as those  desc r ibed  above a r e  r e q u i r e d  t o  
eva lua te  generator  e luants .  

However , f o r  appl  i c a t  i ons i nvol  v i  ng 
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Table 2. E f fec t  o f  Che la te  Concen t ra t i on  on t h e  P r e p a r a t i o n  o f  68Ga-EDTA 

Percent  B ind ing*  ( p e r  t o t a l  genera to r  e l u t i o n )  
Pmount o f  Alumina/0.005 HEDTA Alumina/O.l F1 NaOH T i n  D i o x i d e / l  M HC1 
EDTA ( m g l  EX+ EX NEX NEX 

10 100 100 100 100 100 
5 100 100 100 100 100 
2 100 100 92 100 95 
1 100 100 6 1  100 88 
0.5 86 9 1  64 100 75 
0.25 60 75 78 45 - 

*determined b y  t h i n  l a y e r  chromatography (ITLC-SG w i t h  

+EX=extracted i n t o  d i e t h y l  e t h e r  f r o m  6 M HC1; PIEX=not e x t r a c t e d  

These p r e l i m i n a r y  r e s u l t s  suggest t h e  s u p e r i o r i t y  o f  t h e  i o n i c  genera to r  systems 
w i t h  respec t  t o  sus ta ined  Ga-68 e l u t i o n  y i e l d s  and 68Ge b reak th rough  l e v e l s  over  
l o n g  p e r i o d s  o f  t i m e .  
p u r i f y  t h e  ga l l i um-68  b y  e x t r a c t i o n  when t r a c e  amounts of c h e l a t e s  a r e  t o  be 
1 abel  ed . 
(1) Greene M.W. and Tucker W.D., I n t .  J .  Appl.  Rad ia t .  I so top . ,  1_2, 62 (1961). 
(2) Lewis R.E. and Carnin L.L., J. Lab. Cornp. Radiopharm., 18, 164 (1981). 
( 3 )  L o c ' h  C., Maz ie re  B . ,  and Comar D., J .  Nuc l .  Med., 21, 171 (1980).  

pyridine:ethanol:water::1:2:4) 

It appears, however, t h a t  i t  may b e  necessary  t o  f i r s t  
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FACTORS AFFECTING THE CEREBRAL UPTAKE OF GALLIUM COMPLEXES 

S . M .  Moer l e in ,  D . D .  D i sch ino ,  K . N .  Raymond, F.L. W e i t l ,  and 
M. J. Welch. 
~ - -  
The Edward M a l l i n c k r o d t  I n s t i t u t e  o f  Radiology,  Washington Univer- 
s i t y  School  of  Medicine,  S t .  L o u i s ,  Mo. 63110. 

There i s  c u r r e n t l y  g r e a t  i n t e r e s t  i n  t h e  u s e  o f  p o s i t r o n  e m i s s i o n  
tomography f o r  t h e  q u a n t i t a t i o n  o f  r e g i o n a l  c e r e b r a l  hemodynamics. 
The development of a f r e e l y - d i f f u s i b l e  Ga-68 complex f o r  t h i s  
pu rpose  i s  d e s i r a b l e  due t o  t h e  a v a i l a b i l i t y  of  t h i s  p o s i t r o n -  
e m i t t i n g  i s o t o p e  from s e v e r a l  g e n e r a t o r  s y s t e m s ( 1 - 4 ) .  L i n e a r  
t r i c a t e c h o l a m i d e  (LICAM) l i g a n d s  have been shown t o  c o o r d i n a t e  
G a ( I I 1 )  w i t h  l a r g e  f o r m a t i o n  c o n s t a n t s ( 5 , 6 )  , so  t h e i r  a p p l i c a -  
b i l i t y  a s  Ga-68 b i n d i n g  c e r e b r a l  p e r f u s i o n  a g e n t s  w a s  i n v e s t i g a t e d .  

Only compounds which a r e  l i p o p h i l i c  a r e  a b l e  t o  p e n e t r a t e  t h e  
b lood-b ra in  b a r r i e r ( 7 ) .  The o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t  
( l o g  P )  of Ga-LICAM complexes can  be i n c r e a s e d  by l e n g t h e n i n g  t h e  
t e r m i n a l  N-alkyl s u b s t i t u e n t  R on t h e  l i g a n d ' s  spe rmid ine  backbone. 
LICAM a n a l o g s  w i t h  v a r i o u s  s u b s t i t u e n t s  ( R  = H ,  ( C H 3 ) 2 C H ,  C H 5 C H 2 ,  
C 6 H 1 , ,  CH (CH ) , and C H 3 ( C H  ) 9  ) were s y n t h e s i z e d  a s  p r e v i g u s l y  
r e p o r t e d  T8) . 2  ?he measured ?Log P of  Ga-67 LICAM complexes r anged  
from 0 t o  G. 1 7 0  and w e r e  found t o  be i n  agreement  w i t h  e s t i m a t e s  
made u s i n g  t h e  fragment  c o n s t a n t  approach ( 9  , 1 0 ) .  

I n c u b a t i o n  o f  t h e  Ga-67  LICAM complexes i n  human plasma o r  5% human 
serum albumin fo l lowed  by a n a l y s i s  u s i n g  g e l  pe rmea t ion  chromato- 
g raphy  i n d i c a t e d  t h a t  t h e  gallium-LICAM complexes b i n d  t o  h i g h  
molecu la r  we igh t  plasma p r o t e i n s  independen t  o f  t h e  complex l o g  P. 
The Ga-67  LICAM complexes w e r e  i n e r t  t o  exchange w i t h  t h e  i r o n  
t r a n s p o r t  p r o t e i n  t r a n s f e r r i n  as shown by t h e  absence of Ga-67 
t r a n s f e r r i n  when plasma samples  w e r e  a n a l y z e d  u s i n g  anti-human 
t r a n s f e r r i n  a f f i n i t y  chromatography. 

The c e r e b r a l  e x t r a c t i o n  f r a c t i o n  i n  Rhesus monkey b r a i n  w a s  d e t e r - .  
mined by t h e  i n t e r n a l  c a r o t i d  i n j e c t i o n  of 0 . 2  m l  of  e thano l /no rma l  
s a l i n e  s o l u t i o n  c o n t a i n i n g  Ga-68 LICAM complex ( 1  1 ) . Blood compo- 
n e n t s  were exc luded  i n  t h e  i n j e c t a t e  t o  a v o i d  a d v e r s e  e f f e c t s  
caused  by plasma p r o t e i n  b i n d i n g  of  t h e  l i p o i d a l  Ga-68 LICAM com- 
p l e x e s .  When t h e  c e r e b r a l  e x t r a c t i o n  f r a c t i o n s  of t h e  Ga-68 LICAM 
c h e l a t e s  w e r e  compared t o  t h o s e  of l i p o p h i l i c  C - 1 1  benzy l  a l k y l  
e t h e r s ,  i t  w a s  conc luded  t h a t  t h e  mola r  w e i g h t / s i z e  a s  w e l l  as t h e  
log P of  t h e  complex are i m p o r t a n t  d e t e r m i n a n t s  o f  b lood-b ra in  
b a r r i e r  p e n e t r a t i o n .  F u r t h e r  d e t a i l s  w i l l  be p r e s e n t e d ,  i n c l u d i n g  
t h e  e x t r a p o l a t e d  c h a r a c t e r i s t i c s  o f  t h e  i d e a l  Ga-68 complex f o r  
cerebral  p e r f u s i o n  s t u d i e s .  

Loc 'h  C . ,  Maziere  B . ,  Comar D . ,  J. Nucl.  Med. 2, 171  (1980 
N e i r i n c k x  R . D . ,  Davis  M . A . ,  J .  Nucl .  Med. 20, 1075 ( 1 9 7 9 ) ;  
- 2 1 ,  81 ( 1 9 8 0 ) .  
E h r h a r d t  G . J . ,  Welch M . J . ,  J .  Nucl.  Med. 2, 925 ( 1 9 7 8 ) .  
Greene M . W . ,  Tucker W . D .  , I n t .  J.  Appl. R a d i a t .  I s o t o p e s  12. 
62 (1965) .  
Moer l e in  S.M. , Welch M. J .  , Raymond K . N .  , W e i t 1  F.L. , J. Nuc 
Med. 2 2 ,  710 ( 1 9 8 1 ) .  
P e c o r z o  V . L . ,  Wong G . B . ,  Raymond K . N . ,  Polyhedron ( i n  p r e s s ) .  
Oldendorf W . H . ,  P roc .  SOC. Exp. B i o l .  Med. 147, 813 ( 1 9 7 4 ) .  
W e i t l  F .L. ,  Raymond K . N . ,  J. Org. Chem. 46, 5234 ( 1 9 8 1 ) .  
Nys G . G . ,  Rekker R . F . ,  Chim. Therap. 9 ,  361 ( 1 9 7 4 ) .  
Leo A . ,  Jow P.Y.C.,  S i l i p o  C . ,  H a n s c h C . ,  J. Med. Chem. 18, 
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(11) Eich l ing  J.O. Raichle  M.E., Grubb R.L., Larson K . B . ,  
Ter-Pogossian M . M . ,  C i r c .  R e s .  37, 707 (1975). 

P a r t i t i o n  C o e f f i c i e n t s  of Gallium-LICAM Complexes 

R Calcula teda  

H 3.6 X 

( C H 3 )  2CH 

‘ 6  gCH 2 

‘gH1 1 

1.6 X 
3.7 x I O - ~  
1.8 X 

b Measured 

0.00 2 0.01 
0.00 2 0.01 
0.00 2 0.01 
0.03 5 0.02 
3.2 - + 0.8 
163 5 30 

( a )  Based on t h e  measured log P f o r  R = CH (CH ) us ing  the  methods 

(b) 1-Octanol / 0.01 _M C i t r a t e  Buffer ,  p H  7 . 0  . 
3 2 9  of r e fe rences  9 and 10, 
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EXTRACTION CHROMATOGRAPHY IN ISOTOPE PRODUCTION: APPLICATION IN THE 
PRODUCTION OF 67Ga AND zolTl* 

+ R. Weinreich , Deborah F . S .  Chamma, A. de Costa e Silva, Lizete 
Fernandes++, and Ana M . S .  Braghirolli. 
Instituto de Engenharia Nuclear, Caixa Postal 2186, Rio de Janeiro, 
Brazil. 

Extraction chromatography is a rapid and selective separation method 
(1 )  in which the complexing agent is first deposited on a carrier 
material such as fine-grained powder and an aqueous solution is then 
percolated rapidly through this material. This method combines the 
main advantage of solvent extraction (its high selectivity) with 
those of column techniques (their easy use and technical simplicity). 
It is mostly used for ultra-rapid and selective separation and 
identification of radioisotopes (2). Despite its evident advantages, 
to our knowledge this method has not been applied to isotope produc- 
tion procedures. 

For practical use, columns of optimized length and diameter were con- 
structed allowing selective separation with a minimum volume of liquid 
As carrier material, Voltalef 300 LD powder (Polymonochlorotrifluoro- 
ethene) was used which is chemically inert and has good adhesivity 
for a complexing agent such as TBP. The extraction behaviour of many 
ions in TBP is already well-known from reprocessing of nuclear fuel 
elements: other ions have been investigated in tracer experiments. 

For the production of 18-h 67Ga citrate, a target of natural zinc 
electroplated onto a nickel covered copper backing was irradiated 
by 24 MeV protons at the external beam of the compact cyclotron CV 28 
of IEN Rio de Janeiro. The separation of the no-carrier-added 67Ga was 
carried out by extraction chromatography from 6 N HC1 into TBP. The 
general extraction behaviour of Ga3+ and Zn2+ as studied in tracer 
experiments is shown in Fig. 1. Ga3+ is extracted practically 100 %, 
as indicated in the literature (3). Zn2+, however, is separated 
selectively from acid concentrations higher than 4 M. In remote hot- 
cell handling, a 6.5 cm long column of 8 mm diameter is used and the 
separation is carried out from 6 M HC1. Cu2+, Ni" and Co2+ do not 
interfere, since they are not extracted with TBP. 

The behaviour of iron was of particular interest because it seems to 
block the accumulation of 67Ga citrate in tumor cells. It could be 
shown that Fez+ is not extracted, but Fe3+ accompanies gallium. Con- 
sequently, the apparatus in contact with the solution was generally 
made from teflon to present oxidation. Dissolution of target material 
occurs in a reducing medium in which no Fe3+ is present. On the 
column itself, less than 5 % of Fe" is oxidized to Fe3+. Thus, the 
quality control showed iron concentrations far below the tolerable 
limit of 10 ug per 3 mCi b7Ga citrate ( 4 ) .  

The gallium activity was eluted in 6 ml of water. The solution was 
evaporated to dryness, dissolved in a citrate solution, and sucked 
throuqh a Millipore filter. Besides the regular quality control, 
particular attention was 
position products in the 
from the column contains 
solution. 

Even though the CV 28 is 
duction, it was used for 
proton energy of 24 MeV, 

paid to the presence of-TBP o r  their decom- 
solution. Although the raw solution eluted 
TBP, nothing was found in the final citrate 

not particularly well-suited for 201Tl-pro- 
this purpose. Because of the maximum 
only poor yields can be obtained when 
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applying the commonly-used production method via the lead precursor. 
Therefore, the production from mercury was studied, about which not 
much is known. 

Again, the chemical separation process chosen was extraction chroma- 
tography. The general extraction behaviour of T1+, Ti3+ and Hg2+ into 
TBP-benzene ( 1 : l )  as studied in tracer experiments is shown in Fig. 2 .  
T i 3 +  is extracted from HC1 into TBP solution over the entire acidity 
range (3). In general, the same effect was observed with H N 0 3  
solutions. T1+,  however, is practically non-extractable from both 
HN03 and HC1 solutions at acid concentrations less than 4 M. The 
partition coefficient of Hg2+ from HC1 solutions lies between that of 
Ti3+ and T1'. In HN03 solution, however, the partition coefficient 
of Hg2+ shows a distinct minimum at the molarity of 7 M acid. Thus, 
the separation of 201T1 from mercury can be carri-ed out by extraction 
chromatography in two ways: 
(i) Separation of T1+ from mercury in 7 M HNO,, elution with water, 
(ii) Separation of T i 3 +  from mercury in 2 M HC1, reduction to T1' on 

the column, elution with water. 
With an efficient high-current mercury target, the extraction chroma- 
tography method will be used for the production of 'OIT1 at IEN Rio 
de Janeiro. 

* Work performed by support of the Brazilian National Atomic Energy 
Commission (CNEN) and the International Atomic Energy Agency (IAEA), 
Vienna. 

+ On leave of absence from KFA Julich G m b H ,  FRG. 
++On leave of absence from IPEN Sao Paulo, Brazil. 

( 1 )  Siekierski S .  and Fidelis I., J. Chromatogr., 4, 6 0  ( 1 9 6 0 ) .  
( 2 )  Trautmann N . ,  Kaffrell N., Behlich H.W., Folger H., Herrmann 

( 3 )  De A.K. and Sen A.K., Talanta, 1.1, 6 2 9  ( 1 9 6 7 ) .  
(4) Silvester D.J. and Thakur M.L., Int. J. appl. Radiat. Isotopes, 

G., Hubscher D. and Ahrens H., Radiochim. Acta, 18, 86 ( 1 9 7 2 ) .  

- 2 1 ,  6 3 0  ( 1 9 7 0 )  - 
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RECENT DEVELOPMENTS IN THE PRODUCTION OF SOME SHORT-LIVED NEUTRON 
DEFICIENT RADIOISOTOPES OF HEAVY HALOGENS 

S.M. Qaim. 
Institut fur Chemie 1 (Nuklearchemie) , Kernforschungsanlage Julich 
GmbH, D-5170 Julich, FRG. 

The heavy halogens (especially Br and I) form strong covalent bonds 
with C. Some of the short-lived neutron deficient radioisotopes of 
those elements are therefore very useful for labelling biomolecules 
which are eventually applied for regional functional studies using 
either single photon tomography (e.g. 1231) or positron emission 
computed tomography (e.g. 75Br). In developing radiopharmaceuticals 
for regional functional imaging radiohalogens lend themselves to the 
analogue approach ( 1  ) . 
In this paper some of the new developments in the production of 
7''~77Br and l??I will be reviewed. Besides discussing the status of 
nuclear data of commonly used nuclear reactions (cf. 2 ) ,  a summary of 
the most recent measurements on some further important or potentially 
important nuclear processes will be given. Particular emphasis will 
be given to the positron emitter 75Br (3-7). For the production of 
lZ3I the use of the (p,n) and (d,n) reactions on highly enriched 
123Te and lZ2Te, respectively, will be discussed. 

Some of the recent advances in the construction of high current 
targets as well as in the automation of the production processes, 
absolutely necessary for the large scale production of those radio- 
isotopes, will be outlined. Large scale production methods are now 
available for the promising positron emitter j5Br (7). The radio- 
chemical aspects of separation and quality control will be discussed 
briefly . 

Stocklir. G. and Kloster G., "Metabolic Analogue Tracers in 
Computed Emission Tomography" (Ell and Holman eds.) , Oxford 
University Press 1982. 
Qaim S.M., "Nuclear data relevant to cyclotron-produced short- 
lived medical radioisotopes", Radiochimica Acta, in press. 
Weinreich R., Alfassi Z.B., Blessing G. and Stocklin G., 
Proc. 17th Int. Annual Meeting of SOC. Nucl. Medicine, Innsbruck 
1979 ,  p. 209 .  
Paans A.M.J., Welleweerd J., Vaalburg W., Reiffers S. and 
Woldring M.G., Int. J. appl. Radiat. Isotopes, 31, 267 ( 1 9 8 0 ) .  
Qaim S.M. and Weinreich R., Int. J. appl. Radiat. Isotopes, 32, 
8 2 3  ( 1 9 8 1 ) .  
Alfassi Z.B. and Weinrej-ch R., Radiochimica Acta, 30, 6 7  ( 1 9 8 2 ) .  
Blessing G., Weinreich R., Qaim S.M. and Stocklin G., Int. J. 
appl. Radiat. Isotopes, 33, 3 3 3  ( 1 9 8 2 ) .  
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PREPARATION OF 7 5 B r  BY THE 78Kr(p,n) 7 5 B r  REACTION" 

A.M. Friedman, 0. J. n d e s u s ,  P .  Harper,and C .  Armstrong. 
Chemistry Div i s ion ,  Argonne Na t iona l  Laboratory,  9700 South Cass Avenue, j rgonne,  
I l l i n o i s  60439 USA. 

7 5 B r  i s  a p o t e n t i a l l y  u s e f u l  i s o t o p e  f o r  p o s i t r o n  emission tomography but  i t s  prep- 
a r a t i o n  i n  high p u r i t y  has  r equ i r ed  t h e  use of a r e l a t i v e l y  l a r g e  cyc lo t ron .  
have found t h a t  q u a n t i t i e s  of t h e  o r d e r  of 30-40 m i l l c u r i e s  can be prepared by t h e  
78Kr(p,a) r e a c t i o n  a t  e n e r g i e s  between 1 2  and 15  MeV and t h e  product con ta ins  l e s s  
t han  0.1% of 7 6 B r  contaminat ion.  

We 

Bromine i s o t o p e s  have been used wi th  i n c r e a s i n g  frequency i n  halogenated radiophar-  
macue t i ca l s  during t h e  p a s t  few y e a r s  (1-3). This has  been due t o  t h e  g r e a t e r  
s t a b i l i t y  of t h e  C-Br bond, t h e  lower s t e r i c  hindrance of B r  atoms when compared t o  
I atoms, and t h e  absence of t hy ro id  l o c a l i z a t i o n  of t h e  f r e e  ion .  The most s u i t -  
a b l e  i s o t o p e  f o r  p o s i t r o n  emission tomography (PET) i s  7 5 B r  (90% p o s i t r o n  decay and 
h a l f  l i f e  of 100 minutes) .  Unfo r tuna te ly ,  t h e  usua l  method of p r e p a r a t i o n ,  by t h e  
75As(3He, 3:1) r e a c t i o n  r e q u i r e s  30-50 MeV 3He ions  t o  p repa re  7 5 B r  with low l e v e l s  
of 7 6 B r  contaminat ion;  an  energy beyond t h e  range of most medical cyc lo t rons .  

I n  o r d e r  t o  e l i m i n a t e  t h i s  problem a t h e o r e t i c a l  i n v e s t i g a t i o n  of o t h e r  p r e p a r a t i v e  
methods was undertaken. 
s imple s t a t i s t i c a l  model f o r  compound nuc lea r  formation and using p a r t i c l e  emission 
widths  and binding ene rg ie s  common t o  n u c l e i  i n  t h i s  r eg ion  ( 4 ) ,  i n d i c a t e d  a c r o s s  
s e c t i o n  of 10-50 m i l l i b a r n s  a t  proton ene rg ie s  of  12-15 MeV. S ince ,  a t  t h e s e  
e n e r g i e s ,  l i t t l e  7 6 B r  would be produced an at tempt  was made t o  t e s t  t h e  t h e o r e t i -  
c a l  p r e d i c t i o n  as t h i s  would be a promising product ion method. 

A n  aluminur gas  t a r g e t  ho lde r  was used which was 6 cm i n t e r n a l  diameter  a t  t h e  r e a r  
and which t ape red  t o  2 cm i n t e r n a l  diameter  a t  t h e  f r o n t  and was 31 cm i n  l eng th .  
This  was f i l l e d  t o  a p r e s s u r e  of 1 / 2  atmosphere with a mixture  of 20% 7 8 K r  and 80% 
8 0 K r ,  o r  99% 7 8 K r ;  t h e  beam of t h e  FMI 13-15 cyc lo t ron  en te red  t h e  t a r g e t  a f t e r  
having i t s  energy modified by pass ing  through a s e t  of aluminum f o i l s  t o  an enerb, 
between 1 2  MeV t o  1 5  PeV. A f t e r  each i r r a d i a t i o n ,  t h e  K r  t a r g e t  was cryopumped from 
t h e  t a r g e t  volume. Pbout SO m l  of water  w a s  condensed i n  t h e  t a r g e t  and t h i s  was 
pumped through a Dowex 50 c a t i o n  column t o  remove Rb i s o t o p e s  and t h r u  a Dowex A-1 
(10%) anion exchange column o r  alumina column ( a c i d  washed) t o  absorb t h e  bromide 
ions .  The y i e l d  was ob ta ined  by assaying an  a l i q u o t  of t h e  anion column e l u e n t  o r  
t h e  anion f eed  s o l u t i o n  by p l ac ing  i t  i n  a c a l i b r a t e d  s c i n t i l l a t i o n  spectrometer  
and count ing t h e  511 keV r a d i a t i o n ;  t h e  y-ray s p e c t r a  of t h e  B r  i s o t o p e s  were mea- 
su red  i n  a 5" N a I  s c i n t i l l a t i o n  d e t e c t o r  and p u l s e  h e i g h t  ana lyze r .  

The decay cu rves  of t h e  a n n i h i l a t i o n  peaks were used t o  determine t h e  y i e l d s  of 
bo th  7 4 B r  isomers,  7 5 B r ,  and 7 6 B r .  No 7 4 B r  was observed ( s t a r t i n g  20 minutes 
a f t e r  bombardment); t h e  t o t a l  amount of 7 6 B r  o r  7 7 B r  observed w a s  less than 0.1%. 

I n  Table  2 w e  l i s t  t h e  y i e l d s  of 7 5 B r  which would be formed a t  t h e s e  e n e r g i e s  
under s t anda rd  c o n d i t i o n s  (100% 7 8 K r  t a r g e t ,  2 atmospheres of p r e s s u r e ,  and 30 
uamps of beam c u r r e n t ) .  W e  have a l s o  l i s t e d  i n  Table I1 t h e  c r o s s  s e c t i o n s  ob- 
served f o r  t h e  (p , a )  r e a c t i o n  a t  t h e  va r ious  beam ene rg ie s .  

Seve ra l  conclusions can be drawn by examination of Table 2 .  

F i r s t ,  t h e  y i e l d  of 7 5 B r  i s  s u f f i c i e n t  f o r  product ion of most radiopharmaceut icals .  

Second, t h e  amount of 7 6 B r  produced w i l l  b e  ve ry  small .  Therefore ,  7 5 B r  produced 
i n  t h i s  f a sh ion  w i l l  be p o t e n t i a l l y  va luab le  f o r  p r e p a r a t i o n  of a number of r ad io -  
phamaceuticals f o r  human use.  

A c a l c u l a t i o n  of t h e  78Kr(p,a) c r o s s  s e c t i o n ,  u s ing  a 

* 
The work was performed under t h e  ausp ices  of t h e  Div i s ion  of B i o l o g i c a l  and 
Environmental Sciences of t h e  United S t a t e s  Department of Energy and t h e  National 
I n s t i t u t e  of  Heal th ,  g r a n t  number NS16835-01. 
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Third, since 75Br can be produced by this technique and since the 78Kr target gas 
can be reused, thIs technique provides an inexpensive method of obtaining 75Br and 
is available to every facility having a small medical cyclotron. 

TABLE 1. Yields of 75Br at End of Bombardment.' 

E(MeV) Current Time 75Br 
ua sec UCi 

12 3 
13 3 
13 3 
14 3 
15 3 
15 3 

600 0.780 
600 7.83 
300 3.60 
1 2 0  2.92 
120 4.10  
120 4.70  

Target gas was 20% 78Kr, 80% 8oKr, pressure was 1 1 2  
atmosphere, target length was 31 cm. 

a 

TABLE 2. 

E 5Bra Cross Section 
MeV mCi for 75Br (mbarns) 

Extrapolated Yieldsa of 75Br at Saturation 

1 2  2.4 7.0 
13 23.3 68.0 
13 21.2 61.9 
1 h 42.4 123.8 
15 33.9 99.0 
15 47.2 138.0 
15 68.2  199.1 

a Calculated f o r  51 cm target length, 2 atmospheres of 100% - 
78Kr gas, 30 va beam current. 

(1) Kulmala H., Huang C.C., Dinerstein R . J . ,  and Friedman A.M., "Specific In Vivo 

(2 )  Katzenellenbogen, J.A. et al. (77-Br)-16a-bromoestradiol-l7b, a Gamma 

(3) Spicer et al., "A Case for 77-Br Labelled Radiopharmaceuticals", Int. Jour. 

( 4 )  A good discussion of the statistical model and its relation to the calculation 

Binding of p-Bromospiperone", Life Science 2, 1911 (1981). 

Emitting Estrogen; 3rd Inter. Sympos. Radiopharm. Chem. St. Louis, June, 1980. 

Appl. Rad. Isotopes 28, 163 (1977). 

of cross sections is given in Chapters 16 and 17 of "Physics of the Nucleus" 
by M.A. Preston, Addison Wesley, New York, 1962. 
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COMPACT CYCLOTRON PREPARATION OF 38.1 MINUTE ZINC-63 FOR POSITRON TOMOGRAPHY 
~ ~~~ 

R.E. B i g l e r ,  J.R. Dahl,  L.S. Rothman, and P.B. Zanzonico.  
B iophys i cs  Labora to ry ,  Memorial  S l o a n - K e t t e r i n s  Cancer Center ,  New York, NY 10021. 

We have developed a r e l a t i v e l y  s imp le  p rocedure  f o r  t h e  p r e p a r a t i o n  o f  v e r y  l a r g e  
amounts (up  t o  100 C u r i e s )  o f  z inc -63  (Tt=38.1 min,  93% p o s i t r o n  emiss ion )  ( 1 )  
u s i n g  a smal l ,  compact, med ica l  and i n - h o s ? i t a l  c y c l o t r o n .  We expec t  t h i s  i s o t o p e  
w i l l  f i n d  e x t e n s i v e  use as a l a b e l  f o r  compounds f o r  med ica l  research  and diagno- 
s i s ,  e s p e c i a l l y  those compounds f o r  human s t u d i e s  wh ich  r e q u i r e  q u a n t i t a t i v e  
p o s i t r o n  tomography. 

r e a c t i o n  i s  125 mCi/microampere a t  t h e  end o f  a s a t u r a t i o n  bombardment, u s i n g  
15 MeV hydrogen i o n s  p r o v i d e d  by a C y c l o t r o n  C o r p o r a t i o n  Model CS-15 c y c l o t r o n .  
I n  a t y p i c a l  p r o d u c t i o n  procedure,  1 C i  of Zn-63 i s  p repared i n  a 8 m inu te  and 
50 microamp bombardment of a copper t a r g e t  mounted on a wa te r  coo led  i n t e r n a l  
probe ( 2 )  w i t h i n  t h e  c y c l o t r o n .  The probe can w i t h s t a n d  beam c u r r e n t s  i n  excess 
o f  800 microamps. 
6 hou rs .  
a t  about  0.5% o f  t h e  t o t a l  a c t i v i t y  a t  t h e  end-of-bombardment (EOB),  wh ich  by 
t h e  chemical  p rocess ing  r e q u i r e d  t o  separa te  z i n c  f rom t h e  copper t a r g e t  (d i scussed  
below) i s  removed; and z inc -65  (Tf=244.1 d, 1.46% p o s i t r o n  emiss ion )  a t  about  
O.C02%. The z inc -65  con tamina t ion  can be  reduced i f  needed by  use of a copper-63 
en r i ched  t a r g e t  ( n a t u r a l  abundance 69.2%). 
t o  99.89% Cu-63 i s  about  $150.00 p e r  gram (Union Carb ide  Corp., Oak R idge N a t i o n a l  
Labora to ry ,  Oak Ridge, TN 37830). 

Our automated chemical  p r e p a r a t i o n  procedure  f o r  p r o v i d i n g  z inc -63  i n  a fo rm 
s u i t a b l e  f o r  d i r e c t  use i n  humans o r  as a p r e c u r s o r  f o r  f u r t h e r  chemical  l a b e l i n g  
procedures  i s  g i v e n  here .  
h y d r o c h l o r i c  a c i d  c o n t a i n i n g  hydrogen pe rox ide  as a c a t a l y s t .  A f t e r  d i s s o l u t i o n ,  
t h e  s o l u t i o n  i s  b o i l e d  f o r  t e n  m inu tes  t o  i n s u r e  removal o f  t h e  hydrogen pe rox ide  
and coo led .  The s o l u t i o n  i s  t hen  d i l u t e d  t o  reduce t h e  c o n c e n t r a t i o n  o f  HC1 t o  
2.5 Mo la r .  
of  an ion  exchange r e s i n  (AG-l-X8) e q u i l i b r a t e d  w i th  2.5 Mo la r  HC1 ( 3 ) .  Copper i s  
removed f r o m  t h e  column by  washing w i t h  200 ml o f  2.5 Mo la r  HC1. To e l u t e  t h e  
z i n c ,  t h e  column i s  r i n s e d  w i t h  d i s t i l l e d  wa te r .  
o f  t h e  sample were measured w i t h  a c a l i b r a t e d  GeLi gamma-ray spec t rometer .  
i o n i c  s t r e n g t h  o f  t h e  s o l u t i o n  i s  a d j u s t e d  t o  i s o t o n i c i t y  (0.9% NaC1) and t h e  pH 
t o  pH 6.8-7.1 when t h e  s o l u t i o n  i s  i n t e n d e d  f o r  human use. The s o l u t i o n  i s  
s t e r i l i z e d  by f i l t r a t i o n  th rough  a 0.22 m ic ron  M i l l i p o r e  f i l t e r .  
each b a t c h  p r i o r  t o  human use i s  per fo rmed u s i n g  t h e  L imu lus  amebocyte l y r a t e  (LAL) 
assay (Assoc ia tes  o f  Cape Cod, Inc . ,  Woods Hole,  MA 02543) (4 ) .  The t o t a l  t i m e  
r e q u i r e d  f o r  t h i s  chemical  p r e p a r a t i o n  a f t e r  EOB i s  about  1 hour .  The t o t a l  copper 
a d m i n i s t e r e d  w i th  each dose o f  Zn-63 does n o t  exceed 15 micrograms as proven by a 
r a p i d  spo t  t e s t  ( 5 ) .  The spo t  t e s t  i s  based on t h e  f o r m a t i o n  o f  a v i o l e t  p r e c i p -  
i t a t e  upon a d d i t i o n  o f  (NH4)2tlg(CNS)4 t o  a s o l u t i o n  c o n t a i n i n g  Cuf2 and Zn i o n s  

( z i n c  must be added t o  t h e  t e s t  s o l u t i o n ) .  
g a s t r o i n t e s t i n a l  t o x i c i t y  (nausea) when a d m i n i s t e r e d  o r a l l y  t o  humans i s  
120 micrograms p e r  k i l o g r a m  o f  body we igh t .  The z i n c  n o n - r a d i o a c t i v e  c o n t e n t  i s  
d e r i v e d  from t r a c e  q u a n t i t i e s  con ta ined  w i t h i n  t h e  copper t a r g e t  and i s  i n s i g -  
n i f i c a n t  f o r  t h i s  purpose. 
maximum s p e c i f i c  a c t i v i t y  o f  4.9 x 109 Ci/mmol f o r  Zn-63 f o r  purposes i n v o l v i n g  
syntheses o f  h i g h  s p e c i f i c  a c t i v i t y  r a d i o l a b e l e d  compounds. 

The schema desc r ibed  by Loev inge r  and Berman ( 6 )  as m o d i f i e d  by B i g l e r  ( 7 )  was 
used f o r  r a d i a t i o n  absorbed dose es t ima tes .  The absorbed r a d i a t i o n  dose t o  t h e  
o v a r i e s ,  l i v e r  and t o t a l  body i s  120, 91, and 9.5 mrads/mCi, r e s p e c t i v e l y ,  f o r  
i n t r a v e n o u s l y  i n j e c t e d  Zn-63; and 100. 48, and 8.0 mrads/mCi f o r  o r a l l y  admin- 

The y i e l d  f o r  t h e  
6 3 ~ u ( p , n )  63 Zn 

No rad iocon taminan ts  were observed between 1.5 min and abou t  
Two rad iocon taminan ts  a r e  found  beyond t h a t  t ime ;  copper-64 (T;=12.70 h )  

The c u r r e n t  c o s t  f o r  copper en r i ched  

The i r r a d i a t e d  copper d i s c  i s  d i s s o l v e d  i n  concen t ra ted  

T h i s  s o l u t i o n  i s  passed th rough  a 1 cm d iamete r  by 30 cm l o n g  column 

R a d i o a c t i v i t y  c o n t e n t  and p u r i t y  
The 

Pyrogen t e s t i n g  on 

The l o w e s t  dose o f  copper t o  cause 

I t  shou ld  be p o s s i b l e  t o  approach t h e  t h e o r e t i c a l  
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i s t e r e d  Zn-63. The r a d i a t i o n  dose c o n t r i b u t i o n  f r o m  t h e  0.002% Zn-65 rad iocontam-  
i n a n t  f o r  t h e  o v a r i e s ,  l i v e r  and t o t a l  body i s  0.2, 1.3, and 0.3 mrad/mCi Zn-63, 
r e s p e c t i v e l y ,  f o r  i n t r a v e n o u s l y  a d m i n i s t e r e d  doses; and 0.05, 1.0 and 0.07 
mrads/mCi Zn-63 f o r  o r a l l y  a d m i n i s t e r e d  doses. We a r e  i ndeb ted  t o  E.E. Watson 
and J.L. Co f fey  o f  t h e  Rad iopharmaceut ica l  Dos imet ry  Center ,  Oak Ridge Assoc ia ted  
U n i v e r s i t i e s ,  f o r  p r o v i d i n g  t h e  e q u i l i b r i u m  dose c o n s t a n t s  needed f o r  Zn-63 dose 
c a l c u l a t i o n s .  

The f o r e g o i n g  es t ima tes  o f  t h e  r a d i a t i o n  dose o f  Zn-63 and Zn-65 were genera ted  
w i t h  r e s p e c t  t o  EOB. Because t h e  h a l f - l i f e  o f  Zn-65 i s  much l o n g e r  than  t h a t  
o f  Zn-63, t h e  amount o f  t h e  rad iocon taminan t  Zn-65 r e l a t i v e  t o  Zn-63 w i l l  i nc rease  
r a t h e r  r a p i d l y .  Consequent ly,  s i n c e  l a r g e  (i .e. mu1 t i p l e  C u r i e )  amounts o f  Zn-63 
can be produced, i t  i s  t h e  p r o g r e s s i v e l y  i n c r e a s i n g  r a d i a t i o n  hazard  o f  t h e  Zn-65 
which may u l t i m a t e l y  l i m i t  t h e  u s e f u l  " s h e l f - l i f e ' '  o f  t h e  i n - 6 3  p r e p a r a t i o n .  
propose a g e n e r a l l y  a p p l i c a b l e  s o l u t i o n  t o  t h i s  t y p e  o f  s i t u a t i o n .  The u s e f u l  
" s h e l f - 1 i f e " i s  d e f i n e d  as t h e  t i m e  a t  wh ich  t h e  rad iocon taminan ts  w i l l  g i v e  t o  
t h e  c r i t i c a l  o r  dose l i m i t i n g  organ a t o t a l  dose cons ide red  accep tab le .  We 
i l l u s t r a t e  t h i s  p rocedure  f o r  a Zn-63 p r e p a r a t i o n  by choos ins  a dose d o u b l i n g  
as accep tab le .  The dose due t o  Zn-63 w i l l  equal  t h e  dose due t o  Zn-65 a t  6 hours  
f o r  t h e  o v a r i e s  and an i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  a c t i v i t y .  

We 

t = 352 min = 5.66 h 

Because t h e  p r e p a r a t i o n  o f  Zn-63 r e q u i r e s  about  1 hour,  t h e  m a t e r i a l  can be 
admin i s te red  any t ime d u r i n g  t h e  n e x t  f i v e  hours  acco rd ing  t o  t h e  dose d o u b l i n g  
c r i t e r i o n .  The rad iocontaminant ,  Zn-65, can  be g r e a t l y  reduced by  u s i n g  Cu-63 
en r i ched  copper ( i s o t o p i c  compos i t i on  99.89%). 
reduced f rom 0.002% t o  0.000007%, t h e  dose t o  t h e  o v a r i e s  a t  EOB f r o m  Zn-65 
can be reduced f r o m  0.2 mrad/mCi Zn-63 t o  O.OOC7 mrad/mCi Zn-63, and t h e  u s e f u l  
" s h e l f - l i f e ' '  extended f rom 6 t o  51 hours .  When a separa ted  i s o t o p e  i s  used, i t  
i s  u s u a l l y  recovered and reused t o  reduce t h e  t a r g e t  c o s t .  
p rov ides  t h e  copper f r o m  t h e  t a r g e t  i n  a 2.5 Mo la r  200 m l  HC1 s o l u t i o n  f rom 
which i t  shou ld  p rove  p o s s i b l e  t o  e l e c t r o p l a t e  t h e  copper back on to  a t a r g e t  
d i s c  i n  o r d e r  t o  r e c y c l e  t h e  t a r g e t  m a t e r i a l  w i t h  v e r y  h i g h  e f f i c i e n c y .  

The expected uses f o r  z inc -63  i n c l u d e  as h i g h  p r i o r i t y  areas, i t s  d i r e c t  use i n  
humans as d iscussed above f o r  n u t r i t i o n a l l y  o r i e n t e d  s t u d i e s  o f  z i n c  t r a c e  meta l  
metabol ism, as a no -ca r r i e r -added  l a b e l  f o r  n e u r o t r a n s m i t t e r  and o t h e r  r e c e p t o r  
b i n d i n g  l i g a n d s ,  and as a l a b e l  f o r  monoclonal  a n t i b o d i e s .  

The amount o f  Zn-65 would be 

Our p rocedure  
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PRODUCTION OF HIGH-PURITY 77Kr 

G. Blessing, K. Suzuki, He Youfeng, S.M. Qaim, and G. Stocklin. 
Institut fur Chemie 1 (Nuklearchemie) , Kernforschungsanlage Jiilich 
GmhH, D-5170 Jiilich, FRG. 

The positron emitter 77Kr 1T1/2 = 1.2 h] is of interest as a precursor 
for the 56 h 77Br, and also finds application in lung ventilation 
studies using conventional y-cameras and in regional cerebral perfusion 
studies using positron emission computed tomography. It can be pro- 
duced via proton- and deuteron-induced reactions on bromine, or via 
3He- and a-particle induced reactions on selenium. The (p,xn)- and 
(d,xn)-reactions on bromine have been well investigated (cf. 1-6). 
They lead to htgh ields of 77Kr; the product, however, is strongly 
contaminated with Y9Kr (Ti12 = 34.9 h) . This work describes a study 
of the production of hi h-purity 77Kr via 3He-particle induced nuclear 
reactions on enriched 72Se-and /7Se. 

Excitation functions were measured for the first time (7) for the 
reactions 76Se(3He,2n)77Kr, 7/Se(3He,3n)77Kr and several competing 
reactions up to a 3He-particle energy of 36 MeV. Both of these reac- 
tions were found to be very suitable for the production of "Kr at a 
compact cyclotron, the former in the energy range of 25+15 MeV and 
the latter 36+22 MeV. 

For production purposes metallic 7 7 S e  (94.38 8 enriched) is used as 
target material. A 100 ~8 thick layer of 77Se is obtained on an Al- 
sheet by melting at 250 C Bnd careful spreading. Due to the low m.n. 
of hexagonal selenium (217 C), a special rotating target system was 
developed (8) for irradiationsoin which the incident particle beam 
falls at a grazing angle o& 19 . The Al-backing is cooled at the back 
by circulating water at 4 C. 

A degassing technique for the separation of radiokrypton from irra- 
diated 77Se was developed and the effects of release temperature and 
time were investigatgd. The removal of radiokrgpton follows in two 
steps, one at % 100 C and the other at % 220 C. 

Using highly-enriched 77Se-metal as a target material, an irradiation 
time of about 1 h at a nominal 3He-particle beam current of 15 u A ,  
and a heating time of 14 min at 250 OC, about 60 mCi of 77Kr (at EOB) 
are produced. The total loss  of 77Se after irradiation and removal 
processes is < 1 %, and the same target is reused for successive pro- 
duction runs. The levels of 76Kr and 7yKr impurities in 77Kr are 
< 0.35 % (at EOB). Gas chromatographic analysis showed no radiochemical 
impurities. 

Qaim S.M., Stocklin G. and Weinreich R., Int. J. appl. Radiat. 
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Houdayer A.J., Meyer E. and Yamamoto Y.L., Int. J. Nucl. Med. 
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Radiat. Isotopes, a, 885 (1977). 
Lundqvist H., Malmborg P., Langstrom B. and Na Chiengmai Suparb., 
Int. J. appl. Radiat. Isotopes, 30, 39 (1979). 
Nozaki T., Iwamoto M. and Itoh Y., Int. J. appl. Radiat. Isotopes, 
- 30, 79 (197s). 
De Jon9 G., Brinkman G.A. and Lindner L., Int. J. .appl. Radiat. 
Isotopes, 30, 188 (1979). 
He Youfeng, Qaim S . M .  and Stocklin G., Int. J. appl. Radiat. 
Isotopes, 22, 13 (1982). See also references cited therein. 
Suzuki K., Blessing G., Qaim S.M. and Stocklin G., Int. J. appl. 
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INVESTIGATION OF lZ3I  A N D  "'I YIELDS V I A  DECAY OF RADIOXENONS PRODUCED I N  SALT 
TARGETS 

J .  W .  B a r n e s ,  M .  A .  O t t ,  K .  E .  Thomas ,  P .  M .  Wanek, G .  E .  B e n t l e y ,  F .  J .  
S t e i n k r u g e r ,  and H.  A .  O ' B r i e n ,  J r . ,  Medica l  R a d i o i s o t o p e s  Research  Group,  Los 
Alamos N a t i o n a l  L a b o r a t o r y ,  Los Alamos, NM 87545 

A s t u d y  d e s i g n e d  t o  d e t e r m i n e  t h e  optimum p a r a m e t e r s  for t h e  p r o d u c t i o n  of l Z 3 I  
u s i n g  t h e  800  MeV p r o t o n  beam a t  LAMPF h a s  been i n i t i a t e d .  The p r i n c i p a l  s t r a t e g y  
i s  t o  form 2.1-hr '23Xe i n  an a p p r o p r i a t e  t a r g e t ,  i s o l a t e  t h e  r a d i o x e n o n  a s  r a p i d l y  
a s  p r a c t i c a l  a f t e r  end-of-bombardment, a l l o w  lz3Xe t o  d e c a y  t o  '' 31, t r a n s f e r  t h e  
r e m a i n i n g  xenon away from t h e  growth chamber ,  and r e c o v e r  t h e  r a d i o i o d i n e .  The 
major  i n t e r f e r e n c e  a r i s e s  from t h e  s i m u l t a n e o u s  p r o d u c t i o n  o f  16.8-hr l 2  5Xe, which 
d e c a y s  t o  60-d "'I. Thus i n  a t t e m p t i n g  t o  maximize t h e  l z 3 I  y i e l d  b u t  minimize 
t h e  '* I c o n t a m i n a t i o n .  t h e  a p p r o p r i a t e  c o m b i n a t i o n  o f  i r r a d i a t i o n  and growth 
p e r i o d s  must be d e t e r m i n e d .  The p r o d u c t i o n  v a r i a b l e s  b e i n g  s t u d i e d  i n c l u d e :  1 )  
t a r g e t  m a t e r i a l ;  2 )  i r r a d i a t i o n  time; and 3) xenon- to- iodine  growth  p e r i o d .  

The t a r g e t  m a t e r i a l s  s t u d i e d  t o  d a t e  i n c l u d e  C s C l  and CsI. P r e v i o u s  e x p e r i e n c e  
w i t h  t h e  t a r g e t s  i n  t h e  p r o d u c t i o n  o f  36-d "'Xe l e d  t o  t h e  a d o p t i o n  o f  an encapsu-  
l a t i o n  sys tem c o n s i s t i n g  o f  c o p p e r  c y l i n d e r s  w i t h  welded end p i e c e s .  By l e a v i n g  a 
s m a l l  vo id  s p a c e  a t  t h e  t o p ,  we o b s e r v e d  t h a t  a b o u t  98% o f  t h e  r a d i o x e n o n  i s  i n  
t h i s  s p a c e ,  p resumably  r e l e a s e d  from t h e  t a r g e t  m a t r i x  by r a d i a t i o n - i n d u c e d  h e a t -  
i n g .  Thus t h e  xenon can  be  removed from t h e  c o n t a i n e r  f o l l o w i n g  i r r a d i a t i o n  by a 
cryopumping t e c h n i q u e  w i t h i n  a f i v e  m i n u t e  p e r i o d .  

I n  t h e  e x p e r i m e n t s  t h a t  have been comple ted  t h u s  f a r ,  we  have  i r r a d i a t e d  1 1  C s C l  
t a r g e t s  and 1 CsI t a r g e t  for 2- and 4-hr p e r i o d s .  F o l l o w i n g  an a p p r o x i m a t e l y  45- 
minute  p e r i o d  from EOB t o  s t a r t  o f  c ryopumping ,  growth  p e r i o d s  o f  2 ,  4 ,  and 6 h o u r s  
were s t u d i e d .  These d a t a  a r e  shown i n  Table  1 ,  from which t h e  f o l l o w i n g  conclu-  
s i o n s  can be drawn. The i o d i d e  atoms i n  CsI do n o t  c o n t r i b u t e  t o  t h e  1'3Xe y i e l d  
a t  t h i s  e n e r g y ;  b e c a u s e  t h e  s u b s e q u e n t  1'31 y i e l d  is  reduced  by t h e  same amount 
(35%) a s  t h e  number of C s  a toms i n  t h e  t a r g e t .  I p 3 I  i n c r e a s e s  
b y  23% by i n c r e a s i n g  t h e  growth p e r i o d  from 2 t o  4 h o u r s .  An i n c r e a s e  i n  i r r a d -  
i a t i o n  t i m e  from 2 h r  t o  4 h r  r e s u l t s  i n  a 55% i n c r e a s e  i n  

No a t t e m p t  was made i n  t h e s e  p r e l i m i n a r y  s t u d i e s  t o  maximize p r o d u c t i o n  o f  l Z 3 I .  
I n s t e a d  we c h o s e  a f i x e d  geometry  o f  c o n v e n i e n t  d i m e n s i o n s  t o  s t u d y  o t h e r  param- 
e t e r s .  Thus it is  i n a p p r o p r o p r i a t e  t o  a t t e m p t  t o  compare o u r  r e s u l t s  w i t h  t h o s e  a t  
o t h e r  i n s t i t u t i o n s  a t  t h i s  t i m e .  

We have e n c o u n t e r e d  s u f f i c i e n t  v a r i a b i l i t y  i n  t h e  measured 1 2 5 1  c o n t a m i n a t i o n  t o  
i n d i c a t e  t h a t  w e  must  p u r s u e  a d d i t i o n a l  deve lopment  i n  t h i s  a r e a .  It a p p e a r s ,  
however ,  t h a t  t h e  p e r c e n t a g e  o f  I z 5 I  c o n t a m i n a t i o n  f o l l o w i n g  a 2-hr i r r a d i a t i o n  and 
2-hr growth p e r i o d  i s  i n  t h e  r a n g e  of 0.2% t o  0.5% a t  t h e  end o f  t h e  growth p e r i o d .  
We saw no i n c r e a s e  i n  t h i s  f o l l o w i n g  a 4-hr g r o w t h ,  b u t  we have  o n l y  one s u c c e s s f u l  
e x p e r i m e n t  under  t h e s e  c o n d i t i o n s .  I n c r e a s i n g  t h e  i r r a d i a t i o n  time from 2 h o u r s  t o  
4 h o u r s ,  f o l l o w e d  by a 4-hr growth p e r i o d ,  r e s u l t e d  i n  a 41% i n c r e a s e  i n  t h e  I2'I 
c o n t a m i n a t i o n .  Again,  however ,  t h i s  o b s e r v a t i o n  is  based  on a s i n g l e  e x p e r i m e n t .  

We have  s t u d i e d  t h e  o x i d a t i o n  s t a t e  o f  r a d i o i o d i n e  u s i n g  an a s c e n d i n g  paper  chroma- 
t o g r a p h i c  t e c h n i q u e  (85% m e t h a n o l ,  15% w a t e r  w i t h  90 m i n u t e  d e v e l o p i n g  t i m e ) .  A t  1 
h r  and 24 h r  a f t e r  t h e  end o f  t h e  growth  p e r i o d ,  f o u r  p e a k s  were o b s e r v e d  a t  R 
v a l u e s  of 0.02. 0.25. 0 .45 ,  and 0.75.  The i d e n t i t i e s  o f  t h e  s p e c i e s  a t  t h e  f irs€ 
two R v a l u e s  a r e  y e t  unknown, w h i l e  t h e  l a t t e r  two c o r r e s p o n d  t o  10; and I-, 
r e s p e c t i v e l y .  A t  48 h r ,  o n l y  two p e a k s  a t  0.02 and 0 .75  were o b s e r v e d .  Because 

The a v e r a g e  y i e l d  o f  

1231 y i e l d .  

f .  
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t h e  peaks a t  0.02 and 0.25 c o n t a i n  unmeasured amounts o f  lZ1Te. i t  i s  n o t  p o s s i b l e  
t o  quote  t h e  exac t  amount o f  I-; however,  t h e  d a t a  show t h a t  is  i s  g r e a t e r  t han  91% 
of  a l l  o t h e r  s p e c i e s .  We a r e  c u r r e n t l y  s t u d y i n g  an ion  chromatography t echn iques  
t h a t  w i l l  h o p e f u l l y  be  a s  u s e f u l  a s  was t h e  c a s e  i n  t h e  a n a l y s i s  of  "Br-. 

Although s i g n i f i c a n t  p r o g r e s s  has  been made t o  d a t e ,  con t inued  developmenta l  s tud -  
ies a r e  r e q u i r e d  b e f o r e  l a r g e - s c a l e  p roduc t ion  o f  1 2 3  I can commence. In a d d i t i o n  
t o  t h e  planned s t u d i e s  i n d i c a t e d  above, we w i l l  exp lo re  t h e  use  o f  d i f f e r e n t  t a r g e t  
m a t e r i a l s  (BaC1,. CsF, e t c . )  and o t h e r  i r r a d i a t i o n  s t a t i o n s  i n  t h e  I so tope  Produc- 
t i o n  F a c i l i t y  where t h e  pro ton  beam i s  known t o  be en la rged .  A new t a r g e t  encapsu- 
l a t i o n  system w i l l  be r e q u i r e d  t o  maximize t h e  number of t a r g e t  atoms i n  t h e  pro ton  
beam. F i n a l l y ,  we have begun p r e l i m i n a r y  des ign  o f  a t a r g e t i n g  system t h a t  w i l l  
pe rmi t  on- l ine  c o l l e c t i o n  o f  s p a l l o g e n i c  xenon d u r i n g  i r r a d i a t i o n .  

Table 1 .  1231 Yie lds  From CsCl and CsI Targe t s  

Tgt.  W t .  ( C s  W t . )  1231 Tgt.  Yield ( C s  Yie ld)  
( g )  pA*hrs  (mci) (rnCi/uA.h/g) x l o 3  

2 h r I x 2 h r G  
cs c1 - 30.8 (24 .3 )  795 69 5 .62  (7 .10)  

31.3 (24.6) 1050 116 7.04 (8.96) 
28.7 (22 .7)  518 120 16.1 (20.4) 
30.1 (23 .8)  860 75 5.77 (7.29) 
32.4 (25 .6)  530 60 6.98 (8 .84)  
21.1 (16 .7)  895 67 7.06 (8.92) 

- cs I 39.5 (20 .2)  470 42 4.54 (8.87) 

2 h r I x 4 h r G  
- C s C l  21.1 (16 .7)  825 76 8.69 (11 .0 )  

2 h r  I x 6 h r  G 
- cs c1 22.0 (17 .4 )  909 43 4.28 (5.41) 

4 h r  I x 4 h r  G 
- cs c1 31.6 (25 .0)  1389 148 13.5 (17.1) 

I = I r r a d i a t i o n ;  G z Growth Period 
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PRODUCTION AND RADIOCHEMICAL SEPARATION OF 92Tc AND 93Tc FOR PET 
R.M. Lambrecht and S.M. Montner. 
Department of Chemistry, Brookhaven National Laboratory, Upton, NY 11973. 

This is the first report of the production and rapid radiochemical 
separation of 92Tc by liquid-li uid extraction for use as a 
radiopharmaceutical, although 98Tc has been separated by other methods 
for nuclear studies (1-8) where strict requirements for an injectable 
solution were not considered. 
(T1/2 = 4.44m, B+ = 4.1 MeV, 100%) which are appropriate for use of 
the radionuclide in combination with PET. The radionuclide should be 
suitable for PET measurement of the trapping of 92Tc04- by the thyroid, 
and of cardiac ejection fraction. Further considerations are required 
to design 92Tc-labeled compounds that can be related to specific 
physiological processes. 
instances be applicable to 92Tc or 93Tc. 

The 92Mo(p,n)92Tc nuclear reaction was studied with 92Mo of 97.37% and 
98.27% isotopic enrichments using 15 MeV protons at either the BNL 60" 
cyclotron or the Tandem Van de Graaff. 
75 f 14 uCi/ A mg cm-2 at saturation for 92M003 targets of 

summarizes the radionuclidic impurities relative to 92Tc. 

92Tc has physical properties 

Developments in 99mTc chemistry may in many 

The production rate of 92Tc was 

26-39 mg cm- 5 . The radionuclidic purity was > 98.9% at EOB. Table 1 

Table 1. Radionuclidic impurities at EOB relative to 
1 mCi of separated 92Tc 

Nuclide t1/2 Reaction ( ~Ci/mCi~~Tc) 

93Tc 165m 92Mo( P , Y 1 
93mTc 43.5m 92M~( P ,Y )  
94Tc 293m 9 4 W ~ , n )  
94mTc 52.5m 94~01,( p,n) 
95Tc 20.0h 95wp,n) 
96mTc 51.5m 9 6 ~ ~  ( P , n) 

< 1.2 
< 1.9 
< 0.5 
< 6.6 
< 0.3 
< 0.2 

The production of 93Tc (t1/2 = 165m, 6+ = 13%) by the g2Mo(p,y) 
reaction was observed at Ep < 9 MeV. The relative cross sections for 
production of 93Tc, 93mTc and 92Tc have been determined to be 25:127:1 
( 8 ) .  
radionuclide is required. 

The radiochemical separation of 92Tc from 92Mo was based on references 
(9,lO). The choice of solvents for the liquid-liquid extraction was 
based on earlier investigations (11,12). 
removed from the Al capsule and dissolved in 6 NNaOH and 1 NNaCl 
containing a few drops of H202. The NaCl served to 'saltaut' the 
92Tc04- and to retard emulsion formation. 
affect the remote transfer and radiochemical separation using methyl 
ethyl ketone extraction, and back extraction with CHCl3 and 0.9% NaCl 
solution. The radiochemical separation was optimized to 90% in 9 min 
from EOB. The final solution was passed through a millipore filter and 
assayed by tlc as 92Tc04-. 
solution was < 0.7 ug/mL and 0.2 ppm, respectively as determined by 
colorimetric and atomic absorption methods, respectively. 

g3Tc is potentially useful if a longer-lived positron emitting Tc 

The irradiated 92M003 was 

A device was designed to 

Mo and Al contamination in the final 
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The o r i g i n a l  s o l u t i o n  w a s  a c i d i f i e d  and t h e  9 2 M 0  was p r e c i p i t a t e d  wi th  
H2 S .  
t h e  92MoS3 in a i r  a t  600°C f o r  4-6 h r .  
s e p a r a t i o n  sys tem i s  p r e s e n t l y  be ing  debugged. 

Th i s  r e s e a r c h  w a s  c a r r i e d  o u t  a t  Brookhaven N a t i o n a l  Labora to ry ,  in 
p a r t ,  under  c o n t r a c t  w i th  t h e  U. S .  Department of Energy and suppor ted  
by i t s  O f f i c e  of  Bas i c  Energy Sc iences  and a l s o  by t h e  O f f i c e  of  Hea l th  
and Envi ronmenta l  Research .  

The 92Mo w a s  r ecove red  as t h e  ox ide  i n  > 97% y i e l d  by h e a t i n g  
A f u l l y  automated r ad iochemica l  

Van L ieshou t ,  R. ,  Monaro, S . ,  Ving ian i ,  G.B., and Morrinaga, H . ,  
Phys.  L e t t .  9, 164 (1964) .  
D e  Lange, J .C. ,  Kamermans, R . ,  V i s ,  R.D.,  Van P o e l g e e s t ,  A. ,  and 
Verheul ,  H., Nucl. Phys.  B, 141 (1976) .  
Cochavi,  S . ,  McDonald, J . M . ,  Fossan, D.B. ,  Phys. Rev. - 3, 1352 
(1971) .  
Poppe, C.H., Grimes, S.M., Anderson, J . D . ,  Davis ,  J . C . ,  
Dunlop, W.H., and Wong, C. ,  Phys. Rev. Lett. 33, 856 (1974) .  
Tanase,  M . ,  J. Radioanal .  Chem. G, 23 (1977): 
Kundu, D . N . ,  and Poo l ,  M.L., Phys. Rev. lit, 1775 (1948) .  
Moore, C.F., Hoffmann, G.W., F i t c h ,  J .F . ,  and Coker, W.R., Phys.  
Rev. K, 1391 (1972) .  
D e  J e s u s ,  A.S.M., Rautenbach, W.L., Nucl. Phys. E, 626 (1969) .  
La th rop ,  K.A. ,  In "Radiopharmaceut ica ls  from Generator-Produced 
Rad ionuc l ides ,  pp. 39-52, Vienna, IAEA (1971) .  

(LO) Anwar, M., I a h t r o p ,  K. ,  Rosske l ly ,  D., and Harpe r ,  P.V., J. Nucl. 

(11 )  Ger l i t ,  J . B . ,  P roceed ings  of t h e  1st I n t e r n a t i o n a l  Conference  on 
Med. 9 ,  298 (1968).  

t h e  P e a c e f u l  Uses of  Atomic Energy, Geneva, 1955, Vol. 7, pp. 
145-151, United Na t ions ,  New York, 1956. 

( 1 2 )  Boyd, G.E., and Larson ,  Q.V. ,  J. Phys. Chem. 66, 988 (1960) .  
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CYCLOTRON PRODUCTION OF RUTHENIUM-97 ( N C A )  WITH 67.5 MeV PROTONS ON RHODIUM TARGETS 

M.C. Lagunas-Solar,  M.J. Av i l a ,  N . J .  Navarro,  and P.C. Johnson. 
Crocker Nuclear  Labora to ry  (CNL), U n i v e r s i t y  o f  C a l i f o r n i a ,  Dav i s ,  C A  95616 USA. 

Because of i t s  d e s i r a b l e  n u c l e a r  and chemica l  p r o p e r t i e s ,  Ru-97 h a s  a l r e a d y  been 
recognized  as a p o t e n t i a l  l a b e l  i n  r ad iopha rmaceu t i ca l  p r e p a r a t i o n s .  Ru-97 (2.88 d )  
decays  by e l e c t r o n  c a p t u r e  (100%) wi th  t h e  216 keV (86%) and 324 keV ( 1 1 % )  gamma 
r a y s  be ing  i t s  p r i n c i p a l  emis s ions .  Seve ra l  methods for t h e  p roduc t ion  o f  Ru-97 
have been r epor t ed  based upon c y c l o t r o n  and r e a c t o r  methods (1-6).  The r epor t ed  
y i e l d s  have been r a t h e r  s m a l l .  The r e a c t o r  t echn iques  produce low-spec i f i c  a c t i v i t y  
Ru-97 of no-value i n  r ad iopha rmaceu t i ca l  s y n t h e s i s .  Comparetto and Q a i m  ( 5 )  used  a 
36 MeV 3He-beam at 50 UA on n a t u r a l  molybdenum, and r e p o r t e d  tha t  97Ru-yields of 
about  3 mCi/h can b e  ob ta ined .  Ku e t  a l . ,  i n  1978 (7) r e p o r t e d  a method a b l e  to 
prov ide  y i e l d s  o f  about  100 mCi/day Ru-97 w i t h  a 200-MeV p r o t o n  s p a l l a t i o n  r eac -  
t i o n  i n  Rh-103 targets.  Th i s  s o u r c e  o f  Ru-97 h a s  been used for t h e  s y n t h e s i s  of 
Ru-97-DTPA ( 8 )  and Ru-97-PIPIDA [N,a-(p-isopropylacetanilide) i m i n o a c e t i c  a c i d ]  
( 9 ) .  These compounds have been  r e p o r t e d  t o  have p romis ing  a p p l i c a t i o n s  f o r  imaging 
t h e  c e r e b r o s p i n a l  f l u i d  and t h e  h e p a t o b i l i a r y  system. However, t h e  f a c t  t h a t  Ru-97 
is r ecogn ized  as a " s p a l l a t i o n  product"  h a s  l i m i t e d  i t s  b roade r  u s e  and cons ide ra -  
t i o n  f o r  c l i n i c a l  r e s e a r c h .  

During t h e  i n v e s t i g a t i o n  o f  Rh-103 t a r g e t s  for t h e  p roduc t ion  of Rh-1 01 m ( 1  0 )  , 
us ing  a 67.5 MeV pro ton  beam, Ru-97 was observed among s e v e r a l  o t h e r  Pd, Rh, and Tc 
i s o t o p e s .  Th i s  prompted t h e  i n v e s t i g a t i o n  o f  c y c l o t r o n  methods f o r  i t s  p roduc t ion  
and s e p a r a t i o n  from Rh t a r g e t s .  S e v e r a l  r e a c t i o n s  a r e  e n e r g e t i c a l l y  p o s s i b l e  wi th  
67.5 MeV pro ton  beams on Rh-103 t a r g e t s .  These r e a c t i o n s ,  and t h e i r  Q-va lues ,  a r e  
g iven  i n  Table 1 .  Th ick - t a rge t  and cumula t ive  Ru-97 y i e l d s  (mCi/uAh) were measured 
i n  t h e  67- t o  37-MeV pro ton  energy  range .  The t o t a l  c r o s s  s e c t i o n  (mb) f o r  Ru-97 
p roduc t ion  was then  c a l c u l a t e d  from t h e  y i e l d  d a t a .  R e s u l t s  o f  t h e s e  measurements 
a r e  g iven  i n  Table  2 ,  and shown i n  F i g u r e  1 .  

Ru-97 y i e l d s  of 1.36 mCi/uAh a r e  p o s s i b l e  i f  a 67-MeV pro ton  beam i s  used ,  a l lowing  
t h e  p roduc t ion  o f  about  1 C i  of  Ru-97 p e r  day ,  i f  beam i n t e n s i t i e s  >30 uA a r e  
a v a i l a b l e .  It should be noted t h a t  s imul t aneous  p roduc t ion  of C i - l e v e l s  of Rh-lOlm 
(from Pd-101, and a l s o  d i r e c t l y  made) i s  a l s o  ob ta ined  i n  t h e  Rh t a r g e t ,  under t h e  
same exper imenta l  c o n d i t i o n s  as de f ined  above ( 1  0 ) .  

Targe t  r ad iochemis t ry  was performed by e l e c t r o l y t i c - a c i d  d i s s o l u t i o n  o f  t h e  Rh 
t a r g e t  (6-8 h)  ( s e e  f i g u r e  2 )  from which no-car r ie r -added  Ru-97 o f  
h igh - rad ionuc l id i c  p u r i t y  (>99.5$ Ru-97, no o t h e r  Ru i s o t o p e s  were d e t e c t e d )  i s  
obta ined  by a c i d - d i s t i l l a t i o n  (30-60 min.)  ( s e e  F i g u r e  3 ) .  Th i s  method p rov ides  an 
e x c e l l e n t  s e p a r a t i o n  of Ru-97 from Pd and Rh, a s  seen  by i n s p e c t i o n  o f  f i g u r e s  2 
and 3. However, t h e  Ru-97 s o l u t i o n  con ta ined  s m a l l ,  d e t e c t a b l e  l e v e l s  (<0.5%) of  
Tc-95m (61 d ) ,  Tc-95 (20 .0  h ) ,  and Tc-96 (4 .75  d ) .  The p resence  of t h e s e  Tc 
i s o t o p e s  can he minimized by l i m i t i n g  t h e  i n c i d e n t  p ro ton  energy  t o  Q, 57 MeV, 
a l though  a t  t h e  expense of $35% o f  t h e  Ru-97 y i e l d  ( $  0.9 mCi/uAh wi th  57-MeV 
pro tons ,  57- t o  42-MeV energy  t h i c k  Rh t a r g e t ) .  Radiochemis t ry  methods t o  s e p a r a t e  
Ru, Pd, Rh and Tc a r e  a l s o  be ing  s t u d i e d  so as  t o  maximize Ru-97 y i e l d s .  

( 1 )  Comar D .  and Crouze l  C . ,  Radiochem. Radional .  L e t t e r s ,  7 (5-61, 30: ( 1 9 7 6 ) .  
(2) Subramanian G .  and McAfee J . G . ,  J .  n u c l .  Med., 11, 365 (1970) ( A b s t r a c t ) .  
( 3 )  S i l v e s t e r  D . J . ,  Helus F. and Maier-Borst  W . ,  P roc .  Second l r i t .  Synip. on Radio- 

(4) Gessner M . ,  Music S . ,  e t  a l . ,  I n t .  J. a p p l .  Radiat. I s o t o p e s ,  30, 578 (1979) .  
( 5 )  Comparetto C .  and $ a i m  S.M., Radiochimica Ac ta ,  27, 177 ( 1 9 8 0 ) .  
(6) Lebowitz E., Klotz  P., e t  a l . ,  J .  n u c l .  Med., Is, 511 (1981) ( A b s t r a c t ) .  
(7) Ku T . H . ,  Richards  P . ,  e t  a l . ,  Proc.  Second I n t .  Congress o f  t h e  World Federa- 

(8) Oster Z . H . ,  Som P . ,  e t  a l . ,  J.  n u c l .  Med., z, 269 (1981) .  
(9) Schachner E.R., Atkins  H . L . ,  e t  a l . ,  J .  n u c l .  Med., E ,  352 (1981) .  

pha rmaceu t i ca l  Chemistry ( A b s t r a c t  B-22) Oxford,  England (1978) .  

t i o n  o f  Nuclear Medicine and Biology Washington D . C .  (1978)  ( A b s t r a c t ) .  

(10 )  Lagunas-Solar M . C . ,  Avila M . J . ,  
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Table 1. Proton induced reactions for the direct and indirect production of 
Ru-97 from Rh-103 targets. 

Reaction Q-Value (MeV) 
Rh-103(p,7n)Pd-97 (3.3 min)+Rh-97 (31.1 min)+Ru-97 -59.5 
Rh-103(p,p6n)Rh-97 (31.1 min)+Ru-97 -53.9 
Rh-103(p,2p5n)Ru-97 -49.6 
Rh-103(p,2d3n)Ru-97 -45.2 
Rh-103 (p  3He4n)Ru-97 

Rh-103 (p ,pt3n) Ru-97 
-41.9 
-41.4 

Rh-103(pydt2n)Ru-97 -38.9 
Rh-103(p,2tn)Ru-97 -32.7 

-21.2 
'Mass assignments were obtained from Nuclear Data Tables, "The 1971 

Rh- 103 (p , 'He3n) Ru-97 

Atomic Mass Evaluations". 9 (4-5)  July, 1971. 

Table 2. Ru-97 yields and total reaction cross section as a function of 

Proton Energy' Ru-97 Thick-Target Ru-97 Cumulative Yield Total Cross Section 
proton energy. 

(MeV) (mCi/ VAh) (mC i / Ah) (mb) 
67.1 0.028 0.028 18 
66.2 0.033 0.061 21 
65.3 0.027 0.088 17 
64.3 0.031 0.119 20 
63.4 0.034 0.153 22 
62.4 0.035 0.188 23 
61.5 0.038 0.226 24 
60.5 0.040 0.266 25 
59.5 0.043 0.309 28 
58.5 0.046 0.355 29 
57.5 0.055 0.410 36 
56.5 0.059 0.469 38 
55.5 0.068 0.537 43 
54.4 0.070 0.607 45 
53.4 0.079 0.686 51 
52.3 0.087 0.773 56 
51.2 0.082 0.855 52 
50.1 0.083 0.938 53 
49.0 0.081 1.019 52 
47.9 0.079 1.098 51 
46.7 0.070 1.168 45 
45.5 0.061 1.229 39 
44.3 0.046 1.275 30 
43.1 0.047 1.312 24 
41.9 0.025 1.337 16 
40.5 0.015 1.352 9.4 
39.2 0.008 1.360 5.1 
37.8 0.002 1.362 1.4 

'Average energy (MeV) calculated at center of each Rh foil. Foil thicknesses 
were 0.1576 g/cmz. 
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PRODUCTION OF FISSION MOLYBDENUM ON A TECHNICAL SCALE AT THE NUCLEAR RESEARCH 
CENTER KARLSRUHE 

Sameh A. A l i  and H.J. Ache. 
Nuclear Research Center Ka r l s ruhe ,  I n s t i t u t e  o f  Radiochemistry,  Pos t fach  3640, 
D-7500 Kar lsruhe,  West Germany. 

I n  the Kar l s ruhe  f a c i l i t y  more than one kCi o f  f i s s i o n  molybdenum o f  h i g h  p u r i t y  t o  
be used f o r  t he  p r e p a r a t i o n  o f  technet ium 99m i s  produced from neutron i r r a d i a t e d  
t a r g e t s  c o n s i s t i n g  o f  h i g h l y  en r i ched  uranium, which have undergone a s h o r t  c o o l i n g  
o f f  p e r i o d  a f t e r  t he  t e r m i n a t i o n  o f  the i r r a d i a t i o n .  A t  t h i s  p o i n t  t he  t o t a l  a c t i -  
v i t y  of t he  t a r g e t  i s  s t i l l  ca. 100 kCi .  

The t a r g e t s ,  ma in l y  p l a t e s  made o f  UAl, i n  an aluminium m a t r i x ,  a r e  s i m i l a r  t o  
those used i n  M a t e r i a l  Tes t i ng  Reactor type subassemblies. They a r e  i r r a d i a t e d  i n  
a speci  1 r i g  f o r  f i v e  t o  ten  days a t  thermal neutron f l u x e s  between 5 x 1013 and 
2 x 10'' n/s cm2. Fo l l ow ing  a decay p e r i o d  o f  a t  l e a s t  12 hours the  i r r a d i a t e d  ma- 
t e r i a l  i s  t r a n s f e r r e d  t o  the  molybdenum p roduc t i on  f a c i l i t y  i n  Ka r l s ruhe .  

The i r r a d i a t i o n  f u e l  element p l a t e s  a r e  d i s s o l v e d  i n  sodium hydrox ide s o l u t i o n .  The 
aluminium m a t r i x  as w e l l  as the  cesium, s t ron t i um,  barium, ant imony, t e l l u r i u m ,  
i od ine ,  and molybdenum f i s s i o n  products  a r e  d i s s o l v e d  w h i l e  the  k r y p t o n  and xenon 
noble gases a r e  re leased.  The non-converted uranium-235 rep resen t ing  more than 99 % 
o f  the i r r a d i a t e d  amount of uranium-235, the  l an thano ids  and p a r t l y  z i r con ium and 
ruthenium remain as an i n s o l u b l e  res idue.  

Because o f  the ext remely h i g h  a c t i v i t y  and the  h i g h  con ten t  o f  v o l a t i l e  r a d i o a c t i v e  
f i s s i o n  products  and the e leva ted  process temperature requ i red ,  t he  d i s s o l u t i o n  
process c o n s t i t u t e s  a p a r t i c u l a r l y  s e n s i t i v e  s tep .  Special  remote c o n t r o l l e d  s t a i n -  
l e s s  s t e e l  i ns t rumen ta t i on  and components were developed (1-3) which ensure sa fe  
and convenient hand l i ng .  I n  a tanta lum vessel  ammonium rhodanide, t e l l u r i u m  c a r r i e r  
m a t e r i a l ,  sodium s u l f i t e  and s u l f u r i c  a c i d  a r e  added t o  the  a l k a l i n e  s o l u t i o n  con- 
t a i n i n g  the  molybdenum a f t e r  t he  i n s o l u b l e  res idue  has been f i l t e r e d .  A d d i t i o n  o f  
potassium i o d i d e  acce le ra tes  the  p r e c i p i t a t i o n  o f  t e l l u r i u m .  A f t e r  f i l t r a t i o n  o f  
t h e  t e l l u r i u m  p r e c i p i t a t e  through a g l a s s  wool f i l t e r  t he  molybdenum present  as the  
rhodano complex o f  t r i v a l e n t  and t e t r a v a l e n t  molybdenum i s  f i x e d  on a Chelex-100 
colunm (4 ,s ) .  Chelex-100 i s  an lonexchanger w i t h  func iona l  n i t r i l o d i a c e t a t e  groups. 
I t  has the  p r o p e r t y  t o  a c t  as an an ion  exchanger i n  h i g h l y  a c i d i c  media and as a 
c a t i o n  exchanger i n  b a s i c  media. I t s  p r o p e r t y  o f  a c t i n g  as an anion-exchanger a l l ows  
q u a n t i t a t i v e  molybdenum s o r p t i o n  i n  form o f  a complex c a r r y i n g  a nega t i ve  charge. 
A f t e r  t he  column f i l l e d  w i t h  2M rhodanide and s u l f i t e  s o l u t i o n  c o n t a i n i n g  s u l f u r i c  
a c i d  has been washed w i t h  pure 2M s u l f u r i c  a c i d  and w i t h  water ,  complete e l u t i o n  i s  
c a r r i e d  o u t  by us ing  1M sodium hyd rox ide  s o l u t i o n .  By a p p l y i n g  Chelex-100 columns 
i t  i s  p o s s i b l e  f o r  t he  f i r s t  t ime t o  e x p l o i t  t he  ext remely s p e c i f i c  r e a c t i o n  o f  t r i -  
v a l e n t  and t e t r a v a l e n t  molybdenum w i t h  rhodanide ions.  These a n i o n i c  species can 
a l s o  be fixed q u a n t i t a t i v e l y  on common a n i o n i c  exchangers, b u t  c o n t r a r y  t o  the  
Chelex-100 system, q u a n t i t a t i v e  molybdenum e l u t i o n  i s  not f e a s i b l e  under p r a c t i c a l  
c o n d i t i o n s .  The molybdenum e l u t i o n  w i t h  sodium hydrox ide s o l u t i o n  f rom t h e  Chelex- 
100 system i s  e x c l u s i v e l y  due t o  the  change i n  the  exchange behaviour  caused by t h e  
medium, namely the t rans fo rma t ion  o f  an anion i n t o  a c a t i o n  exchanger and, hence, 
the r e p u l s i o n  o f  the  n e g a t i v e l y  charged MoOi- ions present  under these c o n d i t i o n s .  

The e l u t e d  molybdenum i s  a c i d i f i e d  t o  approx imate ly  pH 2 by a d d i t i o n  o f  n i t r i c  a c i d  
and the molybdenum i s  adsorbed on an aluminium o x i d e  column (6)  i n  o r d e r  t o  e l i m i -  
na te  c o r r o s i o n  products  and t races  o f  t e l l u r i u m  and i o d i n e .  

The column i s  washed w i t h  0.01M n i t r i c  a c i d ,  water  and 0.01M ammonium hydrox ide.  
Molybdenum e l u t i o n  takes p l a c e  w i t h  1M ammonium hydrox ide.  The ammonia s o l u t i o n  
c o n t a i n i n g  molybdenum i s  evaporated t o  dryness and i n  o r d e r  t o  e l i m i n a t e  t r a c e  
amounts o f  o r g a n i c  substances the  molybdenum i s  subl imed from a p l a t i n u m  c r u c i b l e  
i n  a qua r t z  vessel  a t  about 850 OC. The subl imed MOO i s  d i s s o l v e d  i n  ammonia. A f t e r  
evapora t i on  o f  the ammonia, sodium hydrox ide s o l u t i o 4  ( a n a l y t i c a l  grade) i s  added 
t o  the  s o l u t i o n .  The nuc lea r  f u e l  n o t  b u r n t  up i s  reprocessed by r e c y c l i n g  chemical ly 



1440 Symposium Abs t rac ts  

the  uranium. From t h e  p u r i f i e d  uranium new f u e l  e lement p l a t e s  a r e  produced f o r  an- 
o t h e r  i r r a d i a t i o n  c y c l e .  

To exc lude the  r i s k  o f  a -con tamina t ion  o f  molybdenum, n u c l e a r  f u e l  r e c y c l i n g  i s  
per fo rmed i n  a h o t  c e l l  s p e c i a l l y  equipped f o r  t h i s  purpose. The main  f e a t u r e  o f  
t h e  p u r i f i c a t i o n  process i s  t h e  a b s o r p t i o n  o f  u ran ium on a L e v e x t r e l  column. The 
e f f i c i e n c y  o f  t h i s  r e c e n t l y  developed exchange m a t e r i a l  depends on t h e  presence o f  
TBP inco rpo ra ted  i n  t h e  sol i d  m a t r i x  ( 7 ) .  I n  t h i s  way, t h e  proven e x t r a c t i o n  p ro -  
p e r t i e s  o f  TBP a r e  u t i l i z e d  w h i l e  t h e  drawbacks o f  l i q u i d / l i q u i d  e x t r a c t i o n  a r e  
avo ided a t  t h e  same t ime,  such as f i r e  hazard  and t h e  usual d i f f i c u l t i e s  i n  hand- 
l i n g  o r g a n i c  s o l v e n t s .  Uranium b a c k - e x t r a c t i o n  i s  per fo rmed s i m i l a r  t o  t h e  Purex 
process w i t h  d i l u t e  n i t r i c  a c i d .  A f t e r  t h e  uran ium i s  p r e c i p i t a t e d  w i t h  ammonium 
hyd rox ide  and t h e  combust ion o f  t h e  o r g a n i c  components o f  t h e  f i l t e r e d  ammonium 
d i u r a n a t e  p r e c i p i t a t e  t h e  r e s u l t i n g  U308 i s  t r a n s f e r r e d  t o  f u e l  e lement f a b r i c a t i o n .  

The U308 i s  t r a n s f e r r e d  i n t o  UA13 v i a  t h e  i n t e r m e d i a t e  s tep  o f  UF4 f a b r i c a t i o n  by 
m e l t i n g  w i t h  a lumin ium powder i n  a ceramic  fu rnace  a t  1350 OC. A f t e r  r e m e l t i n g  and 
homogenizat ion o f  t he  a l l o y  t h e  b r i t t l e  mass i s  p u l v e r i z e d ,  f ragmented, mixed w i t h  
Al-powder and s i n t e r e d  i n t o  a m a t r i x .  The f u e l  p e l l e t  i s  f i t t e d  i n t o  an a lumin ium 
frame c o n s i s t e n t  w i t h  t h e  usua l  f ram ing  techn ique  and covered on b o t h  s ides  w i t h  
A l -sheet .  A f t e r  t h e  a lumin ium sheets  e n c l o s i n g  t h e  f u e l  have been s t i t c h e d ,  t he  
frame i s  heated t o  about  500 OC and r o l l e d  t o  t h e  d e s i r e d  s i z e  i n  seve ra l  s teps .  
The p l a t e s  formed i n  t h i s  f a s h i o n  a r e  ready f o r  ano the r  i r r a d i a t i o n .  

(1)  Sameh, A .  A l i ,  Jung W . ,  DE-GM 7143037 (1972). 
(2) Sameh, A .  A l i ,  Sauermann K. ,  and Jung V . ,  DE-GM 7331934 (1973). 
(3 )  Sameh, A.  A l i  and Sauermann K.,  DE-AS 2306592 (1981). 
(4)  Sameh, A.  A l i ,  Knapp J .  and Re inhard t  J.,  DE-PS 2610948 (1974). 
( 5 )  Sameh, A .  A l i ,  Knapp J .  and Re inhard t  J . ,  DE-PS 2758783 (1980). 
(6)  
(7 )  Kroebel  R . ,  Meyer A . ,  L e v e x t r e l ,  A New Resin f o r  " E x t r a c t  E l u t i o n " ,  

Tucker W . D . ,  Greene M.W.  and Mur renho f f  A.P., A.P. Atom P r a x i s  5, (1963). 

I.Chem. E .  Symposium No. 42, (1975). 
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SHORT-LIVED POSITRON EMITTERS FROM RADIOISOTOPE GENERATORS 

Y.  Yano and T.F. Budinger.  
Rm. 222, Donner Labora to ry ,  Lawrence Berke ley  Labora to ry ,  U n i v e r s i t y  of  C a l i f o r n i a ,  
Be rke ley ,  C a l i f o r n i a  94720 U.S.A. 

Rad io i so tope  g e n e r a t o r s  p r o v i d e  an  a l t e r n a t i v e  t o  t h e  g e n e r a l l y  expens ive  and o f t e n  
u n a v a i l a b l e  c y c l o t r o n  p r o d u c t i o n  of p o s i t r o n  emitters f o r  p o s i t r o n  emiss ion  tomog- 
raphy (PET). Although t h e  l a b e l i n g  of s p e c i f i c  m e t a b o l i c  s u b s t r a t e s  is  n o t  p o s s i -  
b l e ,  s u f f i c i e n t  d i v e r s i t y  e x i s t s  i n  t h e  i n  v i v o  d i s t r i b u t i o n  of p o s i t r o n  e m i t t e r s  
o b t a i n e d  from g e n e r a t o r s ,  (Tab le  1). 

I n  t h e  Sr-82/Rb-82 g e n e r a t o r ,  t h e  25 day Sr-82 p a r e n t  is  produced by s p a l l a t i o n  
r e a c t i o n  of medium energy  p r o t o n s  on a molybdenum t a r g e t  (1). The 76 sec Rb-82 
d a u g h t e r  is o b t a i n e d  by e l u t i o n  from a p r e c i s i o n  f low c o n t r o l l e d  a lumina  column 
g e n e r a t o r  ( 2 ) ,  F ig .  1, t o  measure myoca rd ia l  b lood  p e r f u s i o n  (3 )  and b lood  b r a i n  
b a r r i e r  changes i n  b r a i n  tumors ( 4 ) .  The p r e s e n t  Rb-82 g e n e r a t o r  h a s  been eva lu -  
a t e d  i n  several hundred p a t i e n t  s t u d i e s  ove r  t h e  p a s t  3 y e a r s .  F i g u r e  2 shows t h e  
c o n s i s t e n t  d e l i v e r y  of  t h e  d e s i r e d  Rb-82 a c t i v i t y  o v e r  a p e r i o d  of  several months 
from a t y p i c a l  l o a d i n g  of  200 m C i  o f  Sr-82 on t h e  a lumina  column. Rb-82 e l u t i o n s  
can  b e  done as o f t e n  as eve ry  10 min. The b reak th rough  of r a d i o a c t i v e  S r  r a n g e s  
from t o  f o r  hundreds  of e l u t i o n s  w i t h  2% s a l i n e  a t  pH 8-9. Because o f  its 
s h o r t  h a l f  l i f e  and h i g h  e x t r a c t i o n  by t h e  myocardium, Rb-82 p e r m i t s  r e p e a t e d  myo- 
c a r d i a l  p e r f u s i o n  s t u d i e s  w i t h  20 m C i  of Rb-82 f o r  each  s t u d y  which p r o v i d e s  good 
s t a t i s t i c a l  sampl ing  k h i l e  minimiz ing  t h e  r a d i a t i o n  d o s e  t o  t h e  p a t i e n t .  The gen- 
e r a t o r  is a n  i d e a l  sys tem f o r  r e p e a t e d  e l u t i o n s  of s te r i le  pyrogen  f r e e  Rb-82 over  
a p e r i o d  of  s e v e r a l  months.  

The 1 2 2 X e / 1 2 2 1  g e n e r a t o r  is a conven ien t  s o u r c e  of t h e  p o s i t r o n  emit ter  3 .6  min 
1-122 which is s e p a r a t e d  c r y o g e n i c a l l y  from i t s  20 h r  Xe-122 p a r e n t  ( 5 ) .  Rapid 
i o d i n a t i o n  chemis t ry  i s  b e i n g  s t u d i e d  t o  l a b e l  amphetamine ana logues  w i t h  1-122 t o  
measure b r a i n  b lood  f low w i t h  PET ( 6 ) .  
1271(p ,6n)  122Xe  r e a c t i o n .  

A Ga-68 g e n e r a t o r  u s i n g  Sn02 as t h e  s u p p o r t  medium f o r  t h e  275 day Ge-68 p a r e n t  and 
1 .0  N H C 1  as t h e  e l u e n t  s o l u t i o n  p r o v i d e s  68Ga+3 d i r e c t l y  i n  t h e  e l u a t e  ( 7 ) .  
are e v a l u a t i n g  a commercial  v e r s i o n  of t h i s  sys tem 
Sn02 breakthrough*,  and l a b e l i n g  chemis t ry  of 68Gh3 t o  t r a n s f e r r i n  and o t h e r  com- 
pounds. 

The 1 2 8 B a / 1 2 8 C s  g e n e r a t o r  is p r e s e n t l y  under  development t o  u t i l i z e  t h e  3 . 8  min 
Cs-128 p o s i t r o n  e m i t t e r  which h a s  abou t  one-half  t h e  e x t r a c t i o n  of Rb-82 i n t o  t h e  
myocardium. 

P o s i t r o n - e m i t t e r s  f rom t h e s e  f o u r  g e n e r a t o r  sys tems have a p o t e n t i a l  f o r  expanding  
t h e  r o l e  of PET i n  t h e  c l i n i c a l  p r a c t i c e  of n u c l e a r  medic ine .  They can  b e  used  i n  
c o n j u n c t i o n  w i t h  r e g i o n a l l y  s u p p l i e d  c y c l o t r o n  produced f l u o r i n e - 1 8  f luorodeoxyglu-  
c o s e ,  f o r  example,  t o  conduct  a comprehensive s t u d y  of  f low and metabol i sm.  

ACKNOWLEDGMENT: T h i s  work w a s  suppor t ed  by t h e  D i r e c t o r ,  O f f i c e  of Energy Research ,  
O f f i c e  of Basic Energy S c i e n c e s ,  Bio logy  and Medic ine  D i v i s i o n  of  t h e  U.S. Depart-  
ment of Energy under  C o n t r a c t  No. W-7405-ENG-48. 
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T a b l e  1 .  GENERATORS F O R  POSITRON EMITTERS 

PxenJ H a l f - l i f e  Decay I$od&(e( Daughter H a l f - l i f e  Decay Mode(4) Gammas MeV(%) 

Fe-52 8.3 h 8+(56),EC(44) Mn-52 m 21.1 m 0' ( 98) ,EC( 2 ) 1.43( 100) 

Zn-62 9.1 h B+( 18) ,EC(82) Cu-62 9.8 rn G+( 1 00) 0. S9( 2 2 )  

Ge-68 275 d EC(100) Ga-68 68 rn Bf(88),Ei(12) 1 .08( 3 . 5 )  

Sr-82 25 d EC(100) Rb-82 75 s B'(96) ,EC(4) 0.73( 9)  

Te-118 6.0 d EC(100) Sb-118 3.5 m B'(75) ,EC(22) 1.23(3) 

Xe-122 20.1 h EC(100) 1-122 3.5 m B'(100) 0 .56(14)  

Ea-128 2.13 d EC(100) Cs-128 3.8 m 4+(51 ),EC(49) 0.44(27) 

XBLBOI - 3026 

F i g u r e  1. 
w i t h  s t e p p i n g  motor d r i v e  and micro  p r o c e s s o r  c o n t r o l  
f o r  b o l u s  o r  c o n s t a n t  infusion s t u d i e s .  

P r e c i s i o n  f low-con t ro l l ed  Rb-82 g e n e r a t o r  
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F i g u r e  2. The c o n s i s t e n t  d e l i v e r y  of 20 m C i  of Rb-82 
f o r  each  e l u t i o n  ove r  70 days  as a function of l e n g t h  
of e l u t i o n  t i m e  i n  sec relative t o  t h e  decay of 25 
day Sr-82. 
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DEVELOPMENT AND USE OF THE Hq195m-Au195m GENERATOR FOR FIRST PASS RADIO- 
NUCLIDE ANGIOGRAPHY OF THE HEART 

R. Bett, J.G. Cuninghame, H.E. Sims, H.H. Willis, AERE Harwell, Didcot, 
Oxon, England. 
D.S. Dymond, W. Flatman, D.L. Stone, St. Bartholomew's Hospital, London, 
England. 
A.T. Elliott, Western Infirmary, Glasgow, Scotland. 

The suitability of the radionuclide pair Hg-195m-Au-195~1 as a generator was 
first noted by Lebowitz and Richards in 1974 (1) and its development for 
medical purposes such as first pass angiography was reported by some of 
the authors of this paper in 1980 (2,3). The 30.5s half life of Au-195m 
limits the radiation dosages to the patient while making it possible to do 
repeat studies at short (3m) intervals without the problem of residual 
background radiation associated with Tc-99m radiopharmaceuticals. The 
relatively long (40h) half life of the Hg-195m parent gives a reasonable 
"shelf-life'' of 4-5 days for the generator. We now report on the further 
development of the generator to the point where it is in fairly regular 
use in the study of left heart haemodynamics of human patients using the 
standard intra-venous injection technique for first pass cardiac studies(4). 

Since gold is mono-isotopic, the best production reaction from the point of 
product purity is Au-l97(p,3n)Hg-l95n. However, Hg-195- has a spin of 13/2+ 
and there were doubts as to whether a reasonable yield of such a high spin 
isomer could be obtained by means of a (p,3n) reaction. Results obtained 
from ALICE evaporation code (51, however, predicted a cross section of 
900mb at 25-30 MeV bombarding energy and this encouraged us to start a 
programme of practical irradiations. Irradiations are now carried o u t  
with 34 MeV protons on a helium-cooled 0.5mm thick gold metal target, this 
energy giving the best compromise between yield and purity. The beam 
energy is reduced by -8 MeV in passing through the target, giving a yield 
of Hg-195m of -4.6mCi/m/h at end of bombardment; 10-20 I.IA beams are 
normally used. The only significant radioactive contaminant is Hg-197111 
( -  3.5% at e.o.b.1; this is not a problem since it decays to stable Au-197. 

Separation of Hg-195m from the irradiated target is straight forward. The 
Au target is dissolved in concentrated HN03/HC1(20ml) + 501.1g Hg carrier and 
NO; is removed by boiling with more HC1. 
acetate and discarded. The aqueous solution is neutralised to pH5 with 
sodium acetate. The yield is - 90% of the Hg-195m produced in bombardment. 
The extracted Hg-195m is adsorbed on to suitable column material to form the 
generator. The material originally used (3) was vicinal dithiocellulose 
(VDTC), first developed for environmental purposes ( 6 ) .  With lOmM NaCN 
as eluant this gives an elution efficiency of 10-20% of the Au daughter; 
note,however, that the Au-195m activity in the eluate was only 5-10: of the 
Hg-195111 activity on the column since only 47% of the Hg-195m decays through 
Au-195m. 
contaminated with it to the extent of 1-2% by activity. 

The original columns contained 10-20mCi of Hg-195m and. on scaling them up to 
50-1OOmCi difficulties were experienced with radiation damage after a day 
or so. An examination of alternative column materials led to a choice of 
thiopropyl sepharose 6 B  ( 7 ) .  Advantages of this material over VDTC are 

Au is then extracted with amyl 

The breakthrough of Hg-195m was such that the Au-195m was 
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a) It is a commercial product whereas VDTC must be prepared by the user. 
b) Its elution efficiency is about twice that of VDTC. c) It is not so 
subject to radiation damaqe. Fig.1 shows its elution efficiency (ratio 
of Au-l?h activity in eluate to Au-195m activity available on the column 
expressed as a percentage) as a function of NaCN concentration and Fig. 2 
shows elution efficiencies for 1 and 2.5mM NaCN as a function of elution 
volume. Columns now in use contain H80mg (0.2ml) of sepharose. 0.6ml 
of 2.5mM NaCN is used as eluant and this gives an elution efficiency of 30%. 
If desired, 80% of the activity can be injected in 0.4ml by discar the 
first 0.2ml. Contamination of the eluant by Hg-195m is < 0.01%. Radiation 
damage to the column is eliminated by storing it when not in use under 
2.5mM NaCN containing a radical scavenger such as 2% NaN03. Before use 
the NaN03 is removed by flushing the column with lOml of 2.5mM NaCN. We 
are investigating the possible use of physiologically acceptable substances 
as radical scavengers in the place of NaN03. 

Animal studies with the generator using rabbits, a greyhound and a pig have 
been carried out with the following results. a) The eluate is apyrogenic 
and sterile. b) Heart rate, arterial pressure and central venous pressure 
showed no changes during the administration. c) Plasma and red cell 
cyanide levels and plasma thiocyanate levels are within the normal range 
for non-smoking humans, even though 20ml of eluate was administered (the 
dose for one measurement on a human is 0.4ml). d) Hg levels in the body 
were negligible. 

Au-195m has been used for non-invasive cardiac studies in patients and the 
results have been compared with those using the standard radio- 
pharmaceutical, Tc-99m pertechnetate. Diagnostic cardiac images from 
intravenous administration of 15-2OmCi of ~u-195rn have been identical to 
the Tc-99m images and assessment of cardiac function has proved highly 
reproducible. Radiation dosages to the upper arm are 2mR/mCi for Au-195m 
and the total body dose is 0.02mR/mCi for Au-195m compared to 10mR/mCi for 
Tc-99m pertechnetate. 

The preliminary medical aspects of this work, including details of results 
on humans (17 cases by 1st February 1982) will be fully reported in a paper 
to be presented in Paris next week. (8) 

Lebowitz E., Richards P., Seminars in Nuclear Medicine, 257 (1974). 
Bett R., Coleman G.L., Cuninghame J.G., Sims H.E., Brit. Pat. Appl. 
No. P8035352 dated 4 Nov. 8 0 .  
Bett R., Coleman G.H., Cuninghame J.G., Sims H.E., Elliott A.T., 
Stone D.L., Nuc. Med. Commun., 2,75 (1981). 
Dymond D.S., Jarritt P.H., Britton K.E., Spurrell R.A. J., 
J., 4l,68 (1979). 
Blann M., Plasil F., Phys. Rev. Lett. 24,103 (1972). 
Marchant W., Environ. Sci & Tech., 8,993 (1971). 
Pharmacia Chemicals Ltd. 
Dymond D.S., Elliott A.T., Stone D.L., Flatman W., Bett R., 
Cuninghame J.G., Sims H.E., Willis H.H., 3rd World Cong. of Nuc. Med. 
and Biol., Paris, Aug. 1982. 

Br. Heart 
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178W-178Ta GENERATOR: 
TANTALUM O N  INORGANIC ADSORBENTS 
R.D.  Neir inckx,  A .  LeBlanc, M .  Vogel,  J .  Trumper, J . L .  Lacy, and P . C .  Johnson. 
Squibb I n s t i t u t e  f o r  Medical Research,  New Brunswick, N . J .  08903. 

Because of  p o t e n t i a l  in-space u t i l i z a t i o n  of  a178W-178Ta gene ra to r  on a r d  t h e  
Space Lab. an e f f o r t  has  been made t o  extend t h e  u s e f u l  l i f e  of  t h e  Ta genera- 
t o r  a s  w e l l  as t o  s u b s t i t u t e  a more r a d i a t i o n  r e s i s t a n t  i no rgan ic  adsorber  f o r  
t h e  o rgan ic  anion-exchanger p r e s e n t l y  used (1). There fo re ,  a s tudy of  t h e  chroma- 
tog raph ic  behaviour  of  t u n g s t e n  and tantalum was c a r r i e d  o u t  by ba tch  e q u i l i b r a -  
t i o n  s t u d i e s  of a 178W-178Ta mixture  o r  182Ta between ino rgan ic  adso rben t s  and 
v a r i o u s  complexing and non-complexing e l u e n t s .  The ino rgan ic  adso rben t s  t h a t  were 
eva lua ted  a r e  Sn02, A1203, ZrO2, T i O 2 ,  Ti02'H202, Fe2O3, polyantimonic a c i d ,  CrO3, 
MnO2, chromium phosphate ,  t i t a n i u m  phosphate ,  z i rconium phosphate ,  t i n  phosphate ,  
molybdenyl f e r rocyan ide ,  z i rconium fe r rocyan ide ,  f e r r i c  f e r rocyan ide .  

The complexants t h a t  were eva lua ted  a r e  f l u o r i d e ,  c i t r a t e ,  t a r t r a t e  and o x a l a t e .  
The most promising r e s u l t s  w e r e  ob ta ined  w i t h  f l u o r i d e  c o n t a i n i n g  e l u e n t s .  
summary o f  t h e  KD v a l u e s  o f  W and Ta between Mn02 and a 1% NaF s o l u t i o n  a s  a func- 
t i o n  of  pH i s  shown i n  F i g .  1. 
t an ta lum and tungs t en  i s  j u s t  above t h e  p o i n t  of  z e r o  charge (PZC pH 2 . 8 )  of Mn02. 
Th i s  i n d i c a t e s  t h e  d e s o r p t i o n  of  a n i o n i c  complexes from a c a t i o n  exchanger.  I n  1% 
NaF s o l u t i o n s  t h e  tantalum s p e c i e s  p r e s e n t  a r e  TaF6-, TaF72- and hydroxo f l u o r i d e  
compounds o f  complex s t r u c t u r e  ( 2 , 3 , 4 ) .  A t  h ighe r  pH v a l u e s  t h e  s t a b i l i t y  of  t h e  
complexes dec reases  r a p i d l y  i n  f avor  of hydrolyzed s p e c i e s ,  which could e x p l a i n  
t h e  i n c r e a s i n g  t an ta lum a d s o r p t i o n  a t  i n c r e a s i n g  pH above t h e  PZC. 

The KD va lues  ob ta ined  w i t h  t h e  ino rgan ic  a d s o r b e n t s ,  e l u t e d  wi th  a pH 6 1% NaF 
s o l u t i o n s  are summarized i n  Tab le  1. 
lend themselves t o  t h e  development of a s u i t a b l e  

Most o t h e r  adsorbent/complexing e l u e n t  combinat ion adsorbed t an ta lum more s t r o n g l y  
t h a n  tungs t en ,  w i th  KD va lues  f o r  bo th  t u n g s t e n  and t an ta lum d e c l i n i n g  wi th  in-  
c r e a s i n g  pH. 

The fol lowing conc lus ions  can  b e  drawn from t h e s e  experiments:  

A STUDY OF THE CHROMATOGRAPHIC BEHAVIOUR OF TUNGSTEN AND 

19% 

A 

The observed minimum i n  t h e  a d s o r p t i o n  o f  both 

The K D ~ / K D ~ ~  r a t i o  f o r  t h e s e  systems do not  
178Ta g e n e r a t o r .  

1. 

2. 

3 .  

The k i n e t i c s  o f  a d s o r p t i o n  and d e s o r p t i o n  
very slow, l e a d i n g  t o  l a r g e  d i s c r e p a n c i e s  i n  KD v a l u e s  ob ta ined  by adsorp- 
t i o n  o r  d e s o r p t i o n  p rocedures .  

In  t h e  absence of  complexing agen t s  t h e  e a r t h  a c i d  t an ta lum forms ve ry  s t a b l e  
hydrolyzed compounds ( 5 )  t h a t  s t r o n g l y  abso rb  t o  a lmost  a l l  i no rgan ic  ex- 
changers  ove r  a wide pH range.  
adsorbent  may b e  t h e  r e a s o n  f o r  t h e  s t r o n g  t an ta lum b ind ing .  

Complexing agen t s  a r e  e f f e c t i v e  a t  deso rb ing  t an ta lum from ino rgan ic  ex- 
changers .  However, s o l u b i l i t y  of  t h e  adso rben t s  and deso r  t i o n  of  t u n g s t e n  
a r e  o b s t a c l e s  t h a t  must b e  overcome on t h e  way t o  a 178W-1p8Ta gene ra to r  
based on ino rgan ic  adso rben t s .  

of  t an ta lum and t u n g s t e n  a r e  

Hydrolysis  w i t h  t h e  h y d r a t i o n  wa te r  of t h e  
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Tab le  1 

KD va lues  f o r  W and T a  between ino rgan ic  adso rben t s  
and aqueous s o l u t i o n s ,  c o n t a i n i n g  1% NaF ( e q u i l .  t i m e  = 1 0 ' )  

-~ 
Adsorbent KD 

W T a  

a d s o r p t i o n  d e s o r v t i o n  a d s o r v t i o n  d e s o r v t i o n  

s t a n n i c  ox ide  260 1,600 73 800 

Tin-phosphate 7 85 7 50 

t i t a n i u m  ox ide  60 450 90 7 00 

zirconium ox ide  10  410 13 1,500 

zirconium phosphate 7 140 4 100 

copper f e r rocyan ide  8 27 20 60 

(1)  Neir inckx R . D . ,  Jones A . G . ,  Davis M.A. ,  H a r r i s  G.I., and Holman, B . L . ,  
J. Nucl.  Med., 19, 514 (1978).  

Pakholkov, V . S . ,  and Suntsov A.S. ,  Zh. P r i k l .  Khi . ,  49, 737 (1976).  

Pakholkov V.S . ,  and Suntsov A . S . ,  Zh. P r i k l .  Khim., 52, 1484 (1978) .  

( 2 )  

( 3 )  

( 4 )  Laskorin B . N . ,  Vodolazov L . S . ,  Fedulov Y . N . ,  Schishkina E .G.  and 
Petrenko V . I . ,  Zh. Neorg. Khim., 4, 3082 ( 1 9 7 9 ) .  

Strelow F.W.E., and Van d e r  Walt T . N . ,  Anal. Chem., 5, 2272 (1975) .  ( 5 )  
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A Ba-128 (2 .42  d )  +Cs-128 (3.62 min.,B+ 61%) GENERATOR SYSTEM FOR PET STUDIES 
TARGETRY AND RADIOCHEMISTRY METHODS 

M.C. Lagunas-Solar,  F.E. L i t t l e ,  and H.A. Moore. 
Crocker Nuclear  Labora to ry ,  U n i v e r s i t y  of C a l i f o r n i a ,  Davis ,  C A  95616 USA. 

Cesium-I28 (3.62 min.,B+ 61$, EC 39%) h a s  p o t e n t i a l  a p p l i c a t i o n s  i n  
pos i t ron -emiss ion  tomography (PET) a p p l i c a t i o n s ,  p a r t i c u l a r l y  f o r  imaging t h e  
myocardium and,  o r  f o r  t h e  assessment  o f  r e g i o n a l  blood flow. Other  rad ionu-  
n u c l i d e s  used f o r  t h i s  l a t t e r  purpose a l though  u s i n g  conven t iona l  imaging d e v i c e s ,  
i n c l u d e  C s - I  29 (1 ) ,K-43 ( 2 )  ,Rb-81 (3)  and T1-201 ( 4 ) .  Cyclo t ron  p roduc t ion  methods 
( t a r g e t r y  and r ad iochemis t ry )  f o r  i t s  p roduc t ion  based upon t h e  Cs-137(p16n)Ba-128 
(2.42 d) Cs-128 (3.62 min.)  n u c l e a r  r e a c t i o n  (Q = -43.98 MeV), were s t u d i e d .  

Cross  s e c t i o n s  (mb) f o r  t h e  p roduc t ion  o f  Ba-128 (2.42 d) ,Ba- l3 l  (11.7 d ) ,  Cs-129 
(32.35 h)  and Cs-132 (6.47 d)  were c a l c u l a t e d  from d a t a  on induced r a d i o a c t i v i t i e s  
measured on t h i n  - C s C l  d i s c  t a r g e t s ,  and cove r ing  t h e  67.0- t o  36.4-MeV 
pro ton-energy  range .  I n  a d d i t i o n ,  t h i c k - t a r g e t  y i e l d s  (mCi/pAh) were a l s o  
c a l c u l a t e d .  These r e s u l t s  a r e  g iven  i n  Table  1 .  

Table 1 .  
Ba-131, Cs-131, and Cs-129 i n  t h e  67.0- t o  36.4-MeV Proton-Energy Range. 

Thick-Target Y i e l d s  (mCi/pAh) and Cross S e c t i o n s  (mb) f o r  Ba-128, 

P ro ton  Energy Ba-I28(a t  EOB)t Ba-131 ( a t  EOB)+Cs-131 ( a t  EOB)+Cs-129(+9.07 h EOB)' 

Yie ld  S e c t i o n  Yie ld  S e c t i o n  Y i e l d  S e c t i o n  Y i e l d  S e c t i o n  
(MeV) Cross  Cross  Cross  Cross  

67.0 

64.8 
63.7 
62.6 
61 .4  
60.2 
59.0 
57.7 
56.6 
55.3 
54.0 
52.7 
51 * 4  
49.9 
48.5 
47.2 
45.8 
44 .3  
42.8 
41.3 

38.1 
36.4 

65.9 

39.8 

354.6 
376.4 
405.2 
373 - 2 
360.0 

232.6 

180.8 

64.3 

25.0 
16.8 
14.0 
11.2 

n/d i c  

n/d 
n/ d 
n/d 
n/ d 
n/d 
n/ d 
n/d 

294 * 4 

215.5 

127.9 

49.1 

268 20.3 

298 27.5 
260 22.3 

213 28.8 
164 25.4 
153 26.2 

277 24.3 

259 30.8 

130 31.4 
88 34.4 
48 72.6 
34 34.3 
17 36.2 
12 34.8 
10 36.8 
8 37.2 

-- 45- 1 
-- 47.9 
-- 53.6 

51 - 9  
-- 67.0 
-- 88.7 
-- 131.2 
-- 168.6 

-- 

74 51 - 4  
86 68.1 
98 69.1 
75 67.0 
107 74.3 
101 73.3 
87 70.2 
90 70.4 
109 75.4 
1 1 8  73.8 
118 70.0 
113 75.8 
120 81 .8 
122 69.5 
121 68.9 
132 69.4 
163 78.2 
172 72.2 

182 56.4 
237 65.8 

445 76.3 
597 71.6 

193 73.9 

309 6 8 - 9  

*n/d = no t  d e t e c t e d  ( t )  EOB = end-of-bombardment 

104 
134 
136 
125 
143 
142 
132 
133 
145 
140 
140 
139 
150 
134 
125 
137 
I56 
143 
148 
110 
129 
133 
143 
139 

547.6 
705 * 7 
792.1 
795.6 
934.3 
953.1 
967.6 

1049.6 
1169.8 
1168.1 
1091.8 
1151.0 
1144.8 
885.5 
781 - 7  
593.8 
494.9 
308.7 
173.7 
80. g 
56 .8  
56 .8  
76.5 

104.8 

230 
288 
724 
309 
374 
383 
379 
41 3 
468 
460 
453 
438 
478 
356 
2 94 
244 
205 
128 
72 
33 
23 
23 
30 
42 

The Ba-I 28-Cs-128 pa ren t -daugh te r  system is i n  t r a n s i e n t  e q u i l i b r i u m  and t h e  
s h o r t - l i v e d  Cs-128 daugh te r  r e a c h e s  a maximum a s h o r t  time ( t  = 36 min.) a f t e r  a 
f r e s h l y  p u r i f i e d  Ba-128 f r a c t i o n  i s  prepared .  Cesium-128 i s  a l s o  s h o r t  l i v e d  enough 
t o  a l low f o r  s e q u e n t i a l  s t u d i e s  t o  be conducted. Fur thermore ,  t h e  2.42 d Ba-128 
p a r e n t  r a d i o a c t i v i t y  is s u f f i c i e n t l y  long- l ived  making Cs-128 a v a i l a b l e  d u r i n g  a 
span o f  s e v e r a l  days. Because of t h e s e  c h a r a c t e r i s t i c s ,  a t r a n s p o r t a b l e  g e n e r a t o r  
system was des igned ,  b u i l t ,  and t e s t e d  a l lowing  a s h o r t - l i v e d  Cs-128 p o s i t r o n  
emitter t o  be  t aken  and used a t  l o c a t i o n s  d i s t a n t  from a c y c l o t r o n  f a c i l i t y .  

By summation o f  t h e  t h i c k - t a r g e t  y i e l d s  as g iven  i n  Table 1 ,  f o r  t h e  67- t o  
54.0-MeV pro ton-energy  r ange ,  t h e  y i e l d  o f  Ea-128-Cs-128 ( t r a n s i e n t  e q u i l i b r i u m )  w a s  
measured as 3.1 m C i / P A h  a t  EOB, wi th  a 2.32 g/cm2-thick C s C l  target. 
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Targe t - r ad iochemis t ry  u s i n g  ion-exchange methods a l lowed t h e  p r e p a r a t i o n  o f  a 
t r a n s p o r t a b l e  gene ra to r - type  system from which h i g h - r a d i o n u c l i d i c  p u r i t y ,  
r ad iopha rmaceu t i ca l  q u a l i t y ,  no-car r ie r -added  Cs-128, i n  a 0.9 N a C l  pH ~9 (32.35 h )  
a r e  a l s o  ob ta ined ,  a s  g iven  i n  Table  1 .  C ross - sec t ion  d a t a  sugges t  t h a t  t h e  Cs-129 
i s  most ly  produced from t h e  decay  o f  bo th  Ba-129m (2.13h) and Ba-129 (2 .20  h ) .  T h i s  
a l l o w s  f o r  t h e  p roduc t ion  of h i g h - p u r i t y  Cs-129 a l s o  i n  a 0.9 N a C l  pH -9 e l u t i o n  
form, provided  t h a t  t h e  p rope r  rad iochemica l  man ipu la t ions  a r e  made i n  t h e  system 
shown i n  F igu re  1 .  The e f f i c i e n c y  o f  t h e  g e n e r a t o r  system is e v i d e n t  when a 
gamma-ray spectrum o f  a loaded g e n e r a t o r  column ( F i g u r e  2)  i s  compared w i t h  t h e  
gamma-ray s p e c t a  o f  a Cs-128 e l u e n t  s o l u t i o n  ( F i g u r e  3) ob ta ined  u t i l i z i n g  t h e  
sys tem shown i n  F igu re  1 .  By u t i l i z i n g  t h e s e  methods, c u r r e n t  combined c y c l o t r o n  
and l i n e a r - a c c e l e r a t o r  c a p a b i l i t i e s  can  g e n e r a t e  c u r i e - l e v e l s  o f  Ba-128 f o r  use i n  
Ba-128-Cs-128 g e n e r a t o r  systems f o r  c l i n i c a l  r e s e a r c h  a p p l i c a t i o n s .  

(1 ) Yano Y . ,  Van Dyke D., Budinger T.F., e t  a l .  
(2)  Za re t  B.L., S t r a u s s  H.W., Mar t in  N.D., e t  a l .  N. Engl. J. Med. 288, 809 (1977) .  
(7) Berman D.S., S a l e 1  A.F., DeNardo G.L. ,  and Mason D.T. C i r c u l a t i o n  z, 619 

(4) Lebowitz E. ,  Greene M . W . ,  F a i r c h i l d  R . ,  e t  a l .  J. nuc l .  Med. 
(5 )  Lambrecht R.M., Ga l l aghe r  B . ,  Wolf A.P., and Bennet t  G.W. ,  I n t .  J. a p p l .  Rad ia t .  

J. n u c l .  Med. u, 663 (1970).  

(1 975). 
~, 151 (1975) .  

I s o t o p e s  2, 343 ( I  980).  
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TECHNETIUM-99M RADIOPHARMACEUTICALS STRUCTURE-ACTIVITY RELATIONSHIPS 
R. Miinze- 
Z e n t r a k i n s t i t u t  f u r  Kernforschung Rosaendorf ,  8051 Dresden, PF 19 ,  DDR. 

A t  p r e s e n t  technetium-99m r a d i o p h a r m a c e u t i c a l s  are p r e v a i l i n g  i n  
r o u t i n e  n u c l e a r  medical p r a c t i c e  by r e a s o n  of  t h e  f a v o u r a b l e  n u c l e a r  
decay c h a r a c t e r i s t i c  o f  Tc-99m. The development  of  compounde w h i c h  
p o s s e s s  h i g h e r  organ  a n d  f u n c t i o n  s p e c i f i t y  i s  a c h a l l e n g e  t o  modern 
rad iopharmacology and  t e c h n e t i u m  c o o r d i n a t i o n  chemis t ry .  F u r t h e r  
e u c c e s s  depends on more I n f o r m a t i o n  on c h e m i c a l  s t r u c t u r e s  b i o d i s t r i -  
b u t i o n s  and p o s s i b l e  l o c a l i z i n g  mechanisms of  t h o s e  compounds. I n  t h e  
p a s t  many e x p e r i m e n t s  carr ied o u t  w i t h  technetium-99 model s u b s t a n c e s  
r e v e a l e d  a h i g h  c o m p l e x i t y  of t h e  c h e m i c a l  r e a c t i o n s  between reduced  
technet ium s p e c i e s  and  a p p r o p r i a t e  l i g a n d  m o l e c u l e s  w i t h  r e g a r d  t o  
o x i d a t i o n  s t a t e s ,  l igand-meta l  s t o i c h i o m e t r i e s  and  p o l y n u c l e a r  complex 
f o r m a t i o n  i n  aqueous  s o l u t i o n s .  
The most i m p o r t a n t  p r o p e r t y  of t h e  t e c h n e t i u m  c o o r d i n a t i o n  compounds 
i s  t h e i r  k i n e t i c  s t a b i l i t y  a g a i n s t  l i g a n d  exchange w i t h  components 
i n  t h e  plasma space.  T h i s  e n a b l e s  t h e  d e s i g n  o f  numerous i n  v i v o  
s table  t e c h n e t i u m  labe l led  s u b s t a n c e s  w i t h  v e r y  d i f f e r e n t  c h e m i c a l  
s t r u c t u r e s  which are m e e t i n g  t h e  c o n d i t i o n s  f o r  s p e c i f i c  i n t e r a c t i o n s  
w i t h  b i o s t r u c t u r e s  and  t h e  a d j u s t m e n t  of  m o l e c u l a r  s i z e s ,  i o n i c  
charges, and s o l u b i l i t i e s  which are r e l e v a n t  for t r a n s p o r t  and  b i o -  
d i s t r i b u t i o n  p r o c e s s e s .  
Most prominent  o x i d a t i o n  s t a t e s  i n  Tc-99-radiopharmaceuticalls a r e  
Tc(V),  Tc( IV) ,  a n d  Tpc(I I1) .  
T c ( V )  is predominant ly  s t a b i l i z e d  by l i g a n d s  having  s o f t  d o n o r s  
l ike-S- and-&- as Tc03+, w i t h  c h a r g e d  hard donors  (-O-, -COO-) as 
Tc03+, TcOOH" or T c ( O H ) ~ ~ + ,  a n d  by hard n e u t r a l  d o n o r s  l i k e  > NH, 
-NH2, 3 N as Tc02+ c e n t r e s .  Many m e d i c a l l y  i n t e r e s t i n g  compounds 
l i k e  t h e  Tc(V)hydroxycarboxylato-, T c ( V ) d i t h i o l a t o - ,  Tc(V)aminothio-  
l a t o - ,  Tc(V)pyridino- ,  Tc(V)diamfno-, and Tc(V)cyclam c h e l a t e s  b e l o n g  
t o  t h e s e  groups.  
Tc(1V) i s  main ly  s t a b i l i z e d  as ha rd  T c ( O H ) ~ ~ +  o r  TcOOH+ c e n t r e s  by 
ha rd  donor  l i g a n d a  l i k e  h y d r o x y c a r b o x y l a t e s ,  a rn inopolycarboxyla tes ,  
p h o s p h a t e s ,  and  phosphonates .  These compounds are s u b j e c t  t o  conden- 
a a t i o n  r e a c t i o n s  c o n d u c t i n g  t o  poly(homo- and  h e t e r o - )  n u c l e a r  
c o o r d i n a t i o n  polymers. Many i m p o r t a n t  r a d i o p h a r m a c e u t i c a l s  l i k e  t h e  
boneseeking  a g e n t s  a r e  members o f  t h a t  group. 
T c ( I I 1 )  is s t a b i l i z e d  by m u l t i d e n t a t e  l i g a n d s  which are a b l e  t o  
s h i e l d  t h e  metal c e n t r e  a g a i n s t  fas t  o x i d a t i o n  and h y d r o l y s i s .  
A f u r t h e r  group of m e d i c a l l y  i n t e r e s t i n g  T c ( I I 1 )  compounds are t h e  
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a r s i n e  and phoaphine complexes w i t h  exchangeable  auxiliary l i g a n d s ,  
Most of t h e  t e c h n e t i u m  r a d i o p h a r m a c e u t i c a l s  are a n i o n i c  compounds 
p a r t i c u l a r l y  t h o s e  which have n e g a t i v e l y  c h a r g e d  l i g a n d s .  These 
s u b s t a n c e a  are c o n f i n e d  i n  t h e  plasma s p a c e  and  excreted v i a  glomeru- 
l a r  f i l t r a t i o n  i f  no  s p e c i a l  l o c a l i z a t i o n  mechanism o p e r a t e s .  Such a 
mechanism c o u l d  be t h e  l i g a n d  exchange w i t h  b i o s t r u c t u r e a  which p o s s e s s  
s t r o n g e r  l i g a t o r  g r o u p s  t h a n  t h e  l i g a n d s  i n  t h e  r a d i o p h a r m a c e u t i c a l .  
Ligand exchange seems t o  be r e s p o n s i b l e  f o r  t h e  h i g h  k idney  and  i n f a r c t  
up take  of t h e  Tc(V) h y d r o x y c a r b o x y l a t e s  and t e t r a c y c l i n e  chelates.  
Another  mechanisms is proposed  f o r  t h e  bone a n d  i n f a r c t  u p t a k e  of  t h e  
phosphate  and  phosphonate  c h e l a t e s .  It i s  supposed  t h a t  non r e q u i r e d  
f r ee  l i g a t o r  m o i t i e s  of  t h e  c o o r d i n a t e d  l i g a n d  i n t e r a c t  w i t h  c a l c i u m  
s i t e s  i n  t h e  target  t i s s u e .  T h i s  is s u p p o r t e d  by t h e  d i s c o v e r y  of non 
phosphorous o s t e o t r o p i c  t e c h n e t i u m  che la tes  (oxobis-meso-dimercqpto- 
s u c c i n a t o  t e c h n e t a t e ( V ) ,  d ihydroxo b i s  d-tartratotechnetate(IV), 
o l i g o m e r i c  t e c h n e t i u m c i t r a t e  complexes)  which have f r e e  c a r b o x y l a t e  
and hydroxy g r o u p s  f i t t i n g  t o  c o o r d i n a t e  w i t h  c a l c i u m  s i t e s .  
I n  p a r t i c u l a r  c a s e s  ( s u b s t i t u t e d  i m i n o d i a c e t i c  ac id  c h e l a t e s  f o r  
s c a n n i n g  t h e  h e p a t o b i l i a r y  t r a c t ,  B e n z o y l t h i o a c e t a m i d o  c h e l a t e e  f o r  
k idney  f u n c t i o n  s t u d i e s )  c e r t a i n  s t e r e o c h e m i c a l  s i m i l i a r i t i e s  w i t h  
endogeneous s u b s t a n c e s  l i k e  b i l i r u b i n  and  h i p p u r i c  a c i d  can  be 
u t i l i z e d  i n  t h e  d e s i g n  of f u n c t i o n  s p e c i f i c  t e c h n e t i u m  radiopharma- 
c e u t i c a l s .  
More r e c e n t l y  n e u t r a l  ( o x i n a t o  a n d  t h i o l a t o )  and c a t i o n i c  ( a r a i n e ,  
phosphine ,  and  amine)  complexes were p r e p a r e d  i n  o r d e r  t o  get  t e c h -  
net ium compounds which are able t o  p e n e t r a t e  v a s c u l a r  and  c e l l u l a r  
membranes. The u s e f u l n e s s  of  such s u b s t a n c e s  p r e s u p p o s e s  an appro-  
p r i a t e  l o c a l i z i n g  mechanism e i t h e r  by b i o t r a n s f o r m a t i o n s ,  l i g a n d e x -  
change o r  i n t e r a c t i o n s  w i t h  c e l l u l a r  or membranal b i o s t r u c t u r e s  
r e s u l t i n g  i n  t h e  i m m o b i l i z a t i o n  of  t h e  r a d i o a c t i v e  l a b e l .  
A f u r t h e r  p r o m i s i n g  a p p r o a c h  is  t h e  f u n c t i o n a l i z a t i o n  o f  large b io-  
molecules  by c h e l a  t i n g  rno i t  ies. 
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PHYSIOCHEMICAL AND STRUCTURAL CORRELATIONS DESCRIBING THE EXCRETION OF H I D A s  

A .  D. Nunn. Squibb I n s t i t u t e  f o r  Medical Research ,  Georges Road, New Brunswick, 
New J e r s e y  08903. 

The c o r r e l a t i o n s  r e q u i r e d  f o r  t h e  development o f  q u a n t i t a t i v e  s t r u c t u r e  d i s t r i b u -  
t i o n  r e l a t i o n s h i p s  (QSDRS) can  be  d iv ided  i n t o  two g r o u p s ;  i n  one  i n s t a n c e ,  - i n  
- viva d i s t r i b u t i o n  i s  c o r r e l a t e d  w i t h  phys iochemica l  d a t a ,  i n  t h e  o t h e r  i t  i s  
c o r r e l a t e d  w i t h  chemica l  s t r u c t u r e .  T h i s  paper  r e p o r t s  b i o l o g i c a l  d a t a  on a 
s e r i e s  o f  Tc-99m H I D A  complexes. 
p h i l i c i t y ,  p r o t e i n  b ind ing  and l i g a n d  s t r u c t u r e  of t h e  complexes.  

We have syn thes i zed  twenty  s i x  d i f f e r e n t  H I D A  l i g a n d s .  Tc and o t h e r  m e t a l s  have 
been complexed w i t h  some o f  t h e  l i g a n d s  i n  a n  a t t empt  t o  e l u c i d a t e  t h e  s t r u c t u r e  
of t h e  m e t a l - H I D A  complexes.  
syn thes i zed  and t h e i r  b i o d i s t r i b u t i o n s  de t e rmined .  

These d a t a  have  been  c o r r e l a t e d  w i t h  t h e  l i p o -  

The Tc-99m complexes of some o f  them have a l s o  been 

We r e p o r t  h e r e  t h e  u s e  of r e v e r s e  phase HPLC t o  de t e rmine  t h e  l i p o p h i l i c i t y  of t h e  
l i g a n d s  de f ined  i n  t e r m s  of t h e  c a p a c i t y  f a c t o r ,  l og  k' where - 

VR = r e t e n t i o n  t ime of l i g a n d  

VM = r e t e n t i o n  t i m e  of u n r e t a i n e d  sample 
( a c e t o n e )  

l og  k '  = l og  V -V R M  - 
vM 

I n  a d d i t i o n  t o  log  k '  v a l u e s ,  t h e o r e t i c a l  l i p o p h i l i c i t i e s  were c a l c u l a t e d  u s i n g  
t h e  s u b s t i t u e n t  hydrophobic c o n s t a n t s , ( n ) ,  t a b u l a t e d  by Hansch and Leo ( 2 ) .  
t h e o r e t i c a l  l i p o p h i l i c i t y  of t h e  u n s u b s t i t u t e d  l i g a n d  (phenyl  HIDA) was set  a t  
z e r o .  

The 

The r e l a t i o n s h i p s  shown i n  F i g .  1 a l l o w  t h e  p r e d i c t i o n  of l i p o p h i l i c i t y  of a H I D A  
from CTI v a l u e s  t a b u l a t e d  by Hansch e t  a l .  Three  groups  of  l i n e a r i l y  r e l a t e d  li- 
gands a r e  ob ta ined  when l o g  k '  f o r  a l i g a n d  i s  p l o t t e d  a g a i n s t  In. These groups  
a r e  based on t h e  deg ree  of s u b s t i t u t i o n  of t h e  o r t h o  p o s i t i o n .  Or tho  s u b s t i t u -  
e n t s  e x h i b i t  lower l i p o p h i l i c i t i e s  t h a n  p r e d i c t e d  by In. For example, d i o r t h o  
s u b s t i t u t e d  d e r i v a t i v e s  a r e  no t  r e t a i n e d  tw ice  as long  a s  t h e  co r re spond ing  mono 
pa ra  s u b s t i t u t e d  d e r i v a t i v e .  I f  t h e  o c t a n o l / w a t e r  p a r t i t i o n  c o e f f i c i e n t s  ob ta ined  
by Mol te r  and Kloss ( 3 )  a r e  p l o t t e d  a g a i n s t  Cn v a l u e s ,  t h e  same l i n e a r l y  r e l a t e d  
groups  o f  l i g a n d s  a r e  o b t a i n e d .  

The e f f e c t  of s u b s t i t u t i o n  p o s i t i o n  on t h e  l i p o p h i l i c i t y  o f  t h e  l i g a n d s  i s  para- 
l l e l e d  by t h e  e f f e c t  of s u b s t i t u t i o n  p o s i t i o n  on t h e  albumin b ind ing  of t h e  Tc- 
HTDA complexes.  P rev ious  work (1) h a s  shown t h a t  o r t h o  s u b s t i t u e n t s  produce 
n e g l i g i b l e  albumin b ind ing  whereas pa ra  s u b s t i t u t e n t s  cause  b ind ing  p r o p o r t i o n a l  
t o  c h a i n  l e n g t h .  

A l i n e a r  r e l a t i o n s h i p  i s  o b t a i n e d  i f  t h e  r e n a l  c l e a r a n c e  o f  t h e  Tc-complexes i s  
p l o t t e d  a g a i n s t  t h e  l i p o p h i l i c i t y  o f  t h e  l i g a n d .  Th i s  r e l a t i o n s h i p  encompasses 
bo th  u n s u b s t i t u t e d  and d i o r t h o  s u b s t i t u t e d  l i g a n d s  bu t  n o t  t h e  mono s u b s t i t u t e d  
l i g a n d s .  A s  t h e  l i p o p h i l i c i t y  i n c r e a s e s  t h e  r e n a l  c l e a r a n c e  d e c r e a s e s .  A t  t h e  
same t ime t h e  h e p a t i c  c l e a r a n c e  i n c r e a s e s .  Thus,  c o n t r a r y  t o  t h e  o p i n i o n s  o f  
Mol te r  and Kloss ( 4 )  l i p o p h i l i c i t y  and p r o t e i n  b ind ing  c a n  b e  used t o  p r e d i c t  t h e  
i n  v i v o  d i s t r i b u t i o n  of Tc-HIDAs. 

The h e p a t o c e l l u l a r  t r a n s i t  t i m e s  o f  a Tc-99m complex could no t  b e  p r e d i c t e d  from 
e i t h e r  t h e  l i g a n d ' s  l i p o p h i l i c i t y  o r  t h e  deg ree  o f  p r o t e i n  b ind ing  o f  t h e  complex. 

The s i n g l e  SDR we have found is t h a t  s u b s t i t u e n t s  i n  t h e  o r t h o  p o s i t i o n  c o n t r i b u t e  
less  t o  t h e  o v e r a l l  l i p o p h i l i c i t y  t h a n  t h e o r y  p r e d i c t s .  T h i s  l e a d s  t o  l e s s  pro- 
t e i n  b ind ing  and hence h i g h e r  r e n a l  c l e a r a n c e .  The proximi ty  o f  t h e  o r t h o  p o s i -  
t i o n s  t o  t h e  remainder of  t h e  molecule  s u g g e s t s  t h a t  s u b s t i t u e n t s  i n  t h e s e  pos i -  
t i o n s  may be  s h i e l d e d  from t h e  environment.  Thus t h e  reduced l i p o p h i l i c i t y  ex- 
h i b i t e d  by o r t h o  s u b s t i t u e n t s  may be  caused  by s t e r i c  e f f e c t s .  

The i d e n t i f i c a t i o n  o f  t h e s e  e f f e c t s  i s  hampered by a l a c k  o f  knowledge o f  t h e  
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exac t  conformat ion  of metal-HIDA complexes.  W e  have been unab le  t o  de t e rmine  t h e  
complete s t r u c t u r e  of  Tc-HIDA, bu t  we have observed  an  i n t e r m e d i a t e  which i s  form- 
ed du r ing  b o t h  c a r r i e r  and no-car r ie r -added  s y n t h e s i s .  The 1 R  spec t rum of t h e  in-  
t e r m e d i a t e  c o n t a i n s  a Tc=O s t r e t c h  whereas t h a t  o f  t h e  f i n a l  p roduct  does  n o t .  
The i n t e r m e d i a t e  is probably  n o t  due t o  a p a r t i a l l y  reduced technet ium c e n t e r  a s  
Cr3+-HIDA s y n t h e s i s  shows a s i m i l a r  i n t e r m e d i a t e  and f i n a l  p roduc t .  

The in fo rma t ion  ob ta ined  from t h i s  work has  been used t o  deve lop  a t h i r d  genera- 
t i o n  H I D A  ( 5 )  which has  improved i n  v i v o  c h a r a c t e r i s t i c s  i n  man. I n  a d d i t i o n  some 
unde r s t and ing  of t h e  g e n e r a l  r equ i r emen t s  f o r  h e p a t i c  and r e n a l  c l e a r a n c e  o f  a l l  
t ypes  o f  r ad iopha rmaceu t i ca l s  has  been o b t a i n e d .  

(1 )  Nunn A . D . ,  J. Lab. Comp. Rad iopham. ,  18, 155 (1981) .  
( 2 )  Hansch C. and Leo A . ,  " S u b s t i t u e n t  c o n s t a n t s  f o r  c o r r e l a t i o n  a n a l y s i s  i n  

( 3 )  Molter M. and K l o s s  G . ,  J. Lab. Comp. Radiopharm.,  18,  56 (1981) .  
( 4 )  Molter M .  and K l o s s  G . ,  J. Lab. Comp. Radiopharm., 18,  196 ( 1 9 8 1 ) .  
(5)  Nunn A . D . ,  Loberg M . D . ,  Conley R.A.  and  Schramm E . ,  J .  n u c l .  Med., 2 2 ,  51 

chemis t ry  and b io logy" ,  Wiley, N . Y .  ( 1979) .  

- 
- 

- 
(1981) .  
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SUBSTITUENT HYDROPHOBIC CONSTANT(7TI) 

F i g .  1 - Reten t ion  by r e v e r s e  phase  HPLC v s .  In f o r  v a r i o u s  H I D A  l i g a n d s .  
X = 2 , 6  - H , H ;  0 = 2 , 6  - R , R ;  0 = 2 , 6  - R , H  
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THE MYOCARDIAL UPTAKE AND BIODISTRIBUTION OF KIT FORMULATED, 
CATIONIC COMPLEX, Tc(dmpe)zC12+ 

M.N. Eakins, K.A. Glavan, J.F. Kronauge, R . D .  Neirinckx, and M. LaTegola Graff. 
Squibb Institute for Medical Research, Georges Road, New Brunswick, N.J. 

Cationic 99”Tc complexes have been recently shown to localize in normal myocardium 
( 1 , 2 ) .  The advantage of using 99mTc as a radiolabel over ”‘Tl, the current agent 
of choice for myocardial imaging, would lie in its lower cost, shorter half-life 
and better nuclear properties for imaging. However, these advantages are placed 
beyond the scope of a normal hospital radiopharmacy when the preparation of the 
9gmTc-complex is elaborate and requires a chromatographic step for purification 
(1). 

9mTc-LABELLED 

08903. 

To overcome this problem a lyo hilized kit has been developed ( 3 )  which, upon ad- 

a cationic technetium complex, 99?’c-Tc(dmpe)2C12+ in > 90% purity as assessed by 
HPLC. 
and dog. 
computer to obtain time-activity curves for the heart, liver and kidneys. 

The in-vivo distribution of 99mTc-complex in rat, rabbit, dog and monkeys charac- 
terized by a rapid blood clearance and localization of the activity in the liver, 
kidneys and heart (Table 1). The heart to tissue ratios obtained can be compared 
with the published values for “lT1 chloride (Table 2). The heart to blood ratio 
for the 99mTc-complex ranges from 6 in the monkey to 20 in rat while ”’T1 ratios 
range from 34 to 38.  

The myocardial clearance of the 99mTc-complex in rabbit and dog is biexponential 
as shown in Figure 1. The fast component is presumably due to the washout of 
vascular activity while the slower component (Tk dog = 95 minutes; T$ rabbit = 1 3 5  
minutes) is presumed to be due to washout from myocardial cells. 
‘‘IT1 from the myocardium i s  slower with half-lives of  4 . 4  t o  7 hours being re- 
ported ( 4 , 5 ) .  

In the 4 species examined, the activity in the liver ranged from 9 . 5  to 23.4% of 
the injected dose (%ID) at 20 to 30 minutes after injection (Table 1 )  with the 
bile being the preferred route of excretion. 
was between 11 and 13%ID up to 1 2  hours after injection and fell to 8%ID 24 hours 
after injection. 

The high adrenal uptake in rats (Table 1) is noteworthy, not from a possible imag- 
ing capability since the washout is rapid (T% = 60 minutes) but because it 
provides a possible insight into the drug’s mechanism of uptake. By comparing the 
structure, charge and biological distribution of Tc(dmpe)2Clz+, bretylium and 
iodobenzylguanidines ( 6 , 7 ) ,  it is conceivable that the observed myocardial and 
adrenal uptake of these three compounds is by the same carrier-mediated process. 
However, no direct proof is yet available to sustantiate this hypothesis. 

dition of generator-produced ! 9~01,- in 0.9% NaCl solution and heating, produces 

Tissue distribution of the complex has been obtained in rat, rabbit, monkey 
Rabbits and dogs were also imaged with a gamma camera connected to a 

The washout of 

Thus in the rat the liver activity 
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Table 1 

Tissue distribution of 99mTc-Tc (dmpe) C1 ' 
in rat, rabbit, dog and monkey at 30 minutes 

2 2  

% Injected Dose 

Monkey - Do9 - Rabbit - Rata - 
Heart 1.61 5 0.49 1.56 0.34 4.48 _+_ 0.31 1.30 

Liver 11.43 5 2.60 9.46 2.57 18.53 5 4.21 23.40 

Kidneys 7.33 5 1.42 11.32 3.10 7.58 2 0.69 2.34 

Blood (per 9) 0.10 5 0.01 0.012% 0.004 0.0037 5 0.0008 0.0139 

Muscle (per g )  0.24 +- 0.06 0.0175 0.007 0.0053 5 0.0011 0.0124 

Adrenal (per g )  3.74 f 1.12 0.0565 0.008 0.145 5 0.012 
n 6 4 4 1 

a 2 ~  minutes Table 2 

Heart to tissue ratios for 99?Cc-Tc(dmpe)2C12+ in rat, rabbit, dog, and monkey at 
30 minutes compared with ratios f o r  201T1 chloride. 

Beagle 

99yc 201T1 99mTc 

Blood 17 20 34 16 38 6 
Lung 2 1 3 6 2 1 
Liver 2 2 3 1 2 0.4 
Muscle 12 9 9 11 6 7 
n 4 6 6 6 4 1 

Rabbit Rata Rat DOY DogC Monkey 
9gmTc 

b 

- - -  99nTc 201T1 - 

a 20 minutes; b reference 8; c reference 9. Ratio of % injected dose per 
gram of heart to % injected dose per gram of tissue. 
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Fig. I 

Myocardial clearance in rabbit and 
dog of Tc- 99m -Tc (dmpe),CI,+ 
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RELATIONSHIPS EETWEEN CIIEMICAL STRUCTURE AND BONE LOCALIZATION 
PROPERTIES OF Tc-99m MONOPHOSPHATES AND MONOPHOSPHONATES 

3 . S . T  Wane, R . A .  Fawwaz,and P.O.  A l d e r s o n .  C o l l e g e  of  P h y s i c i a n s  and 
Surgeons ,  Columbia U n i v e r s i t y ,  New York, N.Y.  10032. 

Technetium 99m c h e l a t e d  monophosphates mid monophosphonates have  b e e n  
s t u d i e d  f o r  hone l o c a l i z a t i o n  ( 1 , 2 , 3 , 4 ) .  The n u r p o s e  of  t h i s  s t u d y  w a s  
t o  e v a l u a t e  a series of s t r u c t u r a l l y  r e l a t e d  o r g a n i c  monophosphates and 
monophosphonates i n  o r d e r  t o  d e t e r m i n e  t h e  r e l a t i o n s h i p  between t h e i r  
s t r u c t u r e  and t h e i r  hone l o c a l i z a t i o n .  The compounds were l a b e l e d  w i t h  
Tc-99111 i r  t’ir p r e s e n c e  of  SnC12. 
L a b e l i n g  e f f i c i e n c i e s  w e r e  d e t e r m i n e d  by ITLC w i t h  a c e t o n e  and 85% methanol  
s v s  t e m .  

The f i n a l  pH of  t h e  complex w a s  7 . 0 - 7 . 4 .  

T i s s u e  d i s t r i b u t i o n  s t u d i e s  were done i n  ra ts  (n=3 e a c h  group)  a t  two 
h o u r s  a f t e r  i v  a d m i n i s t r a t i o n  of  tracer.  The d a t a  r e v e a l e d  t h a t  o n l y  
cornpounds 5 , 6 , 8 , 9 , 1 0  and 15 a c h i e v e d  r e l a t i v e l v  h i g h  femur /b lood  r a t i o s  
( c t s / g . ) .  These  r e s u l t s  s u g g e s t  t h a t  (1) compounds t h a t  c a n  form t h e  
most s t a b l e  f i v e  o r  s i x  membered c h e l a t i n g  r i n g s  w i t h  Tc-99m have  t h e  
b e s t  bone l o c a l i z a t i o n ;  (2) compounds t h a t  c a n  o n l y  form p o o r l y  o v e r l a p p e d  
f o u r  o r  s e v e n  membered r i n g s  w i t h  t h e  metal y i e l d  much lower  femur /b lood  
r a t i o s ;  (7) t h e  Ci12, 0, a n J  NH p r o u p s  a r e  i s o s t e r s :  and ( 4 )  t h a t  t h e  
c a r b o n y l  group may p l a y  a n  e s s e n t i a l  r o l e  f o r  r e s o n a n c e  s t a b i l i z a t i o n  of  
monophosphates and monophosphonates.  

( 1 )  C i t r i n  D . L . ,  B e s s e n t  R .G.  and G r e i g  W.R., J. n u c l .  Med., 2, 1110 ( 1 9 7 4 ) .  
( 2 )  Nelson  M . F . ,  Melton R.E. and  Van Wazer, J .  n u c l .  Med., 15, 1043 ( 1 9 7 5 ) .  
(3) Hosain P . ,  Spencer  R.P., A h l q u i s t  K . J .  and  S r i p a d a  P.K., J. n u c l .  Med., 

( 4 )  Kung H.F. ,  A c k e r h a l t  R .  and  Blau  M . ,  J .  n u c l .  Med., 19, 1027 ( 1 9 7 8 ) .  
- 19, 530 ( 1 9 7 8 ) .  
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Chemical Structures and Femur/Blood Ratios of Monophosphates 
and Monophosphonates 
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SYNTHESIS AND EVALUATION OF NEW Tc-99m LABELED IODINE SUBSTITUTED 
ACETANILIDO IMINODIACETATES 

G. Subramanian, R. F. Schneider,  J. G. McAfee, T. Fe ld ,  E. Pa l lad ino ,and 
C. Zapf-Longo and F. D. Thomas. 

S.U.N.Y., Ups ta te  Med ica l  Center,  750 E. Adams S t r e e t ,  Syracuse, NY 13210. 

E a r l i e r  Tc-99m h e p a t o b i l i a r y  agents (1-4) were m o s t l y  IDA d e r i v a t i v e s  o f  
a l k y l - s u b s t i t u t e d  a c e t a n i l  ides .  Recen t l y (5 )  i t  was shown t h a t  bromine 
s u b s t i t u t e d  on t h e  a romat i c  r i n g  of 2 ,  4, 6 - t r i m e t h y l a c e t a n i l i d e  
c o n s i d e r a b l y  a l t e r e d  t h e  b i o d i s t r i b u t i o n .  

We syn thes i zed  i o d i n e  s u b s t i t u t e d  2 ,6 -d imethy lY  2 ,6 -d ie thy l ,  
2 ,4 ,6 - t r imethy l  and bromine s u b s t i t u t e d  2,4,6-tr imethyl  a c e t a n i l  i d e s  and 
prepared t h e i r  cor respond ing  I D A  d e r i v a t i v e s .  

I o d i n e  s u b s t i t u t i o n  was performed by t h e  method o f  Suzuk i (6 ) .  B romina t ion  
was c a r r i e d  o u t  a t  room tempera ture  by add ing  an equ imo la r  q u a n t i t y  o f  
bromine t o  a c h l o r o f o r m  s o l u t i o n  o f  t h e  c h l o r o a c e t a n i l i d e  and s t i r r i n g  
f o r  2-3 days. 
e thano l /wa te r  c o n t a i n i n g  sodium m e t a b i s u l f i t e ,  f i l t e r e d  and p u r i f i e d  by 
r e c r y s t a l l i z a t i o n  f rom pe t ro leum e t h e r .  The s t r u c t u r e  o f  t h e  compounds 
were v e r i f i e d  by I R ,  NMR and o t h e r  s tandard  a n a l y t i c a l  techniques. 

Bo th  t h e  i o d i n a t i o n  and b romina t ion  r e s u l t e d  i n  s u b s t i t u t i o n  a t  t h e  3 
p o s i t i o n  on t h e  a romat i c  r i n g .  The b i o d i s t r i b u t i o n  o f  t h e  Tc-99m complexes 
was performed i n  r a b b i t s  (3-4 kgs)  f a s t e d  ove rn igh t .  
i n  t h e  Tab le  compared w i t h  d a t a  p r e v i o u s l y  pub l i shed(  2 )  on non-halogen 
s u b s t i t u t e d  compounds. 

These da ta  i n d i c a t e  t h a t  heavy halogen s u b s t i t u t i o n  on t h e  aromat ic  r i n g  o f  
t hese  compounds reduces u r i n a r y  e x c r e t i o n ,  and has tens  b l o o d  and h e p a t i c  
c lea rance  ra tes .  Fo r  example f o r  2 ,6 -d ie thy l  d e r i v a t i v e  t h e  u r i n a r y  
e x c r e t i o n  decreased f rom 7.2% t o  1.4% when iod ina ted .  S i m i l a r  r e s u l t s  were 
no ted  f o r  o thers .  Wi th  t h e  t r i m e t h y l  d e r i v a t i v e s  a lmost  i d e n t i c a l  
d i s t r i b u t i o n  r e s u l t s  f rom i o d i n e  o r  bromine s u b s t i t u t i o n .  

The c h l o r o f o r m  was evapora ted  and t h e  r e s i d u e  suspended i n  

The r e s u l t s  a r e  shown 

I o d i n e  s u b s t i t u t i o n  on t h e  meta p o s i t i o n  o f  t h e  a romat i c  r i n g  o f  ' H I D A '  
compounds shou ld  p r o v i d e  h e p a t i c  imag ing  agents  of s u p e r i o r  q u a l i t y .  
However f u r t h e r  e v a l u a t i o n  i s  needed b e f o r e  these  compounds can be 
recommended f o r  c l i n i c a l  use. 

(1) Chervu, L.R., Nunn, A.D., Loberg,  M.D. Sem. Nucl .  Med. 
( 2 )  Subramanian, G . ,  McAfee, J.G., Henderson, R.W. Proc. 1 5 t r I n t e r n a t i o n a l  

( 3 )  M o l t e r ,  M., Kloss,  G .  Lab. Compounds Rad iophan .  
(4 )  C h i o t e l l i s ,  E., Varvar igov ,  A. 
( 5 )  Nunn, A.D. J.  Nucl.  Med. =,5(1981) 
( 6 )  Suzuki ,  H. Org. Synthes is .  s , 9 4 ( 1 9 7 1 )  

12,5(1982) 

Meet ing  o f  S o c i e t y  o f  Nuc lear  Med ic ine ,  Groningen, 1977. E d i t o r s  M. 
M o l d r i n g  e t  a1 F. K. Scha l tauer ,  Ver lag ,  S t u t t g a r t :  1978; pp. 136-139 

18,56(1981) 
I n t .  J .  Nucl.  Med E o 1 .  1 ,1 (1980)  
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MECHANISM OF RED BLOOD CELL LABELING WITH 99mTECHNETIUM-PERTECHNETATE AND THE ROLE 
OF CATION PUMPS AT RRC ME?IBRANE ON DISTRIBUTION AND BINDING OF Sn2+ AND 99mTECHNE- 
TIUM WITH MEMBRANE PROTEINS AND HEMOGLOBIN 

M.K. Dewanjee, S.A. Rao, and J.T. Penniston. 
Division of Nuclear Medicine and Biochemistry, Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota 55905, U.S.A. 

Permeability of anions and cations in red blood cell (RBC) and presence of Na -K - 
ATPase and Ca2+-ATPase on cation transport had been extensively studied (1-5). 
though 99mTc-labeled RBC is routinely used (6,7) for evaluation of ventricular func- 
tion by sequential administration of tin (11)-pyrophosphate (Sn-PP) and 99mTc- 
pertechnetate, their transport via RBC membrane and the role of cation pumps, mem- 
brane glycoproteins, and hemoglobin on the binding of Sn2+ and 99mTc are poorly 
understood. In the past we demonstrated the similarity of binding of Cr3+ and oxo- 
technetium (Tc03+) cation with beta chain of hemoglobin (8,9) and studied the phar- 
macology of S@-complexes (10). We h.ave recently studied the effect of Sn2+, 
99m~c04, Cr04 
There is some similarity of the binding of oxovanadium and oxotechnetium cation with 
hemoglobin (5,9). 

Distribution of 99mTc and '13Sn in in vitro and in vivo labeled RBC of dogs was de- 
termined by labeling, hypotonic lysis, membrane filtration, ultracentrifugation, 
dissolution of labeled membrane proteins !n 1% sodium dodecyl sulfate and gel fil- 
tration chromato raphy of membrane proteins and hemoglobin. The difference in the 
distribution of 69mTc and 'I3Sn on membrane proteins and hemoglobin in in vitro and 
in v ivo  labeled RBC is shown in Table 1. 

RB maintains intracellular Na 
Y-~~P-ATP (0.1 nCi/n mole) was used as substrate for Na+-K+-ATPase (porcine cortex; 
14.38 ug) and Ca2+-ATPase (human RBC:1.75 ug) ATP hydrolysis was carried out at 37 
C for 30 minutes in presence of Sn2+ and anions (50-400 UP.!). 
stopped with silicotungstic acid, and phosphomolybdate complex was formed after ad- 
dition of ammonium molybdate; 32P-labeled phosphomolybdate was extracted with ben- 
zene: isobutanol (1:l) and beta radioactivity was measured with a liquid scintil- 
lation counter by adjustment of lower level discriminator for avoiding low energy 
99gTc-beta radioactivity . 
Anions e.g. 99gTc04, MnO-, CrO '- permeate by diffusion and no ATP hydrolysis is de- 
monstrated in Figs. 1 an$ 2 .  
both enzymes (Fig. 3), suggesting that this cation might be pumped out of RBC like 
Ca2+, once i; diffuses inside red blood cells. 

+ +  
Al- 

,and V043- ions on ATP hydrolysis by ATPases by radiometric assay. 

+ and Ca2+ balance by ATP hydrolysis via ATPases. 

The reaction was 

$n2+ ion stimulates ATP hydrolysis in presence of 
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(2) Rothstein A., Cabantchik Z.I., KnaiTf P., Fed. Proc., 35, 3-10 (1976). 
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(4) Barrabin H., Garrahan P.J., and Rega A.F., Biochim. Biophys. Acta., 600, 
(5) Cantley L.C., and Aisen P., J. Biol. Chem., 254, 1781-1874 (1979). 
16) Atkins H. L., Eckelman TJ.C., Klopper J.F., and Richards P., Radiology, 106, 
(7) Pave1 D.G., Zinuner A.X., and Patterson V.N., J. Nucl. Med., Is, 305-308 (1977). 
(8) Pearson H.W., Blood, 2, 218-230 (1963). 
( 9 )  Dewanjee M.K., J. Nucl. Med., Is, 703-707 (1974). 
(10) Dewanjee M.K. and Wahner H.W., Radiology, 132, 711-716 (1979). 
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796-804 (1980). 

357-360 (1973). 
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In Vitro 
(30 min.) 

""'Tc 113Sn 

RBC membrane 5 8 2 9  0.620.2 

Hemolysate 4027 1.450.5 

Plasma proteins 2 2 1 9 8 2 3  

TABLE 1. DISTRIBUTION (Yo) OF 9 9 m T ~  & 
'13Sn IN RBC AND PLASMA 

In Vivo 
(30 min.) 

99mTC '13sn 

2925 1 +.1 

6 4 2 7  2 2 1  

7 2 1  1 4 2 5  

800 I 

700 - 

Split ATP(pM) 4oo 
/protein( mg) 0 

/min 

100 - * 
0 1  1 I I I - 

0 100 200 300 400 

Anion (pM) 71eo0)8-2 

+ +  
F i g .  1 E f f e c t  of anions on ATP hydrolysis with Na -K -ATPase (Porcine cor tex)  
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r2007s t 
Anion (pM)  

Fig. 2 EFFECT OF ANION ON Ca2+ - ATPase (Porcine Cortex) 
(RADIOMETRIC ASSAY) 

200 

(mg)/min 

I A Na' - K'- ATPase I Ca2'- ATPase 

0 
100 200 300 400 

+ 
Fig .  3 Effect of stannous ion on ATP hydrolysis with Ca2+-ATPase and Na - 

K+-ATPase (Radiometric assay) 
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TETRASULFOPHTflALOCYANINE LABELLED WITH ’Tc, ’ ’“Tc AND 7 G a  

J . E .  van  L i e r  and J .  Rousseau. 
Department of Nuclaer  Medic ine ,  U n i v e r s i t y  of  Sherhrooke Medica l  C e n t e r ,  
Sherbrooke, Quebec ,  J 1 H  5N4, Canada. 

Porphin  ana logs  have a long  and c o n t r o v e r s i a l  h i s t o r y  a s  p o t e n t i a l  tumor 
seek ing  molecu le s .  Over f i v e  decades  ago t h e  f i r s t  r e p o r t s  appeared  
sugges t ing  t h e i r  p o t e n t i a l  a s  tumor v i s u a l i z i n g  a g e n t s  th rough t h e i r  
combined f l u o r e s c e n c e  and tumor a f f i n i c  p r o p e r t i e s  (1). Mixed a c e t i c  and 
s u l f u r i c  a c i d  d e r i v a t i v e s  of hematoporphyrin were in t roduced  i n  t h e  e a r l y  
s i x t i e s  and t h e  s u c c e s s f u l  d e t e c t i o n  o f  neoplasm of t h e  u t e r i a n  c e r v i x  was 
r e p o r t e d  wi th  such  ana logs  ( 2 ) .  However, t i s s u e  d i s t r i b u t i o n  s t u d i e s  w i t h  
t h e  1 4 C -  and 3H- labe l led  p r o d u c t s  r e v e a l e d  a much h i g h e r  up take  i n  t h e  
l i v e r ,  k idneys  and s p l e e n  than  i n  t h e  tumor ( 3 ) .  S i m i l a r  d i s c r e p e n c i e s  
were r e p o r t e d  concern ing  t h e  tumor seek ing  p r o p e r t i e s  of t e t r a p h e n y l -  
po rph in  s u l f o n a t e  d e r i v a t i v e s ,  even though t h e  s u c c e s s f u l  d e l i n e a t i o n  of 
human c e r e b r a l  tumor w i t h  t h e  co r re spond ing  
been r e p o r t e d  ( 4 ) .  More r e c e n t  s t u d i e s  on a series of meso- subs t i t u t ed  
po rphyr ins  l a b e l l e d  w i t h  5 7 C 0  r e v e a l e d  a c o r r e l a t i o n  between o v e r a l l  
cha rge  and tumor up take  of such  complexes w i t h  c e r t a i n  d e r i v a t i v e s  
a t t a i n i n g  b e t t e r  tumor t o  blood r a t i o s  than  67Ga c i t r a t e ,  a l t h o u g h  tumor 
t o  l i v e r  r a t i o s  were less f a v o r a b l e  (5) .  

Another c l a s s  of compounds which m i m i c  t h e  n a t u r a l l y  o c c u r r i n g  po rphyr ins  
are ph tha locyan ines .  They c o n s i s t  of f o u r  b e n z i s o i n d o l e  n u c l e i  f u s e d  v ia  
n i t r o g e n  b r i d g e s ,  and they  form s t a b l e  c h e l a t e s  w i t h  metal i o n s  and me ta l  
ox ides .  Me ta l loph tha locyan ines  are o b t a i n e d  e i t h e r  by condensa t ion  of 
p h t h a l i c  a c i d  w i t h  a b i v a l e n t  m e t a l  c a t i o n  o r  by exchange of a m e t a l  i o n  
w i t h  t h e  c e n t r a l  i o n  of l i t h i u m  ph tha locyan ine  ( 6 ) .  Uranyl  t e t r a s u l f o -  
ph tha locyan ine  (U02-TSPC) was p repa red  hy t h e  l a t t e r  method and shown to 
accumula te  i n  b r a i n  tumors ( 7 ) .  Although t h e  s y n t h e s i s  of a number of 
o t h e r  metallo-TSPC complexes h a s  been d e s c r i b e d ,  no f u r t h e r  s t u d i e s  on t h e  
p o t e n t i a l  d i a g n o s t i c  a p p l i c a t i o n s  of ana logous  y -emi t t i ng  complexes have 
been r e p o r t e d .  A s  a r e s u l t  w e  p repa red  bo th  t h e  99mTc- and 67Ga- lahe l led  
tetrasulfoohthalocyanines and e v a l u a t e d  t h e i r  t i s s u e  d i s t r i b u t i o n  p a t t e r n  
and tumor up take  i n  expe r imen ta l  an ima l s .  

’Co l a b e l l e d  d e r i v a t i v e s  h a s  

e :  n i t r o g e n  atom 

PC: ph tha locyan ine  M = H2 R = H 
TSPC: t e t r a su l fo -PC M 5 H~ R = SO; 

R Tc-TSPC: M = Tc R = SO; 

Ga-TSPC : M = G a  R = SO; 

R 

R 



1468 Sym po s ium A b s t r a c t s  

The chemis t ry  of t h e  Tc-TSPC w a s  s t u d i e d  w i t h  t h e  co r re spond ing  c h e l a t e s  
prepared  w i t h  t h e  long- l ived  99Tc- i so tope .  S u b s t i t u t i o n  of t h e  c e n t r a l  
hydrogen atoms i n  H2-TSPC by 99Tc-spec ie s  of d i f f e r e n t  o x i d a t i o n  s ta tes  
gave u n s a t i s f a c t o r y  r e s u l t s  and  a c c o r d i n g l y  we adap ted  t h e  condensa t ion  
method f o r  t h e  s y n t h e s i s  of a s t a b l e  Tc-TSPC complex. P e r t e c h n e t a t e  w a s  
p repared  by d i s s o l v i n g  "Tc metal  i n  n i t r i c  a c i d .  The r e a c t i o n  mix tu re  
w a s  n e u t r a l i z e d ,  d r i e d  and d i s s o l v e d  i n  an  aaueous s o l u t i o n  c o n t a i n i n g  
hydroxylamine, 3 - s u l f o p h t h a l i c  a c i d ,  u r e a ,  ammonium c h l o r i d e  and a t r a c e  
of molybdate as a c a t a l y s t .  A f t e r  water w a s  evaworated a t  9OoC, t h e  
t empera tu re  of t h e  mix tu re  was i n c r e a s e d  t o  260°C t o  a l l o w  condensa t ion  
t o  occur .  Hydroxylamine w a s  choosen a s  a r educ ing  agen t  s i n c e  i t  
decomposes a t  t h e s e  e l e v a t e d  t empera tu res  w i t h o u t  l e a v i n g  a r e s i d u e .  The 
b l a c k  r e a c t i o n  m i x t u r e  w a s  suspended i n  d ry  methanol ,  f i l t e r e d  and washed 
thoroughly  w i t h  methanol t o  y i e l d  a c rude  "Tc-TSPC Drewara t ion  a s  a 
b l a c k ,  wa te r  s o l u b l e  powder w i t h  a s p e c i f i c  a c t i v i t y  o f  2.6 mCi/g. 
Ex tens ive  chromatography on i o n  exchange r e s i n  and s i l i c a  g e l  gave  t h r e e  
b lue-green  co lou red  components w i t h  "Tc-TSPC c h a r a c t e r i s t i c s .  S p e c t r a l ,  
s p e c i f i c  a c t i v i t y  and combustion a n a l y s i s  i n d i c a t e d  t h a t  t h e  ma jo r ,  b l u e  
p roduc t  con ta ined  one mol of T c  p e r  mol of TSPC, whereas t h e  spec .  act .  
of Lhe two minor ,  more p o l a r ,  g r e e n  complexes cor responded t o  abou t  2 mol 
of TSPC p e r  mol of "Tc. I n  b o t h  types  of complexes t h e  Tc i o n  is  most 
l i k e l y  bonded t o  t h r e e  a d j a c e n t  p y r r o l e  n i t r o g e n s  and s i t u a t e d  above t h e  
p l ane  of t h e  TSPC r i n g  sys t em,  o r  sandwiched between two TSPC molecules .  
The same p r o d u c t s  w e r e  o b t a i n e d  w i t h  t h e  s h o r t - l i v e d  99mTc-isotope f o r  
i n  v ivo  s t u d i e s .  

The 67Ga-TSPC complex w a s  r e a d i l y  o b t a i n e d  by d i r e c t  l a b e l l i n g  of t h e  
empty 
o b t a i n e d ,  depending on pH, t empera tu re  and i n c u b a t i o n  t i m e .  Optimal 
r e a c t i o n  c o n d i t i o n s  inc luded  a pH of 4 . 1  and h e a t i n g  f o r  1 h r  a t  8OoC.  
Both 9ymTc- and 67Ga-TSPC w e r e  found t o  b e  s t a b l e  in viva w i t h  d i s t i n c t l y  
d i f f e r e n t  d i s t r i b u t i o n  p a t t e r n s  as  compared t o  t h e  f r e e  m e t a l  i s o t o p e s .  
With a view towards enhancing i t s  o rgan  s e l e c t i v i t y ,  w e  are  p r e s e n t l y  
working on chemica l  m o d i f i c a t i o n s  of t h e  TSPC moei ty .  

H,-TSPC. Y i e l d s  of up t o  80% based on "Ga i n c o r p o r a t i o n  were 

Korbler  J . ,  S t r a h l e n t h e r a p i e  3,510 (1931) .  
J.ipson R . L . ,  P r a t t  J . H . ,  Ba ldes  E . J . ,  e t  a l . ,  O b s t e t .  Gynec. 3, 
78 (1Q64) .  
Gomer C . J .  and Dougherty T . J . ,  Cancer Res. 2, 1 4 6  (1979) .  
Winkelman J . ,  Rubenfeld S .  and McAffee J . ,  J .  Nuclear  Med. 5, 462 
(1974) .  
Wang T.S .T. ,  Fawwaz R . A .  and Tomashefsky P.,"Radiopharmaceuticals, 
s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s " ,  R.P. Spencer ,  Ed., Grune and 
S t r a t t o n ,  New York, 1981,  p .  225. 
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MULTILAMELLAR DSPC LIPOSOMES: VESICLES WITH IMPROVED STABILITY 
P.W. Gallagher and M.R. Zalutsky. 
Department o f  Radiology, Harvard Medical School, Boston, MA 02115. 

pggt icu la te  c a r r i e r s  labeled with a-or &emit t ing  nucl ides  such as  211At, 
Re and 165Dy might be useful  f o r  both radiotherapy o f  well-defined l e -  

s ions  v i a  ca the te r -d i rec ted  de l ivery  and se lec ted  i r r a d i a t i o n  o f  i s o l a t e d  
body spaces. Recent r e s u l t s  with one such p a r t i c u l a t e ,  an astat ine-211-  
te l lur ium c o l l o i d ,  have demonstrated t h a t  t h i s  approach i s  highly e f fec-  
t i v e  i n  t h e  t reatment  o f  experimental malignant a s c i t e s  (1) .  Liposomes 
are a p o t e n t i a l l y  usefu l  p a r t i c u l a t e  c a r r i e r  f o r  i n  vivo use,because they 
a r e  fabr ica ted  from biodegradable phospholipids, c a n b e p r o d u c e d  i n  a wide 
v a r i e t y  of  s i z e s  and can i n  p r i n c i p l e  be used t o  en t rap  any water o r  l i p i d  
soluble  radiochemical. Their u t i l i t y  a s  p a r t i c u l a t e  c a r r i e r s  f o r  radio-  
therapy w i l l  be dependent upon the  development of  ves ic les  t h a t  a r e  s t a b l e  
and impermeable i n  vivo so  t h a t  i r r a d i a t i o n  of normal t i s s u e  due t o  leak- 
age o f  r a d i o a c t i v i t y  from the  v e s i c l e  w i l l  be minimized. In addi t ion ,  the  
liposome must be o f  s u f f i c i e n t  s i z e  t o  prevent i t s  migration as  an i n t a c t  
p a r t i c l e  from p o t e n t i a l  t a r g e t  s i t e s .  

In an e f f o r t  t o  meet these  requirements, we have inves t iga ted  the  i n  v i t r o  
and i n  vivo s t a b i l i t y  o f  mult i lamellar  v e s i c l e s  (MLV) composed o f  d i s t e a -  
roylphosphatidylcholine (DSPC). Mult i lamellar  v e s i c l e s  were s tud ied ,  be- 
cause they a r e  p o t e n t i a l l y  l e s s  permeable than uni lamellar  v e s i c l e s ,  and 
s ince  they a r e  l a r g e r ,  t h e i r  leakage as  i n t a c t  ves ic les  should be l e s s .  
DSPC (phase t r a n s i t i o n  temperature Tc = 56OC) was used because recent  
s t u d i e s  suggest t h a t  liposomes fabr ica ted  from phospholipids which a r e  
s o l i d  a t  physiological  temperature have increased r e t e n t i o n  o f  t h e i r  aque- 
ous contents  i n  t h e  presence o f  serum ( 2 , 3 ) .  

Mult i lamellar  liposomes were prepared by a v a r i a t i o n  o f  t h e  method o f  Bang- 
ham and coworkers ( 4 ) .  
chloroform and evaporated under vacuum. 
ized t o  remove any remai .ng s o l v e n t .  About 1 m l  o f  phosphate buffered 
s a l i n e  (PBS) containing g4mTCo4- was then added t o  the  l i p i d  l a y e r ,  and 
a f t e r  hea t ing  t o  64OC, the  mixture was vortexed p e r i o d i c a l l y  f o r  10 min. 
After  an addi t iona l  30 rnin incubat ion a t  64OC, t h e  liposomes were separa- 
t e d  from unencapsulated 99mTc04- by cent r i fuga t ion  a t  50, OOOg followed by 
repeated cent r i fuga t ion  a t  lOOOg i n  order  t o  remove uni lamellar  v e s i c l e s .  

With t h i s  procedure, 12-14% o f  the  '"%co4- added i n  the  aqueous layer  was 
encapsulated i n  t h e  MLV. 
somes was determined by both l i g h t  and e lec t ron  microscopy using l a t e x  
spheres of known diameter as  s tandards.  The majori ty  o f  t h e  liposomes 
were 1-4 u m  i n  diameter. 

The in- vitro s t a b i l i t y  o f  99mTc-DSPC liposomes was determined by d i a l y s i s  
a t  370C aga ins t  PBS, 50% f e t a l  c a l f  serum, and 50% synovial f l u i d .  The 
h a l f  times f o r  leakage o f  99mTc a c t i v i t y  from t h e  ves ic les  (Table 1) was 
l e s s  than those reported by Allen (2) f o r  the  leakage o f  ca lce in  from uni- 
lamellar  v e s i c l e s  o f  var ious compositions, and a l s o  l e s s  than those repor t -  
ed by Espinola (5) f o r  the  leakage of  99mTc-DTPA from mult i lamellar  ves i -  
c l e s  composed of phosphatidylcholine/cholesterol. 
r a t e  per hour observed a t  longer time poin ts  suggests  t h a t  it would be ben- 
e f i c i a l  t o  d ia lyze  t h e  liposomes f o r  6-12 h r  p r i o r  t o  i n  vivo use.  

Approximately 15 umoles o f  DSPC were dissolved i n  
The l i p i d  f i lm was then lyophi l -  

The s i z e  d i s t r i b u t i o n  o f  the  9gmTc-DSPC l i p o -  

The decrease i n  leakage 
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The biodistribution of 99mTc-DSPC multilamellar liposomes so treated was 
investigated in mice and rabbits. Following intravenous injection, the 
majority o f  the activity in both species was found in the lungs, liver, 
and spleen as would be expected f o r  particles o f  this size. In the mouse, 
the activity in these organs was 37%, 33%, and 3.24%, respectively at 30 
min In 
order to study the leakage rate from an isolated body space, the disappear- 
ance of 99mTc activity from the knee was measured following the injection 
of 99mTc-DSPC liposomes into the synovial capsule of two rabbits. The 
knee is an ideal site for study because of the potential for treating 
rheumatoid arthritis via radiation synovectomy. The average leakage rates 
determined by serial gamma camera imaging wereg&4% at 1 hr, 13% at 8 hr 
and 31% at 24 h r .  The tissue distribution o f  Tc activity leaked from 
the knee @able 2) indicates that most of the activity which leaked had been 
excreted at 24 hr. This suggests that one advantage of using liposomes as 
particulate carriers f o r  radiotherapy is that the radiation absorbed dose 
to blood forming organs such as the spleen and bone marrow, tissues that 
normally accumulate small particulates, could be minimized by incorpora- 
ting the radionuclide within the liposome in a chemical form which is rap- 
idly excreted. 

The application o f  liposomes as radiotherapeutic agents will require the 
use of radioisotopes with short half lives and vesicles with even greater 
stability. Experiments are now in progress to investigate the effect on 
vesicle stability of variables such as the nature of the phospholipid head 
group and the molecular weight o f  the entrapped radiochemical. 

post injection clearing to about half these values at 24 hr. 

Bloomer, W.D., McLaughlin, W.H., Neirinckx, K.D., et al., Science, 
212, 340 (1981). 

Allen, T.M., Biochim. Biophys. Acta, 640, 385 (1981). 
Mad, M.R., Gamble, K.C. and Baldeschwieler, J.D., Science, - 2 0 7 ,  309 
(1980). 

- 

Bangham, A.D., Standish, M.M. and Watkins, J.C., J. Mol. Biol., 13, 
238 (1965). 

Espinola, L.G., Beaucaire, J., Gottschalk, A .  and Caride, V..J . ,  J. 
Nucl. Med., g, 432 (1979). 



Journa l  of Label led  Compounds and Radiopharmaceut ica ls  - Vol.  X l X ,  Nos 11-12 1471 

Table  1 .  Leakage o f  99?c a c t i v i t y  from m u l t i l a m e l l a r  v e s s i c l e s  composed 
o f  DSPC 

Medium % Leakage Leakage 

6 h r  1 2  h r  24 h r  48  h r  h a l f  t ime  

PBS 20 26 35 42 >76 h r  
Serum ( 5 0 % )  29 36 44 56 36 h r  
Synovia l  f l u i d  (50%) 30 40 48 61 25 h r  

Table  2 .  'Tissue d i s t r i b u t i o n  o f  99mTc a c t i v i t y  i n  t h e  r a b b i t  fo l lowing  
i n  j ect i on o f  99mTc - DSPC mu1 t i 1 ame 1 1 a r  1 iposomes 

T i s sue  % i n j e c t e d  dose  

I n t r a s y n o v i a l  In t r avenous  
i n j e c t i o n ,  24 h r  i n j e c t i o n ,  9 h r *  

l i v e r  1 .24  39 .51  
s p l e e n  0.006 3.02  
lungs 0.067 23.27 
kidneys  0.36  1.79 
b l a d d e r  0.07  0 . 0 3  
u r i n e  4 . 5 3  0 . 7 3  

whole body 15 .7  85 .O 

*Since  a c t i v i t y  does n o t  l e a v e  t h e  knee as a b o l u s ,  an i . v .  i n i e c t i o n  
a t  9 h r s ,  t h e  h a l f  time a t  which a c t i v i t y  l eaked  from t h e  knee over  
24 hrs, was used  f o r  comparison. 

t h y r o i d  0.02+ 0.01  

+Excluding a c t i v i t y  i n  i n j e c t e d  knee.  


