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SUMMARY 

ew and e f f i c i e n t  me d is described f o r  t h e  separa t ion  
of *opTl from its parent  "'Pb . Differences i n  ion exchange 
proper t ies  f a c i l i t a t e  t h e  use of a generator  system f o r  t h i s  
separat ion.  The procedure i t s e l f  is simple and u t i l i z e s  an ex- 
change column which r e t a i n s  a l l  lead i so topes ,  as w e l l  as o ther  
metals, while permlt t  e l u t i o n  of car r ie r - f ree  201T1. Unlike 
cur ren t  methods, t h e  fsnTl can be made c l i n i c a l l y  ava i lab le  with- 
i n  hours of its generation and t h e  need f o r  e labora te  extrac-  
t i o n s  i s  avoided. 
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INTRODUCTION 

Among t h e  short- l ived i so topes  cur ren t ly  under inves t iga t ion  a s  radiopharma- 

c e u t i c a l s ,  thallium-201 has  been shown t o  be a super ior  agent f o r  myocardial per- 

fusion imaging (1-6). 

hours, i s  a generator  product obtained from its parent ,  lead-201. Unlike most 

generator  systems, however, where t h e  parent  has  a s i g n i f i c a n t l y  longer h a l f - l i f e  

than t h e  daughter, t h e  20$b-20%l generator  e x h i b i t s  a parent  possessiag a 

s h o r t e r  h a l f - l i f e  (T - 9.4 h r s ) .  Because t h e  decay rate of t h e  lead  parent  is 

grea te r  than t h e  rate of generation of the  thal l ium daughter, such a generator  

would not be expected t o  provide a continuing source of t h e  daughter i so tope  be- 

yond 3-4 days. 

T h a l l i u r 2 0 1 ,  a radionucl ide having a h a l f - l i f e  of 73 

112 

Methods cur ren t ly  employed f o r  t h e  separa t ion  of thallium-201 from lead-201 

involve e labora te  e t h e r  ex t rac t ions  o r  e l u t i o n s ,  procedural r e p e t i t i o n  f o r  maxi- 

mizing thallium y i e l d  and mater ia l  losses  due t o  t i m e  lawe while wai t ing f o r  the  

@ 1977 by John WiZey d 50116, L t d .  
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lead-201 t o  decay two o r  more h a l f - l i v e s  (1,7). 

The P resen t  s tudy  proposes  t h e  use  of  a t h a l l i u m  gene ra to r  system whereby 

201Pb can be  d i r e c t l y  a p p l i e d  t o  a c a t i o n  exchange r e s i n  w i t h i n  2-3 hours  a f t e r  

end of bombardment of an  en r i ched  '03Tl powder t a r g e t .  

u c t  is  subsequent ly  e l u t e d  a t  convenient  t i m e  i n t e r v a l s  r e l a t i v e  t o  t h e  'OIPb 

decay. The method is s imple  and e l i m i n a t e s  t h e  need t o  r e p e a t  s e p a r a t i o n  proce- 

dures  fol lowing f u r t h e r  decay of t h e  l e a d  p a r e n t .  Furthermore,  u n l i k e  t h e  e t h e r  

e x t r a c t i o n  procedure,  t h e  201Pb-201T1 gene ra to r  exc ludes  t h e  p o s s i b i l i t y  t h a t  t h e  

thall ium-201 w i l l  be  contaminated w i t h  lead-203, a secondary product  produced 

du r ing  cyc lo t ron  bombardment. 

The 'OIT1 daughter  prod- 

MATERIALS AND METHODS 

Lead-201 is r o u t i n e l y  produced by t h e  203Tl(p,3n)20$b n u c l e a r  r e a c t i o n  on an 

enriched 203Tl  0 2 3  

Center cyc lo t ron .  

T1203. Sepa ra t ion  of t h e  'OIPb from t h e  t a r g e t  material i s  accomplished by ex- 

t r a c t i o n  of t he  t h a l l i u m  i n t o  i sop ropy l  e t h e r  and subsequent  e l u t i o n  of t h e  

aqueous lead-201 s o l u t i o n  ove r  a Bio-Rad Dowex AGl-X8  anion exchange r e s i n  (9 ) .  

Yicrogram q u a n t i t i e s  of t a r g e t  material, s t i l l  p r e s e n t  a f t e r  e t h e r  e x t r a c t i o n ,  

adhere t o  t h e  column. 

evaporated t o  dryness  and brought  up t o  a predetermined volume i n  hydroch lo r i c  

ac id .  

hydroch lo r i c  a c i d  c o n t a i n i n g  0.1% c h l o r i n e  gas .  

nanogram q u a n t i t i e s  of  t h a l l i u m  (Rhodamine B t e s t )  ( l o ) ,  aluminum ( a l i z a r i n  t e s t )  

(ll), and i r o n  (potassium fe r rocyan ide  t e s t )  (12) are performed r o u t i n e l y .  Such 

contaminants could arise from t h e  t a r g e t  and t a r g e t  ho lde r  d u r i n g  p rocess ing .  

Radioassay and r a d i o n u c l i d i c  p u r i t y  are determined by multi-channel p u l s e  h e i g h t  

a n a l y s i s  u t i l i z i n g  a Ge(Li) d e t e c t o r .  Following each p rocess ing ,  en r i ched  

thall ium-203 is  recovered by p r e c i p i t a t i o n  and conversion t o  t h e  oxide.  

powder t a r g e t  u s ing  an e x t e r n a l  beam of  t h e  Mount S i n a i  Medical 

The p roduc t ion  rate (8) of  'OIPb is t y p i c a l l y  10 mCi/pAH/g 

The e l u a t e ,  c o n t a i n i n g  201Pb and '03Pb (ca.  lo%), is 

For t h i s  s tudy  t h e  l e a d  a c t i v i t y  w a s  r ed i s so lved  i n  1-2 m l  of 0.005 N 

Spot tests on t h e  product  f o r  

The 1-2 m l  volumes of 201Pb/203Pb (approximately 20-40 m C i / m l ,  'Ol"b) were 

a p p l i e d  t o  a pre-condi t ioned gene ra to r  system ( r e s i n ,  t r e a t e d  wi th  0.005 N HC1 

c o n t a i n i n g  0.1% C 1  immediately b e f o r e  use) c o n s i s t i n g  of  a g l a s s  column (0 .7  x 
2 
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10 cm), wrapped with f o i l ,  plugged a t  t h e  bottom wi th  a f r i t t e d  g l a s s  d i s k  and 

f i l l e d  t o  a he igh t  of 3.0 cm wi th  Bio-Rad AG50W-X4, minus 400 mesh, c a t i o n  ex- 

change r e s i n  i n  hydrogen form. The w a s  e l u t e d  from t h e  generator  a t  

va r ious  t i m e  i n t e r v a l s  (shown i n  Tables 1 and 2) i n  3-4 m l  a l i q u o t s  of 0.005 N 

H C 1  (ca .  0.1% C 1  ) and t h e  r ad ionuc l id i c  p u r i t y  determined. Oxidation s t a t e  of 

t h e  e l u t e d  'OIT1 was v e r i f i e d  by paper chromatography (1) which d i f f e r e n t i a t e s  

Tl'l and Tl'3. 

vent ($ = 0.60)'. 

and 90% acetone were used. 

gene ra to r  s epa ra t ion ,  was monitored f o r  one week t o  confirm the  h a l f - l i v e s  of t h e  

lead-201 and t h a l l i u ~ 2 0 3 . .  

as fol lows:  (1) continuously e l u t e d  f o r  one week with a t o t a l  of  42.0 m l  0.1% 

C 1  -0.005 N H C 1  t o  determine po in t  of l ead  breakthrough; 

H C 1  t o  e f f e c t  201Pb/203Pb recovery; 

qua r t e red ,  d r i e d  and assayed f o r  r ad ionuc l id i c  p u r i t y .  

2 

The Tl'l remains a t  t h e  o r i g i n  while  t h e  Tl+3 moves wi th  t h e  sol- 

4 Whatman No. 3 MM paper and a so lven t  c o n s i s t i n g  of 10% Na2HP0 

The gamma spectrum of t h e  product ,  be fo re  and after 

Resin beds,  a f t e r  t o t a l  "$1 recovery,  w e r e  s t u d i e d  

(2) e l u t e d  with 2-12 N 
2 

and (3) removed from t h e  g l a s s  column, 

Pooled volumes of e l u a n t  (6.0 ml) w e r e  e i t h e r  evaporated t o  dryness and t h e  

tha l l i um a c t i v i t y  redissolved i n  b a c t e r i o s t a t i c  water  con ta in ing  0.9% sodium 

ch lo r ide  o r  n e u t r a l i z e d  with 0.1 N NaOH. A t  n e u t r a l  pH, these  s o l u t i o n s ,  contain- 

i n g  'OIT1+' exc lus ive ly ,  were f i l t e r e d  through a sterile 0.22-micron f i l t e r  i n t o  

s t e r i l e  v i a l s  and t e s t e d  f o r  s t e r i l i t y  and apyrogenici ty  by a commercial f irm. 

RESULTS 

A series of generator  s t u d i e s  was conducted using varying amounts 3f 'OIPb 

Tables 1 and 2 r e v e a l  t h e  r e s u l t s  of two such s t u d i e s .  a c t i v i t y  (30-90 m C i ) .  

The recorded t i m e  f o r  each e l u t i o n  w a s  t h a t  t i m e  a f t e r  end of processing (EOP) 

of t h e  'O%'b. 

a c t i v i t y  w a s  e l u t e d  from t h e  anion exchange r e s i n  during processing.  

only trace amounts of  "$1 w e r e  p re sen t  at EOP, t h i s  t i m e  w a s  used as a p o i n t  of 

r e fe rence  and, y l e s s  otherwise i n d i c a t e d ,  a l l  a c t i v i t i e s  have been co r rec t ed  t o  

EOP. The t o t a l  "$1 a c t i v i t y  recovered from 37.0 m C i  of 'OIPb over  a 41.2 h r  

pe r iod  (Table 1)  w a s  6.46 m C i  o r  17.5% of  t h e  l ead  a c t i v i t y  ( 2 0 h b )  app l i ed  t o  

t h e  column. 

EOP is defined as the  time at  which the  last drop of  'OIPb 

Although 

When 88.9 m C i  of 'Ohb was app l i ed  t o  a column, 14.12 m C i  of 'OIT1 
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WIS eluted which w a s  15.8% of the 201Pb (Table 2) 

TABLE 1. ELUTION OF A 201Pb-201Tl GENERATOR AT SHORT TIME INTERVALS* 

20%1 at 2olT1 Corrected Percent 
Time,  t T i m ,  t t o  EOP ** Thallium-201 

Eluted *** (hr)  ** (mci) (mCi) 

1.5 0.54 0.56 8.7 

3.0 0.76 0.79 12.2 

6.0 0.94 1.00 15.5 

9.0 0.70 0.77 11.9 

12.0 0.62 0.70 10.8 

15.0 0.47 0.54 8.4 

18.0 0.30 0.36 5.6 

21.0 0.32 0.39 6.0 
24.0 0.26 0.33 5.1 

27.0 0.20 0.26 4.0 

30.0 0.16 0.21 

33.0 0.13 0.18 

36.0 0.12 0.17 

39.0 0.07 0.10 

41.2 0.07 0.10 

3.2 

2.9 

2.6 

1.2 

1 .2  

* 
** 

201Pb a c t i v i t y  applied t o  t h i s  generator was 37.0.mCi. 

EOP = End of P r o c e s s h g  f o r  the separat ion of 2 o h b  from the 
cyclotron t a r g e t  m a t  e r la l  . 
Third c o l u w  values expressed as a percent of the  t o t a l  
e lu ted  (6.46 mC1). 

*** 

TABLE 2. ELUTION OF A 201Pb-20%l GENERATOR AT LONG TIME INTERVALS 

2011 at  20%l Corrected 
T ime ,  t T ime ,  t t o  EOP 

(hr)  (mCi) (mCi) 

2.0 

24.0 

40.0 

0.73 

8.14 

1.38 

0.74 

10.23 

2.01 
64.0 0.61 1.12 

The lead a c t i v i t y  w a s  recovered by e l u t i o n  with 2N hydrochloric ac id  following 

Of 1.28 mCi  of 203Pb I n i t i a l l y  f i n a l  e l u t i o n  of the 41.2-hr generator (Table 1) .  

appl ied t o  the  column, 0.92 m C i  w a s  recovered; 0.64 m C i  of 201Pb w a s  a l so  obtain- 



k Generator System Tor ThaZlium-201 441 

ed. Bulk assay of t h e  r e s i n  bed fol lowing l ead  recovery r evea led  some r e s i d u a l  

l e a d  a c t i v i t y  which could no t  be e l u t e d  us ing  2-12 N HC1 s e q u e n t i a l l y .  

a s say  of a s i m i l a r  r e s i n  bed a f t e r  2olT1 recovery (Table 2)  r evea led  t h a t  most of 

t h e  l e a d  a c t i v i t y  w a s  adsorbed at t h e  upper h a l f  of t h e  column (Table 3). T o t a l  

thall ium-201 adhering t o  t h e  r e s i n  w a s  0.67 m C i  o r  4.6% of t h e  t o t a l  thal l ium. 

Thus, by e l u t i o n ,  g r e a t e r  than 95% of t h e  t h a l l i u m  was recovered. 

Radio- 

TABLE 3. RADIONUCLIDIC ASSAY OF RESIN FOLLOWING THALLIUM SEPARATION 

RESIN SECTION* *O1pb (mCi)** 203Pb (mCi) ** * O ~ T I  (mci) 

1st 0.75 cm 83.3 1.82 0.66 

2nd 0.75 cm 5.0 0.104 0.01 

0.0017 3rd 0.75 cm 0.01 0,0002 

4 th  0.75 cm 0.0092 0.00014 0.0016 

* A 3.0 cm r e s i n  bed w a s  qua r t e red ;  t h e  1st s e c t i o n  r e p r e s e n t s  

** 
t h e  colurm head; t h e  4 t h ,  i ts base.  

88.9 m C i  20$b and 1.97 m C i  203Pb were i n i t i a l l y  app l i ed  t o  
t h e  column. 

A concen t r a t ion  of 0.005 N HC1 con ta in ing  0.1% c h l o r i n e  w a s  s u f f i c i e d t  t o  in- 

s u r e  optimum e l u t i o n  of t h e  201T1 a c t i v i t y  without  causing l ead  breakthrough. 

r e s i n  beds were e l u t e d  wi th  14 ,  3-ml a l i q u o t s  of 0.1% C 1  -0.005 N H C 1  without  

20$b/203Pb appearing i n  t h e  e l u a t e .  However, a ch lo r ine - sa tu ra t ed  (ca. 1.5%) 

s o l u t i o n  o f  0.005 N H C 1  r e s u l t e d  i n  e l u t i o n  o f  l e a d  a c t i v i t y  (ca. 1-2% of t h a t  

app l i ed  t o  t h e  column). 

N H C 1  con ta in ing  no c h l o r i n e  and allowed t o  decay overnight  t o  201T1. 

chromatography r evea led  97% Tl+l  and 3% Tl+3. 

t a ined  100% Tl+3 due t o  t h e  presence of c h l o r i n e  oxidant .  Exposure of e l u a t e s  t o  

l i g h t  over  s e v e r a l  days caused decomposition of c h l o r i n e  and subsequent r educ t ion  

o f  T l + 3  t o  t h e  Tl" ox ida t ion  s t a t e .  

The 

2 

An a l i q u o t  of pre-column material w a s  d i s so lved  i n  0.005 

Paper 

I n  c o n t r a s t ,  column e l u a t e s  con- 

Spot t e s t i n g  o f  t h e  20$b product  p r i o r  t o  gene ra to r  s e p a r a t i o n  o f  20%1 re- 

vealed t h e  presence of t r a c e  amounts of aluminum. 

t h e  t a r g e t  ho lde r ,  w a s  n o t  d e t e c t e d  i n  t h e  eluates when s i m i l a r l y  s p o t  t e s t e d .  

This  contaminant,  a r i s i n g  from 

Generator-produced 201T1 posses ses  a r a d i o i s o t o p i c  p u r i t y  g r e a t e r  than 99% and, 
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at n e u t r a l  pH. was s t e r i l e  and pyrogen-free a f t e r  m i l l i p o r e  f i l t r a t i o n .  The only 

d e t e c t a b l e  r a d i o n u c l i d i c  impur i ty  w a s  '02T1 (T1,2 = 12.2 d)  amounting t o  0.2% at 

t h i r t y - s i x  hours  pos t  EOP. 

DISCUSSION 

An e f f i c i e n t  procedure f o r  t h e  p r e p a r a t i o n  of ''IT1 radiopharmaceut icals  has  

been descr ibed.  The method is  f a s t ,  e x c e p t i o n a l l y  e f f i c i e n t  and produces 

c a r r i e r - f r e e  ''IT1 s u i t a b l e  f o r  p a t i e n t  use.  A p a r t i c u l a r  advantage of u s i n g  a 

c a t i o n  exchange column f o r  t h e  gene ra t ion  o f  "$1 l i e s  no t  only i n  i t s  a b i l i t y  

t o  s e p a r a t e  t h a l l i u m  from l e a d  b u t  from o t h e r  metals such as aluminum and i r o n  

which are a l s o  r e t a i n e d  by t h e  column (13) .  

S i m i l a r i t i e s  i n  p r o p e r t i e s  of  t h a l l i u m  and l e a d  cause d i f f i c u l t i e s  i n  t h e i r  

s e p a r a t i o n .  Carobene and Vicedomini (14) employed an ion  exchange r e s i n  which 

adsorbed t h a l l o u s  ion and al lowed l e a d  t o  pas s  through t h e  column. Others  (12) 

have shown t h a t  c e r t a i n  c a t i o n  exchange r e s i n s  w i l l  adsorb l e a d  from a weak solu- 

t i o n  of  hydroch lo r i c  a c i d  but  not  r e t a i n  t h a l l i c  i o n .  In o u r  i o n  exchange system, 

lead and t h a l l o u s  i o n  were adsorbed w h i l e  t h a l l i c  i o n  w a s  e l u t e d .  It w a s  t h u s  

necessa ry  t o  o x i d i z e  t h e  t h a l l i u 1 ~ 2 0 1  by e l u t i o n  of t h e  20$b-201T1 gene ra to r  w i th  

0.005 N hydroch lo r i c  a c i d  c o n t a i n i n g  0.1% c h l o r i n e  gas.  Dissolved c h l o r i n e  gas 

w a s  found t o  be a s u i t a b l e  ox idan t  and, u n l i k e  sodium hypoch lo r i t e  (0.05-0.5%), 

f a c i l i t a t e d  g r e a t e r  than 95% recovery of  t h e  gene ra t ed  tha l l i um.  However, high 

concen t r a t ions  (ca .  1.5%) o f  c h l o r i n e  r e s u l t e d  i n  breakthrough of l e a d  a c t i v i t y .  

!,hen 201T1 e l u a t e s  were exposed t o  l i g h t  f o r  s e v e r a l  days,  a l l  t h e  t h a l l i u m  w a s  

converted t o  t h e  lower o x i d a t i o n  state as determined by paper  chromatography. 

Light  induces decomposition of d i s s o l v e d  c h l o r i n e  gas  wi th  subsequent r educ t ion  

o f  t h a l l i c  i on  i n  t h e  weakly a c i d i c  s o l u t i o n .  

c o l u m  from l i g h t  du r ing  gene ra t ion  o f  ''IT1 t o  p re se rve  t h e  c h l o r i n e  and p r o t e c t  

t h a l l i c  i on  from reduc t ion .  

Thus, i t  is  necessa ry  t o  s h i e l d  t h e  

The d a t a  i n  Table 1 suppor t  t h e  f a c t  t h a t  t h a l l i u m  gene ra t ion  is d i r e c t l y  pro- 

p o r t i o n a l  t o  t h e  h a l f - l i f e  of 'OIPb. 

y i e l d  is produced du r ing  t h e  f i r s t  9 . 4  hours  and can be  e l u t e d  a t  t h a t  t ime i n  a 

volume as s m a l l  as 3.0 m l ,  volume b e i n g  dependent upon r e s i n  bed s i z e .  For 

S p e c i f i c a l l y ,  50% o f  t h e  t o t a l  t h a l l i u m  
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c l i n i c a l  purposes,  such a s  myocardial v i s u a l i z a t i o n ,  our system makes ''$1 

a v a i l a b l e  t o  t h e  physician wi th in  a few hours a f t e r  cyclotron bombardment of t he  

enriched tha l l i um t a r g e t  material. 
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