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THE LABELINti OF DTPA-COUPLED AIITIBOUIES WITH TECHNETIUM-99M 

D.J. Hnatowich, K.L. C h i l d s  and D. Lan te igne  
Department o f  Nuc lea r  Med ic ine ,  U n i v e r s i t y  o f  Massachusetts Med ica l  School, 
Worcester,  Massachusetts 01605. 

A l though methods have been developed f o r  l a b e l i n g  p r o t e i n s  w i t h  9 9 q c  ( t e c h n e t i -  
um), b o t h  t h e  mechanism o f  l a b e l i n g  and t h e  s i t e  o f  a t tachment  a r e  unknown. More 
i m p o r t a n t l y ,  s i n c e  these  methods r e l y  upon t h e  p r o t e i n  t o  s t a b i l i z e  techne t ium i n  
a reduced o x i d a t i o n  s t a t e  and p reven t  b o t h  r e o x i d a t i o n  t o  p e r t e c h n e t a t e  and t h e  
f o r m a t i o n  of  r a d i o c o l l o i d s ,  p r o t e i n s  l a b e l e d  by  t h e s e  methods a r e  o f t e n  contami -  
na ted  w i t h  l o o s e l y  bound o r  unbound chemical  forms o f  technet ium.  I n  a d d i t i o n  t o  
i n c r e a s i n g  t h e  r a t e  o f  b l o o d  c lea rance  and up take i n  seve ra l  organs, t h e s e  r a d i o -  
con taminants  may p e r m i t  exchange o f  t echne t ium among plasma p r o t e i n s .  

L a b e l i n g  p r o t e i n s  i n  which s t r o n g  c h e l a t i n g  groups have been c o v a l e n t l y  a t tached  
has t h e  p o t e n t i a l  of e l i m i n a t i n g  these  d i f f i c u l t i e s  by p r o v i d i n g  s p e c i f i c  s i t e s  on 
t h e  p r o t e i n  wh ich  f o r m  s t a b l e  c h e l a t e s  w i t h  reduced technet ium.  We a r e  i n v e s t i -  
g a t i n g  t h e  use  o f  DTDA-coupled p r o t e i n s  f o r  t h i s  purpose i n  which technet ium 
l a b e l i n g  i s  accompl ished w i t h  stannous i o n  and m i l d l y  a c i d i c  c o n d i t i o n s .  

I n i t i a l l y ,  we i n v e s t i g a t e d  t h e  degree t o  which p r o t e i n s  can compete w i t h  UTPA f o r  
reduced techne t ium by l a b e l i n g  f r e e  DTPA (1OO ug/ml)  w i t h  techne t ium i n  t h e  pres-  
ence o f  one o f  e i g h t  p r o t e i n s  (20 mg/ml) u s i n g  stannous i o n  (DTPH:tin mo la r  r a t i o  
about 2 )  a t  pH 6. A l though  t h e  degree o f  c o m p e t i t i o n  va r ied ,  each p r o t e i n  was 
a b l e  t o  compete w i t h  DTPA f o r  technet ium.  Never the less ,  f o r  many p r o t e i n s  t h e  
e x t e n t  o f  t h i s  c o m p e t i t i o n  s h o u l d  p e r m i t  l a b e l i n g  t h e  UTPA groups p r e f e r e n t i a l l y .  
F o r  example, i n  t h e  case o f  lysosyme, a p r o t e i n  wh ich  does n o t  compete s t r o n g l y  
w i th  DTPA, we ob ta ined  i d e n t i c a l  b i o d i s t r i b u t i o n s  a t  1 hour  pos t  i n j e c t i o n  i n  nor -  
mal m ice  f o r  l l l I n  ( i nd ium)  and techne t ium l a b e l e d  t o  t h e  p r o t e i n  coup led  w i t h  an 
average o f  0.6 DTPA groups p e r  mo lecu le  ( i . e .  106 ug/ml o f  DTPA a t  9.6 mg/ml o f  
p r o t e i n )  u s i n g  stannous i o n  a t  pH 6 f o r  t echne t ium l a b e l i n g .  When t h e  same exper-  
iment was performed w i t h  IgG an t ibody  c o n t a i n i n g  an  average o f  5.4 groups p e r  
mo lecu le  (and t h e r e f o r e  106 ug/ml o f  DTPA a t  6.4 mg/ml o f  p r o t e i n )  we aga in  ob- 
t a i n e d  i d e n t i c a l  b i o d i s t r i b u t i o n s  a t  2 hours  pos t  i n j e c t i o n  except t h a t  k i d n e y  
and b lood  were e l e v a t e d  w i t h  technet ium.  When t h e s e  b i o d i s t r i b u t i o n s  a r e  compared 
t o  t h a t  o b t a i n e d  f o r  uncoupled IgG l a b e l e d  w i t h  techne t ium by t h e  i d e n t i c a l  proce- 
dure, most t i s s u e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t .  These r e s u l t s  show t h a t  t h e  UTPA 
groups o n  a t  l e a s t  two p r o t e i n s  may be  p r e f e r e n t i a l l y  l a b e l e d  w i t h  techne t ium 
u s i n g  stannous r e d u c t i o n  and m i l d  c o n d i t i o n s ,  a l t hough  more n o n - s p e c i f i c  b i n d i n g  
t o  p r o t e i n  occu r red  i n  t h e  case o f  IgG presumably because t h i s  p r o t e i n  competes 
more e f f e c t i v e l y  w i th  DTPA f o r  t echne t ium (1 ) .  

Subsequent s t u d i e s  were per fo rmed e x c l u s i v e l y  w i t h  IgG t o  o p t i m i z e  c o n d i t i o n s  f o r  
l a b e l i n g  t h e  DTPA-coupled p r o t e i n  w i t h  technet ium.  The e f f e c t  o f  DTPA:tin mo la r  
r a t i o  on t h e  l a b e l i n g  o f  f r e e  DTPA, t h e  s t a b i l i t y  o f  t h e  r e s u l t i n g  l a b e l  i n  s a l i n e  
and t h e  degree o f  n o n - s p e c i f i c  b i n d i n g  o f  p r o t e i n  i n  t h e  presence o f  UTPA was 
de termined.  I n  a d d i t i o n ,  t h e  e f f e c t  o f  f r e e  DTPA c o n c e n t r a t i o n  on t h e  e x t e n t  o f  
l a b e l i n g  and t h e  s t a b i l i t y  o f  l a b e l e d  DTPA and uncoupled IgG was determined. 

Us ing  a 1:1.5 DTPA:tin mo la r  r a t i o  a t  pH 4, IgG c o n t a i n i n g  an  average o f  1.9 
groups p e r  mo lecu le  was l a b e l e d  w i t h  techne t ium and i t s  s t a b i l i t y  de termined w i t h  
r e s p e c t  t o  uncoupled IgG l a b e l e d  under  i d e n t i c a l  c o n d i t i o n s .  The l a b e l e d  p r o t e i n s  
were i ncuba ted  a t  pH 4 w i t h  a 1 0 0 - f o l d  m o l a r  excess o f  DTPA. HPLC a n a l y s i s  o f  t h e  
IgG s o l u t i o n s  b e f o r e  i n c u b a t i o n  showed ve ry  l i t t l e  pe r techne ta te  i n  b o t h  cases and 
94-95% o f  t h e  a c t i v i t y  bound t o  IgG whereas a f t e r  3 hou rs  i n  t h e  UTPA s o l u t i o n ,  
t h e  percentage o f  a c t i v i t y  bound t o  IgG decreased by about  1oX i n  t h e  case o f  
coup led  IgG and about  40% i n  t h e  case o f  uncoupled IgG. The inc reased  l o s s  o f  
a c t i v i t y  i n  b o t h  cases appeared as l a b e l e d  f r e e  DTPA and pe r techne ta te .  
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A s i m i l a r  s t a b i l i t y  s t u d y  was a l s o  per fo rmed i n  90% serum a t  37°C. Whereas i n  
b o t h  cases 95-97% o f  t h e  a c t i v i t y  was o n  IgG i n i t i a l l y ,  a f t e r  3 hours  o f  incuba- 
t i o n  coupled I g t i  l o s t  4% o f  i t s  a c t i v i t y  w h i l e  uncoup led  IgG l o s t  45%. 
i t y  appeared as p e r t e c h n e t a t e  and, i n  t h e  case o f  uncoupled IgG, p r i m a r i l y  as l a -  
be led  p r o t e i n s  o f  l o w e r  mo lecu la r  we igh t .  

B i o d i s t r i b u t i o n  s t u d i e s  i n  normal mice  were conducted a t  1 hour  and 20 hours  p o s t  
i n j e c t i o n  w i t h  DTPA-coupled IgG l a b e l e d  w i t h  techne t ium by t h e  above method and 
w i t h  indium. I n  a d d i t i o n ,  uncoup led  IgG l a b e l e d  i n  t h e  same manner w i t h  techne- 
t i u m  was a l s o  s t u d i e d .  S ince  an t i body  c a t a b o l i s m  w i t h  l a b e l  r e d i s t r i b u t i o n  i s  
u n l i k e l y  t o  occur  by 1 hour  p o s t  i n j e c t i o n ,  t h e  r e s u l t s  o f  t h i s  s tudy  were ex- 
pec ted  t o  c o n f i r m  t h a t  t echne t ium was p r i m a r i l y  a t t a c h e d  t o  t h e  DTPA groups by 
showing i d e n t i c a l  b i o d i s t r i b u t i o n s  f o r  i n d i u m  and technet ium.  Indeed, t h e  agree- 
ment was good, w i t h  most t i s s u e s ,  such as l i v e r ,  showing i d e n t i c a l  accumulat ion.  
I n  c o n t r a s t ,  t i s s u e  accumula t ion  f o r  uncoup led  IgG l a b e l e d  w i t h  techne t ium were 
g e n e r a l l y  d i f f e r e n t  f r o m  i n d i u m  w i t h  most t i s s u e s ,  such as l i v e r ,  showing e leva ted  
a c t i v i t y  1 eve1 s . 
The 20 hour  s t u d y  was conducted t o  de te rm ine  i f  t h e  b i o d i s t r i b u t i o n  of t h e  two 
l a b e l s  wou ld  now be q u i t e  d i f f e r e n t .  S ince  serum i n c u b a t i o n  s t u d i e s  have shown 
b o t h  l a b e l s  t o  be g e n e r a l l y  s t a b l e  i n  serum, d i f f e r e n c e s  i n  b i o d i s t r i b u t i o n  would 
i n d i c a t e  t h a t  r e d i s t r i b u t i o n  o f  t h e  l a b e l s  occur red ,  p o s s i b l y  as a r e s u l t  o f  a n t i -  
body ca tabo l ism.  The r e s u l t s  do  show d i f f e r e n c e s  i n  a l l  t i s s u e s  cons idered.  I n  
p a r t i c u l a r ,  i n d i u m  l i v e r  l e v e l s  were unchanged from 1 hour  w h i l e  techne t ium l i v e r  
l e v e l s  decreased. 

We conc lude t h a t  t h e  presence o f  t h e  DTPA groups f a c i l i t i e s  t h e  l a b e l i n g  o f  Ig t i  
w i t h  technet ium such t h a t  t h e  p roduc t  shows inc reased  s t a b i l i t y  d u r i n g  i n  v i t r o  
i ncuba t ions  and i n  v i v o .  The i n  v i v o  r e s u l t s  a t  20 hours  may show t h e  e f f e c t  o f  
technet ium c lea rance  f r o m  l i v e r ,  i n  c o n t r a s t  t o  ind ium,  f o l l o w i n g  c a t a b o l i s m  o f  
t h e  p r o t e i n .  We were unab le  t o  reduce t o  n e g l i g i b l e  l e v e l s  n o n - s p e c i f i c  b i n d i n g  
o f  t echne t ium t o  IgG. 

(I) 

L o s t  a c t i v -  

Lan te igne  D. and Hnatowich D . J . ,  "The L a b e l i n g  o f  DTPA-coupled P r o t e i n s  w i t h  
g9mTc", I n t .  J .  Appl.  Rad. I so topes  ( i n  p ress ) .  
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TABLE 1 

Percentages o f  99mTc a c t i v i t y  appear ing as l a b e l e d  p r o t e i n  i n  t h e  HPLC 
a n a l y s i s  o f  DTPA-coupled and uncoupled IgG l a b e l e d  d t  pH 4 and f o l l o w i n g  
i n c u b a t i o n  i n  1 0 0 - f o l d  mo la r  excess o f  OTPH and i n  90% serum a t  37OC. 

Coupled Uncoupled 

UTPA s o l u t i o n  
i n i t i a l l y  

UTPA sol u t  i on 
3 hours 

S a l  i ne 
i n i t  i a1 1 y 

95 94 

83 58 

97 95 

Serum 1 hour  95 63 

Serum 3 hours 93 50 

Serum 24 hours 67 24 

THBLE 2 

B i o d i s t r i b u t i o n  i n  normal mice a t  one hour  and 20 hours pos t  i n j e c t i o n  
w i th  i n d i  um and techne t ium- labe led  DTPA-coupled IgG an t i  body and techne- 
t i um- labe led  uncoupled IgG. Expressed as percent  i n j e c t e d  dose p e r  gram 
wet we igh t  as t h e  mean and one s tandard d e v i a t i o n  (N=5-7) 

B1 ood 
Hear t  
Lungs 
L i v e r  
Spleen 
Kidney 
Stomach* 

B1 ood 
Hear t  
Lungs 
L i v e r  
Spleen 
Kidney 
Stomach* 

40.8 f 3.0 
6.1 f 0.6 

12.6 f 5.0 
12.8 f 1.5 
8.2 f 1.3 

11.0 f 0.8 
2.5 f 0.6 

n-DTPA-I gG 

22.1 f 1.0 
4.2 f 0.3 
7.1 ? 1.2 

12.3 f 1.1 
7.1 f 1.0 

17.0 f 1.4 
2.3 f 0.3 

One hour pos t  i n j e c t i o n  

99mTc-0 TP A-  I gG 

36.0 f 6.3 
5.1 f 0.8 
8.0 f 0.9 

13.3 f 0.9 
6.8 f 0.6 

14.6 ? 1.0 
13.6 f 1.6 

20 hours post  i n j e c t i o n  

99mTc-DTPA- I qG 

10.9 1.5 
2.0 f 0.3 
3.1 f 0.3 
5.5 f 0.9 
2.8 ? 0.3 
5.9 f 0.5 
1.4 f 0.5 

99mTc - I gti 

24.7 f 11.7 
3.2 f 0.5 
7.1 f 3.2 

22.8 f 1.8 
10.7 f 1.1 
19.8 f 2.5 
13.2 f 1.5 

95mTc-I gG 

4.3 f 0.8 
1.5 f 0.6 
2.1 f 1.3 

10.4 f 1.7 
6.4 f 0.9 
6.1 f 0.8 
0.9 * 0.2 

*percent i n j e c t e d  dose p e r  t o t a l  organ and contents .  
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OPTIMIZATION OF 99mTc DTPA FORMATION I N  COMPETITION WITH DIRECT LABELING OF 
F(ab ' ) ?  

C.H. Pa ik ,  L.N.B. Phan, J.J. Hong, S.Heald, M.S. Sahami, R.C. Reba and 
W.C. Eckelmanl. 
U n i v e r s i t y  Medical Cen te r ,  Washington, D.C . ,  20037 

Radiopharmaceut ical  Chemistry S e c t i o n ,  The George Washington 

S t a b l e  l a b e l i n g  of t h e  F (ab ' )2  fragment of a n t i b o d y  wi th  99?c can  b e  
achieved v i a  t h e  c o n j u g a t i o n  of DTPA t o  F (ab ' )g  f ragment  us ing  a n  a c y l a t i o n  
r e a c t i o n ( 2 )  and subs  uen t  complexat ion of t h e  DTPA moiety of t h e  F (ab ' )2  - 
DTPA con juga te  wi th  "? c u s i n  t h e  SnC12 r e d u c t i o n  method. The complexat ion 
r e a c t i o n  of DTPA with reduce '%c, howev 
re -ox ida t ion  of t h e  reduced 99mTc t o  form shTc04-, h y d r o l y s i s  of t h e  reduced 
99mTc t o  form 
wi th  F (ab ' )2  t o  form a l e s s  s t a b l e  complex. 
r e a c t i o n s  cou ld  be in f luenced  by t h e  molar  r a t i o  of DTPA t o  F (ab ' )2 ,  t h e  amount 
of s tannous i o n s ,  t h e  pH of t h e  medium, t h e  b u f f e r  system, t h e  atmosphere,  and 
t h e  i n c u b a t i o n  t i m e  of s t annous  ion w i t h  DTPA and F (ab ' )2 .  For  t h i s  s t u d y ,  
we used 0 . 1 M  acetate b u f f e r  t o  ma in ta in  pH a t  4.5. The r e a c t i o n  s o l u t i o n s  
were purged w i t h  and t h e  r e a c t i o n  v i a l s  were evacuated i n  o r d e r  t o  minimize 
t h e  formation of "Tc04-. We t h e n  v a r i e d  two pa rame te r s ,  DTPA/F(ab') and 
DTPA/Sn2+ r a t i o s  i n  o r d e r  t o  op t imize  t h e  complexat ion of 99mTc w i t h  DIPA in 
t h e  presence of F (ab ' )2 .  A s  c o n t r o l  experiments ,  f r e e  DTPA and F (ab ' )2  a t  a 
DTPA/F(ab')2 molar  r a t i o  of 4 were incuba ted  with s t annous  c h l o r i d e  a t  a DTPA/Sn 
molar r a t i o  of 0.33, 1.0, 2.0 and 4.0 f o r  30 min. a t  pH 4.5. These s o l u t i o n s  
were t h e n  incuba ted  wi th  2OOuCi of 99m~c04-  f o r  1 5  min. The f i n a l  c o n c e n t r a t i o n  
o f  F (ab ' )2  was 3.1 x lO-'M (155ug/5Oul).  
above DTPA/SnZi r a t i o s  gave rise t o  about  equa l  
F (ab ' )  -99mTc. However, t h e  fo rma t ion  of DTPA-9GmTc w a s  p ropor t iona  t o  t h e  
DTPA/Ftab') r a t i o  u p  t o  t h e  r a t i o  of 8 and l e v e l e d  o f f  a t  84% DTPA-69mTc. T h i s  
i n d i c a t e s  t i a t  a f r a c t i o n  of t o t a l  F (ab ' )2  - 99mTc has  a h i g h e r  fo rma t ion  

This s i d e  r e a c t i o n  t o  form d i r e c t l y  l a  l e d  
"Tc-F(abV)2 produced a 16% rad iochemica l  impur i ty ;  t h e  s i d e  r e a c t i o n  f o r  8'mTcOi 
and 99mTc c o l l o i d  were n e g l i g i b l e  under t h e s e  c o n d i t i o n s .  

between F(ab ' )2-  conjugated DTPA 
and f r e e  DTPA toward 99mTc by r e a c t i n g  reduced 94mTc wi th  a s o l u t i o n  c o n t a i n i n g  
1 DTPA molecule con juga ted  pe r  F (ab ' )2  and v a r i o u s  molar r a t i o s  of f r e e  DTPA. 
Competit ion s t u d i e s  a t  molar r a t i o s  9Jm7, 11, 1 5 ,  1 9 ,  29,  39 produced r ad io -  
chemical y i e l d s  of F ( a b ' ) 2  - DTPA - 
Using t h e  molar r a t i o s  of f r  
formation of F (ab ' )2  DTPA - g'mTc was 4.9. This a l lows  t h e  a d d i t i o n  of 
of f r e e  DTPA in o r d e r  t o  d e c r e a s e  t h e  y i e l d  of d i r e c t l y  bound F (ab ' )*  - JkTc. 

of a 7 times molar excess  of DTPA we can o b t a i n  30% rad iochemica l ly  pure F (ab ' )2  - 
DTPA-99mT~. 

h a s  t h r e e  s i d e  r e a c t i o n s ;  

99mTc c o l l o i d ,  and complexat ion of t h e  reduced 99mTc d i r e c t l y  
The outcome of t h e s e  competing 

2+ 

The complexat ion r e a c t i o n s  a t  t h e  
e r c e n t a g e  of b o t h  DTPA-99mTc and 

n s t a n t  t han  t h a t  of DTPA - 99mTc. 

We t h e n  i n v e s t i g a t e d  t h e  r e l a t i v e  r e a c t i v i t  

Tc of 30, 31.3, 32.8, 14.2,  9.0 and 3.8%. 
DTPA t o  F(ab'):! - DTPA t h e  ave rage  r e l a t i v e  r a t e  of 

excess  

Under opt imal  c o n d i t i o n s  u s i n g  1 con juga ted  DTPA f o r  F ( a b ' ) 2  i n  t h e  presence 

(1) P r e s e n t  Address:  Department of Nuclear  Medicine,  C l i n i c a l  Cen te r ,  Na t iona l  

(2) Pa ik ,  C.H. ,  Ebbe r t ,  M.A., Murphy, P.R., e t  a l :  J .  Nucl Med 24, 1158,  1983. 
I n s t i t u t e s  of Hea l th ,  Bethesda,  MD 20205 
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99mTc complexation of DTPA i n  compet i t ion  wi th  F(ab ' )7  (3 .1  x lOv5M) i n  0.1M 
a c e t a t e  a t  pH 4.5. 

DTPA DT A SnCl 2H 0 DTPA - 99mTc(%) F(ab ' ) ,  - 99mTc(%) 99mTc c o l l o i d s ( % )  
F(ab ' )2  & '* 

8 
1 2  
16 
20 
28 

0.33 21.0 

0.17 168.0 
0.33 84.0 
1.0 28 .O 
2 .o 14 .O 
4.0 7.0 
2 .o 28 .O 
1.5 56.0 
2 .o 56 

0.33 42.0 

2.5 56.0 
3.5 56.0 

19.2 ( 14.2-24 .7 ) 
28.9(26.2-32.1) 
23.6(23.3-23.9) 
52.9(51.9-53.9) 
49.1(43.1-55.1) 
59-41 53.3-65.5) 
51.7(47.8-53.2) 
82.2(75.0-93.0) 
81.0(72.0-90.0) 
84.5(80.0-89.0) 
84.5(83.8-85.2) 
87.6(87.4-88.1) 

80.8(75.3-85.8) - 
71.1(67.9-72.8) - 
54.1( 51-7-56-4) 22*3(19.7 25.0) 
47.1(46.1-48.1) - 
50.9(44.9-56.9) - 
40.6(34.5-46.7) - 
48.3(46.0-52.2) - 
17.8( 7.0-25.0) - 
19.0(10.0-28.0) - 
15.5(11.0-20.0) - 
15.5(14.8-16.2) - 
12.4(11.9-12.6) - 

The d a t a  are averages of d u p l i c a t e  t o  quadrupulet  experiments and t h e i r  
ranges i n  p a r e n t h e s i s .  

Competit ion between F(ab ' )?  - DTPA and DTPA f o r  '%Tc 

b 
R e l a t i v e  
Rate 

F(ab ' )2  - DTPA - '%;c(%) DTPA - 99mTc(%) 

1 7 30.0 (27.5,  32.5) 54.0 (51.5, 56.5) 3.9 
1 11 31.3 52.7 6.5 
1 1 5  32.8 (32.6, 33.1) 51.2 (50.9, 51.4) 9.6 
1 19 14.2 (12.3, 16.2) 69.8 (67.8, 71.7) 3.9 
1 29 9.0 (8.1, 9.9) 75.0 (74.1, 75.9) 3.5 
1 39 3.8 (3.6, 4.0) 81.8 (80.0, 83.7) 1.8 

Average 4.9 

a.  The d a t a  are obta ined  a f t e r  s u b t r a c t i n g  16% from t o t a l  99mTc incorpora ted  
i n t o  F(ab ' )2  fragments.  

b. % F(ab ' )  --QTPA - '%Tc x DTPA 
% DTPA - TC conjugated DTPA 
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Rf values of radiochemicals in several solvent systems. 

Radiochemicals Chromatography Solvent System R, 
- 

TcO4 

Tc O4 
- 

TcO4- 

Reduced-Hydrolysed Tc 

Reduced-Hydrolysed Tc 

Reduced-Hydrolysed Tc 

DTPA-TC 

DTPA-TC 

DTPA-TC 

F(ab1)2-DTPA-Tc 

F(ab')g-DTPA-Tc 

F( ab ' ) 2-DTPA-Tc 

Whatman paper 

Whatman paper 

Silica gel 

Whatman paper 

Whatman paper 

Silica gel 

Whatman paper 

Whatman uaper 

Silica gel 

Whatman paper 

Whatman paper 

Silica gel 

Saline 0.7 

1.5:1 Acetonitrile:H20 0.9 

Acetone 1.0 

Saline 0 

1.5:1 Acetonitrile:H20 0 

Acetone 0 

Saline 0.9 

1.5:1 Acetonitrile:H20 0.4 

Acetone 0 

Saline 0.9 

1.5:1 Acetonitrile:H20 0 

Acetone 0 
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GALLIUM-68 CHEMISTRY FOR LABELING PLATELETS, PROTEINS AND LIPOPROTEINS 
I - 

Y. Yano, T. F. Budinger, C.A. Math is ,  M. Singh, D. H. Moore, J .  Hunter,  R. M. 
Jones and S. N. Ebbe 
-- 

Donner Labora to ry ,  Lawrence Berke ley  Labora tory ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  
Berke ley ,  C a l i f o r n i a  94720 USA 

Generator produced ‘j8Ga is a u s e f u l  p o s i t r o n  e m i t t e r  f o r  PET s t u d i e s  w i th  a h l g h  
r e s o l u t i o n  (2 -4  mm) PET system f o r  t h e  s t u d y  of th rombos is  and a t h e r o s c l e r o s i s  
i n  c a r d i o v a s c u l a r  disease. 

F o l l o w i n g  t h e  e a r l y  work of Welch and Thakur w i t h  %a and l l 1 I n  (1, 2 ) ,  we have 
s t u d i e d  t h e  e f f e c t s  o f  t r a c e  meta l  con taminants  i n  1 - N  HC1 e l u a t e s  o f  ‘j8Ga from 
a SnO, 68Ge genera to r  (3 ) .  Bo th  an ion  exchanse r e s i n s ,  Agl  x 8 (4 )  and 
semiautomated s o l v e n t  e x t r a c t i o n  were ( 5 )  used t o  reduce t r a c e  me ta l s  i n  68Ga 
e l u a t e s .  Var ious  l i g a n d s  ( L )  such as o x i n e  ( O x ) ( l ) ,  t r o p o l o n e  ( T r 0 ) ( 6 ) ,  and 
mercap topy r id ine  ox ide  (MP0)(7) were used t o  assess t h e  e f fec t  o f  t h e i r  
d i f f e r e n t  b i n d i n g  cons tan ts  f o r  ‘j8Ga on t h e  l a b e l i n g  y i e l d s  o f  p l a t e l e t s  
separa ted  f rom r a b b i t ,  dog, and human plasma. 

Chromatographic a n a l y s i s  o f  ‘j8Ga-L f o r m a t i o n  was by  ITLC and HPLC t o  
de termine t h e  e f f e c t s  o f  t r a c e  me ta l s ,  L c o n c e n t r a t i o n ,  pH, and b u f f e r s .  
‘j8Ga-0x and 68Ga-Tro were analyzed b y  ITLC (SG) and CH30H:CHC1 
68Ga-MP0 was analyzed b y  HPLC w i t h  C 1 8  column and CH30H:Hfl (25:75)  and 5-10 mM 
c i t r a t e .  These chromatograms a r e  shown i n  F i g u r e  1. 
c o n c e n t r a t i o n  o f  L were incuba ted  w i t h  p l a t e l e t s  and t h e  l a b e l i n g  y i e l d s  o f  
68Ga-p la te le t s  were determined i n  ACD:normal s a l i n e  (1:7) normal s a l i n e ,  and 
plasma, Tab le  I, below. 

(5 :95) .  

The ‘j8Ga-L w i th  optimum 

After 
6adB Ligand Platelet9 I n i  t i a1 G n e  - Type &.(& Type Cone. M i a  L&el(%) Wash(%) Wfw-pH - - - -  

EE+ 0.5/6.0 oxine 200 rab 
EE 0.5/6.0 oxine 400 rab 
EE 0.5/6.0 oxine 400 rab 
EE 0.5/6.0 oxine 400 rab 
EE 0.5/6.0 oxine 200 hun 
EE 0.V6.0 oxine 200 hun 
&1x8 0.5 oxine 100 dog 
EE 0.5/6.0 Tro 
EE 0.V6.0 Tro m d o g  
EE 0.5/6.0 Tro m d o g  
EE 0.5/6.0 WO 200 hun 
EE 0.5/6.0 “0 200 hun 

*Incubation 25-37%, 15 min. 
tEE - Ether extraction 

~ . o x ~ o ” J  Aa):Sal 
1.9~1010 Aa):Sal 
3.9X109 AcD:Sal 
1.9X109 ACD:Sal 
9.3X109 AcD:Sal 
9.3X109 PPP 
-- m: sal -- ACD: sal 
-- ACD:Sal 
-- m: sal 
2.3X1O1O Saline 
2.3X1010 PPP 

26 19 AC 6.8 
84 50 AC 6.8 
59 32 PC 6.8 
42 23 AC 7.0 
42 31 PC 7.0 
19 6 AC 7.0 
lo -- OH- 6.5 
5 -- OH- 7.4 

12 -- OH- 7.4 
10 3 OH- 7.4 
63 56 OH- 7.0 
43 38 OH- 7.0 

68Ga-MP0 appears t o  g i v e  t h e  bes t  l a b e l i n g  y i e l d s  o f  r a b b i t  p l a t e l e t s  f o r  PET 
s t u d i e s .  
‘j*Ga-Tro i s  n o t  s u i t a b l e  f o r  p l a t e l e t  l a b e l i n g .  

‘j8Ga was l a b e l e d  t o  p r o t e i n s  and low d e n s i t y  l i p o p r o t e i n s  b y  t h e  method o f  
Hnatowich (8)  u s i n g  as t h e  b i f u n c t i o n a l  c h e l a t e  t h e  c y c l i c  anhydr ide  o f  DTPA. 

Gel column chromatography and HPLC (9, 10) were used t o  separa te  t h e  
6 8 G a - l i p o p r o t e i n  f r a c t i o n  i n  y i e l d s  o f  8045% w i t h  a rad iochemica l  p u r i t y  o f  

68Ga-0x g i v e s  v a r i a b l e  bu t  adequate l a b e l i n g  o f  p l a t e l e t s  w h i l e  

95-98%. 
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Figure 1. 

GALLIUM-68 CHEMISTRY FOR LABELING PLATELETS, PROTEINS, AND LIPOPROTEINS Y. Yano 

68Go-oxine, IOOpq , p H 7  
I T L C  (SG) 

CHjOH: CH3 CI (5:95) 

68Ga- contro l  

A a - O X  0 S.F. L 0 S.F. 

68Ga - Tropolone IOOpg pH 6.6 

ITLC (SG) : CH C13: CH30H (99: I )  

---L----c 
0 S.F. 6 S.F. 

68Ga -rnercaptopyridine -oxide (MPO) 
HPLC: C,8 Column 
C H 3 0 H :  H20 (25:75), l O m M  Citrate 

inj R+  1.69' inj R+ 3.84' 
X B L 8 4 1  - 7 5 4 4  
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l,l,l-TRIS(5-METHOXYSALICYLIMINOMETHYL)ETHANE: A CHELATING AGENT FOR 
THE PREPARATION OF LIPOPHILIC GALLIUM AND INDIUM RADIOPHARMACEUTICALS 

M.A. Green, C.J. Mathias and M.J. Welch 
The Edward Mallinckrodt Inst i tute of Radiology, Washington University School of 
Medicine, Saint Louis, Missouri 63110, U.S.A. 

There is current interest i n  the preparation o f  new complexes of generator-produced 
gallium-68 as possible agents for the quantitation of regional cerebral and myocardial 
blood f low by positron emission tomography (PET). The desired gall ium 
radiopharmaceutical must be l ipophil ic and possess suff icient kinetic stabi l i ty t o  
resist binding of the me ta l  ion by the plasma protein transferr in for  the duration of 
the study. For this purpose we have begun the investigation of a variety o f  salicylimines 
which are capable of bonding t o  the gall ium (111) and indium (111) ions as polydentate 
chelating ligands. 

Reaction of l,l,l-tris(aminomethy1)ethane (I) wi th  5-methoxysalicylaldehyde affords 
the t i t l e  compound (Figure 1). This l igand has the potential t o  occupy six coordination 
sites about a meta l  atom by bonding through the three imino nitrogen lone pairs and 
three deprotonated phenolic oxygen lone pairs (2). This ligand reacts w i th  Ga(acac)3 
(where acacH = acetylacetone) in ethanol t o  fo rm a yellow crystall ine compound 
which gives satisfactory analysis (Galbraith Laboratories) for a 1:l gal1ium:trisalicylimine 
complex, C29H30NJ06Ga (Calculated: C, 59.41; H, 5.16; N, 7.17; Ga, 11.89%. 

Found: C, 59.67; H, 5.30; N, 7.00; Ga, 12.08%.). 

The gallium-68 complex o f  this ligand has been prepared using the eluent f r o m  the 
SnO /1N HC1 generator (3). Evaporation of the generator eluent t o  dryness followed 
by a%dition of an ethanolic ligand solution leads t o  formation o f  a gallium-68 complex 
wi th  an octanol/water par t i t ion coeff icient of 27 and which migrates w i th  Rf= 0.87 on 
Whatman 1 paper eluted ( 4 )  with H20 (700 ml): EtOH (200 ml): NHllOH (0.35 ml). 

The biodistribution of this gallium-68 complex following intravenous inject ion in rats  
has been determined w i th  the results shown in Table 1. The behavior of this compound 
dif fers markedly f rom that  o f  a weak chelate complex (citrate), which undergoes rapid 
exchange w i th  transferrin (5). The compound does not cross the blood-brain barrier. 
However, it does show myocardial uptake and washout comparable t o  that  o f  carbon-11 
labeled butanol (6,7), which has been shown t o  be suitable for measurement o f  myocardial 
blood f low (8). These results suggest t ha t  the gallium-68 complex o f  l, l , l-tr is(5-methoxy- 
salicyliminomethy1)ethane may be suitable for  use as a freely diffusible blood f low 
tracer for PET studies of the heart. 

Fleischer E.B., Gembala A.E., Levey A., and Tasker P.A., J. Org. Chem., 36, 
3042, (1971). 
Dwyer F.P., G i l l  N.S., Gyarfas E.C., and Lions F., J. Am. Chem. SOC., 79, 
1269, (1957). 
Loc'h C., Maziere B., and Comar D., J. Nucl. Med., 21, 171, (1980). 
Hnatowich D.J., J. Nucl. Med., 16, 764, (1975). 
Moerlein S.M., Welch M.J., Raymond K.N., and Weit l  F.L., J. Nucl. Med., 22, 
710, (1981). 
Raichle ME., Mar t i n  W.R.W., Herscovitch P., Ki lbourn M.R., and Welch M.J., 
J. Nucl. Med., 3, P63, (1983). 
Welch M.J., Human dosimetry data for carbon-11 labeled butanol, unpublished. 
Hack S.N., Eichling J.O., Bergmann S.R., Welch M.J., and Sobel B.E., J. Clin. 
Invest., 66, 918, (1980). 
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FIGURE 1. The structure o f  l,l,l-tris(5-methoxysalicyliminomethyl)ethane. 

TABLE 1. The biodistribution of  the gallium-68 complex of 
l,l,l-tris(5-methoxysalicyliminomethyl)ethane in rats. 

% I D  per gram 

1 minute 

Blood 0.50 2 0.09 
Heart 0.76 f 0.08 
Lungs 1.40 2 0.78 
L iver  1.61 f 0.19 
Spleen 0.64 t 0.20 

Brain 0.030 ?J 0.013 
Kidney 2.48 2 0.07 

5 minute 

0.27 f 0.04 
0.54 f 0.09 
0.75 f 0.25 
1.46 f 0.16 
0.39 ? 0.05 
1.43 +- 0.33 

0.012k 0.003 

60 minute 

0.10 2 0.01 
0.16 f 0.02 
0.18 i 0.02 
0.57 i 0.06 
0.13 ? 0.01 
0.40 ? 0.07 

0.006 ? 0.001 

This work was supported by the United States Department o f  Energy 
(DOE) contract DE-AC02-77EV04318. 
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DISTRIEUTION OF IN-111 
I N  HUMAN IN-111-LABELED M I X E D  WHITE CELL (MWC) AND PLATELET PREPARATIONS. 

I N  GRANULOCYTE AND OTHER CELLULAR ELEMENTS OF BLOOD (CEB) 

M. K. Dewanjee, S .  Chowdhury, M.L. Brown and H.W. Wahner 
Mayo C l i n i c  and Foundat ion,  Rochester,  MN 55905. 

A l a r g e  number o f  p l a t e l e t s  (PLT), r e d  b l o o d  c e l l s  (RBC) a r e  p resen t  a long w i t h  
g ranu locy te  (GC) i n  In -111  MWC p r e p a r a t i o n .  D i s t r i b u t i o n  o f  I n -111  i n  CEB was 
determined by F i c o l l  -Hypaque g r a d i e n t  (FHG) c e n t r i f u g a t i o n  o f  In-111-MWC and PLT 
p r e p a r a t i o n  as a q u a l i t y  c o n t r o l  procedure.  MWC were separated by sedimentat ion 
w i t h  hyd roxye thy l  s t a r c h ;  PLT by d i f f e r e n t i a l  c e n t r i f u g a t i o n .  MWC and PLT were 
l a b e l e d  w i t h  In-111-oxine i n  s a l i n e ,  ACD-saline o r  w i th  In -111- t ropo lone  i n  0.5 m l  
o f  ACD-plasma. 0.3-0.5 m l  o f  l a b e l e d  c e l l  suspended i n  plasma was l a y e r e d  on 3 m l  
FHG o f  two d e n s i t i e s  (1.119 and 1.077 grn/ml) and spun i n  a c l e a r  p o l y s t y r e n e  tube 
a t  1800 G f o r  30 min.  Four l a y e r s  (plasma, PLT, GC, and REC) were separated,  and 
In-111 r a d i o a c t i v i t y  i n  each f r a c t i o n  was determined w i t h  a gamma coun te r .  
u l t a n e o u s l y  c e l l  types i n  MWC and PLT p r e p a r a t i o n s  were determined by C o u l t e r  
coun te r  and d i f f e r e n t i a l  coun t ing .  Percentages o f  In-111 d i s t r i b u t i o n  and c e l l  
p o p u l a t i o n s  (parentheses)  i n  t h e  p r e p a r a t i o n s  a r e  t a b u l a t e d :  

S i m -  

P1 asma ( % )  PLT(%) GC( % )  RBC ( %) 
In -111- t ropo l  one 9*4 29+15 31516 31+13 
MWC:ACD-plasma(n=9) (7422) (5+3) ( 2 2 ~ 2 3 )  
In-111-ox ine 824 22210 46-t l9 24 i14  
MWC:Sal ine(n=68)  (76+19 (5t-4) (18+19) 

Most o f  In-111 i n  In-MWC i s  assoc ia ted  w i t h  t h e  PLT and RBC, GC/lymphocyte r a t i o  
i s  6/4.  
i s  pure and (96*3)% o f  In-111 i s  bound t o  PLT, (4+3)% t o  RBC and (0.2+0.1)% t o  
G C :  PLT p r e p a r a t i o n  c o n t a i n s  PLT (97+3)%, REC (4+3)% and GC (0.220.1)%. 

(1) McAfee J.G. and Thakur M. L., J .  Nucl .  Med., 17, 480-688 (1976) .  
( 2 )  W e i b l i n  B.J., Forst rom L., and McCullough J., J .  Lab. C l i n .  Med., 94, 246 

(1979).  
( 3 )  Davis H.H., Heaton W.A., Siege1 B.A.,  e t  a l ,  Lancet,  1, 1185 (1978).  
( 4 )  Dewanjee M.K., Rao S.A., and D id i she im P., J .  Nucl .  Med., 22, 981-987 (1981).  
( 5 )  Dewanjee M.K., Rao S.A., Chowdhury S., e t  a l ,  " Ind ium 111-Labeled P l a t e l e t s  

and Leukocytes",  1982, pp.97-125. 
( 6 )  Dewanjee M.K.,  Mayo C l i n i c  Proc., (1984) I n  press.  

GC has h i g h e r  e x t r a c t i o n  e f f i c i e n c y  than RBC and PLT. PLT p r e p a r a t i o n  
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F ig .  1. F ico l l -Hypaque  s e p a r a t i o n  o f  In -111  mixed w h i t e  c e l l s .  Note In -111 
a c t i v i t y  a s s o c i a t e d  w i t h  p l a t e l e t ,  RBC a long  w i t h  PMN l e u k o c y t e .  

F i g .  2.  F i co l l -Hypaque  s e p a r a t i o n  o f  In -111  p l a t e l e t s  (human). Note p r o b a b i l i t y  
o f  PMN l e u k o c y t e  con tamina t ion  by p l a t e l e t  aggregates .  
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NEW GALLIUM RADIOPHARMACEUTICALS. 
COMPLEXES OF PHENOLIC AMINOCARBOXYLATES 

I005 

F.C. Hunt, Isotope Division, Australian Atomic Energy Commission, Lucas Heights 
Research Laboratories, PMB Sutherland, NSW 2232, Australia. 

The phenolic aminocarboxylic acids, ethylenediamine di [o-hydroxyphenylacetic 
acid], (EDDHA) I and N, N'-bis [2-hydroxybenzyll ethylenediamine N, N'-diacetic 
acid, (HBED) 11 are chelating agents having high formation constants for 
ferric and gallic ions (log K>30). (1) These chelators have been proposed for 
the decorporation of iron from thalassemia patients. (2) Similarly, they are 
able to remove pre-injected gallium-67 from the blood of animals bearing tumors, 
thereby increasing tumor-to-blood ratios. ( 3 )  

Because of their high formation constants with gallium, these ligands were 
complexed with gallium-67 as potential radiopharmaceuticals, as they should resist 
exchange of gallium with plasma transferrin. 

The chelating agents were synthesised by literature methods with substituents in 
the phenolic ring to direct excretion of gallium complexes via the hepatobiliary 
or renal routes. (41, ( 5 )  

Gallium-67 complexes of the EDDHA and HBED ligands were made by ligand exchange 
from gallium-67 citrate. Analysis by high performance liquid chromatography 
confirmed that ligand exchange had occurred, with the formation of gallium-67 
phenolic aminocarboxylates having characteristic retention times on reverse-phase 
columns. 

Biodistribution studies in mice revealed patterns of hepatobiliary and renal 
excretion consistent with complexes having partially l i p o p h i l i c  and hydrophilic 
properties respectively. The results of the biodistribution studies are shown 
in table 1 with gallium-67 citrate as control. Gallium-67-Br-EDDHA was excreted 
via the hepatobiliary route with 85% of the injected dose present in the bile and 
G.1.T one hour post injection. 

The 67Ga-Br-HBED complex was also excreted via the hepatobiliary route with a 
greater retention in the liver. In contrast, 
the renal route with 79% present in the urine one hour post injection. 

Scintigraphic images of rabbits injected with 67Ga-Br-EDDHA demonstrated initial 
liver images followed by visualisation of the gall bladder and G.I.T. 

These results indicate that new radiopharmaceuticals of 67Ga may be formed from the 
phenolic aminocarboxylates EDDHA and HBED. They may be useful where agents of 
longer half-life are required or when complexed with 68Ga for positron emission 
tomography. 

(1) Harris W.R. and Martell A.E.. Inorg. Chem. Is, 713 (1976). 

(2) Pitt G.G. and Martell A.E., The Design of Chelating Agents for the Treatment 

7Ga-COOH-EDDHA was excreted via 

of Iron Overload. ACS Symposium No. 140, Elsevier, North Holland. 1980 p.  280. 

( 3 )  Hunt F.C. and Maddalena D.J., J. Lab. Cpd. Radiopharm. 2, 1408 (1982). 

(4) Dexter M. and Cranston R . J . ,  U.S. Patent 2, 824, 128 (1958). 

(5) Geigy (A-G) . , Brit. Patent 843,003 (1960). 
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Table 1. Biodis t r ibu t ion  of 7Ga-Chelates 
of Phenolic arninocarboxylates* 

7Ga-Chelate Blood Liver Kidneys G.I.T.+Bile Urine 

C i t r a t e  27.0t4.2 5.8f0.8 3.0f0.1 9.920.4 7.05.2 

ar-EDDHA 1.220.6 3.920.6 0.7~0.3 85.427.6 2.921.7 

Br-HBED 0.4t0.2 17.6f2.5 0.420.2 70.7f5.4 7.3+1.8 

COOH-EDDHA 0 .6 f0 .1  0.5tO.1 2.021.0 0.5tO.1 79.2t4.7 

* Percentage of i n j e c t e d  dose 1 hour p o s t  i n j e c t i o n .  Means t Sd of 
3 animals. 

X = H,COOH. q-,CI,Br 

COOH 
HOOC I 
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PRODUCTION AND BIODISTRIBUTION OF SOME ZINC-63 COMPOUNDS 

D . J .  Schlyer, M.A. Qureshi, D.F. Wolczak and C.R. Martin 
Research Centre, King F a i s a l  S p e c i a l i s t  Hospi ta l ,  Riyadh 11211,  Saudi Arabia 

Zinc-63 i s  a posi t ron-emit t ing i so tope  with a 38.5 minute h a l f - l i f e  which holds  
g r e a t  promise f o r  metabolism s t u d i e s  and f o r  t h e  l a b e l l i n g  of metal c h e l a t i n g  
agents .  A r e l a t i v e l y  simple method has  been devised f o r  t h e  prepara t ion  and 
p u r i f i c a t i o n  of t h i s  isotope.  The prepara t ion  i s  a modif icat ion of a procedure 
used by Big ler  e t  a1 (1). Biodis t r ibu t ion  has been done f o r  the  ch lor ide  i n  
r a t s  and a dog. Data w i l l  a l s o  be presented on t h e  b i o d i s t r i b u t i o n  of 
hematoporphyrin d e r i v a t i v e s .  

The t a r g e t  mater ia l  i s  cupr ic  oxide powder pressed i n t o  a copper t a r g e t  holder 
a t  a pressure of 6000 p s i .  The powder i s  covered with a 60 m i l  aluminum f o i l  
t o  degrade t h e  energg from 25 & 17 MeV. 
impur i t ies  from t h e  3Cu(p,2n) Zn nuclear  reac t ion .  

Af te r  i r r a d i a t i o n ,  t h e  t a r g e t  holder  i s  t ranspor ted  from the  beam l i n e  t o  t h e  
h o t  cel l  by means of a pneumatically operated i so- rabbi t  system. The cup i s  
dissembled from t h e  t a r g e t ,  t h e  cover f o i l  removed and t h e  cupr ic  oxide powder 
dissolved i n  2.5 
t o  ensure oxidat ion t o  cupr ic  ion.  The excess  peroxide i s  decomposed with 
h e a t  and t h e  so lu t ion  allowed t o  cool .  

The lower energy minimizes the 

HC1. Af te r  d i s s o l u t i o n ,  a few drops of 30% H202 a r e  added 

The apparatus  used f o r  t h e  separa t ion  i s  shown i n  Figure 1. A Swinnex-25 nun 
0.45 um f i l t e r  u n i t  is loaded with 0.5 gram of Bio-Rad AG1-X8 anion exchange 
r e s i n .  The so lu t ion  i s  syphonedinto t h e  upper syr inge from outs ide  t h e  h o t  
c e l l .  The so lu t ion  i s  forced through the  r e s i n  and mi l l ipore  and r insed  several  
t i m e s  wi th  10 m l  volumes of 2.5 HC1.  The z inc  i s  then e l u t e d  o f f  t h e  column 
with 0.05 g NaOH. The s o l u t i o n  is  neut ra l ized  and f i l t e r e d  through a 0.22 um 
m i l l i p o r e  f i l t e r  before  i n j e c t i o n .  The t o t a l  t i m e  f o r  processing i s  twenty- 
f i v e  minutes. The copper concentrat ion i n  t h e  f i n a l  so lu t ion  i s  less than 
5 ug/ml and the y i e l d  of Zn-63 i s  approximately 150 m C i .  

The t i m e  course of t h e  b i o d i s t r i b u t i o n  i s  shown i n  Figure 2 .  These d a t a  can be 
compared t o  b i o d i s t r i b u t i o n  s t u d i e s  of Zn-65 ch lor ide  so lu t ions ,  although t h e r e  
is no da ta  a t  the  very s h o r t  times of t h i s  study ( 2 , 3 ) .  PET scans of 211-63 
ch lor ide  i n  t h e  dog have been done and w i l l  be presented along with the  PET 
scans using t h e  zinc-63 hematoporphyrin d e r i v a t i v e s .  

1. 

2. 
3. 

Big ler ,  R . E . ,  Dahl, J . R . ,  Rotman, L . S . ,  and Zanzonico, P.B.,  Abstracts  
Fourth I n t e r n a t i o n a l  Symposium on Radiopharmaceutical Chemistry, J u l i c h  
p.159 (1982). 
Bergman, B . ,  Acta. Radiologica Therapy Physics Biology 9:577 (1970) .  
Byar, D . D . ,  Anderson, J . E .  and Mostofi, F . K . ,  Inves t iga t ive  Urology 
- 7:57 (1969). 
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t o  Zn-63 s o l u t i o n  
r e s i n  head 

3-way valve t o  waste 

product v i a l  I3 

Figure I: Schematic diagram of Zn-63 p u r i f i c a t i o n  system 

10 20 30 45 50 60 70 a5 90 100 

t i m e  (min) 

Figure 2:  P l o t  of % i n j e c t e d  dose/g versus  t i m e  
each p o i n t  represents  average of 4 r a t s  



Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXI, Nos 11-12 

ZN-EDDA IN THE PANCREAS: EFFECT OF HORMONAL STIMULATION 

1009 

Y.Fujibayashi, I.Yomoda, A.Yokoyama, T.Torizuka 
Radioisotopes Laboratory, Kyoto Univ. Hospital, Kawahara-cho 
Shogoin, Sakyo-ku Kyoto 606, Japan 

Procurement of morphological and anatomical studies of the pancreas 
have been made possible with the availability of positron emitting 
C-11 or N-13 labeled amino acids, actively used in the protein 
synthesis (1). Being aware of the very interesting physiologic 
anatomy of pancreatic gland, and its long association with zinc(Zn), 
an essential metal in the function of this organ, exploitation of 
Zn pharmacokinetic as a tool for diagnostic studies was conceived. 
In our early findings (2), high pancreas distribution of radioactive 
Zn, if administered as Zn-EDDA (Ethylenediamine-N,N'-diacetic acid) 
was achieved (Fig.1). Since a positron emitting radionuclide of 
Zn, a Zn-62 (half life = 9 h) has become commercially available, 
applicability of the newly developed Zn-EDDA in functional studies 
of the pancreas was visualized. 

Pancreas fulfills both, exocrine and endocrine functions, secreting 
externally (pancreatic juice) under the control of the hormone 
secretin (Sec) and cholecystokinin-pancreozymin (CCK-PZ), and 
internally into the blood or lymph (insulin) under the control of 
blood glucose (3). In the present study, the effect of those 
hormones on pancreas uptake of Zn (biodistribution in mice), and on 
the pancreatic secretion of Zn (pancreatic duct cannulation 
performed in rats by modified Love's method (4) ) were estimated. 
Thus, upon the intravenous administration of Zn-65 (half life = 270 
days), response changes to the stimulation of gastro-intestinal(G1) 
\ormone like Sec,CCK-PZ and its synthetic analog, caerulein as well 
as glucose were performed. In mice studies, pancreas specific 
decrease of Zn activity was observed under GI hormone stimulation 
(Table I ) ,  distinctive from glucose (Table 2). In rat canulation 
studies, high Zn-65 secretion was found under CCK-PZ stimulation 
(pancreatic protein secreting hormone), 3 hrs post Zn-65 injection 
(Fig.2). These results indicated the great participation of 
exocrine system in the mobilization of Zn; namely the enhancement of 
exocrine protein secretion in response to CCK-PZ favoured the 
functional study of positron computed tomography in dog using 
Zn-62-EDDA ( 1  mCi/kq, 10 kg). In order to validate the exocrine Zn 
secretion state, column chromatography (Sephacryl S-200) analysis of 
human pancreatic juice was performed. Among the various eluted 
fractions, most of the native Zn was detected in protein containing 
fractions. Participation of Zn, administered as Zn-EDDA, in the 
metabolic pathway of protein synthesis (digestive enzymes), and 
reliability of exocrine function stimulation as a tool for 
functional imaging is discussed. 

( 1 )  K.Kubota, et al. Eur. J. Nucl. Med. vo1.8, 528 (1983) 
(2) Y.Fujibayashi, et al. J. Nucl. Med. vo1.19, PI23 (1983) 
(3) A.S.Prasad, "Trace Elements in Human Health and Disease" 

(4) J.W.Love, J. Exp. Physiol. vo1.42, 279 (1957) 
vol.1 P198, Academic Press (1976) 
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Fig. 1 Mice biodistribution studies: Pancreas to Liver 
concentration ratio(ddY male mice, average of 5 animals) 

a) 
Table I. Effect of Gastro-Intestinal Hormone Post-stimulation 

b) 
(Biodistribution of Zinc-65 in mice.) 

Secretin 
C) 

Time(hr) 1 3 

CCK-PZ Control 

1 3 1 3 

Blood 1 .17 1.02 
(0.46) (0.12) 

Pancreas 9.30 12.85 
(3.26) (5.52) 

Liver 13.33 10.98 
(3.61) (1.93) 

~~ ~ 

1 .I2 0.97 1.30 1.19 
(0.33) (0.28) (0.27) (0.45) 

10.16 10.20 24.67 28.78 
( 1  .51) (3.81 ) (4.91 ) (1 .45) 

12.63 11.83 13.96 13.10 
(2.43) (1 -35) (4.02) (2.60) 

Kidney 15.71 11.94 
(4.49) (1.59) 

Intestine 3.30 4.37 
(0.95) (1 -18) 

17.00 13.13 14.36 11.88 
(4.11) (1.81) (1.43) (1.08) 

3.86 4.30 6.39 7.56 
(0.58) (1.67) (1.89) (0.45) 

Pancreas 1 
Liver 0.69 1 .I4 0.82 0.85 1.81 2.25 

(0.19) (0.33) (0.18) (0.27) (0.29) (0.37) 
~ 

a) Stimulation performed 30 min. before sacrifice. 
b) % dose/g organ (1 s . d . )  : average of 5 animals. 
c) Sacrifice time after Zinc-65 injection. 
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a) 
Table 2. Effect of Glucose Post-stimulation 

b) 
(Biodistribution of Zinc-65 in mice) 

~~ 

C) 
Time ( hr ) 1 3 

Blood 1 .52 1 .06 
(0.34) (0.14) 

Pancreas 18.25 28.83 
(5.25) (3.20) 

Liver 12.42 14.39 
(2.60) (3.13) 

Kidney 16.52 14.39 
(3.92) (2.06) 

Intestine 5.80 8.94 
(1.30) (1 - 1 5 )  

Pancreas/ 1 .46 2.05 
Liver (0.28) (0.52) 

a) Stimulation performed 30 min. before sacrifice. 
b) %dose/g organ (1 s.d.) : average of 5 animals. 
c )  Sacrifice time after Zinc-65 injection. 

- 
0.1c 1 

LI 
0.10 2 

0.05 

Tine after 6 5 ~ n  injection lhr l  

O . 1 °  1 
I .  r O . 1 0  

O . 1 °  1 r o . 1 0  

0.05 
0.05 

- _ _ _ _ _  ~ ____---- --. _ _  _____. 
0 0 

Fig. 2 Stimulation effect on 
pancreatic secretion(ml/hr:dotted 
line), and conc. of Zn-65(% dose 
/hr:black bar) in pancreatic jui- 
ce. k C K - P Z  +\Secretin stimula- 
tion(arrows) 
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CARBOXYLIC ACID DERIVATIVES OF OXOTECHNETIUM (+5) BISAMIDO BISTHIOLATES 

3. Lister-James, D.E. Brenner, A.G. Jones, A. Davison and A.R. Fritzberg 
Department of Kadiology, Harvard Medical School, Boston, Massachusetts 02115 

At the last conference in 1982, we reported on the first compounds in two new 
series of bisamido bisthiolates (N2S2). namely N,N'-bis(2-mercaptoethyloxamide) 
and N-(2-mercaptoethyl)mercaptoacetylglycinamide and the corresponding oxo- 
technetium (+5) complexes (1).  These compounds are isomers of the first N2S2 
system investigated, [TcO(ema)]-' (or Tc-DADS) (2,3). 
synthesis and characterization of these new materials will be published shortly 
( 4 ) .  The 99mTc complexes of these prototype ligands show good, but not optimal, 
renal clearance as compared to iodohippurate, much as the complex TcO(ema)-l 
( 3 , 5 ) .  In a continuing search for a more effective replacement for OIH, we have 
now prepared several carboxylic acid derivatives of the two new series. These 
include (R)-mercaptoacetyl-glycyl-cysteine; (R)-mercaptoacetyl-glycyl-cysteinyl- 
glycine; (R)-N-(2-mercaptoethyl)-N'-(l-carboxy-2-mercaptoethyl)oxamide; and 
(R),(R)-N,N'-bis(l-carboxy-2-mercaptoethyl)oxamide. All four ligands have been 
fully characterized both as their methyl esters and as their S-benzoyl protected 
methyl esters. 

Using dithionite reduction of TcO4- ( 3 )  in ethanolic base we have prepared the 
99mTc-oxotechnetium (+5) complexes of these ligands in > 95% yield and > 95% 
purity. The first three ligands each give a pair of diastereomeric complexes (no 
enantiomers) which are separated as two peaks by reverse-phase ion-pair HPLC. 
N,N'-bis(l-carboxy-2-mercaptoethyl)oxamide, on the other hand, gives a single meso 
complex (one peak by HPLC). Preliminary studies in animals show rapid renal 
clearance for all the complexes except the meso oxamide, which is excreted 
relatively slowly. Most notably, the diastereomeric complexes of mercaptoacetyl- 
glycylcysteine both show virtually identical excretion rates which are seen t o  be 
comparable to OIH in mice and in dogs. Additionally, there appears t o  be minimal 
hepatobiliary clearance in contrast with, for example, 
This material would therefore appear to be suitable for testing as a replacement 
for iodohippurate, particularly since it does not suffer from the need for HPLC 
separation of the diastereomers as is the case with the CO2-DADS complexes (6,7). 

A full account of the 

[99mTc0(ema)]-1 (3,5). 

Jones A.J., Davison A., Brodack J . W . ,  and Brenner D., Lister-James J., 
Costello C.E., Lock C.J.L., Franklin K.J., LaTegola-Graff M.R., Orvig C., 
and Sohn, M., Proc. 4th Intern. Symp. on Radiopharm. Chem., Julich FRG, 
1982, p.333. 

Davison A., Sohn M., Orvig C., Jones A.G., and LaTegola M.R., J. Nucl. Med. 
- 20, 641 (1979). 

Jones A.G., Davison A., LaTegola M.R., Brodack J.W., Orvig C., Sohn M., 
Toothaker A.K., Lock C.J.L, Franklin K.J., Costello C.E., Carr S.A., 
Biemann K., and Kaplan M.L., J. Nucl. Med. 12, 801 (1982). 
Brenner D., Davison A., Lister-James J., and Jones A.G., Inorg. Chem. (in 
press). 

Klingensmith W.C., 111, Gerhold J.P., Fritzberg A.R., Singer C., Spitzer 
V.M., and Kuri C.C., J. Nucl. Med. 2, p.38 (1981). 

Fritzberg A.R., Kuri C.C., Klingensmith W.C., 111, Stevens J., and Whitney 
W.P., J. Nucl. Med. 2, 592 (1982). 

Klingensmith W.C., 111, Fritzberg A.R., Spitzer V.M., Johnson D.L. Kuri C.C. 
Williamson M.R., Washer G., and Weil R., 111, J. Nucl. Med. 2, 42 (1984). 
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(Z-Benzoylthioacetyl)-glycyl-(S-benzoyl)-cysteine methyl ester 

Analysis for C22H22N206S2: 

C H N S 

calculated 55.68 4.67 5.90 13.51 

found 55.64 4.71 5.86 13.54 

mp: 138-140" C 

CLD: +31° (c=0.43, CHC13) 

1H NMR (250 MHz, CDC13) 6 3.55 (m, 2H, CH%S), 3.72 ( s ,  3H, CH3), 3.78 ( s ,  

ZH, COCH2S), 4.01 (m, 2H, COCH2N), 4.86 (m, 1H, CHI, 7-26 (m, 2H, NH), 7-42 

(m, 4H, m-aryl), 7,57 (m, p-aryl), 7.93 (m, 4H, o-aryl). 

(2-Benzoylthioacetyl)-glycyl-(S-benzoyl)cysteinyl-glycine methyl ester 

Analysis for C24H25N307S2: 

C H N s 

calculated 54.22 4.74 7.90 12.06 

found 53.99 4.76 7.87 12.00 

mp: 181-183" C 

aD: -15.6" (c=0.48, dioxan) 

lH NMR (250 MHz, CDC13) 6 3.55 m, 2H, CH%S), 3.71 ( s ,  3H, CH3), 3.78 ( s ,  

211, COCHzS), 3.9-4.1 (m, NCH2CO and NCH2CO), 4.75 (m, lH, CH), 7.04 (m, 1H 

NH), 7.18 (m, lH, NH), 7.22 (m, lH, NH), 7.46 (m, 4H, nraryl), 7.60 (m, 2H, 

p-aryl), 7.94 (m, 4H, o-aryl). 
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Tc-99 COMPLEXES OF A M I N E  OXIMES 

D.E. T rou tne r ,  K. Aston, and W.A. V o l k e r t  

Department o f  Chemis t ry ,  U n i v e r s i t y  o f  M i s s o u r i  
Columbia, M i s s o u r i  65211, USA 

Recent s t u d i e s  by V o l k e r t ,  e t  a l .  (1) have shown s i g n i f i c a n t  d i f f e r e n c e s  i n  

t h e  chemical  and b i o l o g i c a l  p r o p e r t i e s  o f  complexes o f  Tc-99m w i t h  

m u l t i d e n t a t e  amine oxime l i g a n d s .  These l i g a n d s  can be rep resen ted  by t h e  

fo rmulas  and common names below. 

HONC( C H ~ ) C  ( c H ~ ) ~ N H ~  amine oxime, A0 

HONC( CH~)C ( C H ~ ) ~ N H (  C H ~ )  ,NHC( C H ~ ) * C (  CH~!NOH 
n=2, e t h y l e n e  amine oxime, EnAO 
n=3, p ropy lene  amine oxime, PnAO 
n=4, b u t y l e n e  amine oxime, BnAO 

I n  roden ts  n e i t h e r  Tc-A0 o r  Tc-BnAO showed t h e  s i g n i f i c a n t  b r a i n  up take  

found w i t h  Tc-PnAO ( 2 ) .  Tc-A0 was c l e a r e d  p r i m a r i l y  by t h e  k idneys  and 

Tc-PnAO by t h e  l i v e r  and i n t e s t i n e s .  

and i n t e s t i n e s  b u t  w i t h  g r e a t e r  k idney  c lea rance  than  Tc-PnAO. 

an a t t e m p t  t o  r e l a t e  t h e  b i o l o g i c a l  a c t i v i t y  o f  t hese  complexes t o  t h e i r  

s t r u c t u r e s ,  Tc-99 complexes o f  AO, PnAO, and BnAO were prepared.  

was n o t  a t tempted  s i n c e  i t  c o u l d  n o t  be produced i n  h i g h - y i e l d  w i t h  Tc-99m. 

Complexes were prepared by  r e a c t i n g  0.03-0.06 mmoles o f  Tc-99 ( s p i k e d  w i t h  

Tc-99m) as NH4Tc04 w i t h  a two o r  t h r e e - f o l d  excess o f  l i g a n d  i n  10 t o  20 

m l  o f  s a l i n e  s o l u t i o n  b u f f e r e d  w i t h  0.1M NaHC03. Smal l  p o r t i o n s  o f  

SnC4H406 s l u r r i e d  i n  s a l i n e  were added, u s u a l l y  i n  t w o - f o l d  excess. 

The r e s u l t i n g  m i x t u r e  was f i l t e r e d  t o  remove s o l i d s  and t h e  f i l t r a t e  

analyzed by ace tone and s a l i n e  ascend ing  s o l v e n t  paper chromatography and 

e l e c t r o p h o r e s i s .  A l l  complexes moved w i t h  t h e  s o l v e n t  i n  s a l i n e .  I n  

acetone, however, Tc-PnAO moved w i t h  t h e  s o l v e n t ,  Tc-A0 moved o n l y  s l i g h t l y ,  

and Tc-BnAO appeared t o  have two components, 20-30% rema in ing  a t  t h e  o r i g i n  
and t h e  r e s t  moving w i t h  t h e  s o l v e n t .  

upon e l e c t r o p h o r e s i s  and t h e r e  was ev idence f o r  o n l y  a few p e r c e n t  o f  

Tc04- i n  each. 

s a l i n e  w i t h  an equal  volume of  CHC13. 

e x t r a c t e d ,  app rox ima te l y  50% o f  t h e  Tc-BnAO, and g r e a t e r  t h a n  95% o f  t h e  
Tc-PnAO. 

chromatograms s i m i l a r  t o  those  f o r  Tc-PnAO and t h a t  rema in ing  i n  t h e  aqueous 

f r a c t i o n  gave ones s i m i l a r  t o  Tc-AO. About 30% o f  t h e  Tc-BnAO c o u l d  be back 

Tc-BnAO was a l s o  c l e a r e d  by t h e  l i v e r  

As p a r t  of  

Tc-EnAO 

Each complex appeared t o  be  n e u t r a l  

A sma l l  p o r t i o n  o f  each f i l t r a t e  was e x t r a c t e d  f rom 

Less than  1% o f  Tc-A0 was 

Paper chromatography of t h e  Tc-BnAO e x t r a c t e d  i n t o  CHC13 gave 
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e x t r a c t e d  i n t o  s a l i n e ,  b u t  o n l y  a few pe rcen t  o f  t h e  Tc-PnAO. A l l  o f  these 

obse rva t i ons  a r e  c o n s i s t e n t  w i t h  p r e v i o u s  Tc-99m r e s u l t s  f o r  these same 

complexes (1,3). 

No f u r t h e r  exper iments  were done w i t h  Tc-A0 s i n c e  i t s  h y d r o p h i l i c  p r o p e r t i e s  

were c o n s i s t e n t  w i t h  b i o d i s t r i b u t i o n .  The f i l t r a t e s  o f  t h e  o t h e r  two 

complexes were e x t r a c t e d  w i t h  seve ra l  p o r t i o n s  o f  CHC13 and t h e  s o l v e n t  

a l l o w e d  t o  evapora te .  

Both  CHC13 and CH30H s o l u t i o n s  o f  Tc-PnAO were orange and those  o f  

Tc-BnAO were green. Slow e v a p o r a t i o n  o f  t h e  CH30H s o l u t i o n s  a f t e r  

a d d i t i o n  o f  a few drops  o f  wa te r  r e s u l t e d  i n  o range- red  c r y s t a l s  o f  Tc-PnAO 

b u t  a n o n c r y s t a l l i n e  s o l i d  of  Tc-BnAO which  was r e d d i s h  brown. The c r y s t a l  

s t r u c t u r e  o f  Tc-PnAO has been r e p o r t e d  e lsewhere  ( 4 )  and i s  a d i s t o r t e d  

square pyramid  w i t h  a Tc03' core ,  dep ro tona ted  amine n i t r o g e n s ,  and 

a hydrogen bond between t h e  oxime oxygens. A p a r t i a l  c h a r a c t e r i z a t i o n  of 

t h e  Tc-BnAO s o l i d  was done i n  o r d e r  t o  compare i t  t o  Tc-PnAO. P ro ton  NMR 

i n  d6-DMSO o f  b o t h  s o l i d s  showed methy l  groups a t  2.226, 1.409, and 1.369 

ppm f o r  Tc-PnAO and 2.222, 1.424, and 1.393 ppm f o r  Tc-BnAO. 

c h a r a c t e r i s t i c  o f  amine oxime complexes w i t h o u t  r i n g  pucke r ing  and suggest a 

Tc-BnAO s t r u c t u r e  s i m i l a r  t o  t h a t  of  Tc-PnAO. There was a l s o  a resonance a t  
19.33 ppm i n  agreement w i t h  t h e  one found i n  C o ( I I 1 )  and R h ( I I 1 )  complexes 

o f  BnAO ( 5 )  i n d i c a t i n g  a hydrogen bond between t h e  oxime oxygens. 

t h e r e  i s  an I R  band a t  ~ 8 9 0  cm-l i n  Tc-BnAO which  m i g h t  i n d i c a t e  a 

Tc021+ co re ,  w h i l e  t h e  Tc-PnAO has a band a t  925 cm-l, c o n s i s t e n t  w i t h  

t h e  Tc03+ c o r e  found i n  t h e  c r y s t a l .  

Tc-BnAO migh t  a l s o  be due t o  a TcOZ1' core .  A t tempts  a r e  underway t o  
grow Tc-BnAO c r y s t a l s  s u i t a b l e  f o r  X-ray and neu t ron  d i f f r a c t i o n  

d e t e r m i n a t i o n  o f  i t s  s t r u c t u r e .  

Tc-A0 i s  a n e u t r a l  b u t  h y d r o p h i l i c  complex wh ich  would be expec ted  t o  show 

b i o d i s t r i b u t i o n s  u n l i k e  those  o f  Tc-PnAO. 

i n d i c a t e d ,  one w i t h  p r o p e r t i e s  s i m i l a r  t o  Tc-A0 and ano the r  s i m i l a r  t o  

Tc-PnAO, b u t  s i g n i f i c a n t l y  more hydrophob ic ,  wh ich  would e x p l a i n  

b i o d i s t r i b u t i o n s  f o r  Tc-BnAO i n t e r m e d i a t e  between those f o r  Tc-A0 and 

Tc-PnAO. 

The r e s u l t i n g  o i l y  s o l i d s  were taken  up i n  CH30H. 

These a r e  

However, 

The g r e a t e r  h y d r o p h i l i c i t y  o f  t h e  

Two spec ies  o f  Tc-BnAO a r e  

1. W.A. V o l k e r t ,  unpub l i shed  r e s u l t s .  
2. W.A. V o l k e r t ,  D.E. T rou tne r ,  T.J. Hoffman, R.M. Seger and R.A. Holmes, 

J. Nuc l .  Med. 24, P128 (1983).  
3. D.E. T rou tne r ,T .A .  V o l k e r t ,  T.J. Hoffman, and R.A. Holmes, I n t .  J. 

Appl .  Rad. and I so top . ,  i n  p ress .  
4. C.K. F a i r ,  D.E. Trou tne r ,  E . O .  Schlemper, R.K. Murmann, and M. Hoppe, 

submi t ted  t o  Ac ta  Crys t .  C.  
5. E.O. Schlemper and S. S i r i p a r i s a r n p i p a t ,  I no rg .  Cheni., i n  p ress .  
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SYNTHESIS OF NEW BIS-AMINOETHANETIOL(BAT) DERIVATIVES: 
POSSIBLE LIGANDS FOR TC-99M B R A I N  I M A G I N G  AGENTS 
___________________I-------------------------------------------- 

H.F. Kung, C.C. Y u ,  J. B i l l i n g s ,  M. Molna r  a n d  b.Jilan* 
Department of Nuclear  Medicine,  SUNY/Buffalo and VA Medical  C e n t e r ,  
B u f f a l o ,  N Y  14215 and *Department of Radiology,  Harvard Medical  
School ,  Boston, MA 02115 

S e v e r a l  n e u t r a l  l i p i d - s o l u b l e  Tc-99m b i s - a m i n o e t h a n e t h i o l  (BAT) 
complexes,  an N2S2 l i g a n d ,  have been shown t o  c r o s s  t h e  b lood-b ra in  
b a r r i e r  (J Nucl Med, March 1984).  I n  o r d e r  t o  p r e p a r e  BAT d e r i v a -  
t i v e s  f o r  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 t u d y  we have  deve loped  
two v e r s a t i l e  s y n t h e t i c  methods which can s p e c i f i c a l l y  p l a c e  s u b s t i -  
t u t i o n  g roups  on one of t h e  c a r b o n s  between t h e  two n i t r o g e n s .  By 
vo id ing  s u b s t i t u t i o n  of t h e  N o r  S p o s i t i o n s ,  t h e  a b i l i t y  t o  form 
s t a b l e  and n e u t r a l  Tc-99m complex is unchanged. 

I n  t h e  f i r s t  r e a c t i o n  r o u t e  (Scheme 1) t h e  cyano and oxime groups on 
e t h y l  cyanoglyoxylate-2-oxime (1) were s i m u l t a n e o u s l y  reduced by 
c a t a l y t i c  hydrogena t ion .  The e t h y l  2 ,3 -d iaminopropr iona te  (2) was 
r e a c t e d  w i t h  2,2'-dithio-bis-(2-methylpropanal) t o  g i v e  a 10-member 
r i n g  d i i m i n e  ( 3 ) .  When t h e  d i i m i n e  was t r e a t e d  w i t h  sodium borohy- 
d r i d e  a t  5OoC, a f r e e  hydroxy d e r i v a t i v e  (4) of BAT was ob ta ined .  
The d i i m i n e  ( 3 )  c a n  a l s o  be c o n v e r t e d  t o  t h e  amide ( 5 )  by r e a c t i n g  
wi th  c o n c e n t r a t e d  ammonia a t  room t e m p e r a t u r e .  Subsequen t  r e d u c t i o n  
of t h e  amide (5) w i t h  d i b o r a n e  gave  t h e  f r e e  amine (6). A l l  of t h e  
r e a c t i o n s  i n  Scheme 1 gave e x c e l l e n t  y i e l d  (over  g o % ) ,  e x c e p t  t h e  
l a s t  d i b o r a n e  r e d u c t i o n  s t e p ,  which was 60%. 

The second r o u t e  employs t h e  S t r e c k e r  r e a c t i o n  f o r  p r e p a r i n g  a- 
a m i n o n i t r i l e s  (Scheme 2 and 3). Using cyclohexanone ( 1 1  or  2- 
methoxybenzaldehyde (14) a s  t h e  s t a r t i n g  m a t e r i a l ,  t h e  a-amino 
n i t r i l e  d e r i v a t i v e s  can  be  p repa red .  A f t e r  r e d u c i n g  t h e  aminoni-  
t r i l e s  w i t h  l i t h i u m  aluminum h y d r i d e ,  t h e  d i a m i n e s  (2 and were 
condensed w i t h  d i a l d e h y d e s  t o  g i v e  t h e  c o r r e s p o n d i n g  d i i m i n e s  (LQ 
and 12). The d i m e r c a p t o  and d i i m i n e  bonds were r educed  s i m u l -  
t a n e o u s l y  by "Red-Al" t o  g i v e  t h e  d e s i r e d  BAT compounds (12 and 18). 
Compound 18 was t r e a t e d  w i t h  boron t r i b r o m i d e ,  a d e m e t h y l a t i n g  
a g e n t ,  t o  g i v e  a p h e n o l i c  compound (19. 

By u s i n g  S n ( I I ) - P P i  or  sodium b o r o h y d r i d e  a s  t h e  r e d u c i n g  a g e n t ,  t h e  
BAT d e r i v a t i v e s  were l a b e l e d  s u c c e s s f u l l y  w i t h  Tc-99m p e r t e c h n e t a t e .  
The p u r i t y  o f t h e  Tc -99mBATcomplexes  was > 95% ( H P L C , r e v e r s e -  
phase column, a c e t o n i t r i l e :  pH 7.0 d i m e t h y l g l u t a r i c  a c i d  b u f f e r ) .  
P a r t i t i o n  c o e f f i c i e n t  (P.C.) of t h e s e  Tc-99m complexes was measured 
( 1 - o c t a n o l :  p~ 7.0 B u f f e r ) .  

The b i o d i s t r i b u t i o n  i n  r a t s  (i.v. i n j e c t i o n )  was e v a l u a t e d  u s i n g  I- 
125  i o d o a n t i p y r i n e  (IAP), a f r e e l y  d i f f u s i b l e  t r a c e r ,  a s  t h e  i n t e r n -  
a l  r e f e r e n c e .  Compounds w i t h  a f r e e  hydroxy l  g roup  (9 and 12) 
showed lower b r a i n  up take ,  i n s p i t e  of h i g h  P.C.; t h i s  may be r e l a t e d  
t o  in,yiyn i n s t a b i l i t y  of t h e  complexes.  High i n i t i a l  b r a i n  up take  
was obse rved  f o r  t h r e e  compounds (6, L& and  12), however,  o n l y  
compound 12 (P.C.=384) showed s i g n i f i c a n t  b r a i n  r e t e n t i o n .  
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These schemes p r o v i d e  c o n v e n i e n t  and v e r s a t i l e  s y n t h e t i c  r o u t e s  
f o r  p r e p a r i n g  BAT d e r i v a t i v e s  w i t h  u n s u b s t i t u t e d  NzS2 l i g a n d .  
Compounds of t h i s  t y p e  may be  u s e f u l  a s  b r a i n  imaging a g e n t  i n  
t h e m s e l f  o r  a s  a b a s i s  f o r  f u r t h e r  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 t u d y  t o  improve b r a i n  up take  and r e t e n t i o n .  

CH3 H CH2OH 6 4  0.4(0.3) O.2(0.5) u 
R q  CH3 H CH2NH2 47 1 .3 (1 .0 )  0.3(0.5) 

La CH3 H 260 2.3 (1.7) 0.3 (0.7) 

L9 CH3 H 1 9 7  0.4 (0.3) 0.2 (0 .4)  

12 C2H5 384 2.2(1.1) 0 .7(1.2)  
)r/ 

R2 R 3  
* T o t a l  % b r a i n  u p t a k e ( r a t i o  of Tc-99m BAT/I-l25IAP i n  b r a i n )  

+ P a r t i t i o n  c o e f f i c i e n t  (1-octanol :  pH 7.0 b u f f e r )  

Scheme 1 

I H,/PtOZ CH,NH, I CHO CHO 
CZ N 

C=N-OH - CHNH, 
I I 
COOEt COZEt 

> p - s ,  I< 

1-1 
3, 'C0,Et 

1 - 
CH,NH, 
I 
CHNH,  
I 
COOH / NH,OH 

NaBH, 

50 'C 
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Scheme 2 

-6 
CHO CHO 

n,N CPN 6 NaCN 0 LiAlH, 
or 

Hz/PtO, 
NHICI 

9 - a - 7 - pi Ac,O / 
Ac"6" - 13 

\ 
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TECHNETIUM-99m-LABELED pARA AMINOHIPPURIC ACID ANALOG: A NEW RENAL AGENT 

L.R. Chervu, B.M. Sundoro 
Department of Nuclear Medicine, Albert Einstein College of Medicine, Bronx, New 
York 10461. 

1-131-iodohippuric acid is the radiopharmaceutical of choice in the evaluation 
of renal tubular secretory function (1). However, it has the disadvantage of 
imparting a high absorbed radiation dose to the patient besides having unsuit- 
able energy radiations for gamma camera imaging. A Tc-99m labeled renal agent 
which is quantit ively secreted by the tubules has been sought unsuccessfully 
for many years. BbYc-DADS (N,N'-b is (mercap t oace t amido) e thy 1 ene d iamine)) has 
been reported as suitable for assessing renal function but it involves consider- 
ably complicated procedures for its preparation (2). A PAH analog which pos- 
sesses functional groups for Tc-99m binding as well as hippurate-like renal 
secretory properties is reported here. 

Of the two PAH analogs prepared, the first compound (N4,N4-(diacetylamino 
hippuric acid) does not yield a stable complex with Tc-99m. The second, N - 
(carbonylmethyliminodiacetic acid)-hippuric acid (PAHIDA) is prepared by rea- 
cting p-aminohippuric acid with freshly prepared nitrilotriacetic anhydride 
(1:l) in dry DMF at 100 OC for two hours. After work-up and crystallization 
from 50:50 acetone/water, the compound is isolated as white crystals with a 60% 
yield: mp:222-223 OC. The structure is confirmed by MS, NMR and elemental analy- 
sis. Tc-99m labeled PAHIDA is successfully achieved at a pH of 5.8 using Sn(I1) 
reduction method. The complex yielded one single and stable radiopharmaceutical 
established by ITLC and HPLC with797% radiopurity. 

Biodistribution of the Tc-99m PAHIDA is determined in rats at different time 
intervals and compared with I-131-hippuran and the data are shown in Table. The 
values of percent administered dose present at 30 minutes post injection in 
blood, kidney, urine and liver of rats respectively are 6.3+ 1.0, 4.450.7, 
61.3212.1, and 1.2t0.3 for Tc-99m-PAHIDA and 1.2t0.2, 0.9% 0.2, 64.812.0 and 
0.950.3 for I-131-hippuran. Rat urine analysis by paper chromatography suggest4 
that the agent is excreted intact without any metabolic alteration. Scintigra- 
phic images in rabbits have shown that the Tc-99m complex is rapidly excreted in 
urine with no significant extrarenal pathway providing excel lent renal images. 
The reported agent satisfies structural requirements for renal secretion ( 3 )  
owing to the presence of R-CONHCH2COOH grouping analogous to hippuran and may 
have the potential to replace 1-131 hippuran for renal studies with high target 
to background ratio. 

(1) 
( 2 )  Fritzberg A.R., Kuni C.C., Klingensmith I11 W.C.,Stevens J.,and Whitney 

( 3 )  

and M.D. Blaufox -~ 

2- 

Chervu L.R. and Blaufox M.D., Sem. Nucl. Med., 12,224 (1982). 

W.P., J. Nucl. Med. 2 3 ,  592 (1982). 
Despopoulous A., J. Theor. Biol. 8,163(1965). 
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i Column: Zorbax C .  8. 5 micron 

with 0.01 M NaH,PO, 
I , Solvent: 8% CH,CN buffered at pH 3.0 

, I  

' Flow Rate: 2mL/mln : ; Detector: U V  254. Abs. 
I I Chart Speed: 1 Cmlmln 
{ 1 Peaks: a PAHIDA 
I '  b Tc - 9 9 m .  PAHIDA 
1 '  
I t  

1 ,  
1 ,  
I ,  
1 ,  

ORGAN DISTRIBUTION DATA IN RATS FOR TC-99m-PAHIDA* 

z ADMINISTERED DOSE@ 

240 MIN -- 60 MIN _ -  30 MIN -- 15 MIN _ -  ORGAN -- 

Blood 

Ur ine  

L ive r  

Kidney 

9.221.1 
( 3.7~0.4 ) 
42.027.5 
54.5~7.0) 
1.820.4 

( 1.8~0.2) 
4.120.4 

( 3.720.4) 

6.321.0 

64.822.0) 
1.220.3 
(0.920.3) 
4.450.7 
(0.950.2) 

( 1.2+0.2)  
61,3212.1 

2.5L0.6 
(0.5+0.1) 
7 3.1'. 9 
(69.753.0) 
0.7T0.1 

(0.650.3) 
3.2~0.4 

(0.650.2) 

1.220.2 
(0.2+0.0) 
76.525.2 
(79.057.0) 
0.420.1 

3.520.4 
(0.l"O * 0 )  

(0.1'. 0 )  

*131 I-Hippuran v a l u e s  a r e  shown i n  pa ren theses .  
@ 6 Animals f o r  each  t ime i n t e r v a l s ;  Mean v a l u e  +1 S.D. a r e  g iven .  

HY L I M I N OD IACE T I C 

N(CH,COOH), DMF/Pyr Ac,O > b C H $ O O H  

0' 

DMF/IOO 'c I G I  y COC,H,NH, 

P A H I D A  
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CRITICAL PARAMETERS AFFECTING Tc-39m LABELING OF HUMAN FIBRINOGEN IN VITRO __ 
E. Lavie, M. Bitton and S. Mechlis 
Soreq Nuclear Research Centre, Yavne 70600, Israel 

1021 

This study was undertaken to improve the in vitro labeling conditions for Tc-99m 
fibrinogen (1-3) ,  which could serve as an important tool in the diagnosis of 
deep vein thrombosis. The factors which could affect the labeling which were 
studied were: pH, SnC12 and fibrinogen concentrations, pre- and post-labeling 
incubation times and temperature. Best results were achieved by incubating human 
fibrinogen (2.5 mg/ml) with SnC12 (0.02 mg/ml) at pH 9.8 for 22 hours before 
adding the Tc04 solution (Fig. 1). This process led to a 90% labeling yield. It 
was demonstrated by in vitro incubation with plasma that there was no transfer of- 
the label to other plasma proteins. Clottability of the labeled protein was 85% 
compared to 89% of the native unlabeled fibrinogen. Labeling efficiency was 
highly dependent on the time of interaction between SnC12 and fibrinogen. The 
yield increased from 50% for zero interaction time to 90% after 22 hours (Fig. 2). 
Blood clearance studies of the Tc-99m fibrinogen preparation gave results similar 
to those for 1-125 fibrinogen. X-ray fluorescence technique was employed to 
measure the amount of bound tin at different times before labeling (Fig. 3 ) .  It 
was found that the binding of tin to fibrinogen reached saturation after 20 hours. 
This demonstrates a strong correlation between the tin-fibrinogen binding 2nd the 
labeling yield. It is concluded that the conditions described here represent an 
efficient method for i n  vitro labeling of fibrinogen. 

(1) Wong D.W. and Mishkin F . S . ,  J. Nucl. Med. 16, 343 (1974). 
(2) Harwig S.S.L., Harwig J.F., Coleman R.E. and Welch M.J., J. Nucl. Med. IJ, 

( 3 )  Harwig J.F., Harwig S.S.L.,lr’elchL.D. and Welch M.J., Int. J. Appl. Rad. Isot. 
40 (1976). 

- 27, 5 (1976). 
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5 W 20 30 
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*40- 

20- 

0 
5 6 7 8 9 1 0  

V H  

Fig. 1. The effect of final pH on the labeling yield, Experimental 
conditions: fibrinogen 2.5  mg/ml, SnC12 0 .22  mg/ml, temperature 21°. 
Each point represents mean + S.E. (n=3). 
at pH 9.8.  

Maximum labeling was observed 

Fig. 3 .  Binding of tin to fibrinogen with time. Upper curve represents % 
total Sn (expressed as Sn+2) determined by iodometry and XRF. Lower curve 
represents % free tin in the solution determined by XRF after separating the 
supernatant from the protein. 
after 20 hours interaction between SnC12 and fibrinogen. 

Maximum binding (60% of total Sn) was observed 
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SYNTFESIS OF DI-THIOSEMICARBAZONE DERIVATIVES OF ARALKYL CARBOXYLIC 
ACID AS 99m-Tc-BIFUNCTIONAL RADIOPHARMACEUTICAL 

Y.Arano, Y.Magata and A.Yokoyama 
Department Radiopharmaceutical Chemistry, Faculty of Pharmaceutical 
Sciences, Kyoto University, Sakyo-ku, Kyoto 606, Japan. 

Development of technetium-99m (Tc-99m) labeled radiopharmaceutical 
based on the concept of bifunctional radiopharmaceutical (BR) has 
attracted our attention. Most of the published work has been focused 
on the synthesis of bifunctional chelating agent (BCA) containing 
EDTA or DTPA skeleton for the chelating with Ga-67, In-Ill (1,2). 
Our long interest on sulfur containing agent has revealed the 
satisfactory characteristic of kethoxal bis-thiosemicarbazone (KTS), 
containing a S N  coordination, appropriate for the formation of a 
stable, relatively small and uncharged chelate of Tc-99m (3). Thus, 
di-thiosemicarbazone (DTS) was selected as basic molecule for the 
design of new BCAs. 

To test the validity of the present approach, synthesis of BCA 
containing DTS moiety and aralkyl carboxylic acid of various chain 
length was estimated. In the present work, two carbon (A) and 
eleven carbon (B) chain length derivatives were synthesized. Their 
application demonstrated in case (A), by using it as a BCA for 
coupling macromolecules (human serum albmin, HSA) through the 
carboxylate group and in case (B) as a representive of a biomolecule 
derivative, a fatty acid analog of great interest in myocardial 
studies. Synthesis of these compounds were performed as described in 
Fig.1 and 2. Namely, after p-carboxyethyl phenylglyoxal or 
p-carboxyundecyl phenylglyoxal was obtained as (A) or (B) precursor 
respectively, condensation with N-methylthiosemicarbazide was 
performed. After recrystalization, pure products were obtained. 
Applicability of (A) for coupling HSA was easily achieved by the 
azido method. Excellent in-vivo behavior, comparable to 
radioiodinated HSA (Fig.3) was obtained, with higher stability and 
great potential for the labeling of other macromolecules, such as 
monoclonal antibodies. Using the same labeling reaction but in 
ethanol, Tc-99m labeling of (B) was achieved with good yield, as 
detected on TLC (acetone:acetic acid=100:5; Rf=0.8). Upon dilution 
with HSA solution, intravenous injection in mice showed promissing 
performance (Table 1). Synthesis of derivatives with diverse chain 
length is needed for more specific BR ( 4 , 5 ) .  The gathered results 
offered good evidence for the great applicability of ligand 
containing DTS as a basic technetium coordination group for the 
design of new Tc-99m-BR of biomolecules. 

(1) L.H.DeRiemer, et al. J. Med. Chem. vo1.22, 1019 (1979) 
(2) C.H.Paik, et al. J. Nucl. Med. ~01.24, 932 (1983) 
( 3 )  A.Yokoyama, et al. J. Nucl. Med. vo1.17, 816 (1976) 
(4) C.A.Otto, et al. J. Nucl. Med. vo1.22, 613 (1981) 
(5) H.H.Coenen, et al. J. Nucl. Med. ~01.22, 891 (1981) 
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Synthesis of D-carboxyethyl phenylglyoxol bls(N-aethyl thlosemlcarbazone) 

HOOC-(CH 2 ) 2 O C o C H 3  

2 2 , , CzN-NH-i-NHCH3 1 ) Se07 -HOOC-(CH ) 
2)NH2NHCSNHCH3 0, s 

S 

w 216-217 (A )  

Elemental analysis for CI5H2&02S2 

C H N  
Calcd.: 117.35 5.30 22.09 
Found : 117.30 5.48 22.27 

Fig. 1 

Synthesis o f  0-cortuxymdecyl phenylglyoxol bls(N-methy1 thlosmicorbazone) 
A 

NC-(CH2)10-COOH 3)  Benzene, ') A 1  C I * NC-(CH~)~O-CO-(& 

EtOOC-(CH 2 ) 1 1 0 C 0 c H 3  
1) EtOH,H' 

2) CH3COC1,A1Cl3 

1) NOOH, 21 SeOp- 

3) NH2NHCSNHCH3 

H C = N - N H - ~ - N H C H ~  

mr, 180 (B) 

Elemental analvsls f o r  C24H38N602S2 

C H  N 
Calcd.: 56.90 7.56 16.59 
Found : 56.68 7.57 16.42 

Fig. 2 
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4.5 0 114 112 1 2 3 6 
10 

TIME AFTER INJECTION (Hours) 

F i q .  3 Blood clearance : each point expressed as 

percentage of sample taken up at 5 min. in 
rabbits. 

0- 0 Tc-99m DTS-HSA 

0- 0 1-131 HSA 

Biodistr ibution o f  Radioactivity I n  Mice After Intravenous 
InJection o f  99mTc-Fatty Acid Analod 

Organ 5 min. 30 min. 60 mln. 

Blood 21.43 (2.22) 13.78 (1.95) 9.59 (0.99) 
Heart 4.10 (0,41) 4.76 (0,631 5.03 (0.81) 
Lung 9.46 (1,31) 7.82 (1.26) 6.78 (1.01) 
Liver 18,39 (1.54) 25.70 (4,16) 26.00 (2.85) 
Kidney 6,50 (0.75) 6.89 (1,20) 6.04 (0.53) 
Intestine 0.73 (0.06) 2.66 (0.45) 3 .31 (0.44) 
Stomach 0.61 (0.18) 1.60 (0.51) 1.05 (0.25) 

% Dose/sram 0rsan;averase of 5 animals and (sad.)  

Table. 1 
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PREPARATION OF Ga-67-DTPA-FIBRINOGEN AND I T S  B I O D I S T R I B U T I O N  I N  BALB/C M I C E  

G .  B.  Saha and V .  H a l b l e i b  
Col lege  of  Pharmacy, U n i v e r s i t y  of New Mexico, Albuquerque, NM 87131, USA 

Rad io labe l ing  o f  p r o t e i n s  h a s  been  c a r r i e d  o u t  u s i n g  b i f u n c t i o n a l  c h e l a t e s  
such  as  EDTA ana logues  ( 1 , 2 ) ,  DTPA (3 ,4 )  and d i s f e roxamine  ( 5 ) .  I n  t h i s  
work, f i b r i n a g e n  h a s  been l a b e l e d  w i t h  Ga-67 u s i n g  DTPA a s  t h e  c h e l a t i n g  
agen t  and i t s  b i o d i s t r i b u t i o n  h a s  been s t u d i e d .  

I n i t i a l l y ,  DTPA anhydr ide  w a s  p repared .by  h e a t i n g  DTPA and a c e t i c  anhydr ide  i n  
p y r i d i n e  a t  65OC f o r  24 h r  ( 6 ) .  F i h r i n a g e n  w a s  coupled  t o  DTPA by mixing 
DTPA anhydr ide  and f i b r i n a g e n  i n  powder from i n  a molar r a t i o  of 5:1, and 
t h e n  d i s s o l v i n g  t h e  mix tu re  i n  0 .05  M Hepes b u f f e r ,  pH 7 ( 3 ) .  DTPA-fibrin- 
ogen w a s  s e p a r a t e d  by Sephadex G-25 column chromatography us ing  Hepes b u f f e r  
as  t h e  e l u e n t .  Chela ted  f i b r i n g e n  w a s  l a b e l e d  w i t h  Ga-67 by i n c u b a t i n g  wi th  
200-500 U C i  of Ga-67-Chloride a t  room t empera tu re  f o r  30 min. Ca-67-DTPA- 
f i b r i n o g e n  was f u r t h e r  p u r i f i e d  by Sephadex column chromatography. Labe l ing  
e f f i c i e n c y ,  s t a b i l i t y  and c l o t t a b i l i t y  were de te rmined  by s t a n d a r d  t echn iques .  
Approximately 3-4 U C i  of l a b e l e d  f i b r i n g e n  w a s  i n j e c t e d  i n t r a v e n o u s l y  i n  
groups of 4 Balb /c  m i c e  f o r  each  t i m e  p e r i o d  of 16,24,48 and 72 h r  a f t e r  i n -  
j e c t i o n .  Mice were s a c r i f i c e d  a t  t h e s e  t ime p e r i o d s  and a c t i v i t i e s  i n  v a r i -  
ous o rgans  and b lood  measured. The pe r  c e n t  admin i s t e red  dose  pe r  organ  and 
p e r  gram of o rgan  were c a l c u l a t e d  from t h e s e  a c t i v i t i e s .  

Label ing  e f f i c i e n c y  o f  Ga-67-DTPA-fibrinogen was abou t  60-85% and i t  remained 
s t a b l e  f o r  a p e r i o d  of a lmos t  72  h r .  C l o t t a b i l i t y  remained c o n s t a n t  a t  n e a r l y  
61% f o r  24 h r ,  t hen  r educ ing  t o  abou t  47% a t  48 h r .  Blood a c t i v i t y  dec reased  
from 6% a t  16 h r  t o  1% a t  7 2  h r .  The up take  v a l u e s  d i d  no t  change much Over 
t h e  pe r iod  of 16  t o  7 2  h r  i n  most o rgans .  The up take  v a l u e s  (% dose/gram) 
were: k idneys  (28-35%), l i v e r  (20-28%), s p l e e n  (8-15%), bowel (9-13%), 
stomach (7-9%), l u n g s  (4-5%), h e a r t  (2-3%) and muscle (0 .3-1%).  

I n  summary, Ga-67-DTPA-fibrinogen can  he  p repa red  w i t h  h igh  l a b e l i n g  e f f i c i -  
ency, s t a b i l i t y  and c l o t t a b i l i t y .  I t  demons t r a t e s  normal i n  v i v o  b i o d i s t r i -  
b u t i o n  i n  mice and h a s  p o t e n t i a l  u s e  f o r  d e t e c t i o n  of th rombi .  

(1) Sundberg M . W . ,  Mears C.F., Goodwin D . A . ,  Diamonti C . J . ,  J .  Med. Chem. 17, 
1304 (1974).  

(2) Wagner S.J., Welch M . J . ,  J n u c l .  Med. 20, 428, (1979) .  

(3) Hnatowich D . J . ,  Layne W . W . ,  C h i l d s  R . L . ,  I n t .  J .  Appl. R a d i a t .  I s o t .  - 33, 
327 (1982).  

( 4 )  Pa ik  C . H . ,  Murphy P.R.,  Eckelman W.C. ,  Vo lke r t  W . A . ,  Neba R . C . ,  J .  n u c l .  
Med. 2, 932 (1983).  

(5)  Ohmomo Y . ,  Yokoyama A . ,  Suzuki J . ,  Tanaka H . ,  Yamamoto K . ,  Hor iuchi  K . ,  
I s h i i  Y . ,  Tor izuka  K . ,  Eur. J. n u c l .  Med. 1. 458 (1982) .  
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PERCENT DOSEiORGhN OF Ga-67-DTPA-FIBRINOGEN IN BALB/C MICE 

Organ 16 h r  24 hr 48 hr 72 hr 

Blood 

Heart 

Lungs 

Spleen 

Liver 

Kidneys 

Muscle 

Stomach 

Bowel 

3.06 2 
0.36 2 
1.34 2 
1.11 * 
29.97 2 
9.19 + 
0.37 2 
3.03 2 
11.66 2 

0.94 

0.11 

0.29 

0.54 

12.11 

3.99 

0.05 

0.90 

3.02 

3.30 

0.31 

0.78 

1.69 

26.42 
10.89 

0.34 

2.26 

13.68 

- + 0.55 

- + 0.10 

- + 0.04 

+ 0.21 

+ - 4.66 
- 

+ - 1.12 

- + 0.59 

+ - 0.05 

- + 1.92 

1.39 2 0.18 

0.31 2 0.06 

0.71 2 0.04 

1.99 _f 0.11 

35.11 2 3.72 
11.29 0.55 

0.06 +. 0.01 

2.66 5 2.47 

13.22 f 0.76 

0.44 

0.21 

1.02 

1.82 

25.04 

3.09 

0.06 

3.28 

10.52 

PERCENT DOSE/GM OF TISSUE OF Ga-67-DTPA-FIBRINOGEN IN BALB/C MICE 

Organ 

Blood 
Heart 

Lungs 

Spleen 

Liver 

Kidneys 

Muscle 

Stomach 

Bowel 

+ 0.23 

- + 0.06 

+ 0.50 

- + 0.69 

- 

- 

+ - 7.73 

+ 2.02 

+ 0.02 

+ 1.21 

+ 2.08 

- 

- 

- 

- 

16 h r  24 h r  48 hr 72 hr 

5.76 f 1.24 
2.84 5 0.67 

5.32 2 1.38 

8.32 2 3.24 

22.35 2 7.30 

31.63 2 12.84 
0.95 2 0.24 

7.52 2 1.81 
9.64 2 2.50 

4.20 

2.38 

4.43 

12.94 

21.13 

35.24 

0.81 

6.70 

12.57 

+ 0.48 1.67 + 0.08 

+ 0.51 2.09 2 0.30 
- 

- 

+ 0.74 4.01 2 0.33 - 
+ 2.07 15.21 f 1.18 

+ 3.82 27.64 2 2.24 

f 5.95 30.87 + 0.87 

+ 0.09 0.63 2 0.31 

+ 1.56 6.60 2 7.31 

+ 2.03 13.12 2 0.75 

- 

- 

- 

- 

- 

0.82 
1.52 

4.24 

13.89 

20.31 
27.69 

0.30 

8.97 

8.98 

CLOTTABILITY OF FIBRINOGEN 

Time (hr) Clottable Fibrinogen ( W )  

1 61.0 2 3.6 

2 4  61.7 2 1.5 

48 46.7 2 1.5 

+ 0.26 - 
+ - 0.33 

+ - 2.99 

- + 3.55 

- + 3.35 

- + 3.59 

+ 1.59 - 

0.17 

+ 2.02 - 
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FACTORS INFLUENCING RADIOLABELING OF ANTIBODIES WITH 1 1 1 I N  

C . H .  Pa ik ,  J.J. Hong, M.A. Ebbe r t ,  S.C. Heald ,  R.C.  Reba and W.C. Eckelman' 
Radiopharmaceut ica l  Chemis t ry  S e c t i o n ,  The George Washington U n i v e r s i t y  Medical 
Cen te r ,  Washington, D . C . ,  20037 

The s i m p l e s t  method of l a b e l i n g  a n t i b o d y  (Ab) wi th  '"In i s  t o  c o n j u g a t e  
Ab wi th  DTPA v i a  one of t h r e e  r e p o r t e d  a c y l a t i o n  methods and subsequen t ly  t o  
complex t h e  Ab-DTPA c o n j u g a t e  w i t h  ' l l In .  
s y s t e m a t i c  v a r i a t i o n  of parameters  i n  t h e  f i r s t  s t e p ,  t h e  c o n j u g a t i o n  
r e a ~ t i o n . ~ ' ~ B ~  

The t h e o r e t i c a l  s p e c i f i c  a c t i v i t y  o f  '"In l a b e l e d  a n t i b o d y  c o n j u g a t e  
c o n t a i n i n g  1 DTPA molecule  pe r  Ab i s  324 C i  per  g Ab (MW=l50,000) assuming t h e  
fo rma t ion  of a 1:l complex of '"In and DTPA. The e x p e r i m e n t a l l y  ob ta ined  
s p e c i f i c  a c t i v i t y  i s ,  however, g e n e r a l l y  abou t  100 times less t h a n  t h e  
t h e o r e t i c a l  s p e c i f i c  a c t i v i t y  main ly  due t o  meta l l ic  i o n  contaminants  and 
un favorab le  k i n e t i c s  i n  cases where t h e  c o n c e n t r a t i o n  of Ab-DTPA i s  ve ry  d i l u t e .  
For a maximum i n c o r p o r a t i o n  of '"In t o  immunologica l ly  a c t i v e  a n t i b o d y  DTPA 
con juga te  (sAb-DTPA) i t  i s  impor t an t  t o  measure t h e  r e l a t i v e  r e a c t i v i t y  between 
f r e e  DTPA and Ab-DTPA, and between sAb-DTPA and d e a c t i v a t e d  Ab-DTPA (nAb-DTPA). 
The f i r s t  comparison i s  impor t an t  because  f r e e  DTPA con tamina t ing  t h e  Ab-DTPA 
s o l u t i o n  might bind a l l  of t h e  lllIn i f  it i s  much more r e a c t i v e .  The second 
comparison i s  e q u a l l y  impor t an t ,  e s p e c i a l l y  f o r  l a b e l i n g  tumor s p e c i f i c  a n t i -  
bod ie s  i f  a p p r o p r i a t e  p r e p a r a t i v e  a f f i n i t y  columns t o  s e p a r a t e  sAb-DTPA from 
nAb-DTPA are no t  a v a i l a b l e .  I n  o r d e r  t o  o b t a i n  t h e  above in fo rma t ion ,  Ab a t  8.7 
mg/ml (5 .8  x 10-5M) w a s  r e a c t e d  w i t h  c y c l i c  DTPA d ianhydr ide  (cDTPAA) a t  
cDTPAA/Ab r a t i o s  of 1, 5 ,  20 and 40 i n  0.1M b i c a r b o n a t e  b u f f y f l a t  pH 8.3.  Using 
a t i t r a t i o n  method wi th  InC13 c o n t a i n i n g  a tracer amount of 
r e a c t i o n  w a s  de te rmined  t o  produce 0.14, 1 .3 ,  5.1 and 10.8 DTPA molecules  pe r  
sAb, and 0.15, 1 .8 ,  5.4 and 10 .8  DTPA molecules  pe r  nAb. The pe rcen tage  of sAb 
remaining a f t e r  t h e  above r e a c t i o n s  based  on W peak i n t e n s i t i e s  w a s  89%, 89%, 
76% and 62% r e s p e c t i v e l y .  Th i s  i n d i c a t e s  a n  i n v e r s e  r e l a t i o n s h i p  between DTPA 
con juga t ion  and immunologic a c t i v i t y  o f  Ab. These r e s u l t s  d i s a g r e e  w i t h  t h e  
hypo thes i s  t h a t  nAb c o n t a i n s  a much l a r g e r  number o f  DTPA pe r  Ab t h a n  sAb. The 
r e a c t i o n  of no-carrier-added '"In w i t h  t h e  react i o n  m i x t u r e s  from t h e  molar  
r a t i o s  of 1, 5 ,  20 and 40 gave r ad iochemica l  y i e l d s  of 4%,  17% 27% and 21% f o r  
t h e  r e s p e c t i v e  Ab-DTPA. These a r e  t h e  r ad iochemica l  y i e l d s  i n  t h e  presence  of 
f r e e  DTPA. Th i s  i n d i c a t e s  t h a t  Ab-DTPA c o n t a i n i n g  a n  ave rage  of 1 .4 ,  5 . 1 ,  and 
10.8 DTPA molecules  pe r  Ab i s  more r e a c t i v e  t h a n  t h a t  c o n t a i n i n g  0.14 DTPA; and 
i s  about as r e a c t i v e  as f r e e  DTPA. 
pora ted  i n t o  sAb-DTPA from t h e  r e a c t i o n s  a t  t h e  above molar r a t i o s  were 84%; 
74%; 71% and 53% of t h e  a c t i v i t i e s  i n c o r p o r a t e d  i n t o  t h e  t o t a l  Ab-DTPA. These 
are similar t o  t h e  pe rcen tage  a c t i v i t e s  based on W peak i n t e n s i t i e s  g iven  
above. Th i s  i n d i c a t e s  t h a t  t h e  r e a c t i v i t i e s  of sAb-DTPA and nAb-DTPA from t h e  
same con juga t ion  r e a c t i o n s  are s i m i l a r .  

a n t i b o d i e s  are coun te rba lanced  by d e c r e a s i n g  immunologic a c t i v i t y  bu t  '"In 
does  d i s t r i b u t e  among unconjugated  DTPA, sAb-DTPA and nAb-DTPA on a n e a r  
s t a t i s t i c a l  b a s i s  a t  t h e s e  c o n c e n t r a t i o n s .  These d a t a  d e f i n e  t h e  f a c t o r s  
n e c e s s a r  t o  produce h i g h  s p e c i f i c  a c t i v i t y ,  immunologica l ly  a c t i v e  
Ab-DTPA-'llIn. 

We have r e c e n t l y  r e p o r t e d  on t h e  

T h i s  work c o n c e n t r a t e s  on t h e  r a d i o l a b e l i n g  procedure .  

I n ,  t h e  above 

The pe rcen tage  of '"In a c t i v i t y  inco r -  

In conc lus ion ,  a t t e m p t s  a t  producing  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  

(1) P r e s e n t  Address:  Department of Nuclear  Medic ine ,  C l i n i c a l  Cen te r ,  Na t iona l  

( 2 )  
( 3 )  
( 4 )  P a i k ,  C . H . ,  Lassman, C.R., Murphy, P.R., e t  a l :  Hybridoma 2 ,248 ,  1983 

I n s t i t u t e s  of Hea l th ,  Bethesda ,  MD 20205 
P a i k ,  C.H., Murphy, P.R., Eckelman, W.C. e t  a l :  J .  Nucl Med 2 : 9 3 2 ,  1983 
P a i k ,  C.H. ,  Ebbe r t ,  M.A., Murphy, P.R., e t  a l :  J .  Nucl Med 24, 1158,  1983 
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Table 1 

DTPA c o n j u g a t i o n  t o  Ab from t h e  r e a c t i o n s  a t  v a r i o u s  cDTPA t o  Ab r a t i o s  

cDTPAA %SAb # I n  Atoms # I n  Atoms # In  Atoms 
Ab W Method sAb nAb T o t a l  Ab 

-- 91( 88-95)a -- -- __  

1 89(86-94) 0.14(0.10-0.16) 0.15(0.10-0.17) 0.14 

5 89(88-90) 1.3 (1.2-1.3) 1.8 (1.7-1.9) 1 . 4  

20 76(63-81) 5 .1  (4.2-6.0) 5.4 (3.8-6.6) 5.2 

40 62(55-66) 10.8 (8.6-13.8) 10.8 (9.0-12.1) 10 .8  

a The pe rcen tage  of a c t i v e  an t ibody  i n  t h e  s t o c k  a n t i  human serum albumin 

a n t i b o d y  s o l u t i o n .  

The c o n c e n t r a t i o n  of an t ibody  used f o r  t h e  r e a c t i o n  was 8.7 mg/ml. 

The d a t a  a r e  average  numbers of t r i p l i c a t e  t o  q u i n t u p l i c a t e  expe r imen t s .  

Table  2 

R e l a t i v e  r e a c t i v i t i e s  of DTPA and Ab-DTPA toward '"In 

cDTPAA Ab-Conjugated DTPA Ab-DTPAa Ab-DTPA-lllInb R e l a t i v e  r e a c t i v i t y C  
Ab Ab cDTPAA 

1 0.14 14% 4% 29% 

5 1.4 28% 1 7 %  61% 

20 5.2 26% 27% 103% 

40 10.8 27% 2 1 %  78% 

a The pe rcen tage  y i e l d  of DTPA c o n j u g a t i o n  t o  Ab. 

d i v i d i n g  column two by column one. 

No-carrier-added l a b e l i n g  y i e l d .  

The r e a c t i v i t y  of Ab-DTPA r e l a t i v e  t o  DTPA. 

It  w a s  ob ta ined  by 
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Table  3 

Symposium Abstracts 

%he percentage  l a b e l i n g  of t h e  a n t i b o d y  DTPA c o n j u g a t e  wi th  no-car r ie r -added  
I1LITi. 

cDTPAA % Act ive  4b" Ab-DTPA-l''In 
Ab A f f i n i t y  Chrom--TTC-- 

-- 91(  8 8 - 9 5 ) d  --- --- 

1 S 4 (  80-89)  4 ( 2 - 9 )  1 3 . 5 ( 4 - 2 3 )  

1 7 4( 7 2-7 6 ) 1 7 (  15-19) 3 2  ( 2 9 - 3 5 )  

2 0 7 l ( 6 7 - 7 7 )  27 (  1 7 - 3 7 )  4 5  ( 3 3 - 5 8 )  

4 0 53 (  39 -64)  21(  17 -23)  39  ( 3 1 - 4 3 )  

a Determined based o n  "'1, a c t i v i t y  a s s o c i a t e d  w i t h  sAb. 

b The pe rcen tage  of l1lIn a c t t v t t y  i n c o r p o r a t e d  t o  t o t a l  a n t i b o d y  DTPA 

con juga te  when r e a c t e d  wi th  t h e  r e a c t i o n  mix tu re .  The pe rcen tage  was 

determined based on  "'In a s s o c i a t e d  wi th  t h e  a n t i b o d y  f r a c t i o n s  from 

t h e  a f f t n i t y - g e l  f i l t r a t i o n  coliilmn. 

The percentage  w a s  based  on TLC a n a l y s i s .  

The percentage  of a c t i v e  a n t i b o d y  in t h e  s t o c k  s o l u t i o n .  The d a t a  are 

t h e  average  number of t r i p l i c a t e  t o  q u i n t u p l i c a t e  exper iments .  
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BIFUNCTIONAL CHELATIHG AGENTS BEARING BROMOACETAMIDE OR ISOTHIOCYANATE GROUPS: 
PREPARATION, CONJUGATION TO ANTIBODIES, DETERMINATION OF YIELD,AND RADIOLABELING 

C.F. f leares, D.A. Goodwin, M.J. McCal l ,  D.T. Keardan and C . I .  Diamant i  
Chemis t ry  Department, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis,  C a l i f o r n i a  95616. 

Monoclonal  a n t i  bod ies  tagged w i t h  r a d i o a c t i v e  meta l  c h e l a t e s  have c o n s i d e r a b l e  
p o t e n t i a l  f o r  imaging and the rapy  (1,2,3,4). We have i n v e s t i g a t e d  t h e  r e a c t i o n s  
o f  t h r e e  d i f f e r e n t  monoclonal a n t i b o d i e s  w i t h  bromoacetamidobenzyl-EDTA ("BABE," 
p repared acco rd ing  t o  r e f .  5 )  and isothiocyanatobenzyl-EDTA ("CITC," p repared  by 
r e a c t i o n  o f  ar,iinobenzyl-EOTA bJi th th iophosgene i n  3N HC1). 
p rocedure  wh ich  we f a v o r  i n v o l v e s  i n c u b a t i o n  o f  t h e  a n t i b o d y  (>  20 ug / \J l )  a t  
pH 9, 37"C, i n  0.15 I1 sodium phosphate b u f f e r  f o r  2 h r  w i t h  e i t h e r  a 10  f o l d  
mo la r  excess o f  BABE o r  a 3 f o l d  excess o f  CITC. 
e x t e n t  of  c o n j u g a t i o n  i s  made by t r e a t i n g  an a l i q u o t  o f  t h e  r e a c t i o n  m i x t u r e  
w i t h  c a r r i e r - f r e e  57Co++ and s e p a r a t i n g  f r e e  c h e l a t e s  f rom ant ibody-bound 
c h e l a t e s  w i th  t h i n - l a y e r  chromatography. When t h e  d e s i r e d  number o f  c h e l a t e s  (1  
t o  2 )  p e r  a n t i b o d y  i s  ob ta ined ,  t h e  r e a c t i o n  i s  stopped and t h e  b u f f e r  changed t o  
0 .1  I1 c i t r a t e ,  pti 6, by a s imp le  2-min c e n t r i f u g a t i o n  th rough a Sephadex G-50-80 
column ( 6 ) .  A t  t h i s  p o i n t ,  t h e  number o f  an t ibody-bound c h e l a t i n g  groups can be 
a c c u r a t e l y  de termined by t i t r a t i o n  o f  an a l i q u o t  w i t h  a s tandard i zed  c o b a l t  
s o l u t i o n .  
che la te - tagged  a n t i b o d y  ( >  I I  c h e l a t i n g  groups) i n  0.1 11 c i t r a t e ,  ptl 6, i s  
thawed and mixed w i t h  an equa l  volume o f  c o l u m n - p u r i f i e d  l l 1 I n C l 3  i n  0.1 I1 
c i t r a t e ,  pH 5. R a d i o l a b e l i n g  i s  complete i n  5-10 n i n .  S tud ies  o f  monoclonal  
a n t i b o d i e s  a g a i n s t  mouse B c e l l s ,  mouse lymphoma, o r  human t r a n s f e r r i n  r e c e p t o r  
show e x c e l l e n t  r e t e n t i o n  o f  b i o l o g i c a l  a c t i v i t y  by con juga tes  b e a r i n g  an average 
o f  1 -2  c h e l a t e s  p e r  a n t i b o d y .  

( 1 )  
( 2 )  
( 3 )  

( 4 )  Hnatowich D.J., Layne W.U., C h i l d s  R.L., Lante igne D. ,  Dav is  N.A., 

( 5 )  DeRiemer L.H., Meares C.F. ,  Goodwin D.A. ,  and Diamant i  C . I . ,  J .  L a b e l l e d  

( 6 )  

The c o n j u g a t i o n  

A p r e l i m i n a r y  measure o f  t h e  

The p r o d u c t  i s  t h e n  f r o z e n  and s t o r e d .  blhen needed an  a l i q u o t  o f  

Khaw B.A.,  F a l l o n  J.T., St rauss  H . N . ,  Haber E . ,  Science, x, 295 (1980) 
Sche inberg  U.A.,  S t rand  l l . ,  Gansow O.A., Science, 215, 1511 (1982) .  
Ra insbury  R . f l . ,  Westwood J.H., Cooinbes R . C . ,  N e v i l l e  A.M.,  O t t  R.J., 
K a l i r a i  T.S., McCready V.R., Gazet J-C., Lancet,  934 (Oc t .  22, 1983).  

G r i f f i n  T.W., Doher ty  P.W.,  Science, 220, 613 (1983) .  

Comp. and Kadiopharm., e, 1517 (1981) .  
Penefsky H.S., Meth. i n  Enzymology, m, 527 (1979) .  
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N-SUCCINYLDESFERRIOXAMINE B: A NEW COMPOUND FOR LABELLING OF PROTEINS AND 

NOR ASSESSING RENAL FUNCTION 

J . D . M .  Herscheid and A. Hoekstra 

Radio-Nuclide Centre(RNC) of the Free University 

P.O.Box 7161, 1007 MC Amsterdam, The Netherlands 

Since proteins labelled with iodine often provide products with in vivo 

instability many centres are investigating the possible use of bifunctional 

chelates coupled t o  proteins which would rapidly bind with a choice of 

radionuclides. However, coupling procedures with I-ethyl-3-(3-dimethylamino- 

propyl) carbodiimide (EDC) or glutaraldehyde often lead to a significant 

increase in protein loss ( I ) ,  due to intra- and inter-molecular coupling 

with nucleophilic groups on the protein itself. 

We have developed a new method for preparing desferrioxamine B(DF)-protein 

chelates. DF is reacted with succinic anhydride t o  give N-succinyldesferriox- 

amine B(SDF) which can subsequently be converted with dicyclohexyl carbodiimide 

i n t o  a cyclic anhydride as determined by IR-spectroscopy. It i s  known that 

such active esters couple very well with the lysine residues of proteins, 

which was confirmed by the preparation of the BSA-SDF complex. 

In addition, it appeared that free 67Ga-SDF is excreted very fast by the 
kidneys. Since its chemical structure resembles the structure which is assumed 

to be obligatory for tubular secretion (2), the potencies of 67Ga-SDF as a 

renal function agent were tested i n  rats and rabbitsand compared with the 

biokinetics of [13’1] -o-iodohippuric acid(0IH). 

The results of the biodistribution and renographic studies (Table I and 2) 
indicate that renal excretion of 67Ga-SDF is very fast, in rats even 

faster than OIH. No marked effect of probenecid on the excretion rate of 

either 67Ga-SDF or O I H  could be found. However, it is clear that this Gallium-67 
labelled complex might be valuable as a renal scanning agent. 

( I )  Gy. A .  .Janoki et. al., Int. .J. Appl. Radiat. Isotop., zt 871 (1983) 
12) A. Despopoulos, J .  Theoret. Biol., 5, 163 (1965). 
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Table 1 .  B i o d i s t r i b u t i o n  of  67Ga-SDF and 1 3 1 1 - O I H  i n  n r a t s ,  as percentage 

of  i n j e c t e d  dose pe r  gram of t i s s u e  ( 5  s . d . ) .  
-~ ~~~ 

1 3 '  I - O I H  67Ga-SDF 

20 min. 20 min. 60 min. 120 min. 

( n=4 1 ( n=5 ) ( n=2 ) ( n=2 ) 

Blood 0.38(0.23) 0.51(0.06) 0 .05 (0 .0 l )  0.009(0.001) 

Kidney 3.36(1.66) 2.69(1.21) 0.39(0.03) 0.23(0.01) 

Spleen 0.14(0.06)  0.12(0.01) 0.022(0.001) 0.009(0.001) 

L ive r  0 .39(0.18)  0.13(0.01) 0.029(0.006) 0.013(0.005) 

Stomach 0.16(0.08) 0.07 (0.02) 0.023(0.003) 0.003(0.001) 

I n t e s t i n e  0.14(0.05) 0.18(0.03) 0.15(0.03) 0.14(0.04) 

Lung 0.21 (0.13) 0.32(0.03) 0.040(0.004) 0.01 7(0.003) -- 

Table 2 .  Renogram va lues  of  I 3 l I - O I H  and 67Ga-SDF f o r  r a t s  o r  r a b b i t s ( + _  s . d . 1  

I - O I H  3 1 ~ - ~ ~ ~  67Ga-SDF 67Ga-SDF 

Prob enec i d  Probenecid 

Rat - n=5 n= 3 n= 4 n= 5 

T 2.1(0.3) 2 .4 (0 .7 )  1 .7 (0 .2 )  2 .2(0.3)  
(E:. ) 

Rabbit  n=8 n=8 n= 8 n= 8 

T 3 .5  (0 .8)  3 .4(0.7)  4.4( 1 . O )  3 .6(0.5)  
( K E .  ) 
Bladder' 47(4) 42(5)  33(6) 32(5) 

Blood* 0.016(0.003) 0.020(0.004) 0.112(0.020) 0.087(0.017) 
I 

_ii_____ 

t percen t  i n j e c t e d  dose 

t percen t  i n j e c t e d  dose/gram 
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IN-I I I -MONOCYTES AND IN-I I I-PMN: RADIOPHARMACEUTICALS F O R  INFARCTION 
AND INFLAMMATORY DISEASE DETECTION 

C.J.Mathias, D.Schwartz ,  P.Needleman,  M.J.Welch 

The  Edward Mall inckrodt  I n s t i t u t e  of Radiology, Washington Universi ty  School  of Medicine, 
St. Louis, MO 63110 U.S.A. 

R e c e n t  observa t ions  h a v e  descr ibed  t h e  p r e  e n c e  of s p e c i f i c  t y p e s  of c e l l s  in organ  
t i s sue  t h a t  has  been  d a m a g e d  in s o m e  way. 
of t i s sue  inf lammat ion  and/or  in farc t ion  has  been  wel l  es tab l i shed ,  b u t  t h e  charac te r rza t ion  
of spFcif ic  leukocyte  subpopulat ion k i n e t i c  proper i tes  h a s  n o t  been  es tab l i shed  in 
vivo. 
to  e v a l u a t e  t h e  ce l l  k ine t ics  in var ious an imal  models. 
was  d i f f icu l t  and  f inal ly  accompl ished  by applying leukocyte  r ich  p lasma (LRP) to  
t w o  sequent ia l  f ico l l  dens i ty  g r a d i e n t s  as shown. (Figure 1) The  subpopulat ions of 
mononuclear  leukocytes  a n d  polymorphonuclear  leukocytes  c a n  b e  e x t r a c t e d  f r o m  
t h e  grad ien t ,  p e l l e t e d  by di lyt ing with saline, a n d  rad io labe led  w i t h  In- I 1  I-8-hydroxyquino- 
l ine a s  previously descr ibed .  
comparison to o t h e r  l igands s i n c e  1) i t  readi ly  i n c o y o r a t e s  i n t o  t h e  i so la ted  cel ls ,  and  
2) t h e  c h e m o t a c t i c  s t imula t ion  descr ibed  e l s e w h e r e  when oxine  i s  p r e s e n t  w a s  n o t  
a cons idera t ion  in t h e  a n i m a l  models  ut i l ized.  

From 60-120ml of whole  r a b b i t  blood 3 x 10 
leukocytes  (PMN) c a n  b e  isolated.  The  label ing e f f i c i e n c y  with In-1 I I -oxine is, of 
course,  r e l a t e d  to t h e  t o t a l  ce l l  mass  i so la ted  s i n c e  t h e  label ing mechanism s e e m s  
to be  pr imar i ly  passive diffusion. When PMN w e r e  to  b e  i so la ted  m o r e  whole  blood 
was  obta ined  (80-120ml) in o r d e r  to a c q u i r e  a s u i t a b l e  number  of c e l l s  f o r  radiolabeling. 
The label ing e f f i c i e n c y  w a s  m o r e  var iab le  when PMNs w e r e  rad io labe led  ( s incc  t h e  
t o t a l  ce l l  m a s s  is s ign i f icant ly  less) tlian when t h e  monocytes  w e r e  radiolabeled;  however ,  
d i r e c t  docdmenta t ion  of a re la t ionship  b e t w e e n  c e l l  m a s s  a n d  label ing e f f i c i e n c y  
has  n o t  been es tab l i shed  d o  to  d i f f icu l t ies  in obta in ing  re l iab le  c e l l  counts .  Although 
severa l  r o u t i n e  m e t h o d s  of c e l l  count ing  w e r e  a t t e m p t e d ,  a non-es te rase  s p e c i f i c  
s ta in  (posi t ive for  monocytes ,  nega t ive  f o r  PMNs) w a s  u l t i m a t e l y  t h e  m o s t  spec i f ic  
ident i f icat ion t e c h n i q u e  ava i lab le  a n d  t h e  ce l l  count ing  is  highly var iab le  d o  to  compl ica t ions  
f r o m  t h e  densi ty  grad ien t .  Label ing  eff ic iencies ,  var ied  f r o m  45-98% f o r  
and  9-65% f o r  PMNs, w e r e  
based on observa t ion  of t o t a l  pe l le t  volume.  

The  an imal  model  u t i l i zed  w a s  hydronephrosis  in raDQits which h a s  b e e n  shown t o  
a c c u m u l a t e  leukocytes  during i n f l a m m a t o r y  changes.  T h e  radiolabeled c e l l s  w e r e  
adminis te red  at var ious t i m e s  a f t e r  hydronephrosis  w a s  induced  (by l e f t  u r e t e r  obs t ruc t ion  
at t h e  level  of t h e  bladder). T h e  c o n t r a l a t e r a l  ( r ight)  kidney (CLK) w a s  t h e  individual 
cont ro l  in e a c h  case. T h e  migra t ion  of t h e  rad io labe led  c e l l s  w a s  moni tored  by scint i -  
g raphic  imaging and  u l t i m a t e  biodis t r ibut ion m e a s u r e d  in v i t r o  at 7 2  hours  a f t e r  hydroneph- 
rosis  w a s  induced. T h e  hydronephrot ic  kidney a c c u m u l a t e d  2.4 5 0.3 t i m e s  t h e  a m o u n t  
of rad ioac t iv i ty  of t h a t  in t h e  CLK.  (Figure 2)  

(1) Okegawa T., J o n a s  P.E., DeSchryver  K., Kawasaki  A., Needleman P., J.Clin. 
Invest. 71, 81 (1983). 

(2)  Weiss E.S., Ahmed S.A., Thakur  M.L., Welch M.J., C o l e m a n  R.E., Sobel  B.E., 
Am.J. Cardiol .  40, 195 (1977). 

( 3 )  Mathias  C.J., H e a t o n  W.A., Welch M.J., Douglas  P.G., Kelly J.D., Int. J. Appl. 
Rad.  Isot. 2, 651 (1981). 

I T h e  migra t ion  of leukocytes  to  regions 

White  blood c e l l s  (WBC) radiolabeled w i t h  a n  i m a g e a b l e  i so tope  could  b e  usefu l  
Isolat ion of p a r t i c u l a r  subpopulat ions 

In-1 1 I-8-hydroxyquinoline (In-1 I I -oxine)  w a s  used wi thout  

10 3 7 3  / m m  a n d  1 x 10 / m m  polymorphonuclear  

nionocytes  
d i r e c t l y  r e l a t e d  t o  t h e  var ia t ion  in t o t a l  ce l l  mass  
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u 
MONO- 

PMN 

ROC 

Figure 1. Schematic  representation of monocyte and P M N  isolation. 
0 represents centrifugation step.  

Figure 2. Scintigram obtained immdeately a f t e r  injection 
of In-Il l-monocytes.  The lef t  kidney (HNK) has 
marked uptake of radioactivity as compared t o  t he  
right kidney (CLK) which is normal. 
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GALLIUM-67 BINDING TO TUMOR CELLS IN VITRO: ROLE OF ATP AND GLYCOPROTEINS 

S. Vallabhajosula, H. Lipszyc and S.J. Goldsmith 
Andre Meyer Department of Physics-Nuclear Medicine, The Mount Sinai Medical 
Center, New York, New York 10029, USA. 

The iron-bindinq glycoproteins, transferrin and lactoferrin have been shown to 
promote the uptake of Ga-67 by tumor cells under in vitro experimental conditions 
(1,2). The processes which facilitate the transfer of radiogallium from 
glycoprotein to intracellular binding sites, however, are not clearly understood. 
Larson et a1 (1) proposed that 67Ga-transferrin complex is taken up intact into 
the tumor cell through transferrin receptors on the cell membrane. In an in vivo 
tumor model Hayes et a1 (3) observed a reduction in the tumor uptake of Ga-67 
when bound to transferrin. While evaluating the role of glycoproteins on tumor 
uptake of Ga-67, we have observed that Ga-67 also binds to polystyrene culture 
tubes in the presence of transferrin or lactoferrin (5). Approximately 
glycoprotein molecules bind per tube. When albumin was added to incubation media 
to reduce Ga-67 non-specific binding, the glycoprotein enhancement of radiogallium 
uptake by tumor cells was dependent upon albumin level, decreasing in absolute 
uptake as albumin concentration is increased suggesting that qlycoprotein binding 
to the tumor cells is non-specific ( 4 ) .  Weiner et a1 ( 6 )  have recently shown that 
Ga-67 binding to transferrin and lactoferrin was reduced in the presence of ATP 
due to the formation of 67Ga-ATP complex. ATP is a membrane active substrate and 
is not transported into the cell. Thus  we have studied the effect of ATP on the 
uptake of Ga-67 alone and 67Ga-glycoprotein complex by the tumor cells. 

Burkitt's lymphoma cells grown in tissue culture were incubated with 67Ga-citrate 
in 0.02M MOPS and saline buffer, pH 7.0 at 37OC for 2 hrs. The binding of Ga-67 
to the cells increases with increasing ATP concentration of upto 1.2mg/m1(0.8+3.2%) 
and decreased thereafter. However, ADP and AMP did not show any significant 
promotion of Ga-67 uptake by the cells. This biphasic response of ATP effect on 
Ga-67 uptake by the cells was observed in the presece of albumin(2mg/ml) in the 
incubation media. Binding of Ga-67 to tumor cells was studied at various 
concentrations of lactoferrin in the incubation media and also with and without 
ATP(Zmg/ml). The maximum enhancement of Ga-67 uptake by the cells observed at 
eOug/ml of lactoferrin was totally abolished in the presence of ATP. In addition, 
Ga-67 activity bound to cells in the presence of lactoferrin was almost completely 
removed by washing the cells with saline containing ATP. 

These results demonstrate that cellular uptake of Ga-67 in glycoprotein free media 
may be promoted by the formation of 67Ga-ATP complex. 
activity in the presence of glycoproteins is decresed by ATP, suggesting that 
67Ga-glycoprotein complex was bound to cell membrane and not necessarily 
incorporated into the tumor cell. In the light of these data, caution is required 
in interpreting cell culture experiments which have not directed attention to 
non-specific cell.-protein interaction. 

(1) Larson S.M., Rasey J . S . ,  Allen D.R., Grunbaum Z., J. Natl. Cancer. Inst. 

(2) zllabhajosula S., Lipszyc H., Goldsmith S . J . ,  Ohnuma T., J .  Nucl. Med. 

(3) Hayes R.L., Rafter J.J., Byrd B.L., Carlton J.E., J. Nucl. Med. 1_1, 325 (1981). 
(4) Vallabhajosula S., Goldsmith S.J., Lipszyc H., Chahinian A.P., Ohnuma T., 

( 5 )  Vallabhajosula S., Goldsmith S.J., Eup. J. Nucl. Med. S ,  223 (1983). 
(6) Weiner R.E., Schreiber G . J . ,  Hoffer P.B., J. Nucl. Med. 24, 608 (1983). 
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The cell associated Ga-67 

64, 41 (1980) 

- 22, p50 (1981). 

Eup , J. Nucl. Med. g, 354 (1983). 
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169Yb-COMPLEXES VERSUS 67Ga-CITRATE IN TUMOR LOCALIZATION 

G.V.S. Rayudu, M.E. Abril and E.W. Fordham 
Department of Radiology and Nuclear Medicine, Rush University 
Medical Center, Chicago, IL. 60612, U.S.A. 

The tumor localizing agents have been classified into five types(1): 
(a) cations, (b) antibiotic agents, (c) antibody type agents, 
(d) metabolites/miscellaneous aqents, and (e) DNA/RNA synthesis 
inhibitors. In the area of cations; Ga-67(2), lanthanides(3), lan- 
thanides and actinides(4,5), representative metal citrates(61, and 
various gallium complexes(7) , have been evaluated for tumor specifi- 
city. In t‘lis communication, thirteen complexes of Yb-169 were eva- 
luated in Sarcoma-180 bearing mice and the results were compared to 
those of 67Ga-citrate. 

The complexes were prepared by adding 10 mg of each complexing 
agent-containing solution of: acetic, citric, dimethyl lactic, amino 
acetic(g1ycine) , gluconic, glycolic, lactic, dipicolinic, diethylene 
triamine pentaacetic acid(DTPA), ethylene diamine tetraacetic acid 
(EDTA), n-hydroxy ethylethylene diamine triacetic acid(HEDTA), 
nitrilo triacetic acid(NTA) , and trieth lene tetraamine hexaacetic 
acid (TTHA) , to high specific activity lxgYb-chloride and adjusting 
the pH to 6. The final Yb-169 complexes were bacteria filtered. 
Aliquots, including that of commercially available 67Ga-citrate, 
were injected into S-180 tumor bearing ICR strain female mice. The 
biodistribution values studied at 2 days post i.v. as expressed in 
percent of injected dose per gram and per organ are presented in 
Tables I and 11. 

The results suggest that the acetic, citric, dimethyl lactic, gly- 
colic, aminoacetic, lactic, and gluconic complexes were comparable 
to 67Ga-citrate while dipicolinic, DTPA, EDTA, HEDTA, NTA, and TTHA 
were inferior to 67~a-citrate as they form strong complexes with 
Yb-169 and clear from the tumor as well as from whole body. 

Additional ohvious advantages of 169Yb (T+=32d) over 67Ga (Tty3.2d) 
are: i) Long shelf life for convenient availability; ii) S lght 
bone uptake which will help as a reference to locate tumors; iii) 
Reactor produced Yb-169 has world wide availability when compared 
to cyclotron produced Ga-67; and iv) L e s s  soft tissue background 
when compared to Ga-67. 

Rayudu G.V.S., Formulation of Radiotracers, Proceedings of the 
Second Int. Symposium on Radiopharmacology, 2, 334-345, (1981). 
Edwards C.L., and Hayes R.L., J. Nucl. Med.,-g, 103-105, 
(1969). 
Hisada K., and Ando A., J. Nucl. Med., 14, 615-617, (1973). 
Rayudu G.V.S., Fordham E.W., Ramachandran P.C., Friedman A.M., 
and Sullivan J.C., J. Nucl. Med., 15, 526, (1974). 
Rayudu G.V.S., Fordham E.W., Ramachandran P.C., Sullivan, J.C., 
and Friedman, A.M., Int. J. Nucl. Med. and B i o . ,  2, 44-45, 
(1975). 
Rayudu G.V.S., Clark P., Hong K., All A,, and Fordham E.W., Ra- 
dioactive “eta1 Citrates in Tumor Localization, Proc. of the 
3rd World Congress in Nuclear Medicine and Biology, 2, VOl I, 
673, (1982). 
Rayudu G.V.S., Abril M.E., Ali A., Fordham E.W., and Rajan K.S.r 
67Ga Complexes Versus 67Ga-Citrate in Tumor Localization, Proc. 
of the 3rd World Congress in Nuclear Medicine and Biology, 2, 
Vol I, 670, (1982). 
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A U T O R A D I O G R A P t l I C  AND SCINTIGRAPHIC STUDIES OF TIN-CONTAINING COMPOUNDS I N  
NORMAL ANItlALS A N D  I N  ANIMAL MODELS OF BONE DISEASE 
Z. H .  O s t e r ,  P .  Son, S.C. S r i v a s t a v a ,  G.E.  Meinken, H.L. A t k i n s ,  F. F. Knapp, 
J r . ,  T .  A .  B u t l e r  and A .  B .  B r i l l  
Medical Department,  Brookhaven N a t i o n a l  Labora to ry ,  Upton, New York 11973, USA 

Although t i n  i s  inc luded  i n  most Tc-99m l a b e l i n g  k i t s  i t s  e f f e c t  and 
metabolism a r e  poor ly  unders tood .  Thus i t  w a s  n o t i c e d  t h a t  i n  a d d i t i o n  t o  
a c t i n g  a s  a r educ ing  a g e n t ,  a change i n  t h e  behaviour  of a compound can  be  
a f f e c t e d  by va ry ing  t h e  Tc: T in  r a t i o s  ( 1 , 2 )  and t h a t  t h e  o x i d a t i o n  s t a t e  of 
t i n  i s  o f  g r e a t  impor tance  ( 3 ) .  The p r e s e n t  i s  a s t u d y  o f  t he  bone b ind ing  
p r o p e r t i e s  of Sn-11713 s t a n n i c  and s t annous  MDP and DTPA i n  w e l l  d e f i n e d  
o x i d a t i o n  s t a t e s  i n  normal an ima l s  and i n  some animal  models mimicking human 
d i s e a s e .  

Sn-117n was produced i n  the  Oak Ridge Na t iona l  Labora to ry  h i g h  f l u x  r e a c t o r  by 
the  fo l lowing  r e a c t i o n :  Sn-116 (n,y)Sn-l17m and Sn-l17m(2+) and (4+)DTPA and 
IlDP were p repa red  a s  d e s c r i b e d  e l sewhere  ( 4 ) .  The Tc-99m DTPA and MDP were 
prepared  from commercially a v a i l a b l e  sou rces .  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  and 
whole body au to rad iog raphy  were performed i n  Swiss  a l b i n o  (BNL s t r a i n )  mice 
and i n  F i s c h e r  r a t s .  A s c i n t i g r a p h i c  comparison of Sn-l17m(4+)DTPA and 
Tc-99m(Sn-t2):~lDP was performed i n  dogs. Models of f r a c t u r e ,  o s t e o m y e l i t i s  and 
ischemic i,iuscle l e s i o n s  were produced i n  r a b b i t s  and t h e  e f f e c t  of 
hype rv i t aminos i s  A was s t u d i e d  i n  F i s c h e r  r a t s .  Nude mice bea r ing  
os teosnrcona  of hunan o r i g i n  ( 5 )  were a l s o  s t u d i e d .  

The non-phosphate Sn-l17m(4+)DTPA showed t h e  h i g h e s t  bone up take  w i t h  lowes t  
up take  i n  s o f t  t i s s u e s .  Inc reased  d e p o s i t i o n  was observed  a t  s i t e s  of 
f r a c t u r e ,  os teomyel i  t is and i n  i schemic  muscle l e s i o n s .  I n  hype rv i  taminos is  
A ,  decreased  s k e l e t a l  up take  was n o t i c e d .  Human os teosarcoma i n  nude mice 
showed i n t e n s e  uptake  i n  t h e  tumor, forming a s p i c u l a t e d  p a t t e r n .  

The b i o l o g i c a l  s i n i l a r i  ty  of  t he  non-phosphate Sn-l17m(4+)DTPA and 
Tc-99n(SnZ+)MDP s u g g e s t s  t h a t  t i n  may b ind  t o  bone phosphate  s i m i l a r l y  t o  the  
exchange b ind ing  when t h e  l a t t e r  i s  a d n i n i s  t e r ed .  Sn-l17m(&+)DTPA has  ve ry  
good imaging p r o p e r t i e s  because  of i t s  158.6 KeV gamma r a y s ,  b u t  i t s  long  
! i a l f - l i f e  ( 1 4 . 0 3  d) r,iakes i t  s u i t a b l e  on ly  f o r  imaging of  long  term follow-up 
p e r i o d s .  The u s e  of Sn-l17m(4+)DTPA f o r  t he rapy  of  bone tumors should  be  
considered because of ( a )  i t s  h igh  d e p o s i t i o n  and p e r s i s t e n c e  i n  c o r t i c a l  bone 
a s  coi.iparctJ t o  bone narrow, ( b )  t h e  abundance o f  s h o r t - r a n g e  Auger and 
convers ion  e l e c t r o n s  may cause  l e s s  bone marrow r a d i a t i o n  a s  compared t o  P-32, 
and ( c )  t he  whole body r a d i a t i o n  i s  a l s o  l e s s  t han  t h a t  of P-32 which e m i t s  
i-iigh-enrrgy (1 .7  MeV) b e t a  r a y s .  

(1) Lin T.H.,  Khent igan  A . ,  and IJ inche l l  H.S.: 

( 2 )  

( 3 )  S r i v a s t a v a  S . C . ,  Meinken G . ,  S n i t h  T .D. ,  e t  a l .  Problems a s s o c i a t e d  w i t h  

A 99raTc-chelate s u b s t i t u t e  
f o r  o r g a n o r a d i o n e r c u r i a l  r e n a l  a g e n t s .  J Nucl lied 15: 34-35, 1974. 
Os te r  Z.H., Son P . ,  G i l  I.I.C., e t  a l .  
i nag ing .  Radiology 141: 185-190, 1981. 

s t annous  99mTc rad iopha rmaceu t i ca l s .  
1977. 

i n - v i v o  behavior  of t i n - c o n t a i n i n g  r ad iopha rmaceu t i ca l s  I: Chemis t ry ,  
p r e p a r a t i o n  and d i s t r i b u t i o n  i n  sma l l  an ima l s .  I n  p r e p a r a t i o n ,  1984. 

c a l c i t o n i n - r e s p o n s i v e  c e l l  l i n e  de r ived  from a human osteosarcoma. 
Cancer Res 43:327-332, 1983. 

97Ru-DMSA f o r  de layed  r e n a l  

I n t  J Appl R a d i a t  I s o t  28:  83-95, 

( 4 )  S r i v a s t a v a  S . C . ,  Meinken G . E . ,  R icha rds  P . ,  e t  a l .  The development and 

( 5 )  C i lon  G ,  P e r k i n s  J ,  and Vio la  MV: C h a r a c t e r i s t i c s  of a 

Work performed under  C o n t r a c t  No. I)E-AC02-76CH00016 w i t h  t h e  Uni ted  S t a t e s  
Department of Energy. 
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A u t o r a d i o g r a p h  o f  r a t  f o l l o w i n g  I . V .  i n j e c t i o n  o f  Sn-l17m(4+)DTPA. I n t e n s e  
u p t a k e  i n  c o r t i c a l  bone and  l a c k  o f  a c t i v i t y  i n  bone marrow i s  e v i d e n t .  

S c i n t i p h o t o s  o f  a dog 24 h r s  a f t e r  Sn-l17m(4+)DTPA. N o t i c e  h i g h  u p t a k e  i n  
bone a s  compared t o  s o f t  t i s s u e s .  

S c i n t i p h o t o s  o f  c o n t r o l  ( C )  a n d  
vitamin A t r e a t e d  ra ts  (A) f o r  
5 and  8 days .  N o t i c e  d e c r e a s e d  
u p t a k e  i n  A a s  compared t o  C a n d  
h i g h  u p t a k e  i n  g a n g r e n o u s  t a i l s .  

A u t o r a d i o g r a p h  of human o s t e o g e n i c  
sarcoma t r a n s p l a n t e d  t o  nude  
mouse. The u p t a k e  o f  
Sn-l17m(4+)DTPA i s  non-uni form 
f o r m i n g  a s p i c u l a t e d  p a t t e r n .  

1043 
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A B C D 

Scintiphotos of rabbit with fracture 3 hrs after Tc-99m MDP (A) and 24 hrs 
after Sn-l17m(4+)DTPA (B). 
after Tc-99m MDP(C) and 24 hrs after Sn-l17m(4+)DTPA. Although the uptake 
patterns are similar with the two compounds, higher uptake is noticed in the 
femur with 0 s  teomyeli tis . 

Scintiphotos of rabbit with osteomyelitis 3 hrs 

TABLE 1. LESION TO NORMAL BONE RATIOS IN RABBITS 

Fracture 0 s  teomyeli tis 

3 24 4a a 3 24 4a 8 
hrs hrs hrs days hrs hrs hrs days 

Tc-99m(Sn2+)MDP 1.75 2.54 

Sn-l17m(4+)DTPA 1.90 3.72 3.45 2.99 3.06 3.92 3 . 3 6  2.52 

TABLE 2. COMPARATIVE RADIATION DOSIMETRY OF Sn-l17m(4+)DTPA AND P-32 
IN SELECTED SITES AND WHOLE BODY (WB) 

Sn-l17m(4+)DTPA P- 3 2 - Pho s pha te 
Organs and WB Dose(rad/mCi) 

Bone 21.0 10-50 

Bone Marrow 1 . 6  20-40 

Whole Body 0.35 8-10 

Excretory Organs 1.0 2-5 
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EVALUATION OF ADSORBENTS FOR THE OSMIUM-191/IRIDIUM-l91m ULTRASHORT-LIVED 
RADI07TRTIOE GENERTUR SYSTEM 

C. Br ihaye*,  T. A. B u t l e r  and F. F. Knapp, Jr., Nuclear  Medic ine Group, Oak 
Ridge N a t i o n a l  Laboratory ,  Oak Ridge, TN 37830, U.S.A. 

The Os-191/Ir- l91m generator  system has seve ra l  impor tan t  advantages i n c l u d i n g  
t h e  s h o r t  h a l f - l i f e  ( T l k  = 4.96 sec) o f  t h e  I r - 1 9 l m  daughter which min imizes t h e  
absorbed r a d i a t i o n  dose rece ived  by t h e  p a t i e n t .  I n  a d d i t i o n ,  t h e  h a l f - l i f e  o f  
t h e  0s-191 pa ren t  ( T l k  = 15.4 d )  cou ld  make t h e  u s e f u l  l i f e  o f  t h e  generator  
s e v e r a l  weeks. A d e s c r i p t i o n  o f  an Os-191/Ir- l91m separa t i on  by i o n  exchange 
techn iques  was p u b l i s h e d  i n  1956 (1) .  L a t e r ,  a generator  designed f o r  medical  
purposes was developed which used t h e  AGlX8 anion exchanger r e s i n  as t h e  
osmium(1V) adsorbent (2) .  The l a t e s t  des ign o f  t h i s  generator,  f i r s t  descr ibed 
i n  1980 ( 3 ) ,  employs t h e  AGMP-1 r e s i n  loaded w i t h  osmium(V1). I r i d i u m - 1 9 l m  
ob ta ined  f rom t h i s  system has been used e f f e c t i v e l y  f o r  t h e  e v a l u a t i o n  o f  
i n t r a c a r d i a c  shunts i n  c h i l d r e n  (4,5) and f o r  t h e  de te rm ina t ion  o f  l e f t  
v e n t r i c u l a r  e j e c t i o n  f r a c t i o n s  i n  a d u l t s  (6). The goal  o f  t h e  p resen t  s t u d i e s  
was t o  e v a l u a t e  p o t e n t i a l  new adsorbents f o r  t h i s  system w i t h  t h e  o b j e c t i v e  o f  
a c h i e v i n g  h i g h e r  y i e l d s  o f  I r - 1 9 l m  and lower  0s-191 breakthrough over a p e r i o d  
o f  severa l  weeks. 

A sys temat i c  e v a l u a t i o n  o f  adsorbents i n c l u d e d  39 i n o r g a n i c  m a t e r i a l s  broadly  
c l a s s i f i e d  as ox ides (n ine) ,  ant imonates (seven), f e r r o - f e r r i c y a n i d e s  ( e i g h t ) ,  
phosphates ( s i x ) ,  s u l f i d e s  ( t h r e e ) ,  and o t h e r  m a t e r i a l s  ( s i x ) ,  i n c l u d i n g  t h e  
o r g a n i c  anion-exchanger AGMP-1. 0s-191 species i n  o x i d a t i o n  s t a t e s  (VI ) ,  
potass i um t e t  r a c h l  oroosmate, KZCOsOz (Cl),, 1; ( IV  ) , p o t  ass i um hexachl  oroosmate, 
KZOsC16; and ( I I I ) ,  postass ium hexathiocyanatoosmate, K,Os(SCN),, were prepared 
as shown i n  Scheme I .  Uptake was measured on t h e  adsorbants by a batch 
e q u i l i b r a t i o n  method where 0.25 g o f  exchanger was added t o  5 m l  o f  r a d i o a c t i v e  
osmium s o l u t i o n .  A f t e r  15 h o f  cont inuous a g i t a t i o n ,  t h e  s o l u t i o n  was 
c e n t r i f u g e d  and t h e  a c t i v i t y  o f  1 m l  o f  s o l u t i o n  was measured. The exchangers 
showing h i g h  0s-191 uptake were f u r t h e r  eva lua ted  as adsorbents by de te rm in ing  
I r - 1 9 l m  y i e l d  and 0s-191 breakthough by e l u t i o n  s tud ies .  The exchangers hav ing  
a h i g h  uptake o f  0s-191 were e q u i l i b r a t e d  w i t h  0s-191 by t h e  same procedure and 
t r a n s f e r r e d  i n t o  1 m l  sy r i nges  p rov ided  w i t h  a g lass  wool p lug. The e l u t i o n  o f  
I r - 1 9 l m  was t e s t e d  w i th  t h r e e  p o t e n t i a l l y  i n j e c t a b l e  s o l u t i o n s :  0.9% NaC1-0.1 M 
HC1, 0.9% NaC1-0.01 M HC1, and 5% glucose. Fo r  e l u t i o n  t e s t s ,  5 m l  volumes o f  
t hese  s o l u t i o n s  were passed r a p i d l y  (about 5 sec)  th rough  t h e  columns. 

Because o f  t h e  u l t r a - s h o r t  h a l f - l i f e  o f  I r - 1 9 l m  (4.96 sec) an a n a l y t i c a l  
procedure was developed t o  accu ra te l y  determine t h e  y i e l d  o f  t h e  Ir-191m. The 
h i g h  l e v e l s  o f  Ir-19lm cannot be measured immediate ly  a f t e r  e l u t i o n  by a NaI(T1)  
d e t e c t o r  system because o f  excess ive dead t ime. A w a i t i n g  p e r i o d  o f  severa l  
h a l f - l i v e s  i s  thus a l lowed t o  reduce t h e  count ra te .  The remain ing I r - 1 9 l m  i s  
counted u n t i l  e s s e n t i a l l y  a l l  has decayed ( a t  l e a s t  40 sec, 8 h a l f - l i v e s ) .  By 
u s i n g  s tandard i zed  geometr ica l  f a c t o r s  and d i g i t a l  t imers ,  accu ra te  and 
r e p r o d u c i b l e  values can be obtained. The % y i e l d  o f  I r - 1 9 l m  and 0s-191 
b reak th rough  a r e  c a l c u l a t e d  as f o l l o w s :  

Y (%) = Percent  y i e l d  o f  I r - 1 9 l m  e l u t e d  f rom t h e  column based on t h e  e q u i l i b r i u m  
amount assoc ia ted  w i t h  t h e  0s-191 adsorbed a t  t h e  t i m e  o f  e l u t i o n .  

*Present address: U n i v e r s i t y  o f  Liege, C y c l o t r o n  Research Center, L iege, 

Research sponsored by t h e  O f f i c e  o f  Hea l th  and Envi ronmenta l  Research, U.S. 
Department o f  Energy under c o n t r a c t  W-7405-eng-26 w i t h  t h e  Union Carbide 
Corpo ra t i on .  

Be1 gium 
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B ( % )  Break through percentage o f  0s-191 e l u t e d  w i t h  t h e  I r - 1 9 l m  based on t h e  
0s-191 on t h e  adsorbent  a t  t h e  t i m e  o f  e l u t i o n .  

A ( l 9 1 O s )  
X 1 9 1 m  = Decay cons tan t  o f  I r - 1 9 l m  = 0.140 sec-' 
E = E f f i c i e n c y  o f  t h e  d e t e c t i o n  system a t  130 keV 
I, = I n t e n s i t y  o f  t h e  130 keV gamma ray f rom 1910s/ lq1mIr  i s  0.259 
tw = W a i t i n g  t i m e  (sec)  b e f o r e  c o u n t i n g  t h e  I r - 1 9 l m  
tc  = Coun t ing  t i m e  (sec )  t o  measure t h e  0s-191 con ten t  
f = E x p e r i m e n t a l l y  de termined geomet r i ca l  f a c t o r  f o r  a c t i v i t i e s  measured 

a t  d i f f e r e n t  d i s tances  o r  d i f f e r e n t  volumes. 
( '910s) = Counts o f  0s-191 de tec ted  i n  tc seconds. 

t h e  same c o u n t i n g  t i m e  f o r  d e t e r m i n a t i o n  o f  I r - 1 9 l m  and 0s-191 
( lg lmIr)  = I r - 1 9 l m  counts,  a f t e r  tw f o r  a t  l e a s t  8 h a l f - l i v e s  (40 sec) 

The r e s u l t s  o f  t h e  e l u t i o n  measurements a r e  summarized i n  Tab les  1-3 and 

= '910s adsorbed on t h e  column a t  t h e  t i m e  o f  e l u t i o n  i n  p C i  

It i s  conven ien t  t o  use 

i n d i c a t e  t h a t  t h e  AGMP-1 i s  t h e  bes t  system tes ted .  Because o f  t h e  a t t r a c t i v e  
p r o p e r t i e s  o f  I r - 1 9 l m  f o r  a v a r i e t y  o f  c l i n i c a l  a p p l i c a t i o n s ,  o t h e r  osmium 
compounds and a d d i t i o n a l  adsorbents  shou ld  be eva lua ted .  

0s => K,[OSO,(OH)~] (0s-VIII) 
KNO, 

KOH EtOH/* K2[0s02C141 

KSCN 
K2[0~02(0H),] (0s-VI)  --> K2OsC16 (0s-IV) ,-> K~OS(SCN), (0s-111) 

HC 1 

Scheme I 

( 4 )  

( 5 )  Treves, S., " I r id ium-19 lm:  C l i n i c a l  Use fu lness  of U l t r a s h o r t - L i v e d  

Treves, S., Cheng, C., Samuel, A., Lambrecht, R., Babchyck, B., Zimmerman, 
R . ,  and Norwood, N. J .  Nucl.  Med., 21 (12) ,  1151 (1980).  

Rad ionuc l i des  i n  Nuc lear  Card io logy , "  I n t e r n a t i o n a l  Symposium on S i n g l e  
Photon U l t r a s h o r t - L i v e d  Rad ionuc l i des , "  Washington, D . C . ,  May 9-10, 1983, 
U.S. Department o f  Energy, i n  p ress .  

( 6 )  H e l l e r ,  G. V . ,  " P o t e n t i a l  f o r  I r i d i u m - l 9 l m " ,  i b i d .  
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Table 1. I r id ium-19lm E l u t i o n  Y i e l d  (%)  and Osmium-191 Breakthrough (%)  from 
Exchangers Loaded w i t h  Potassium Tetrachloroosmate(V1). 

Exchanger 

Ir-191m Y i Q l d  L7.J 05-191 BreakthrauEh 1%) 

0.9: NaCl 0.9: h a C i  5% 0.5% NaCl 0.9; NaCl 5'. 
-0.1 M HCI -0.01 M H C l  Glucose -0.1 M HCl -0.01 H HCl G l u c o r e  

~~ 

0.04 9.10-3 

0.12 0.03 

Hydra ted  t i n ( l V 1  ox ide  <0.01 <0.01 <0.01 0.15 

Hydrated t i t a n i u m  ox ide  co.01 *O.Ol <0.01 0.51 

Hydra ted  ranganere d i o x i d e  <0.01 <o .o i  ~0.01 9.10-3 <3.10-* 0 . 1 0 - 4  

Hyd ra ted  z i r c o n i u m  ox ide  a.01 <0.01 <G.O1 0.21 0.01 0.01 

0.8 0.13 0.02 0.1s Copper f e r rocydn ide  1.4 1.7 

0.2 <0.01 0.02 0.02 0.08 Z i rcon ium fe r rocsan ide  0.3 

AGMP-1 35.8 3 1 . 2  4.3 0.05 1.4 0.008 

Table 2. I r id ium-19lm E l u t i o n  Y i e l d  (%) and Osmium-191 Breakthrough (%) from 
Exchangers Loaded w i t h  Potassium Hexachloroosmate(1V). 

E xchdngcr 

Ir-19lm Y i v i d  ( b )  05-191 B r e a k t h r w q h  ( 5 )  . 

0.9: NaCl 0.9: N c ~ C I  5: 0.9% N a C I  0.9: Eiail 5% 
-0.1 I4 I lCl -0.01 I1 HC1 Glucase -0.1 M iiC1 -0.11: M HCI Glucose 

Hydrated t i n l l v )  ox ide  

Hydrdted t i t a n i u m  ox ide  

Hydrated ferric(ll1) ox ide  

Hydra ted  I i r c w  i urn ox i  de 

Hydra ted  chronium ox ide  

A c i d  alumina 

Lead sulfide 

P e r t i t a n i c  a c i d  

A M P - 1  

0.03 a3.01 d.01 0.61 

0.12 0.14 0.03 0.52 

0.71 0.6.' 0.06 0.R 

0.1 0.1 0.05 0.17 

<0.01 <0.01 0.7 1.16 

a . O 1  1.4 0.06 0.8 

<O.Ul <0.111 <0.01 3.10-3 

0.45 a.zi 0 . i ~  0.71 

2.5 1.6 1.4 0.06 

0.11 

0.01 

0.1 

0.08 

0.23 

0.4 

5.10'3 

0.13 

4.10-3 

0.06 

0.22 

0.2 

0.09 

0.15 

FJ.IO-~ 

1.10-3 

0.46 

3.10-3 

Table 3. I r id ium-19lm E l u t i o n  Y i e l d  (%) and Osmium-191 Breakthrough (%) from 
Exchangers Loaded w i t h  Potassium Hexathiocyanatoosmate( I I I ). 

Exchanger 

Hydrated t i n ( 1 V )  ox ide  

Hydrated t i t a n i u m  ox ide  

Hydrated f e r r i c ( l I I 1  ox ide  

Hydrated manganese ox ide  

Hydrated z i r con ium ox ide  

A c i d  alurnlna 

Z i r con ium fe r rocyan ide  

Lead s u l f i d e  

A G M D - l  

_______ 
lr -191m Y i e l d  ('1) Or-191 Breakthrobsh (%) - 

0.9% NaCl 0.9% NaCl 5% 0.9% NaCl 0.9% NaCl 5% 
-0.1 H HCl -0.01 H H t l  Glucose -0.1 H HCl -0.01 N HCl Glucose 

a . 0 1  <0.01 <0.01 1.6 1.4 0.2 

2.3 0.06 

<0.01 qo.01 qo.01 0.6 1.5 0.03 

2.2 <0.01 co.01 4.9 

0.2 0.4 

3.1 0.03 

<0.31 3.7 <O.Ol 1.9 4.1 0.01 

1.8 1.0 c0.01 0.4 

0.04 co.01 a.01 1.9 

1.5 0.1 1.7 <0.01 co.01 0.8 

1.1 0.05 0.9 0.7 0 . 0 1  1.7 

0.4 0.04 <O.Ol 0.07 0.1 0.06 
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DEVELOPMENT AND EVALUATION OF RADIORUTHENIUM LABELED DIISOPROPYL HIDA AND 
BROMOTRIMETHYL HIDA FOR DELAYED STUDIES OF THE BILIARY TRACT 

S.C. Srivastava and G.E. Meinken 
Medical Department, Brookhaven National Laboratory, Upton, New York 11973. 

Whereas the various technetium-99nrlabeled HIDA derivatives are the agents of 
choice for hepatobiliary imaging studies (11, there are situations (e.g., 
neonatal hepatitis, biliary atresia, etc.) that require delayed studies, and 
where use of a longer-lived tracer is necessary. 
(p-isopropyl HIDA) and BIDA (p-butyl HIDA) were developed and proposed as 
replacements for 1311-Rose Bengal in view of the latter agent's various 
drawbacks, and the excellent imaging properties of ruthenium-97 (2-4). 

This study was carried out to label two newer generation ligands, DISIDA (2,6- 
diisopropylphenylcarbamoylmethyl iminodiacetic acid) and bromotrimethyl HIDA 
(3-bromo-2,4,6-trimethylphenylcarbamoylmethyl iminodiacetic acid), with 
rutheniuwl03 and to evaluate the biodistribution of the labeled agents in mice. 
These compounds, labeled with 99mTc, have been shown to display superior 
hepatobiliary specificity, rapid transit, negligible renal excretion, and 
resistance to competition by elevated bilirubin levels (5,6). 

In all labeling experiments, ruthenium-103 was used for convenience. 
typically was as follows. 
sodium acetate, 2.5 p 1  ruthenium103 chloride (in HC1) was added with mixing. The 
pH was checked and adjusted to 5 if necessary. 
immersing in a boiling water bath for 6 0  min. Radiochemical purity was 
determined using the following chromatographic systems: 
in 0.05 E pH 5 phosphate in 70% methanol; silica gel TLC in 0.05 5 pH 7 phosphate 
in 70% methanol; and micropolyamide TLC in 100% methanol. Ruthenium-103 acetate, 
pH 5, heated for 60 min at looo ,  was used as a control. 
the best separations. 
yields using the above procedure. 

The ruthenium-103 chloride solution contained both Ru(II1) and Ru(1V). 
Conversion to Ru(II1) was accomplished by refluxing in ethanol overnight. 
However, no significant difference (in vitro or in vivo) was observed in the 
behavior of the complexes when prepared with either of the two ruthenium species, 
possibly due to the eventual preponderance of Ru(II1) in the final product. 
subsequent experiments, no effort was made to convert Ru(1V) to Ru(II1) prior to 
the labeling reactions. 

Biodistribution studies were performed in normal BNL mice after injecting the 
appropriate agent (0.2 ml) i.v. via the tail vein. The animals were sacrificed 
at 5, 30 and 120 minutes post injection and the tissue samples counted for 
activity. Typical data are summarized in Table 1. The distribution was very 
similar to the corresponding 99mTc-labeled agents. 
negligible renal excretion resulted with both DISIDA and bromotrimethyl HIDA. 
The uptake kinetics and hepatic transit times were however, slightly different. 
When the Disofenin kit (New England Nuclear) containing tin was used, blood 
clearance as well as clearance from the other tissues was more rapid. 

Ruthenium-97-labeled PIPIDA 

The method 
To a 2 ml solution of 10-20 mg ligand in pH 5, 0.05 E 

The mixture was then heated by 

p-c18 reverse-phase TLC 

Silica gel TLC provided 
The desired complexes were obtained in >95% labeling 

In 

High hepatic uptake and 

Results of this study suggest that ruthenium-97-labeled DISIDA and bromotrimethyl 
HIDA could be potentially useful agents for delayed studies of the hepatobiliary 
sy s tem. 

( 1 )  Loberg M.D., Nunn A.D. and Porter D.N., "Nuclear Medicine Annual", New York, 
Raven Press, 1981, pp 1-33. 

(2 )  Schachner E.R., Gil M.C., Atkins H.L., et al., J. Nucl. Med. 2, 352 (1981). 
(3) Schachner E.R., Gil M.C., Som P., et al., J .  Nucl. Med. Commun. 5,  94 

(1983). 
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(4) Sr ivas t ava  S.C.,  Richards P . ,  Som P., e t  a l . ,  " F r o n t i e r s  i n  Nuclear 

(5) Klingensmith W. ,  F r i t z b e r g  A.R., S p i t z e r  V.M., e t  a l . ,  "Nuclear Medicine and 

(6) 

Medicine", Heidelberg,  Springer-Verlag,  1980, pp 123-133. 

Biology", Pergamon, P a r i s ,  1982, pp 1596-1599. 
Nunn A.D., Loberg M.D. and Conley R . A . ,  J. Nucl Med. 2, 423 (1983). 

Table 1. Tissue  D i s t r i b u t i o n  of  103Ru-Labeled Ace ta t e ,  Diisopropyl  
HIDA and Bromotrimethyl H I D A  i n  mice (n=3)l 

Percent  dose pe r  organ 
Time, 

Compound min Blood L ive r  Cut Kidney Spleen Muscle Bone 

Acetate  5 13.20 10.20 7.32 3.77 0.27 16.60 6.85 
30 8.46 8.91 7.76 2.13 0.27 10.60 6.93 

Diisopropyl- 5 2.14 19.42 68.30 0.67 0.03 2.71 0.76 
HIDA 30 0.98 6.69 86.92 0.17 0.01 1.44 0.46 

Diisopropyl- 5 1.85 23.70 60.60 1.05 0.04 2.81 1.00 
H I D A  w i t h  t i n  30 0.28 2.60 92.80 0.19 0.01 0.48 0.14 
(Disofenin k i t )  

Bromotrimethyl- 5 4.62 24.78 52.57 0.81 0.08 5.04 6.84 
H I D A  30 1.55 4.06 87.35 0.32 0.03 1.80 0.53 

1Resu l t s  shown (pe rcen t  dose pe r  organ) a r e  t h e  average of 3 mice. Blood, bone 
and muscle w e r e  assumed t o  c o n s t i t u t e  7, 10 and 43% of body w t .  r e s p e c t i v e l y .  
Standard d e v i a t i o n s  a r e  omit ted f o r  t h e  sake of  c l a r i t y .  
body recovery of  a c t i v i t y  was 97.2 ?r 2.7% f o r  a l l  compounds ( a t  5 t o  120 rnin), 
except  f o r  a c e t a t e  (80% a t  5 min, 59% a t  30 min, and 54% a t  120 rnin). 

The average whole 

Acknowledgments. Ligands used i n  t h i s  s tudy  were k i n d l y  provided by New England 
Nuclear (Disofenin,  DISIDA), and Squibb (bromotrimethyl HIDA). Th i s  r e s e a r c h  was 
supported by t h e  U.S. Department of  Energy under Contract  #DE-AC02-76CH00016. 
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A SINGLE-STEP 99mTC-SULPHUR COLLOID, FREEZE-DRIED K I T :  FORMULATION AND BIOKINETIC 
EVALUATION ~~ 

A.M. A L - E I i l l i  , N.H.Agha, 1 .F.m-Jumail l  and R . M .  AL-Azzawi. 
Nuclear Research Centre ,  Radioisotope Production Department,P.O.Box 765 
Eaghdad-Iraq 

Technetium-99m sulphur c o l l o i d  i s  a w e l l  known radiopharmaceutical f o r  imaging 
t h e  l i v e r  and spleen (1 ,2 ) .  The formation of c u r r e n t l y  used 99mTc-sulphur 
c o l l o i d s  is  usual ly  involve t h e  t reatment  of  d i f f e r e n t  reagents  comprising t h e  
preparat ion with technetium i n  mul t ip le -s teps  includinq hea t ing  t o  obta in  the  
labe l led  c o l l o i d  p r i o r  t o  medical appl ica t ion .  However, t h i s  work presents  a 
formulation of preformed sulphur co l lo id , f reeze-dr ied  k i t  t o  be d i r e c t l y  labe l led  
with technetium without any f u r t h e r  t reatment .  The formulation of t h e  k i t  i s  
based upon the  binding of s tannous- t in  with sulphide i o n s  re leased  from heat ing 
thioacetamide ( 3 )  a t  a c i d i c  condi t ion,  using carboxy mathyl c e l l u l o s e  (CMC) a s  
a hydrophi l ic  s t a b i l i z e r  ( 4 ) .  The amounts of t i n  (I;) sulphur precol lo id  and 
s t a b i l i z e r  i n  the k i t  a r e  equivalent  t o  0.125 mg SnC12 , 0.050 mg thioacetamide 
and 2 .5  mg CMC. 

The q u a n t i t i e s  of t h e  r e a c t a n t s  and t h e  condi t ions of t h e  reac t ion  have been 
chosen from the  study of the  l a b e l l i n g  k i n e t i c s  of the  prepara t ion  t o  achieve 
a high y i e l d  of 99mTc-sulphur c o l l o i d .  Gelchromatography Column Scanning (GCS)  
method ( 5 , 6 )  was appl ied  f o r  t h e  determinat ion of t h e  reduced 99mTc-colloid, 
f r e e  per techneta te  and 99Tc-sulphur c o l l o i d .  The pH of t h e  prepara t ion  was found 
to be t h e  most prominent f a c t o r  a f f e c t i n g  t h e  y i e l d  of  sulphur c o l l o i d .  
The optimal value has  been determined t o  be between 3.0 t o  3.5 - Since a t  higher 
pH l e v e l  t h e  y i e l d  of t h e  l a b e l l e d  sulphur c o l l o i d  w a s  s i g n i f i c a n t l y  decreased. 
This i s  probably due t o  p a r t i a l  d i s s o c i a t i o n  of t h e  t i n  (Ii) sulphur  precol lo id  
i n  t h e  preparat ion r e s u l t i n g  i n  increas ing  t h e  amounts of reduced 99mTc-colloid 
and f r e e  per techneta te ,  a s  shown i n  t h e  Fi-rlure, using t h e  GCS-method. I t  is  
sugqested t h a t  the  d i s s o c i a t i o n  of  t i n  (11) sulphur p r e c o l l o i d  would inf luence 
the blood clearance and l i v e r  uptalc? k i n e t i c s .  

The blood clearance da ta  of t h e  l a b e l l e d  c o l l o i d  i n  r a b b i t s  showed t h a t  t h e  
b io logica l  half- t imes of the  f a s t  and slow components were 3 and 67 min. 
respec t ive ly .  The i n  vivo organ d i s t r i b u t i o n  r e s u l t s  i n  mice a s  a funct ion of pH 
a r e  summerized i n  t h e  t a b l e .  The high percentage of administered a c t i v i t y  
accumulated i n  t h e  l i v e r  i n d i c a t e s  a high c o l l o i d  y i e l d  with optimal s i z e p a r t i -  
c l e s ,  s ince t h e  negl ig ib le  a c t i v i t y  de tec ted  i n  both kidneys and gut  confirms 
the  i n  vivo s t a b i l i t y  of sulphur c o l l o i d  prepara t ion  of pH 3.5.  The i n s i g n i f i c a n t  
a c t i v i t y  observed i n  the  lungs revea ls  t h e  e x c e l l e n t  hydrophi l ic  p r o p e r t i e s  of 
CMC . 
99mTc-sulphur c o l l o i d  k i t  has been c l i n i c a l l y  evaluated on normal subjec ts .  
The r e s u l t s  showed rap id  blood clearance and high l i v e r  uptake of t h e  radio-  
pharmaceutical with normal surrounding t i s s u e  background 

(1 )  Patton D . D . ,  Garcia E .N.  and Webber M . M . ,  Amer. J. Roentgenol. Rad.Therapy 

(2) Haney T.A., Ascino I . ,  G i g l i o t t i  J . A . ,  Gusmano E.A. and Bruno J . A . ,  J.Nuc1. 

( 3 )  Andres E . ,  Ann. Rev. Elucl. Sc . ,  9 , 203 (1959). 
(4) 
(5) Persson R . B . R . ,  In proc.  I n t .  Symp. Radiopharmaceuticals, 1974. Atlanta ,  

( 6 )  

and N u c l .  Med., 97, 980 (1966). 

rled., 12 , 64 (1970) ~ 

Stern H . S . ,  ElcAfee J . G .  and S u b G a n i a n  G . ,  J.Nuc1, M e d . , L ,  665 (1966). 

Ga, USA. SOC. Nucl. bled. ( N . Y . ) ,  2 2 8  (1975) .  
Persson R . B . R . ,  S t rand S .E .  and moos T . ,  J. Radioanal Chem.,&, 275(1978). 

- 

- 
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Table of organ d i s t r i b u t i o n  r e s u l t s  of 99mTc-sulphur 
c o l l o i d  prepara t ions  i n  mice obtained a t  20 min. 
post i n j e c t i o n .  

% admin-dose / organ a t  piIvalue: 

organ 3 .5  4 . 2  

Blood 1 . 4  6 .3  

Liver 90.5 65 .5  

Spleen 2 . 3  1.1 

Lungs 0 .5  0 .5  

Kidneys 0.6 2 . 8  

Gut 1 .o 3 .5  
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M.A.A.Al-Janabi , Z.@I.Yousif, Y.F.Shafig, 
M.H.S.Al-Hissoni and B.M.Al-Allak. 
Radioisotope Production Department,Nuclear Research Centre ,  Tuwaitha, 
Baghdad, I raq .  

Subramanian e t  a 1  (1)  have pointed o u t  t h e  appl ica t ion  of '%Tc-phytate i n  
c l i n i c a l  diagnosis .  Authors have prepared t h i s  radiopharmaceutical and 
appl ied it i n  nuclear  medicine (2). Some authors  have c l i n i c a l l y  compared 
99mTc-phytate with o t h e r  l i v e r  scanning agents  ( 3 , 4 ) .  We have s tudied  many 
parameters r e l a t e d  t o  Sn-phytate k i t s  t o  be l a b e l l e d  with 99mTc and found 
underestimated radiochemical y i e l d s  using Sephadex G-25 g e l  chromatography 
( 5 ) .  I t  i s  intended i n  t h i s  paper t o  through l i g h t  on t h i s  p o i n t  by a 
proper choice of technique f o r  t h e  a n a l y s i s  of  99mTc-phytate. 

We have appl ied var ious g e l  chromatographic media and w e  recommend the  
GCS method f o r  t h e  radiochemical a n a l y s i s  of g%Tc-phytate using Sephadex 
G-10 and 0.9% N a C l  a s  e luent .  This  technique i s  rap id  and r e l i a b l e .  

Authors have s tudied  t h e  e f f e c t  of ion iz ing  r a d i a t i o n  on medicinal 
preparat ions.  I t  was repor ted  t h a t  absorbed r a d i a t i o n  doses of 2.5 Mrad 
a r e  s u f f i c i e n t  f o r  obtaining prepara t ion  s t e r i l i t y  with a high c o e f f i c i e n t  
of s a f e t y  ( 6 ) .  

With r e s p e c t  t o  Sn-phytate k i t s ,  t h e  i r r a d i a t i o n  (2.5 Mrad) d id  not  a f f e c t  
n e i t h e r  t h e  radiochemical y i e l d  of 9%Tc-phytate nor t h e  s t a b i l i t y  of 
Sn-phytate. The organ d i s t r i b u t i o n  i n  mice w a s  a f f e c t e d  by i r r a d i a t i o n .  
The t a b l e  shows s l i g h t  decrease i n  l i v e r  uptake with higher  rad iocol lo id  
deposi t ion i n  t h e  spleen.  I r r a d i a t e d  and non-irradiated Sn-phytate k i t s  
g ive r i s e  t o  s i m i l a r  human images f o r  both l i v e r  and spleen using radio- 
c o l l o i d  formed i n  vivo o r  i n  v i t r o .  The rad iocol lo id  deposi t ion i n  the  
spleen i n  mice i s  not  r e f l e c t e d  in humans. Species d i f f e r e n c e s  through 
Soine l i g h t  on t h e  study of rad iocol lo id  d i s t r i b u t i o n .  

Subramanian G . ,  McAffee J.G.,Mehter A . ,  B l a i r  R . J .  and Thomas F.D.  
J.Nucl. Med. 1 4  , 459 (1973). 
Sewatkar A.B. ,  Noronha O.P.D. ,  Ganatra R.D. and Glenn H . J .  
Nucl-Med. ( S t u t t g a r t )  14,  46 (1975) . 
Akisada M. and Miyamae T.  
Radioisotopes 24, 626 (1975) 
Arzoumanian A . ,  Rosenthal L . ,  Seto H .  
J. Nucl. Med. 18,  118 (1977) . 
Al-Janabi M.A.A., A l i  Heyam Y.  and Al-Salem A.M. F i r s t  European 
Symposium on Radiopharmacy and Radiopharmaceuticals, Els inore , 
Denmark (1983) . 
Barelko E.V. ,  Babakina G.S., Berezovskaya I . V . ,  Degilova V.S. , 
Piruzyan L.A. ,  PomLrtseva N.V.,Solyanina I . P . ,  Sukhamov V.V. ,  
Talrose V.L., Tyrina E.A. and Tsibulskaya M.I. 
Chim. Farm. 5.7.94 (1977). 
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99m 
Organ d i s t r i b u t i o n  of Tc-phytate i n  m i c e  30 min. a f t e r  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  u s i n g  i r r a d i a t e d  ( 2 . 5  Mrad) and n o n - i r r a d i a t e d  Sn-phytate 
k i t s  

Organ 

L ive r  
Spleen 
Lungs 
Kidneys 

% o f  i n j e c t e d  dose 
A B 

90.98 96.30 
2.09 5.38 
0.55 0 .26  
0 .64  0.50 

A : n o n - i r r a d i a t e d  k i t s  
R : i r r a d i a t e d  k i t s  
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MECHANISTIC ASPECTS OF THE TECHNETIUM-99m-TIN-RBC LABELING REACTIONS 

S.C. S r i v a s t a v a ,  R.F. S t r aub  and P. Richards 
Medical Department, Brookhaven Nat ional  Laboratory,  Upton, New York 11973. 

Th i s  s tudy  was undertaken t o  e l u c i d a t e  mechanis t ic  a s p e c t s  of t h e  i n - v i t r o  method 
( inc lud ing  BNL k i t  method) f o r  l a b e l i n g  r ed  blood c e l l s  (RBC) with 
technetium-99m. The r o l e  of va r ious  c o n t r i b u t i n g  f a c t o r s  i n  t h e  99mTc-Sn-RRC 
system, al though addressed e a r l i e r ,  has  n o t  been c l e a r l y  e s t a b l i s h e d  (1-3). 
Following parameters were i n v e s t i g a t e d  i n  d e t a i l :  
RBC us ing  v a r i o u s  Sn2+ complexes; ( i i )  e f f e c t  of plasma and o t h e r  suspending 
media; ( i i i )  r o l e  of o x i d a t i o n  and c h e l a t i o n  on  removal of  plasma t i n -  ( i v )  
k i n e t i c s  of 99mTc uptake i n t o  " t inned" RBC and t h e  e f f e c t  of  c a r r i e r  39Tc on 
l a b e l i n g  y i e l d s ;  ( v )  s i t e s  of  attachment of t i n  and technetium wi th in  t h e  RBC; 
and ( v i )  t h e  long-term in-vivo r e t e n t i o n  of  t i n .  

Of t h e  many l i g a n d s  s t u d i e d ,  c i t r a t e  ( c i t )  and glucoheptonate  were most e f f e c t i v e  
i n  t r a n s p o r t i n g  t i n  i n t o  t h e  RBC. Stannous c i t  k i t s  l a b e l e d  w i t h  Sn-117m o r  
Sn-113 and con ta in ing  2 ,  15,  and 50 i-lg t i n  were s t u d i e d  f u r t h e r .  
was dependent upon blood sample volume, t i n  content  of  k i t s ,  and temperature.  
The uptake w a s  very r a p i d  wi th in  t h e  f i r s t  10 min and then slowly inc reased  up t o  
2 hr.  L i t t l e  o r  no uptake r e s u l t e d  when t h e  k i t s  contained s t a n n i c  t i n .  Typical  
r e s u l t s  a r e  desc r ibed  i n  Table  1. 
depended on t h e  e x t r a c e l l u l a r  Sn2+ concentrat ion.  
99mTc04- a d d i t i o n  ( e i t h e r  by c e n t r i f u g a t i o n  o r  by adding NaOCl + EDTA t o  
seques t e r  and o x i d i z e  Sn2+ t o  Sn4+) r e s u l t e d  i n  >95% 99mTc-labeling of RBC i n  
5-15 min. 
i nc reased  t i n  content  of  RBC. 
k i t  + 1 m l  blood, >95% l a b e l i n g  y i e l d s  were ob ta ined ,  w i t h  99mTc04- s o l u t i o n s  
con ta in ing  99Tc equ iva len t  t o  300-400 m C i  of  9 9 ~ 0  decay. 
t h e  t i n n i n g  s t e p  caused a n  outward s h i f t  i n  t h e  RBC 
concentrat ion.  However, when plasma t i n  was oxidized t o  Sn4+, EDTA d id  n o t  cause 
a s i g n i f i c a n t  RBC t i n  l o s s .  I n  t h e  whole blood l a b e l i n g  procedure ( 4 ) ,  fo l lowing  
t h e  t i n n i n g  of  RBC, NaOCl had t o  be added f i r s t  and then EDTA i n  o r d e r  t o  provide 
>95% incorpora t ion  of  99mTc. 

Resu l t s  on t h e  d i s t r i b u t i o n  of t i n  and 99mTc i n  plasma and w i t h i n  t h e  c e l l  
components a r e  shown i n  Table 2. The RBC-associated t i n  i s  d i s t r i b u t e d  between 
membrane and hemoglobin ve ry  s i m i l a r l y  t o  99mTc. 
hemoglobin appears  t o  have a g r e a t e r  i o n i c  c h a r a c t e r  than most metal-protein 
complexes. 
s o l u t i o n s  a t  n e u t r a l  pH, and d i s s o c i a t e s  i n  a n  e l e c t r i c a l  f i e l d .  In-vivo 
s t a b i l i t y  of  99mTc-RBC i s  a t t r i b u t a b l e  t o  t h e  cel l  membrane t h a t  maintains  h igh  
hemoglobin concen t r a t ion  w i t h i n  t h e  c e l l  and considerably slows t h e  outward 
mig ra t ion  of  reduced technetium spec ie s .  
dogs (51Cr l a b e l i n g  followed by l a b e l i n g  same c e l l s  w i t h  99mTc) gave 
i n t r a v a s c u l a r  99mTc/51Cr r a t i o s  of 1.0, 0.96, 0.89 and 0.54 a t  0.25, 2 ,  4 ,  and 
25.5 h r  r e s p e c t i v e l y ,  fol lowing i n j e c t i o n .  These r e s u l t s  demonstrate t h a t  t h e  
99mTc l a b e l  slow1 
method). Since 5TCr l o s s  w a s  found t o  be n e g l i g i b l e ,  technetium l a b e l i n g  does 
n o t  damage t h e  RBC. Data i n  dogs (Fig.  1) showed t h a t  t h e  EDTA t r ea tmen t  of  
t i nned  cel ls  conferred g r e a t e r  in-vivo s t a b i l i t y  on t h e  l a b e l .  
t?i was l o n g e s t  f o r  99mTc-RBC prepared us ing  t h e  whole blood method. 
fo l lowing  a s i n g l e  t i n  pyrophosphate i n j e c t i o n  a s  i n  t h e  in-vivo l a b e l i n g  
procedure,  s i g n i f i c a n t  r e t e n t i o n  of t i n  (us ing  Sn-117m l a b e l e d  k i t s )  was 
demonstrated even a f t e r  6 weeks. 

R e s u l t s  from t h i s  s tudy  support  t h e  fol lowing conclusions: 
complexed w i t h  c i t r a t e  and many o t h e r  l i g a n d s  d i f f u s e s  i n t o  t h e  RBC and becomes 
bound mostly t o  hemoglobin; ( i i )  pe r t echne ta t e  d i f f u s e s  f r e e l y  i n  and o u t  of  RBC; 
(iii) i n s i d e  t h e  " t inned" RBC, pe r t echne ta t e  g e t s  reduced and bound predominantly 
t o  t h e  &globin chain of hemoglobin; ( i v )  s t a n n i c  t i n  a s  w e l l  a s  reduced 

( i )  k i n e t i c s  of  t i n  uptake by 

The t i n  uptake 

The uptake of 99mTc04- by t h e  t i nned  RBC 
Removal of  plasma Sn2+ befo re  

When c a r r i e r  99Tc was p r e s e n t ,  l a b e l i n g  e f f i c i e n c y  improved w i t h  
Using a 15 ug t i n  c i t  k i t  + 3 m l  blood, o r  a 50 ug 

Addition o f  EDTA a f t e r  
plasma Sn2+ 

Reversed o r d e r  of  a d d i t i o n  gave poor l a b e l i n g .  

The binding of  99mTc t o  

The t a g  i s  l a b i l e  t o  d i l u t i o n  w i t h  wa te r ,  t o  low i o n i c  s t r e n g t h  

Experiments w i t h  double-labeled RBC i n  

l e a v e s  t h e  c i r c u l a t i o n  (tkQ0-35 h r  depending on t h e  l a b e l i n g  

Blood c l ea rance  
Also,  

( i )  stannous i o n  
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technetium s p e c i e s  a r e  g e n e r a l l y  n o t  t r a n s p o r t e d  a c r o s s  t h e  RBC membrane; ( i v )  
e x t r a c e l l u l a r  Sn2+ prematurely r educes  p e r t e c h n e t a t e ,  t h u s  i n h i b i t i n g  t h e  e n t r y  
of technetium i n t o  RBC and the reby  causing low l a b e l i n g  y i e l d s ;  ( v i )  t i n  i s  
r e t a i n e d  by t h e  RBC f o r  a l ong  pe r iod ;  and ( v i i )  i n - v i t r o  l a b e l i n g  w i t h  99mTc 
does n o t  damage t h e  RBC. 

(1 )  S r i v a s t a v a  S.C. and Chervu L.R., Semin. Nucl. Med., 1984 ( i n  p r e s s ) .  
(2)  Dewanjee M.K. and Rao S.A., "Nuclear Medicine and Biology",  Pergamon, P a r i s ,  

( 3 )  

( 4 )  

1982, p. 1894. 
B i l l i n g h u r s t  M.W. and Waddell T.L., I n t .  J. Appl. Radiat .  I s o t o p e s  36, 607 
(1983). 
S r ivas t ava  S.C., Babich J.B. and Richards P. ,  J. Nucl. Med. 2, P128 (1983). 

Table 1 .  Tin Uptake by Red Blood Cells Following Incuba t ion  
of Whole Blood w i t h  Stannous C i t r a t e  K i t s  (N = 2-10)l 

Blood volume 
Sn i n  k i t ,  1 m l  4 m l  

i.lg 5 min 30 min 5 min 20 min 

- - 2 0.28 - 
15 1.84 * 0.18 3.47 2 0.12 4.34 i 0.54 5.72 i 0.67 

50 5.89 f 1.93 10.15 t 0.50 14.51 f 4.72 13.59 

'Tin con ten t  of RBC i n  pg  a f t e r  i ncuba t ion  (22")  w i t h  t i n  c i t r a t e  k i t s  l a b e l e d  
wi th  Sn-117m o r  Sn-113. The k i t s  a l s o  contained i n  a d d i t i o n  t o  t i n ,  3.67 mg 
t r i sod ium c i t r a t e ,  d i h y d r a t e ,  and 5.5 mg dex t rose .  C e l l s  were sepa ra t ed  and 
washed 2x w i t h  s a l i n e  b e f o r e  count ing f o r  t h e  r a d i o a c t i v i t y .  

Table 2. Uptake and D i s t r i b u t i o n  of  T i n  and Technetium 
i n t o  Various Blood components ( %  of  t o t a l ,  N=10I1 

F r a c t i o n  o r  Component Tin (117mSn o r  113Sn) Technetium (99mTc) 

RBC - Membrane 5.7 f 2.9 1.7 5 0.3 
Non-membrane 18.3 f 5.1 94.8 ? 2.0 

Heme - 17.3 * 6.5 
Globin - 77.4 c 9.7 

To ta l  25.7 i 0.3 96.5 +_ 2.0 
Plasma 73.3 * 4.2 2.7 ?- 1.7 
S a l i n e  wash (2xZml) 2.1 ? 0.7 0.6 0.3 

1Average t y p i c a l  r e s u l t s  from a number of  obse rva t ions .  T in  c i t r a t e  k i t s  
( i n c l u d i n g  Sn-117m o r  31-113 l a b e l e d  k i t s )  con ta in ing  va ry ing  amounts of t i n ,  
and 3 ml blood were used. Whole blood procedure was fol lowed w i t h  15 and 50 
i.lg k i t s .  

Research supported under U.S. Department of Energy Con t rac t  #DE-AC02-76CH00016. 
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INTRACELLULAR DISTRIBUTION OF RADIONUCLIDES AND TURNOVER OF RED CELLS LABELED 
WITH CR-51, IN-111, and TC-99M I N  DOGS. 

S.T. Mackey, M.K. Dewanjee, S. Chowdhury and H.W. Wahner 
Mayo C l i n i c  and Foundat ion,  Rochester,  M innesota  55905. 

The e f f e c t  o f  i n t r a c e l l u l a r  d i s t r i b u t i o n  o f  Cr-51, In-111, and Tc-99m-radio- 
n u c l i d e s  on c lea rance  r a t e s  of l a b e l e d  r e d  c e l l s  was s t u d i e d  s e q u e n t i a l l y  i n  f i v e  
mongrel dogs. S a l i n e  washed r e d  c e l l s  f r o m  c i t r a t e d  dog b lood  were l a b e l e d  w i t h  
51-Cr-chromate (50 pCi), Tc-99m p e r t e c h n e t a t e  (10 m C i )  i n  v i t r o ,  (Sn2+: 8 pg/ml 
o f  packed RBC)  i n  v i v o  and m o d i f i e d  i n  v i v o  ( i n  v i v i t r o )  and In -111- t ropo lone  
(500 pC i ) .  I n  C r - 5 1 - l a b e l i n g Y  f r e e  chromate was removed by  t h e  a d d i t i o n  o f  50 mg 
o f  asco rb i c  a c i d  p e r  10 m l  o f  packed r e d  c e l l s  and admin i s te red  i n t r a v e n o u s l y .  
The d i s t r i b u t i o n  o f  r a d i o n u c l i d e s  i n  l a b e l e d  c e l l s  was measured b y  hypo ton ic  ly- 
s i s  o f  r e d  b l o o d  c e l l s  i n  0.015 M phosphate b u f f e r .  The e f f e c t  o f  an t i coagu lan t ,  
hepar in  and a c i d - c i t r a t e - d e x t r o s e  (ACD)  on t h e  b i n d i n g  t o  membrane and hemoglobin 
was a l s o  i n v e s t i g a t e d .  The membrane was separa ted  f rom hemoglobin by  u l t r a c e n -  
t r i f u g a t i o n  a t  100,000 G f o r  two hours  a t  4OC (Beckman L8-55) and membrane f i l -  
t r a t i o n  (0.45 pM c e l l u l o s e  ace ta te ) ;  RBC membrane was washed t h r e e  t imes  t o  f r e e  
o f  hemoglobin. B lood c lea rances  o f  i n  v i v o  l a b e l e d  Tc-99m r e d  b lood  c e l l s  
(30  pg S d + / k g )  and i n  v i t r o  l a b e l e d  Tc-99m, Cr-51, and In -111 r e d  b lood  c e l l s  
were de termined by  s e r i a l  b l o o d  sampl ing  (15 samples i n  f o u r  days f o r  Tc-99m, 25 
samples i n  14  days f o r  In -111 and 30 samples i n  30 days f o r  Cr-51 r a d i o n u c l i d e s ) .  
The r e d  b lood  c e l l  d i s t r i b u t i o n  ( % I  o f  t h e  r a d i o n u c l i d e s  and mean exponen t ia l  r e d  
b lood  c e l l  s u r v i v a l  t i m e  i n  days and t h e  ma jo r  b l o o d  c lea rance  component ( % )  a re  
shown i n  Tab le  1 and F i g u r e  1, r e s p e c t i v e l y .  The proposed model o f  t r a n s p o r t  o f  
p e r t e c h n e t a t e  and stannous i o n  th rough  RBC membrane i s  shown i n  F i g u r e  2. 

Hepar in  a n t i c o a g u l a n t  i nc reases  Tc-99m b i n d i n g  t o  hemoglobin more than ACD. Red 
b l o o d  c e l l s  l a b e l e d  w i t h  Tc-99m had t h e  h i g h e s t  c lea rance  r a t e .  P rev ious  s t u d i e s  
underes t imated t h e  amount o f  Tc-99m bound t o  membrane p r o t e i n s .  I n - l a b e l e d  r e d  
b lood  c e l l s  have a f a s t e r  b lood  c lea rance  than  Cr - red  b lood  c e l l s .  T h i s  change 
i n  b lood  c lea rance  o f  Tc-99mY In-111, and Cr-51 l a b e l e d  r e d  b lood  c e l l s  may be 
due t o  t h e  change i n  t h e  d i s t r i b u t i o n  o f  r a d i o n u c l i d e s  on t h e  membrane and hemo- 
g l o b i n .  More membrane b i n d i n g  may l e a d  t o  f a s t e r  t u r n o v e r  r a t e .  

Sachs J.R., Knauf P.A., and Dunham P.B., "The Red B lood C e l l " ,  Academic 
Press,  New York (1975).  
Can t ley  L.C. and A isen P., J .  B i o l .  Chem., 254, 1781-1784 (1979).  
A t k i n s  H.L., Eckelman W.C., K lopper  J.F., and R icha rds  P., Rad io logy ,  106, 
Pave1 D.G., Zimmer A.M., and P a t t e r s o n  V.N., J.  Nuc l .  Med., 18, 305-308 
(1977).  
Dewanjee M.K., J .  Nucl.  Med., 15, 703-707 (1974).  
Dewanjee M.K. and Wahner H.W., Rad io logy ,  132, 711-716 (1979) .  
Dewanjee M.K., Rao S.A., and Penn is ton  J . T y F o u r t h  I n t .  Symp. on Radio- 
pharmaceut ica l  Chem., J u l i c h ,  August 23-27, 1983, pp.193-195. 
Rao S.A. and Dewanjee M.K., Eur.  J .  Nuc l .  Med., 1, 282-285 (1982) .  

357-360 (1973).  
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Table 1 RBC s u r v i v a l  t i m e  w i t h  Cr-51, In-111, and Tc-99m l a b e l e d  RBC i n  dogs 
and d i s t r i b u t i o n  i n  membrane and hemoglobin 

Label 

Cr-51 RBC 
( i n  v i t ro :ACD) 

In-111 RBC 
( i n  vi t ro:ACD) 

Tc-99m RBC 
( i n  v i t ro :ACD) 

Tc-99m RBC 
( i n  v ivo:Hepar in)  

Tc-99m RBC 
( i n  v i v i t r o )  
Hepar i n  

ACD (NIHA) 

L. E.  ( % )  Recovery( %)  T i  (D) Membrane( %) Hemoglobin( % )  

95+4 85i-8 2 9 i 4  9+3 91t-4 

86i-12 77212 16+3 60+6 40+3 

87 i10  38+9 5k3 58+9 40k7 

76+15 51+16 7+2 29+5 6 4 i 7  

9014 

9225 
1214 88t-3 

3 7 i 7  6327 

Injected 
dose (%) 
n blood 

F i g .  1. Blood c learance o f  Cr-51, In-111, and Tc-99m l a b e l e d  r e d  b lood  c e l l s  i n  
dogs 
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F i g .  2 .  P roposed  model of t r a n s p o r t  of p e r t e c h n e t a t e  and  s t a n n o u s  
i o n  t h r o u g h  RBC membrane 
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TECHNETIUM (+l, +3, AND +5) COMPLEXES BY LIGAND EXCHANGE FROM HEXAKIS(S-THIOUREA) 
TECHNETIUM (+3) AND 0x0-TETRAKIS-(S-TETRAMETHYLTHI0UREA)TECHNETATE (+5) 

M . J .  Abrams, D. Brenner, A. Davison and A.G. Jones 
Department of Chemistry, Massachusetts Institute of Technology, Cambridge, MA 
02139. 

We have reported previously on the utility of the complex hexakis-(S-thiourea) 
technetium (+3) as a synthetic intermediate in the preparation of the known 
complexes trans-[dichlorobis(diphos)]technetium(+3) and hexakis-(t-butylisoni- 
trile)technetium(+l) in aqueous media (1-3). These studies have now been extended 
to include complexes containing the ligands dimethylthiourea (dmtu) and tetra- 
methylthiourea (tmtu). 

In 2N HC1 the pertechnetrate ion reacts with dmtu and tmtu to yield complexes of 
Tc(+3) and Tc(+5), respectively (2,4). The Tc(+3) complex [Tc(dmtu)6] (PF6)3 was 
isolated as bright red needles and characterized by elemental analysis, IR and 
optical spectroscopy, conductance, and magnetic susceptibility. All of these data 
are consistent with a formation of the cation as a dmtu analog of [Tc(t~)6]+~ ( 2 ) .  
Tmtu, on the other hand, does not form a simple hexa-coordinate species under 
these conditions. Instead, the reddish orange oxotechnetium(+5) complex 
[TcO(tmtu)&](PF6)3 was isolated. 

Both this and the original Tc(+3) thiourea (tu) complex have been used as 
synthetic precursors for other species beyond those reported previously. For 
example, with the thiocyanate ligand, the [Tc(tu)6I3+ forms the known complex 
[Tc(NCS)6I3- in 62% yield (2). Also with the trimethylphosphite ligand, the new 
technetium (+1) cation [Tc(P(OCH3)3)6] was isolated in a 31% yield as the white 
hexafluorophosphate salt. This species was characterized by elemental analysis, 
IR and optical spectroscopy, conductance, lH and 31P NMR spectroscopy and field 
desorption mass spectrometry (FDMS). The latter clearly showed a strong signal at 
m/z 843, corresponding t o  the parent cation (2,3). 

The complex [T~O(tmtu)4]~+ similarly was used as an intermediate for the prepara- 
tion of the known (Tc(+5) species [trans-Tc02(py)&]+, isolated in high yield 
as its hexafluorophosphate salt. Also, prepared in situ from TcO4, the tmtu 
complex reacts in ethanolic base with N,N'-ethylenebis(2-rnercaptoacetamide) to 
form the [TcO(ema)]-l anion, which was isolated as its tetraphenyl arsonium salt 
(61% yield) (2,3). 

From these results, it is clear that these two thiourea complexes can be used very 
effectively as labile intermediates at carrier added levels in the search for new 
chemistry in oxidation states +5, +3, and +l. 

(1) Abrams M.J., Davison A . ,  Brodack J . W . ,  Jones A.G., Faggiani R., and Lock 
C.J.L., Proc. 4th Int. Symp. on Radiopharm. Chem., Julich FRG, 1982, p.321. 

( 2 )  Abrams M.J., Ph.D. Thesis, Massachusetts Institute of Technology, May, 1983. 

(3) Abrams M.J., Davison A., Faggiani R., Lock C.J.L., and Jones A.G., Inorg. 
Chem. (in press). 

(4) Abrams M.J., Brenner D., Davison A., Jones A.G., Inorg. Chim. Acta (in 
press). 

(5) Kuzina A.F., Oblova A.A., and Spitsyn V.I., Russ. J. Inorg. Chem. 17, 1377 
(1972). 
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Oxotetrakis(tetramethylthiourea)technetium(+5~ hexafluorophosphate 

Analysis for C ~ O H ~ ~ F ~ ~ N ~ O P ~ S ~ T C :  

C H N S 

calculated 22.26 4.49 10.39 11.89 

found 22.28 4.52 10.34 11.93 

Optical spectrum (CH3CN): 

520 nm (E = 1.2 x lo3 L mol-l cm-l), 393 (5.9 x lo3) 

256 (6.3 x lo4) 

IR spectrum (mr): TC - o 975 cm-1 ( s )  

Conductivity (CH3CN, 10-3M) AM= 419 ohm-l cm2 mol-l 

Hexakis(trimethylphosphite)technetium(+l) hexafluorophosphate 

Analysis for C18H54F6018P7Tc: 

C H P 

calculated 21.87 5.52 21.93 

found 22.06 5.35 21.78 

Melting point: > 115" C dec. 

Optical spectrum (CH3CN): 212 nm (E = 2.2 x lo4) 

Infrared spectrum ( K B r ) :  

2945(m), 2840(m), 1460(m), 1170(m), 1050(vs) 

845(s), 770(s), 690(s), 535(s) 

Conductivity (CH3CN, M): A M  = 136 ohm-' cm2 mol-l 

1H nmr (CDCl3): 

31P{lH}nmr(CDC13): dectet 

3.63 ppm (sharp multiplet) 

266.8-41.1 ppm (JT~P 910 Hz; "Tc, I = 9/2) 

septet -86.4 to -203.5 (JPF 708 Hz) 

FDMS(+): m/z= 843(s) [Tc(P(oCH3)3)6If 
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W T A L  UPTAKE PROPERTIES OF Tc-99m-LABELED M U L T I D E N T A T E  
PHOSPHONATE L I G A N D S  

1063 

Id. A .  V o l k e r t ,  J .  S i m o n ,  D .  A .  W i l s o n ,  B. E d w a r d s ,  E .  H .  
M c K e n z i e ,  P. O b e r l e  a n d  R. A. H o l m e s  
D e p t .  o f  R a d i o l o g y ,  U n i v e r s i t y  o f  M i s s o u r i ;  N u c l e a r  M e d i c i n e  
S e r v i c e ,  V e t e r a n s  H o s p i t a l ,  C o l u m b i a ,  Mo. 6521 1. 

P h o s p h o n a t e  l i g a n d s  c o m p l e x e d  t o  T c - g g m  a r e  u s e d  f o r  s k e l e t a l  
i m a g i n g  s t u d i e s  i n  e s s e n t i a l l y  a l l  N u c l e a r  M e d i c i n e  l a b o r a t o r i e s .  
B i d e n t a t e  p h o s p h o n a t e s  ( e . g . ,  M D P ,  H M D P ,  P y P  or HEDP) a r e  m o s t  
f r e q u e n t l y  u t i l i z e d  b u t  h a v e  m u l t i p l e  f o r m s  i n  a q u e o u s  s o l u t i o n s  
w i t h  h e t e r o g e n e o u s  s k e l e t a l  u p t a k e  c h a r a c t e r i s t i c s  [ 1 ,  21. 

T h e  p h o s p h o n a t e  c o m p o u n d s  c h o s e n  f o r  t h i s  s t u d y  h a v e  m u l t i p l e  
p h o s p h a t e  g r o u p s  ( n 2 4 )  p e r  m o l e c u l e  a n d  a r e  e x c e l l e n t  s c a l e  
i n h i b i t o r s .  T w o  b a s i c  t y p e s  o f  l i g a n d s  w e r e  c h o s e n  f o r  t h i s  
s t u d y ;  T e t r  ame t h y 1  e n e p h o s p h o n a  t e  d e r i v a t i v e s  o f  o r g a n i c  m o l e c u l e s  
( F i g u r e  1 )  a n d  m u l t i p h o s p h o n a t e d  d e r i v a t i v e s  of  a m m o n i a  b a s e d  
s t a r b u r s t  p o l y m e r s . *  T h e  p r e s e n c e  of m u l t i p l e  p h o s p h a t e  g r o u p s  
a n d  t h e i r  l a r g e  s i z e  s h o u l d  f a v o r  t h e  f o r m a t i o n  o f  T c - 9 9 m -  
c h e l a t e s  w i t h  a s i n g l e  s p e c i e s  i n  s o l u t i o n .  O f  t h e  l a r g e  l i g a n d s  
s t u d i e d ,  tetramethylenephosphonated(bis) a m i n o m e t h y l n o r b o r n a n e  
( T P N B )  a n d  t e t r a m e t h y l e n e p h o s p h o n a t e d  ( b i s )  a m i n o r n e t h y l -  
d i c y c l o p e n t a d i e n e  ( T P D C P D )  e x h i b i t e d  s k e l e t a l  u p t a k e  
c h a r a c t e r i s t i c s  i n  r a t s  t h a t  w e r e  s i m i l a r  t o  Tc-99m-MDP ( T a b l e  
1 ) .  W h i l e  t h e  T c - 9 9 m - c o m p l e x e s  w i t h  p h o s p h o n a t e d  s t a r b u r s t  
p o l y m e r s  h a d  s e l e c t i v e  b o n e  u p t a k e ,  t h e y  d i d  n o t  l o c a l i z e  i n  b o n e  
t o  t h e  same e x t e n t  a s  Tc-99m-MDP ( T a b l e  1) .  A l l  l i g a n d s  r e a d i l y  
f o r m e d  s t a b l e  c h e l a t e s  i n  y i e l d s  e x c e e d i n g  9 0 - 9 5 %  i n  s a l i n e  b y  
S n ( I 1 )  r e d u c t i o n  o f  T c - 9 9 m - p e r t e c h n e t a t e  i n  t h e  p r e s e n c e  o f  
e x c e s s  l i g a n d .  E l e c t r o p h o r e s i s  a n d  p a p e r  c h r o m a t o g r a p h y  i n d i c a t e  
t h a t  e a c h  o f  t h e  c h e l a t e s  are  p r e s e n t  as p r i m a r i l y  one  n e g a t i v e l y  
c h a r g e d  s p e c i e s  w h i c h  a r e  s t a b l e  f o r  2 o n e  h o u r  i n  a i r  s a t u r a t e d  
a q u e o u s  s o l u t i o n s .  

Tc-99m-TPNB a n d  TPDCPD e x h i b i t e d  t o t a l  s k e l e t a l  u p t a k e  i n  r a b b i t s  
a t  3 h o u r s  p o s t  i n j e c t i o n  t h a t  w a s  q u i t e  h i g h  ( T a b l e  2 ) .  A s  i n  
r a t s ,  t h e  r a p i d  b l o o d  c l e a r a n c e  o f  b o t h  c h e l a t e s  c o m p a r e  
f a v o r a b l y  w i t h  T c - 9 9 m - M D P .  T h i s  f a c t o r  a c c o u n t s  f o r  t h e i r  
c o m p a r a b l y  h i g h  b o n e  t o  b l o o d  ( B / B l )  a n d  b o n e  t o  m u s c l e  ( B / M )  
r a t i o s  ( T a b l e  2).  Tc-ggm-TPNB, i n  f a c t ,  h a s  B / B 1  a n d  B / M  r a t i o s  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  Tc-99m-MDP. S c i n t i p h o t o s  o f  5 
k g  r a b b i t s  i n j e c t e d  w i t h  Tc-99m-TPNB s h o w e d  s k e l e t a l  images t h a t  
were  n o t  v i s i b l y  d i f f e r e n t  t h a n  Tc-99m-MDP. A s  was t h e  case  i n  
r a t s ,  t h e r e  was n o  s i g n i f i c a n t  l o c a l i z a t i o n  o f  a c t i v i t y  i n  
t i s s u e s  o r  o r g a n s  o t h e r  t h a n  i n  t h e  s k e l e t o n  o r  b l a d d e r .  

I n  c o n c l u s i o n ,  t h e  s k e l e t a l  i m a g i n g  q u a l i t i e s  o f  Tc-99m-TPNB a n d  
T c - g g m - D C P D ,  d e s p i t e  t h e i r  l a r g e  s i z e ,  a r e  s i m i l a r  t o  T c - 9 9 m - M D P  
i n  b o t h  r a t s  a n d  r a b b i t s .  I n  a d d i t i o n  t o  c o n s i d e r a t i o n s  o f  t h e i r  
d i a g n o s t i c  p o t e n t i a l ,  t h e i r  s k e l e t a l  s e l e c t i v i t y ,  r a p i d  b l o o d  
c l e a r a n c e ,  g o o d  s t a b i l i t y  a n d  p r e s u m e d  c h e l a t e  p u r i t y  s u g g e s t s  
t h e y  may f o r m  u s e f u l  t h e r a p e u t i c  a g e n t s  i f  c h e l a t e d  w i t h  v a r i o u s  
p a r t i c u l a t e  e m i t t i n g  r a d i o n u c l i d e s  [3, 41. 

* M e t h y l e n e p h o s p h o n a t e  D e r i v a t i v e s  o f  N H  - b a s e d  S t a r b u r s t  P o l y m e r s  
3 
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1. p i n k e r t o n ,  T. C . ,  F e r g u s o n ,  D.  L . ,  e t  a l . ,  I n t .  J. A p p l .  
R a d i a t .  I s o t o p e s ,  3.3, 9 0 7  ( 1 9 8 2 ) .  

2. L i b s o n ,  K . ,  D e u t s c h ,  E.,  e t  a l . ,  J. N u c l .  Med., a, P 2 3 ,  
1 9 8 3 .  

3 .  w e i n e n g e r ,  J . ,  K e t r i n g ,  A .  R . ,  e t  a l . ,  J. N u c l .  Med., 211, 
P 2 3 ,  1 9 8 3 .  

4 .  Som, P., S r i v a s t a v a ,  S., e t  a l . ,  J. N u c l .  Med., 23, P 7 8 ,  
1 9 8 2 .  

F i g u r e  1 .  T e t r a m e t h y l e n e p h o s p h o n a t e  D e r i v a t i v e s  

TPDCPD TPNB 

R = CH2N(CH2PO3H2)2 
T P D C P D  = Tetramethylenephosphonated-diaminomethyldicyclopentadiene 
TPNB = Tetramethylenephosphonated d i a m i n o m e t h y l n o r b o r n a n e  

T a b l e  2 .  B i o d i s t r i b u t i o n  of T c - g g m - t e t r a p h o s p h o n a t e  C h e l a t e s  i n  
U n a n e s t h e t i z e d  R a b b i t s  a t  3 H o u r s  P o s t - I n j e c t i o n  (1-126). 

OrFzan 

Femur 
L i v e r  
M u s c l e  
B l o o d  

(b) S k e l e t o n  
B l o o d  ( c )  

F e m u r / B l o o d  
F e m u r / M u s c l e  

J’c-Qqrn-TPNB Tc-99m-TPDCPD J’c-99m-MDE 

$ Administered Dose p e r  1$ body w t . ( a )  

5 . 3 ~ 0  - 7  4.520.5 5 . 7 ~ 0 . 8  
0 . 0 7 2 0 . 0 2  0 .1  420.0 6 0.1 1 2 0 . 0  3 
0.03+0.02 0 .0420.02  0 . 0 5 2 0 3  
0.1 020 0 3  0 . 2 0 2 0 . 1  1 0 .1320.06  

5 Dose/Qrgan 

38.726.6 36 7 2 3  * 2 5 2 . 4 2 1  1 
0.5720.18  0 . 9 6 ~ 0 . 1 3  0 .8220.3  8 

Ratios 

53211 30217 
1 8 6 ~ 1 9  1 3 2 2 5 4  

4 9 ~ 2  5 
1 6 6 ~ 8 4  

( a )  Woodward, H. Q . ,  e t  a l . ,  J. N u c l .  Med., 1 6 : 9 5 8 ,  1 9 7 5 .  
( b )  P e r c e n t  Femur U p t a k e  x 20 ( J e l e n k o ,  C . ,  e t  a l . ,  Am. J .  Vet.  

( c )  % Dose i n  t o t a l  b l o o d  a s s u m e s  b l o o d  vol. i s  6.5% x body w t .  
( d )  R a t i o s  o b t a i n e d  from % ID/gm d a t a .  

Res., 3 2 : 1 6 3 7 ,  1 9 7 1 ) .  
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CATIONIC COMPLEXES OF Tc-99 AND Tc-99m WITH LIGANDS CONTAINING FOUR NITRKEN 

DONOR ATOMS: CHEMICAL AND BIOLCGICAL PROPERTIES 

P.Blauenstein, P.A.Schubiger, J.Muller, O.Gasser, G.Pfeiffer, G.Anderegg, 
K.Zollinger, Z.Proso 
Swiss Federal Institute for Reactor Research, CH-5303 Wiirenlingen, Switzerland 

Two types of ligands (=L) containing four nitrogen donor atoms were investigated 

with Tc-99 and Tc-99m: 

3 where R = H or CH 
9 B 7 IR 
,N-CH -CH -N-CH -CH -CH -N-CH -CH -N 2 2 2  2 2 \R I 
R 2 2  

@ CH2-NH-(CH 2 n  ) -NH-CH 2 N  I1 where n = 2 or 3 

The Tc-99 coqlexes were analysed with IR- and W/VIS-spectroscopy and elementar 

analysis. Electrophoreses and paperchranatography was done on both isotopes. 

The ligands of type I usually form pure cationic complexes with less than 10% 

impurities (e.g. TcO 1. The IR absorption found at about 800 cm-l is typical for 

the 0 = Tc = 0 moiety of Tc(V) complexes (I). W/VIS spectra are similar to that 

of the ethylenediamine complex (2). Elementar analysis of the complexes with hexa- 

fluorophosphate as counterion and the migration distance during electrophoreses 

are in agreement with the general formula TcO L . 
Protein binding of the complexes investigated with human serum albumine and 

chromatography with Sephadex G25 was found to be much lower than with other radio- 

pharmaceuticals (3). The biological investigation with Wistar rats chiefly shows 

a rapid clearaxe through the kidneys where 50% of the activity is excreated 

within 30 min after adnunistration. 

Type I1 ligands exhibit more intricate properties. Only SO to 80% are found to 

form a similar cationic complex as described above, while the remainder of Tc 

forms a neutral complex. This uncharged complex does not migrate during electro- 

phoreses but is found at rf = 1 using paper chromatography with acetonitrile/ 

water. This complex is not yet clearly identified, but seems to be similar to the 

cationic complex, except for an additional OH- group bound to Tc, yielding Tc020HL. 

(I) S.A.Zuckman, G.M.Freeman, D.E.Troutner, W.A.Volkert, R.A.Holmes, D.G.VanDerveer, 

2 

+ 
2 

E.K.Barefield, Inorg.Chem.,E,2386(1981). 

(2) M.E.Kastner, M.J.Lindsay, M.J.Clarke, Inorg.Chem.,G,2037(1982). 

(3) C.Schiimichen, Third Int.Symp.Radiopharmacology, p.66(1983). 
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NEW MYOCARDIAL IMAGING AGENT : 99mTc-COMPLEX OF 3-(p-TRIMETHYL-AMINOETHYL) PHENYL- 

PROPANE-2,3-DIONE-BIS(N-METHYL-THIOSEMICARBAZONE) 

T.Hosotani, A.Yokoyama, Y.Arano, K.Horiuchi, K.Torizuka, Y.Ishii 

Dept. Radiopharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Kyoto 

University, Sakyo-Ku, Kyoto 606, Japan. 

Usefulness of di-thiosemicarbazone (DTS) derivatives as agent for the development 

of Bifunctional Radiopharmaceutical (BRP) offered good criteria for more specific 

technetium containing radiopharmaceutical drug design. Based on the myocardium 

affinity shown by radioiodinated phenylalkylamine derivatives (1,2,3), development 

of phenylalkylamine DTS derivatives has been achieved in our laboratory. In this 

approach, as previously reported, the presence of lipophilic benzene ring along 

with a basic group attached to the chelating molecule DTS provided good basis for 

the synthesis of primary and tertiary amine derivatives, p-PA-DTS, p-DPA-DTS (4). 

In our further pursuit for BRP with higher myocadium localization, synthesis of a 

quaternary phenylalkylamine DTS derivative was considered of interest. Also, being 

aware of possible thioketo-thioenol tautomerism in these DTS derivatives, exploita- 

tion of this equilibrium for the labeling reaction with 99m-Tc was studied. 

Synthesis of this new derivative as shown in Fig.1 was carried out through general 

dimethylation and acylation reaction..Thereafter, reacted with freshly prepared 

isopropyl nitrite and the crude product after purification, subjected to methyla- 

tion. Then after the addition of N-methyl-thiosemicarbazide at 1:2 molar ratio and 
purification, a highly pure product, a 3-(p-trimethyl-aminoethyl)phenylpropane-Z,3- 

dione-bis(N-methyl-thioscmicarbazone)(p-TPA-DTS) was obtained. Studies on the 

tautomeric equilibrium, derived on a very specific labeling method in ethanol, 

using the stannous chloride reaction. Very high labeling efficiency (80-90%) of a 

ggm-Tc-p-TPA-DTS, with great stability upon aqueous dilution was registered by TLC 

(10% NH AcO :MeOH=1:1, Rf:0.22. 

method, efficient labeling of 99m-Tc-p-PA-DTS, 99m-Tc-p-DPA-DTS was also obtained 

(Rf:0.38 and 0.30). Mice (ddy) biodistribution study s!iowed high heart radioactivi- 

ty uptake with every derivative tested, but the highest heartlblood ratio of 4.74 

(3hr) was achieved with p-TPA-DTS (Table 2) .  Diverse organ biodistribution and 

utilization of these new DTS derivatives by the myocardium is discussed based on 

the structural differences of ligands, as well as, the differences in the Tc coor- 

dination environment elicited through the presence of tautomeric equilibrium. 

- 
Tc04 , if any Rf:0.8-0.9). Using the present 4 
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F i g  1 SYNTHESIS OF p-TPA-DTS 

1) HCHO, HCOOH 

2)  F r i e d e l - C r a f t s  

1) CH,I  

mp 252"-255"C 

Micro a n a l y s i s  (%) ; Found: C=40.32, H=5.62, N=18.23 

C a l c . :  C=40.37, H=5.67, N=18.31 

Table  1 BIODISTRIBUTION OF RADIOACTIVITY I N  MICE AFTER INTRAVENOUS 

INJECTION OF 99m-Tc-p-TPA-DTS 

* 
% I n j e c t e d  dose  p e r  gram t i s s u e  

5 min 30 min 60 min 180  min 

Blood 3.79 (0 .38)  1 . 5 3  (0 .14 )  0.76 (0.08) 0.38 (0.08) 

Heart 3 .99  (0 .55 )  2.60 (0 .68)  2.22 (0 .22 )  1 .80  (0 .20)  

Lung 4 .03  ( 2 . 0 1 )  1 . 7 3  ( 0 . 3 4 )  1.14  (0 .25)  0.58 (0 .19 )  

L i v e r  26.42 (4 .21)  27.72 (4 .72 )  21.56 (1 .51 )  16.18 (2 .17 )  

Kidney 20.82 (2 .55)  21.12 (2 .39)  13 .79  (2 .39 )  8.39 (0 .39 )  

Stomach 0.57 (0 .21)  0.68 (0 .14)  0.70 (0.15) 0.95 (0 .09 )  

* 
Mean 1 s.d. f o r  5 an ima l s  each  p o i n t .  

I n j e c t i o n  vehicle = 50/50  (98% e t h a n o l )  / (normal s a l i n e )  

I n j e c t i o n  volume = 0.05 m l .  
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Table 2 TARGETINON TARGET ORGAN RATIO*AS A FUNCTION OF TIME 

H / B ~  ratio 

H/Lu ratio 

H/Li ratio 

p-PA-DTS t 
$ p-DPA-DTS 

p-TPA-DTS 

p-PA-DTS 

p-DPA-DTS 

p-TPA-DTS 

p-PA-DTS 

p-DPA-DTS 

p-TPA-DTS 

5 min 

1.87 

2.93 

1.05 

0.50 

0.38 

0.99 

0.19 

0.51 

0.15 

30 min 

2.44 

2.48 

1.70 

0.38 

0.22 

1.50 

0.15 

0.18 

0.09 

60 min 

2.12 

2.55 

2.92 

0.17 

0.26 

1.95 

0.11 

0.12 

0.10 

180 min 

- 

4.74 

- 

3.10 

- 

0.11 

*Caluculated from mean % dose/g of heart/mean % dose/g of Blood, Lung, or Liver. 

'p-PA-DTS : p-phenethylamino-propane-2,3-dione-bis (N-me thyl-thiosemicarbazone) 

*p-DPA-DTS : 3-(p-N,N-dimethylaminoethyl)phenylpropane-2,3-dione 
4. 

bis-(N-methyl-thiosemicarbazone) 

Wieland D.M., et al.: J. Nucl. Med., 22, 22-31, 1981. 

Counsel1 R.E.,et al.: J. Nucl. Med., 15, 991-996, 1974. 

Burns H.D., et al.: J. Nucl. Med., 21, 875-879, 1980. 

Yokoyama A., et al.: Technetium in Chemistry and Nuclear Medicine. 

Cortina International, Verona, 125-127, 1983. 
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DEPENDENCE OF THE QUALITY OF BONE IMAGE ON THE CHEMICAL NATURE OF 
TECHNETIUM-99M SPECIES PRESENT IN THE RADIOPHARMACEUTICAL 

S.K. Shukla, G.B. Manni and C .  Ciprinai 
Istituto di Cromatografia, C.N.R. Casella Postale 10,  
1 - 0 0 0 1 6  Monterotondo Stazione (Roma), Italy 

A variety of benign and malignant disorders can be easily managed i f  
detected at an early stage. Bone imaging has now become the third 
most frequently performed procedure ( 1 )  in nuclear medicine for non- 
invasive study of many anormal conditions, e . ~ . ,  I )  primary or 
secondary bone lesions, 2 )  origin of bonepain not detected by radio- 
logical methods, 3) evolution of bone alterations (e.g., Pagent’s 
disease, bone tuberculosis, osteomyelitis, osteoporosis, etc.), 4) 
evolution and consolidation of recent fractures, 5) articular in- 
flamnations, 6 )  site of lesions in the case of positive brain scans, 
and 7) selection of bone biopsy area, etc. The major advantages of 
the radionuclidic bone imaging include: high sensitivity to early 
bone disease prior to radiographic or enzymatic changes can be 
appreciable; low false-negaives and false-positives; and suitability 
as a screening procedure. 

Since the introduction in 1975 ( 2 )  of technetium-99m methylenedi- 
phosphonate (Tc-99-MDP), the use of previously employed radionuclides 
S r - 8 5 ,  Sr-87m, and F-18 for bone imaging has been abandoned because 
of its widespread availability at low c o s t ,  ease of preparation, low 
radiation risk and high quality of bone image. More recently other 
technetium-99m diphosphonates have been synthesized (3) and their 
suitability as bone imaging agent examined. Of these only technetium- 
99m h y d r o x y m e t h y l e n e d i p h o s p h o n a t e  ( T c - 9 9 m - W P )  and technetium-99rn 
1,2-dicarboxypropane-3,3-diphosphonate (Tc-99m-DPDP) have found 
clinical application. Many comparative studies of the quality of 
bone image obtained with different technetium-99m diphosphonates 
have been reported ( 3 , 4 )  with comnercially available kits. W e  have 
examined chromatographically and electrophoretically the chemical 
nature of technetium-99m species present in Tc-99m-HMDP, Tc-99m-MDP, 
and Tc-99m-DPDP prepared following the instructions of the kit 
suppliers and have reached the following conclusions: 
I )  The stability of technetium-99m diphosphonates at room temperature 

varies in the order: 
Tc-99m-DPDP > >  Tc-99m-MDP > Tc-99rn-HMDP. 
Tc-99m-HMDP has to be used within I hour after its synthesis, 
Tc-99m-MDP up to 2 hours and Tc-99m-DPDP up to 4 hours for 
getting high bone-to-soft tissue and lesion-to-bone radioactivity 
ratio. The imaging has to be performed accordingly after about 
1 hour, 2 hours and 4 hours with the three diphosphonates because 
of their stability,which is responsible for slower bone uptake of 
the radionuclide. 

are similar in their chromatographic and electrophoretic behaviour. 
They are: hydtolyzed technetium-99m species containing tin, the 
pertechnetate-99m ion and the technetium-99m diphosphonate. The 
former two technetium-99m species are responsible for soft tissue 
uptake of the radionuclide and give poor quality images. High 
quality skeletal image is obtained only with chromatographically 
pure technetium-99m diphosphonate. 

3 )  For the synthesis of the technetium-99m diphosphonates the kit 
suppliers recomnend the volume of technetium-99m eluate from 
2 t o  10 ml to be added to each vial. Our quality control of 
the diphosphonate obtained by adding different volumes of the 
eluate showed that optimal volume is less than 3.5 ml. With 

2) The technetium-99m species present in the three diphosphonates 
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this precaution the technetium-99rn diphosphonate preparation is 
generally pure and the quality of the bone image is high. 

W e  have also synthesized tin-free Tc-MDP and studied i t s  chemical 
and biological properties. A comparative study of the two Tc-99m- 
MDP's, obtained with Sn(I1) as a reducing agent for the pertechnet- 
ate-99m ion and with chromatographically pure technetium-99m(IV), 
will be presented. 
From the available evidence on the nature of technetium-99m in 
bone imaging agents and on the quality of the bone image obtained 
from them a mechanism of the radionuclide uptake in the bone has 
been suggested. 

( 1 )  McIntyre A.B., Paras, P. and Grant R.C., J. Nucl. Med. 21, P42 
(1980). 

(2) Subramanian C . ,  McAfee J . C . ,  Blair R.J., Kalifelz F.A. and 
Thomas F.D., J .  Nucl. Med. 16, 744 (1975). 

(3) Fogelman I . ,  Eur. 3 .  Nucl. Med. 7 _ ,  506 (1982). 
(4) Subramanian G . ,  McAfee J . G ,  Thomas F.D., Feld T.A. Zapf-Longo C .  

and Palladino E., Radiology 149, 823 (1983). 
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EVALUATION OF HIPDM FOR LUNG IMAGING USING IN VIVO AND IN VITRO 
SINGLE PASS MULTIPLE INDICATOR DILUTION TECHNIQUES 

-~ D.N. Abrams, I. Ahmed, S.F.P. Man and A.A. Noujaim Faculty of 
Pharmacy, U of A, Edmonton, Alberta, Canada. 

The metabolic function of the pulmonary endothelium may be 
compromised during lung injury and the extraction efficiency and 
retention of the appropriate radiotracer could reflect the extent 
of the injury. Recently, HIPDM, a brain perfusion agent which 
demonstrated high lung uptake in experimental animals, was 
proposed a s  a possible agent for indexing lung metabolic function 

An in vivo animal model (3) has been adapted in an effort to 
correlate the blood extraction data derived from a single pass 
multiple indicator dilution (SPMID) experiment with the y-camera 
lung kinetics data obtained during imaging. In brief, the 
external jugular vein of 8 dogs was canulated to allow a direct 
injection of the test substrate (HIPDM) into the right heart and 
a second canula was placed in the carotid artery from which the 
effluent blood was sampled every 0.6 sec as it left the lung. In 
this technique, two indicators are necessary, one of which traces 
the intravascular route (Tc-99m-Sulfur Colloid). This tracer does 
not permeate the lung and is used as the reference radiotracer t o  
which the test substrate may be compared. The fractional 
extraction of HIPDM was calculated (4) from the difference 
between the instantaneous blood concentrations of the reference 
and test radiotracers at time t, as defined by the following 
equation : 

( 1 , 2 ) *  

E(t)=(l-Cp(t))/Cr(t) ( 1 )  

where Cp and Cr are the fractional concentrations of the test and 
reference compounds respectively. In addition, the cumulative 
extraction (E) can be calculated from the area under the curves 
of the fractional concentration versus time curves (Figure 1 )  
using equation 2: 

During the sampling period following injection, y-images were 
also recorded every 0.25 sec using either a PHO-Gamma IV/ADAC or 
a GE-400 T imaging system, whereby information on both reference 
and test substrates was recorded (Figure 2 ) .  The imaging data was 
analyzed using the method of Syrota et al(5) whereby the curves 
are normalized so that the peak value is set at 1. 

The effect of oleic acid and radiation induced lung injury 
has been evaluated using this technique. We feel that this 
techniaue will Drove valuable for evaluating future 

for assessing lung metabolic rad i opGa rmac eu t i ca 1s de s i gned 
integrity. 

(1) Pistolesi M., Fazio F. Mar 
Sci. 27, 180 (1983). 
( 2 )  Kung H.F., Tramposch K.M. 
(1983). 

ni G, e t  al, J. Nucl. Med. Allied 

and Blau M., J. Nucl. Med. 2, 66 
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( 3 )  Abrarns D.N., Man S,F.P., Noujairn A . A .  and Wasburn L.C., 
presented at the "Third International Symposium on 
Radiopharmacology" in Freiburg, West Germany, Sept 21-25, 1983. 

(4) Rickaby D.A., Linehan J . H . ,  Bronikowski T.A .  and Dawson C . A . ,  
J .  Appl. Physiol.: Respirat. Environ. Exercise Physiol. 5 l ,  405 

(5) Syrota A., Pascal D., Crouzel M. and Kellersholm C., J. Nucl. 
Med. 22, 145 (1981). 

(1981). 

- Sulphur Colbid 
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LAPID NO CARRIER ADDED KGDIOLABELLING USING OKGANOMEKCURY 
COMPOUNDS -- 
F.P.Charleson, R.J .FIanagan. E.I.Synnes and L.1.Wiebe 
Merck Frosst Canada., P.O.Box 1005. Pointe Claire - Dorval. Quebec, Canada. H9K 4P8. 

The recent interest in the use of short lived radioistopes for labelling organic molecules has 
resulted in a number of methods based on the reaction of zero-valent halogens with carbon 
skeletons containicg heteroatorns. Some of the heteroatoms used to date art Boron (11 ,  
Thallium (2)  and Tin (3) .  The difficult step in these procedures is the introduction of the 
heteroacom into the carbon framework. We have c h o w  to investigate the use of mercury 
as an alternative to these methods because of the more comprehensive chcmistry available for 
the synthesis of organomercury compounds. 

Organomercury compounds are readily prepared from a variety of precursors, including 
aliphatic halides (4), olefinic halides (S), aromatic amines (6), olefins (7)  and heterocycles 
( 8 ) .  Using these methods we have prepared 6-chloromercuricholest-5-en-3-/3ol (A), 4-chloro 
mercuribenzoic acid (z), 2-chloromercurihippuric acid (3). 5-chloromercuriuridine (4) and 
5-chloromercuri-2'-deoxy-uridine ( 5 ) .  All of these compounds undergo rapid quantitative 
reaction with iodine ( I , )  in a variety of organic solvents ranging in polarity from hexane to 
methanol. The reaction takes place instantly at room temperature. The same reacrion can be 
carried out using polarized halogens such as iodine monochloride, in which case the 
electropositive halogen becomes attached to the carbon and the electronegative halogen leaves 
with the mercury. A similar but slightly slower reaction takes place for bromine. In the 
case of vinylic organomercury compounds care must be taken to avoid an excess of bromine 
or addition to the double bond occurs. Again, bromine attached to electronegative atoms 
reacts smoothly in good yield. With chlorine the only viable reaction is the use of chlorine 
gas as N-chloro species do not react with the carbon mercury bond. This is of great 
importance in the use of N-chloro compounds such 2s Chloramine-T for oxidizing iodide to 
iodine monochloride. In the case of vinylic organomercuri compounds there is serious 
competition between cleavage of the carbon mercury bond and addition of chlorine to the 
double bond and as a result trichloro compounds are often formed. 0-chloro compounds do 
react with the carbon mercury bond but the scope of this reaction is more limited. To date 
we have not observed any reaction of electopositive fluorine species with the carbon mercury 
bond. 

We have used the reaction of organomercury compounds with iodine to prepare compounds 
labelled with [l2,1], [,"I] and ["'I]. In all cases the starting materials were the appropiate 
organomercury compound and sodium iodide. Various oxidizing agents such as Chloramine-T, 
N -chlorosuccinimide and Iodogen were used to convert the iodide to iodine monochloride. 
Typical labelling yield were greater than 90%. Separaration of the reaction mixture by HPLC 
gave the corresponding no-carrier -added product. A similar procedure has been carried out 
for ["Br] and [*'Br] sodium bromide. 

In summary, organomercury compounds, because of their ease of synthesis and rapid reaction 
with iodine and bromine, offer distinct advantages over organoboron and organotin 
compounds. They are very stable to hydrolysis, do not react with athmospheric oxygen and 
are readily prapared from a large variety of precursors. 

1. 
2. 

3. 

4. 
5. 
6. 
" I .  

8. 
9. 

G.W.Babalka and E.E.Gooch, J.Org.Chem. 45, 3578. (1980) 
DLGilliand, GSBasmadjian, A.P.Marchand, G.H.Ninkle, A.Earlywine and RD.lce, 
J.Radioanal.Chem. 15 ,7 (1978) 
M.J.Adam, B.D.Pate, TJ.Ruth, JMBerry  and L.D.Hal1, J.Chem.Soc.Chem.Comm. 733, 
(1981) 
\V .Kitching, B.F.Hegarty and D.Doddre1, J.Urganometal.Chem., 21. 29, (1970) 
A.N.Nesmeyanov, AEBorisov and N.VNovikova, Dokl.Akad.SSSR. 94, 289, (1954) 
h.N.Nesmeyanov, L.G.Makarova and I.V.Polovyanyut, Z.obsc.Chim., 35, 681, (1965) 
R.H.Levin and MASpieIman, J.Am.Chem.Soc., 62, 920, (1940) 
R.G.Smith, H.EEnsley and H.E.Smith, J.Urg.Chem., 37, 4430, (1972) 
D.ESergstrom and JLButh ,  J.Carb. Nucleos.Nucleot. 3, 257, (1977) 
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SYSTEMATIC STUDY OF NO-CARRIER-ADDED RADIOBROMINATION AND RADIO- 
IODINATION VIA DEMETALLATION OF GROUP IV METALLATED ARENES 

S.M. Moerlein and H.H. Coenen 
Institut ftir Chemie 1 (Nuklearchemie), KFA Julich GmbH, 
D-5170 Julich, FRG 

Halodemetallation reactions involving trialkyl group IV metal arenes 
have been successfully applied by several workers to introduce no- 
carrier-added (n.c.a.) radiobromine and radioiodine into aromatic 
rings regiospecifically with high yields (1-4). We have synthesized 
a series of trimethylarylsilicon, -germanium, and -tin compounds 
substituted at the para position to compare under identical reaction 
conditions their relative reactivity toward electrophilic bromine 
and iodine and suitability as precursors for labelling radiopharma- 
ceuticals. 

Para-substituted trimethylarylmetallic compounds [p-X-C6H4-M(CH3)3; 
X = N02, CF3, Br, F, H I  CH3, OCH3 and M = Si, Gel Sn] were synthesized 
in 45-95% yield, purified by fractionation, and chemically character- 
ized. Radiohalogenation reactions were carried out at 25 OC in sealed 
reaction vessels containing n.c.a. 77Br- or 1311-,dichloramine-T 
(DCT) oxidizing agent, organometallic compound, and solvent. Use of 
DCT (5) as the oxidizing agent allowed fo r  halogenation reactions to 
be carried out in a homogeneous solution with a variety of solvents, 
including methanol, chloroform, acetonitrile, and carbon tetra- 
chloride. Products were analyzed using radio-HPLC and radio-GC. 

Radiochemical yields for n.c.a. halodemetallation was quantitative 
and very rapid for M = Sn in all solvents tested. For M = Gel the 
solvent affected the kinetics as well as the radiochemical yields 
attained, but in polar solvents high yields were obtained within 
10 min (Fig. 1). For M = Si, radiochemical yields were low with 
these reaction conditions (Fig. 2). 

For M = Sn and Ge, high radiochemical yields were obtained with DCT 
concentrations as low as E .  A slight decrease in yield was 
found for electron-withdrawing substituents X. Electron-donating 
substituents did not significantly increase yields for M = Si. 

From the rapid kinetics, lack of solvent effect, and relatively small 
influence of para substituents, it was concluded that halodestannyla- 
tion is the most convenient labelling technique. However, the greater 
chemical stability and lower toxicity of organogermanium and organo- 
silicon compounds are advantages which make the synthesis of these 
precursors useful in some labelling situations. 

(1) Hanson R.N., Tonnesen G.L., McLaughlin W.H., Bloomer W.E., and 

(2) Adam M.J., Ruth T.J., Pate B.D., and Hall L.D., J. Chem. SOC., 

(3) Wilbur D.S., Anderson K.W., Stone W . E . ,  and O'Brien H.A., J. Lab. 

(4) Moerlein S.M., in: Proceedings of the Third Symposium on the 

Seitz D.E., J. Lab. Comp. Radiopharm 18, 128 (1981). 
Chem. Commun. 625 (1982). 

Comp. Radiopharm. 2, 1171 (1982). 
Medical Application of Cyclotrons, Turku, Finland, June 13-16, 
1983, in press. 

(5) Coenen H.H., Petzold G., and Stocklin G., J. Lab. Comp. Radio- 
pharm. 19, 1580 (1982). 
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f i  N 
BRAIN PERFUSION ACENTS 

D.R. E U  , H. Kizuka, G. Boudreaux and *R.N. Hanson 
Physics Research Laboratory, Massachusetts General Hospital 
and *Department of Medicinal Chemistry, Northeastern 
University, Boston, MA 02114 

The preparation d evaluation of radioiodinated 
N-isopropyl-4 (lg91) iodoamphetamine (IMP) (3- ) , and 
N,N,N’-trimethyl-N’ (2-hydroxy-3-methyl-5-[ 2’1] -iodobenzyl) 
1,3-propanediamine (HIPDM) (4-5) as brain perfusion imaging 
agents for single photon tomography was reported in the last 
several years. 

Since some of the tritium substituted phentermine analog 
studies suggested that the p-halo phentermines had a greater 
concentration in the brain and prolonged retention ti , we 
prepared and evaluated the biological behavior of N-ITPC1 
methf$3afgiogs of p-chloro (I) and p-fluoro (11) phentermine 
and , I p-iodophentermine (111). 

The N-methylphentermines (I) and (11) were repared by 
methylation of their primary amines using ‘‘CH31 (Scheme I). 
Biodistribution studies in rats showed brain uptake in the 
range of 1% dose/gr at 5 and 15 min for both agents. The 
activity in blood and eyes was low. 

p-Iodophentermine (111) was prepared by diazotization of 
p-aminophentermine followed by decomposition o f  the 
diazonium salt with KI. The radioiodinated analog was 
prepared either by the solid-phase isotopic exchange 
reaction of Mangner et a1 or by decomposition of the 
piperidinotriazine derivative with a radiochemical yield of 
40-60% (Scheme 2). Brain uptake of (111) was 1.7% dose/per 
gram at 5 and 30 min. 

The imaging results in dogs showed high brain extraction and 
slow activity washout. The synthesis, biodistribution and 
imaging will be discussed. 

This work is supported by 5PONS10828-9 

(1) LaFrance N.D., et al, J. Nucl. Med.,22:1081 (1981). 
(2) Kuhl D.E. , et al., J. Nucl. Med. , Z:196 (1982). 
(3) Hill T.C., et al., J. Nucl. Med., a:191 (1982). 
(4) Kung H.F. , et al., J. Nucl. Med. , a:66 (1983). 
(5) Tramposch K.M., et al., J. Med. Chem., z:121 (1983) 
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6-HAJ0-9-BENZYLPURINES AS CARRIERS OF VARIOUS RADIOHALOGEN IONS INTO 
BRAIN 
K. Fukushi, T. Irie, 0. Inoue, T. Yamasaki and T. Nozaki 
Division of Clinical Research, National Institute of Radiological 
Sciences, Chiba, Japan. 

As previously reported (1) the title compound (6-XBP) labeled with F- 
18 is localized in the brain of mice. Subsequently (2) it was found 
that the purine derivative is able to be metabolized in the brain. 
As a result of metabolism, F-18 fluorides were liberated in brain and 
trapped. Calf intestine adenosine deaminase was shown to defluori- 
nate it in vitro. Since this enzyme is known present in brain, it is 
most probable that this enzyme participates in the metabolism of 6- 
FBP in mice. 

In view of these data, one can expect that 6-halopurine with a lipo- 
philic group at 9 position would work as a carrier of various radio- 
halogen ions into brain. The present study shows examples for this, 
using the title compounds labeled with F-18, Br-77 and 1-125. 

F-18 6-FBP was prepared as previously reported (1). 6-Bromopurine 
was obtained by a known method (3) from mercaptopurine and Br2, and 
6-iodopurine from chloropurine and HI (4). Both were benzylated in 
DMSO at 30-50" and 9-benzyl isomers were obtained free of 7 isomers. 
The labeling was done by isotope exchange using DMF as solvent for 
several hrs at 140". Products were purified and purities were 
determined by TLC on silicagel using benzene-ethyl acetate mixture 
(3:2, vols). The radiochemical yields, though not optimized, were 
reasonably high, 40% for Br-77 and 80% for 1-125. 

The labeled compounds were emulsified, made isotonic and 1.v. injec- 
ted to mice. Carriers in the injection solution were 0.01, 0.8 and 
0.1 u moles for F-18, Br-77 and 1-125 labeled compound, respectively. 
Uptakes in brain and several organs were determined at 1, 5, 15 ,  30 
and 60 min. Initial uptakes in brain were almost the same among 
three compounds, in the range of 6-8% dose/g brain at 1 min. At 1 
and 5 min after injection, radioactivities as halogen ions were 
determined for brain and blood. As shown in Table, for both tissues 
at 5 min, all the activity was present as halogen ions. 

From above data of uptakes in brain and blood and of radiochemical 
analyses, we can calculate the amount of radioactivity of halide-form 
present in brain. As shown in Figure, it decreases following a 
single exponential curve. Half times of clearances are 6.2, 40 and 
76 min for iodide, bromide and fluoride, respectively. Qualitatively 
these values of halide efflux rates out of mice brains can be explai- 
ned by iodide pumps, known present in brain for active transport of 
iodide and some other monovalent anions from brain to blood. 

Thus, 6-halopurines such as 6-XBP act as carriers of various halides 
into brain in a rapid, non-invasive way. These compounds with a 
proper label would be useful for nuclear medical brain studies by 
measuring halide efflux from brain to blood. 

Irie T., Fukushi K., Inoue O., Yamasaki T., Ido T. and Nozaki T., 
J. Appl. Radiat. Isotop., 3, 633 (1982) 
Fukushi K., Irie T., Inoue 0. and Yamasaki T., J. Nucl. Med., 23, 
P 23 (1982) 
Beaman A. G., Geroter J. F., and Robins R. K., J. Org, Chem., 2 7 ,  
986 (1962) 
Elion G. B. and Hitchings G. H., J. Amer. Chem. Soc., 7 3 ,  3508 
( 1 9 5 6 )  
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Table . The  Rate of Dehalogenation o f  F-18, Br-77 and  1-125 Labled 
6-Halo-9-Benzylpurines in B r a i n  and  Blood Fol lowing I .V.  
Admin is t ra t ion t o  C3H Mice 

Tissues 

B r a i n  

Blood 

pe rcen t  ha l ide a c t i v i t y  in t issues 

F-18 Br-77 1-125 

1 min 5 min 1 min 5 min 1 min 5 min 

79 94 85 100 77 96 

73 99 83 99 74 97 

F igure.  Comparison o f  Clearances o f  Various Halides f rom B r a i n  
Fol lowing I .V.  Admin is t ra t ion o f  F-18, Br-77 and  1-125 
Labeled 6-Halo-9-Benzylpurines to  C3H Mice 

0 f luoride-F-18 
0 bromide-Br-77 

iodide-1-125 

5.0 

1.0 

0.5 

0 . 1  

0.05 

0.01 I I I I I I 
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RADIOIODINATED I-SUBSTITUTED-4-PHENYL PIPERAZINES AS POTENTIAL BRAIN IMAGING 
AGENTS 

R.N. Hanson, T. El-Shourbagy, and M. Hassan. 
Department o f  Medicinal Chemistry, College o f  Pharmacy, Northeastern Un ive rs i t y ,  
Boston, MA 02115. 

I n  recent years new rad io iod ina ted  compounds have been developed f o r  imaging the  
brain. The two most ex tens i ve l y  evaluated are N-isopropyl-p-iodoamphetamine IMP 
(1,2) and HIPDM (3,4). 
longed r e t e n t i o n  i n  t h e  bra in ,  w i t h  good b r a i n  t o  blood r a t i o s  (:20:1), they 
have several drawbacks i nc lud ing  low s p e c i f i c  a c t i v i t y ,  some problems w i t h  l a b e l -  
ing, and h igh  l ung  uptake. To overcome these problems we chose t o  evaluate t h e  
1-substituted-4-phenylpiperazines as p o t e n t i a l  b r a i n  imaging agents. As a c lass  
Of compounds they can be e a s i l y  synthesized; they have been evaluated as CNS- 
ac t i ve  drugs and they can be r e a d i l y  rad io iod ina ted .  

We have synthesized and character ized two se r ies  o f  1-substi tuted-4-phenyl- 
piperazines (F igure 1). 
w i t h  HPLC gave t h e  products, f r e e  o f  s t a r t i n g  ma te r ia l  o r  s ide  products, i n  
50-90% radiochemical y i e l d s  a t  t he  no-carr ier-added l e v e l .  The radiochemical s 
were then evaluated f o r  t h e i r  t i s s u e  d i s t r i b u t i o n  i n  r a t s  a t  0.25, 1 and 4 hours 
a f t e r  admin is t ra t ion.  

Although both agents show s i g n i f i c a n t  uptake and pro- 

E l e c t r o p h i l i c  r a d i o i o d i n a t i o n  fo l l owed  by p u r i f i c a t i o n  

The l e v e l s  o f  r a d i o a c t i v i t y  i n  t h e  b r a i n  and b r a i n  t o  b lood r a t i o s  were deter-  
mined a t  0.25, 1 and 4 hrs f o r  t he  rad io iod ina ted  compounds (Table 1). I n  the  
f i r s t  series, t h e  bes t  uptake and r e t e n t i o n  are found w i t h  t h e  1-n-butyl de r i v -  
a t i v e  l c ,  although h igh  b r a i n  t o  blood r a t i o s  are found w i t h  compounds l c - l e .  
For t h e  1-aminoamides i n  the  second ser ies,  h igh  uptake, r e t e n t i o n  and s e l e c t i v -  
i t y  are observed on ly  w i t h  the  d ia lky laminoacety l  d e r i v a t i v e s  2a-2c. The com- 
pound 2d d i d  no t  show r e t e n t i o n  bu t  i ns tead  r e d i s t r i b u t e d  r a p i d l y .  
rad io iod ine  i n  a l l  o f  t he  compounds was r e l a t i v e l y  s tab le  t o  metabolism w i t h  
t h y r o i d  uptake c o n s t i t u t i n g  l e s s  than 0.25% I D  a t  4 hours. Because o f  t h e i r  
d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s ,  compounds l c  and 2c were chosen f o r  eva lua t i on  i n  
dogs. The h igh  uptake, r e t e n t i o n  and b r a i n  t o  blood r a t i o s  were comparable t o  
IMP and HIPDM wh i l e  t h e i r  uptake i n  t h e  l ung  a t  no-carr ier-added l e v e l s  was much 
lower, i.e., l e s s  than 5% ID. 
a l so  con t r i bu tes  t o  t h e i r  f u r t h e r  cons ide ra t i on  as p o t e n t i a l  b r a i n  imaging 
agents. 

(1) Winchell H.S., Baldwin R.M., L i n  T.H., J.  Nucl. Med., 21, 940 (1980). 
2 )  Winchell H.S., Horst W.D., Braun L., e t  al . ,  J .  Nucl. “Ed., 21, 947 (1980). I 3) Kung H.F., Tramposch K.M., Blau M., J. Nucl. Med., 24, 66 (1983). 

(4)  Tramposch K.M., Kung H.F., Blau M., J. Med. Chem., 6, 121 (1983). 

The 

The i r  a b i l i t y  t o  be r e a d i l y  l abe led  and p u r i f i e d  
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Figure 1 

R - R - 
l a  CH3 2a COCH2NEt2 

l b  C2H5 2b COCHO 

l c  n-CqHg 2c COCH2k 

I d  i-CqHg 2d COCH2 

Table 1 

I083 

Time 

0.25 1 4 

% ID Brain/ % ID Brain/ % ID Brain/ 
Compound Brain Blood Brain Blood Brain Blood 

l a  
l b  
l c  
Id 
le 
2a 
2b 
2c 
2d 

1.3 
1.5 
2.1 
2.1 
1.8 
1.2 
1.7 
1.2 
1 .o 

3.4 0.24 
5.7 1 .o 
31 2 .o 
38 2.1 
22 1.6 
25 1.3 
21  1.6 
33 1.1 
3.8 0.5 

1.8 
2.4 
34 
40 
27 
29 
31 
26 
1 .o 

0.14 1.1 
0.25 0.6 
2.1 34 
1.4 15 
0.8 35 
1.1 39 
1.3 31 
0.9 39 
0.15 0.4 
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SYNTHESIS OF IODOALIPHATIC AMINES FOR LUNG IMAGING 

- S. Selvarai, D.N. Abrams, A.A. Noujaim and S.F.P. Man 

Faculty of Pharmacy, U of A ,  Edmonton, Alberta, Canada. 

Metabolism of endogenous and exogenous circulating amines by 
the monoamine oxidase enzyme (MA01 system of the pulmonary 
endothelial cells has been documented (1). Changes in the lung 
morphology and physiology which occur during injury may affect 
the uptake and subsequent metabolism of radiolabelled amines. 
Straight chain aliphatic amines are efficiently extracted and 
metabolized by the lung (2) and C - 1 1  labelled n-alkylamines have 
been proposed as radiotracers for the study of lung MA0 function. 

We have synthesized a number ofw-iodo-labelled straight and 
branched chain aliphatic amines as potential radiotracers for 
evaluating pulmonary metabolic status in disease states. The 
synthesis of 8-substituted amines was also considered because 
substitution at this position has been found to alter the lung 
uptake and residence time of C-11-labelled substrates (3). 

6-Amino-1-hexanol 1 was readily converted (Scheme 1 )  to 
6-iodo-1-hexylamine 2 Tn aqueous hydroiodic acid at reflux 
temperature under a nitrogen atmosphere for 45-60 min. The 
presence of Iz in the reaction mixture complicated the reaction, 
presumably due to oxidation of the amino functionality. This 
resulted in a complex mixture from which it was difficult to 
separate preparatively, the desired product 2 by either 
extraction or chromatographic methods. Reaction of 1 with 
trimethylsilylchloride and sodium iodide in acetonitrrle also 
resulted in liberation of iodine and a mixture of reaction 
products similar to that obtained with HI (as determined by tlc 
analysis). Removal of the free iodine from the reaction medium 
during the reaction allowed the synthesis to procede smoothly to 
completion. 

2-Methyl-6-iodo-1-hexylamine 14, the first in a series of 
B-alkyl substituted-u-iodohexylamines was prepared as outlined in 
Scheme 2 .  The ester 4 prepared by Bayer-Villager oxidation (40 % )  
of cyclohexanone 3, was treated with LDA and methyliodide to 
afford 5 (67 %r which contains the 8-methyl functionality 
required-of the final product. The THP ether 5 ( 8 2  % )  prepared by 
treatment of 5 with DHP and TsOH was reduced with LAH to the 
alcohol 1 ( 9 2  %r which was tosylated to afford 8 . Treatment of 8 
with 
( 7 2  % ) .  Compound lo was converted to 1_1 ( 6 5  % )  with potassium 
phthalimide and tosylated to give 12. Iodination of 12 with NaI 
in acetone afforded 13 in 61 % yield. Acid hydrolysis of the 
phthalimide derivative with aqueous HI o r  HClO+in acetic acid 
afforded intractable reaction mixtures. Hydrolysis with aqueous 
HC1 afforded 14- in low yield due to concomitant formation of the 
chloro derivative. 

Radiochemical synthesis of 2 and 14 via the reaction of the 
approprate alcohol with trimethylsilylchloride, NaI and 
acetonitr ile, direct iodide exchange and nucleophil ic 
displacement of the tosylate have been investigated. 

NaI in acetone afforded 2 which was hydolysed to provide 
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( 1 )  Gillis C.N. and Pitt B . R . ,  Ann. Rev. Physiol. 44, 269 ( 1 9 8 2 ) .  

( 2 )  Abrams D.N.,  Man S.F.P., Noujaim A.A.  and Washburn L.C., 
presented at the "Third International Symposium on 
Radiopharmacology" in Freiburg, West Germany, Sept 21-25, 1983. 

( 3 )  Washburn L.C., personal communication. 

SCHEME 1 ___ 
aq HI or 

Nnz Me,SiCI.Nal CH,CN* 
IiCH,)8NHz 

1 - 2 - 
SCHEME 2 

e )  l i t 1  f )  1 5 1  I .  P y r i d i n r  9 )  N l i l ,  n i t  one h i  Fotas,ium P h t l i a l i m i d e  
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DESIGN,  SYNTHESIS AND EVALUATION OF U-IODOVINYL AND LO- IODOALKYL-SUBSTITUTED 
MtTHYL-BRANCHED LONG-CHAIN FATTY A C I D S  

M. M. Goodman, E. B. Cunningham and F. F. Knapp, JL, Nuc lea r  Med ic ine  Group, 
Oak Ridge N a t i o n a l  Labora to ry ,  Oak Ridge, TN 37830, U.S.A. 

Recent h i g h  r e s o l u t i o n  a u t o r a d i o g r a p h i c  ana lyses  o f  myocard ia l  s l i c e s  f rom 
normotens ive  and severe  h y p e r t e n s i v e  r a t s  have demonstrated a heterogenous 
d i s t r i b u t i o n  o f  a model carbon-14 l a b e l e d  methy l -b ranched f a t t y  a c i d  i n  reg ions  
o f  hyper tens i ve  t i s s u e  t h a t  e x h i b i t e d  normal p e r f u s i o n  as de termined w i t h  
201T1 (1 ) .  These r e s u l t s  i n d i c a t e  t h a t  severe hyper tens ion  i s  assoc ia ted  w i t h  
changes i n  f a t t y  a c i d  u t i l i z a t i o n .  Because o f  t h e  p o t e n t i a l  c l i n i c a l  importance 
o f  u s i n g  s t r u c t u r a l l y  m o d i f i e d  f a t t y  a c i d s  l a b e l e d  w i t h  y - e m i t t i n g  r a d i o n u c l i d e s  
t o  f u r t h e r  e x p l o r e  t h i s  phenomenon, we have now developed a genera l  s y n t h e t i c  
method f o r  t h e  p r e p a r a t i o n  o f  t e r m i n a l  r a d i o i o d i n a t e d  methy l -b ranched f a t t y  
a c i d s  w i t h  t h e  r a d i o l a b e l  s t a b i l i z e d  as a v i n y l  i o d i d e .  I n  t h i s  s tudy  we r e p o r t  
t h e  syntheses (Schemes 2 and 3)  and t i s s u e  d i s t r i b u t i o n  i n  r a t s  (Tab le  2 )  o f  
(E)-19-[~~~I]iodo-3-(RS)-methyl-18-nonadecenoic a c i d  ( X V I I I )  and t h e  unbranched 
analogue, (E)-19-[1251 li odo-18-nonadecenoi c a c i d  (XXI I1  ). 

The r o u t e  chosen f o r  t h e  c o n s t r u c t i o n  o f  t h e  methy l -b ranched l o n g  c h a i n  f a t t y  
a c i d  s k e l e t o n  i n v o l v e d  t h e  th iophene  c h a i n  e l o n g a t i o n  syn thes i s .  
s y n t h e t i c  approach, t h e  s u b s t i t u e n t s  i n t r o d u c e d  i n t o  t h e  2- and 5 - p o s i t i o n s  of 
t h e  th iophene  r i n g  can be s e l e c t e d  and wou ld  p r o v i d e  a v a r i e t y  o f  3-methyl-  
branched f a t t y  a c i d s  o f  va r ious  cha in  l e n g t h s  f o r  s t r u c t u r e  a c t i v i t y  s tud ies .  
The key s u b s t r a t e ,  17-iodo-3-(RS)-methylheptadecanoic a c i d  (X IV) ,  was prepared 
as desc r ibed  i n  Scheme 1, wh ich  i n v o l v e d  Raney N i c k e l  d e s u l f u r i z a t i o n  o f  t h e  
2 , 5 - d i s u b s t i t u t e d  th iophene  ( X I I ) .  Compound XI1  was p repared  by t rea tmen t  of 
t h e  methyl-branched 2 - s u b s t i t u t e d  th iophene  ( V I I )  w i t h  CH30(CH2)7COCl ( X )  
f o l l o w e d  by Wo l f f -K i shner  reduc t i on .  
w i t h  (CH3),SiI t o  a f f o r d  17- iodo-3-(RS)-methylheptadecanoic a c i d  (XIV).  The 
a v a i l a b i l i t y  o f  t h i s  key 17- iodo i n t e r m e d i a t e  p r o v i d e d  an o p p o r t u n i t y  t o  ga in  
f u r t h e r  i n s i g h t  i n t o  t h e  mechanism o f  i n  v i v o  d e i o d i n a t i o n  i n  t e r m i n a l  
r a d i o i o d i n a t e d  l o n g  cha in  f a t t y  ac ids .  
i o d i n a t e d  coenzyme A produc t  would n o t  be expected, t h e  e v a l u a t i o n  of l Z 5 I  
l a b e l e d  X I V  wou ld  focus  on t h e  d i r e c t  c leavage o f  t h e  ca rbon- iod ide  bond. 
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  o f  1251- labe led  X I V  (Tab le  1) demonstrated r a p i d  
deha logena t ion  i n d i  c a t i n g  s i g n i f i c a n t  carbon- i  o d i d e  c leavage i n  t h e  apparent 
absence o f  6 - o x i d a t i o n .  These r e s u l t s  c o n f i r m  ou r  e a r l i e r  s t u d i e s  u s i n g  
I(CH,),Te(CH2),COOH (2) .  More r e c e n t l y ,  O t t o  e t  a1 ( 3 )  have ob ta ined  s i m i l a r  
r e s u l t s  w i t h  a 13 carbon analogue o f  (X IV) .  

The p i v o t a l  s tep  i n  t h e  s y n t h e s i s  o f  t h e  ( E ) - i o d o v i n y l  a c i d  ( X V I I I )  (Scheme 2) 
i n v o l v e d  h y d r o s t a n n y l a t i o n  o f  t h e  t e r m i n a l  e t h y n y l  s u b s t r a t e  (XVI )  w i t h  
(n-Bu ) 3SnH t o  g i  ve t h e  key i n te rmed ia te ,  (E ) - ( p B u  ) 3SnHC=CH(CH2)1,CH(CH3 )CH2 
CGOCH, (XVI I ) .  
methy l  -branched a c i d  (X IV)  w i t h  1 i t  hium a c e t y l  i de-e thy lened i  ami ne (LAEDA). 
I o d o d e s t a n n y l a t i o n  o f  ( X V I I )  by t rea tmen t  w i t h  NCS and I -  f o l l o w e d  by b a s i c  
h y d r o l y s i s  gave ( X V I I I ) .  The unbranched analogue ( X X I I I )  was prepared i n  t h e  
same manner (Scheme 3). 

T i ssue  d i s t r i b u t i o n  s t u d i e s  o f  1251- labe led  ( X V I I I )  and ( X X I I I )  were per fo rmed 
i n  r a t s  (Tab le  2). Over t h e  f i r s t  30 m inu te  pe r iod ,  bo th  compounds showed 
s i g n i f i c a n t  h e a r t  uptake. The branched f a t t y  a c i d  showed g r e a t e r  myocard ia l  
r e t e n t i o n  t h a n  t h e  s t r a i g h t  cha in  analogue. The a v a i l a b i l i t y  o f  i od ine -123  
l a b e l e d  s u b s t r a t e s  o f  t h i s  t y p e  nay now a l l o w  t h e  f u r t h e r  e v a l u a t i o n  o f  t h e  
h y p e r t e n s i v e  model (1) by s i n g l e  photon  emiss ion  computer ized  tomograph ic  
techn iques  (SPECT). 

Research sponsored by t h e  O f f i c e  o f  H e a l t h  and Env i ronmenta l  Research, U.S. 
Department o f  Energy under  c o n t r a c t  W-7405-eng-26 w i t h  t h e  Un ion  Carb ide  
C o r p o r a t i  on. 

Us ing  t h i s  

The methoxy d e r i v a t i v e  ( X I I I )  was t r e a t e d  

S ince  l o s s  o f  h a l i d e  f rom an 

Compound X V I  was p repared  by t r e a t m e n t  o f  t h e  17- iodo 
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HuCH, SOC I 

I V  V VI  

- 
OCH, SOCI, SnCl, 

Br-(CH,),COOH ___) CH,O-(CH,)-COOH - CH,O-(CH,)-COCI + V I I  - 
7 

V I I I  I X  X 

X l l l  X I V  

Scheme 1 

T a b l e  1. T i s s u e  d i s t r l b u t l o n  o f  1 7 - [ 1 2 5 1 ] i o d o - 3 - ( R . S ) - m e t h y l h e ~ t a d ~ c ~ n o i c  a c i d  ( X l V )  

i n  t i s s u e s  o f  F l s c h e r  f e m a l e  r a t s .  

2 min 2.47 3.93 1.35 2.68 1.75 22.50 1.08 
(1.97-2.~4) (3.09-4.60) (1.22-1.61) (2.11-3.42) (1.41.2.07) (19.56-24.76) (q.9y-1.27) 

5 m i ”  1.43 2.50 1.06 1.93 1.03 30.19 1.40 
(0.93-1.65) (1.89-2.80) (0.78-1.23) (1.16-2.78) (9.60-1.31) (14.96-40.15) (’3.70-1.91) 

10 min 1.31 2.54 0.96 1.77 1.16 43.25 1.36 
(1.19-1.39) (2.34-2.69) (0.85-1.01) (1.29-2.21) (0.9R-1.38) (39.57-416.56) (0.97-1.71) 

0.72 0.95 0.59 0.95 0.68 217 1.29 
(‘I .R5- 1.7 3) 

l h  
(9.5~-0.78) (0.90-0.98) (9.52-0.66) (0.49-1.25) (~.~I-o.Ho) (170-283) 

(1) 
( 2 )  
(3) 

Yonekura, Y., B i z a i s ,  Y., Som, P. e t  a l .  
Goodman, M. M., Knapp, F. F., Jr.  e t  a l .  
Otto,  C. A., Brown, L. E., and Sco t t ,  A. M., J. Nucl. Med., 25, 75 (1984). 

J.  Nucl Med., 24, P 125 (1983). 
J .  Med. Chem., 25, 613 (1982). 
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I -(cH,) -cH(cH,)-CH,-COOH + L i - C Z c - H  .- H-c=c-(cH~)- 14 CH(CH,)-CH,-COOH 
14 

x v  X I V  

(n-BuI3Sn, /H NCS.1- I, ,H 
c=c ,c=c, 

H (cH,)-CH(CH,)-CH,-COOH 
H/ '(cH,)-CH(CH, 14 )-CH,COOCH, O H -  14 

X V l l  X V l l l  

Scheme 2 

I-(CH,)-COOH + t i - C I C - H  -) 

x I X  

X X I  

~. . 

+ ("-6") SnH ___) 

C W ,  
H- C E C - ( C H , ) ~ C O O H  _.__) H - C Z C -  (cH , ) ,~  COOCH, 

x x  X X I  

X X l l  

I4 I \  I 

H' ' (CH,)~COOH 
c=c 

X X l l l  

Scheme 3 

... 

1>51.1dbP,Pd Iodovlny, ~ ---..P?KX 9dose/gm_v_a_l_up_s_f?rats .... ~~~ .___ 
Tissue .... ~ ~. ~~~ _._.. ~ .... F a t t y  Acid.  M i n i i t e 5  

H e a r t  R 1 nod L i v e r  ThyPolrl After l n j p c t i o n  

- .~ ...... ~... .~~ ~ ._... ~~. . ~~~~ .__. ~~~~ .~~~ _.__. . ~~. ~ 

3 .30-4 .43  0.84-1.15 7.75-8.89 5 .64-8 .50  
3.48-4.07 0 .54-0 .81  7.30-8.21 H.85-10.04 
3.48-3.94 0.37-0.45 7.86-9.04 14.RI-18.2R 
3.86-4.48 0.54-0.62 5.62-6.36 21.81-41.87 

3.7Y -5.30 0.37-0.50 6 .44-7 .61  7.22-9.49 
S t r a i g h t )  3.37-3.04 U.Z4-0.45 5.86-7.07 7.42-9.RR 

C h a i i  1 5  2.27-3.01 0.24-0.45 4.53-6 .~4  10.24-19.55 
( X X I I I I  J 30 2.f i2-4.80 0.43-O.f i7 5.30-6.28 17.90-25.77 

95  
93 

100 

84 
6R 
85 
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RADIOHALOGENATED w-HALOFATTY ACIDS FOR STUDYING THE INTEGRITY OF CELL 
MEMBRANES USING THE ISOLATED PERFUSED HEART TECHNIQUE. 

G. Kloster, G. Stocklin, E.F. Smith 111, and K. Schror 
Institut fur Chemie 1 (Nuklearchemie), KFA Julich GmbH, 
D-5170 Julich, FRG 

Long-chain w-halofatty acids, especially w - I  231-iodoheptadecanoic 
acid (IHA), are used clinically as radiopharmaceuticals for functional 
heart imaging. The metabolic interpretation of the various elimination 
rates observed, however, remained open to discussion. 

Isolated perfused organs are test systems that are ideally suited to 
clarify the metabolic interpretation of elimination rates for a 
particular organ, since all influences from other organs are excluded. 
Furthermore, perfusion rate and composition of the perfusion fluid 
can be controlled to yield interpretable results. 

Previously, we have shown ( 1 )  that, in isolated perfused Guinea pig 
hearts, diffusion of metabolically formed halide ion from the mito- 
chondrion to the blood is the rate-determining step of IHA-pharmaco- 
kinetic in normal myocardium. This was shown by hpl-chromatographic 
identification of the radioactive species eliminated from the heart 
in the perfusion fluid. 

We have now extended these in-vitro experiments to normal and 
globally ischemic isolated perfused rabbit hearts. Again, in normal 
hearts a single phase iodide elimination half-time (14.3 2 2 . 1  min) 
was observed. In hearts made globally ischemic for 90 min (by 
reducing the perfusion rate to 6% of normal), the iodide elimination 
was biphasic with a first fast ( T I  2 3.8 2 0.49 min ) and a late 
slow phase (T1/2 = 60.5 2 14.0 minj. ;he first fast phase is attributed 
to iodide ion released by residual R-oxidation (more rapid than in 
normal hearts due to damaged membranes in ischemia) while the late 
slow phase is explained by R-oxidation of IHA slowly released by 
hydrolysis of intracellular lipid stores. 

Furthermore, intracellular lipids are lost to the perfusion fluid in 
both normal and ischemic hearts. In normal hearts, this washout is 
very rapid N TI/^ = 0.65 2 0.31 min) , while in the globally ischemic 
heart it is prolonged and dominant (T1/2 = 4.0 + 0.67 min). The 
washout is attributed to diffusion across the outer cellular membrane. 
Treatment of the hearts during ischemia by infusion of the prosta- 
cyclin mimetic ZK 36,374 ( a substance acting on the outer cellular 
membrane) reverts the washout of intracellular lipids to almost 
normal values (1.2 2 0 . 2  min) while the iodide elimination half-times 
remain unchanged as expected for an agent acting on the outer 
membranes. 

In conclusion, IHA was shown to be an agent for studying the integrity 
of cellular membranes in-vitro. The isolated perfused heart technique 
in conjunction with radiohalogen labelled fatty acids seems to be a 
good probe for membrane integrity and the approach should be 
applicable to pharmacological intervention studies and to therapy 
control. 

( 1 )  Kloster G., Stocklin G., Radioakt. Isotope Klin. Forsch. 5, 
235-241 (1 982) 
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75 [131’ 12511 IODO- and [ 
RADIOPHARMACEUTICALS. 

SelSELENO-ERGOLINE DERIVATIVES AS POTENTIAL 

S.A. Sadek and G.P. Basmadjian, Nuclear Pharmacy Programs, College of Pharmacy, 
Oklahoma University, Oklahoma City, OK 73190, USA. 

Ligands with high affinity for dopaminergic receptors and labeled with gamma- or 
positron-emitting radionuclides are ideal agents for mapping dopamine receptor 
sites. To develop such ligands, several investigators have labeled and studied 
different dopamine antagonists e.g. [Br-821bromperidol (l), [Br-77]bromo- 
spiroperidol ( 2 1 ,  [F-l8lhaloperidol ( 3 )  and [C-lllspiroperidol (4). 

Pergolide , a new synthetic ergoline, has been shown to be a very potent dopamine 
agonist in animals (5) and in man ( 6 ) .  It has been reported that [H-3lpergolide 
binds specifically to dopamine receptor sites in the brain homogenate of rats and 
calves (7). 

Two pergolide analogs labeled with 1-125/1-131 and Se-75 were prepared. The 
radioactive iodoergoline derivative (Ia/Ib) was synthesized by refluxing the 
mesyl derivative with NaI[131/125] in acetone. 

Pe rgol ide 
la:I-l31 
lb:I-125 

I I  

The [Se-75]Selenopergolide derivative (11) was prepared starting with 
[Se-75]selenious acid ( S . A .  400 mCi/mg Se). NaHSe-75 was prepared by reducing 
[Se-75]selenious acid with NaBH4 in phosphate buffer (pH 6.0) (8).  The generated 
NaHSe-75 was used as a nucleophile to displace the iodo group of compound I11 to 
form the corresponding selenol IV which upon exposure to air formed the diselenide 
V i n  excellent yield. Reduction of the diselenide V with NaBH4 and subsequent 
addition of methyl iodide provided the desired [Se-75lselenopergolide (11) in 74% 
overall yield. 

Ill IV 
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V 

The radioactive compounds were matched with authenticated nonradioactive samples 
on silica gel plates using benzene/methanol (9.5:0.5) as solvent: R values for 
diselenide V, selenopergolide (11) and iodoergoline (Ia/Ib) are: 0.53, 0.32 and 
0.4, respectively. 

Biodistribution studies of Ia 6 I1 in mature male rats showed relatively high 
uptake by the adrenals and brain. The data obtained are summarized below. 

%Dose/gm f SEM * 
Time Compound Adrenal Brain Blood 

5 min Ia 3.61 f 0.43 1.14 f 0.06 0.19 f 0.01 
I1 3.67 f 0.59 1.31 f 0.24 0.12 f 0.01 

15 min Ia 3.57 f 0.37 1.10 f 0.10 0.15 f 0.01 
I1 4.20 f 0.45 0.90 f 0.01 0.06 f 0.00 

30 min Ia 1.90 f 0.23 0.74 0.06 0.13 f 0.01 
I1 3.93 f 0.62 0.70 f 0.04 0.05 ? 0.00 

The values represent the mean and standard error of the mean of three 
& 

evaluations - 
Sequential images of dogs with Ib and I1 showed fast brain uptake with good 
retention for at least 20 min. Studies are in progress to evaluate the mechanism 
of uptake of Ib & I1 in rat and dog brains. 

Vincent S.H,  Shambhu M.B. and Digenis G.A., J. Med. Chem.23,75 (1980). 
Kulmala H.K., Huang C.C., Dinerstein R.J. and Friedman A . E ,  Life Sci. 28, 
1911 (1981). 
Zanzonico P.B., Bigler R . E .  and Schmall B., J. Nucl. Med. 2, 408 (1983). 
Fowler J.S., Arnett C.D., Wolf A.P., MacGregor R.R., Norton E.F. and Findley 
A.M., J. Nucl. Med. 3, 437 (1982). 
Fuller R.W., Clemens J.A., Kornfeld E.C., Snoddy H.D., Smalsting E.B. and Bach 
N.J., Life Sci. 2, 375 (1979). 
Lemberger L. and Crabtree R.E., Science - 205, 1151 (1979). 
Wong D.T., Bymaster F.P., Lane P.T., Kau D., Bach N.J. and Kornfeld E.C., Res. 
Commun. Chem. Pathol. Pharmacol. 30, 195 (1980). 
Sadek S . A . ,  Basmadjian G.P. and Ice R.D., Nucl. Med. Commun. - 3, 247 (1982). 
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a - A M I N O - (  3- [1311 ]-4-HYDROXYBENZYLIDENE)-DIPHOSPHONATE A NEtl 

RADIOPHARMACEUTI CAL FOR THE P A L L I A T I V E  TREATMENT OF BONE METASTASES 

M. E i s e n h u t l ,  B. Kimmig', B. Bubeckl ,  D.M. Taylor', K. zum Winkel  1 
- 

I) K l i n i k u m  d e r  Univ.  He ide lbe rg ,  Zentrum Rad io log ie ,  Abt. k l i n .  Nuk learmed iz in ,  

and ) Theore t ikum d e r  Univ. He ide lbe rg ,  I n s t .  f u r  S t r a h l e n t o x i k o l o g i e  2 

The e f f o r t s  t o  i n t r o d u c e  32P- labe led  diphosphonates as a s u b s t i t u t e  o f  t h e  l o n g  

l i v e d  89Sr f o r  p a l l i a t i v e  the rapy  o f  i n t r a c t a b l e  p a i n  o f t e n  a s s o c i a t e d  w i t h  bone 

metastases were o f  l i m i t e d  success. Desp i te  t h e  p a l l i a t i v e  e f f e c t i v e n e s s  t h e  l a c k  

i n  wide acceptance o f  i . e . [  PI-1-hydroxyethylidene-1,l-diphosphonate ( P-HEDP) 

was m a i n l y  due t o  t h e  d rop  i n  p e r i p h e r a l  w h i t e  coun t  and p l a t e l e t s  d u r i n g  the rapy  

and due t o  the  d i f f i c u l t i e s  i n  p r e p a r i n g  t h e  32P- labe led  diphosphonates (1). 

Because o f  these disadvantages we dec ided t o  app ly  13'1 bound t o  an o s t e o t r o p i c  

diphosphonate as a p- source w i t h  much s h o r t e r  r a n g i n g  e l e c t r o n s .  The 9 0 - p e r c e n t i l e  

d i s t a n c e  o f  13'1 i n  wa te r  i s  0.882 mm compared t o  3.03 mm f o r  " S r  and 3 .51  mm f o r  

32P ( 2 ) .  Th is  c h a r a c t e r i s t i c  wou ld  reduce the  r a d i a t i o n  burden t o  t h e  bone marrow. 

The s h o r t e r  p- range, t h e  conven ien t  r a d i o a c t i v e  waste d i sposa l  i n  n u c l e a r  med ica l  

therapy  wards and t h e  ease o f  t h e  r a d i o l a b e l i n g  procedure were t h e r e f o r e t h e  inajor 

reasons f o r  t h e  cho ice  o f  I3'I. 

a-amino-(4-hydroxybenzylidene)-diphosphonate (pHOBDPNH2) was syn thes i zed  acco rd ing  

t o  a r o u t e  r e c e n t l y  desc r ibed  i n  t h e  l i t e r a t u r e  ( 3 )  ( see reac t i onscheme 1). Labe- 

l i n g  o f  pHOBDPNH2 w i t h  r a d i o i o d i n e  was per fo rmed by e l e c t r o p h i l i c  a romat i c  s u b s t i -  

t u t i o n  w i t h  1311- and 103- i n  1 N HC1 ( r e a c t i o n  scheme 2 ) .  A f t e r  a r e a c t i o n  t i m e  

o f  5 minutes a t  ambient tempera ture  t h e  m i x t u r e  was n e u t r a l i z e d  w i t h  1 N NaOH and 

t r e a t e d  w i t h  Na2S205 t o  reduce un reac ted  I03- .  Unreac ted  1311- was then removed 

by f i l t r a t i o n  ove r  AgC1. About 95% rad iochemica l  y i e l d  was g e n e r a l l y  ach ieved a f -  

t e r  s t e r i l e  f i l t r a t i o n .  The s p e c i f i c  a c t i v i t y  o f  t h e  p roduc t  was 15.6 Ci/mmol d i -  

phosphonate. I f  necessary  1311-pHOBDPNH2 can be  i s o l a t e d  i n  a n o n - c a r r i e r  added 

c o n c e n t r a t i o n  by chromatography ove r  B i o g e l  P2 (Bio Rad). The p r e p a r a t i o n  t ime l a s -  

t e d  l e s s  than one hour.  

The organ d i s t r i b u t i o n  o f  1311-pHOBDPNH2 was measured i n  male SD r a t s .  The t i s s u e  

a c t i v i t i e s  as summarized i n  t h e  Table show by comparison t o  t h e  o t h e r  organs o n l y  

h i g h  up take i n  t h e  bone t i s s u e .  The t o t a l  bone up take o f  1311-pHOBDPNH2 i n  r a t s  was 

measured by t h e  t o t a l - b o d y  r e t e n t i o n  o f  t h e  a c t i v i t y .  The 24 h r  r e t e n t i o n  v a l u e  was 

47%. The b i o l o g i c a l  h a l f  l i f e  o f  1311-pHOBDPNH2 was c a l c u l a t e d  f rom t h e  p h y s i o l o g i -  

c a l  decay o f  t h e  t o t a l - b o d y  a c t i v i t y  i n  t h e  r a t s  t o  46.3 days. 

The t o t a l - b o d y  r e t e n t i o n  o f  1311-pHOBDPNH2 a f t e r  24 h r  was i n  accordance w i t h  the  

u r i n a r y  exc re ted  a c t i v i t y .  49.2 % was c o l l e c t e d  w i t h  t h e  22 h r  u r i n e  w h i l e  a t  t h a t  

32 32 
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t ime o n l y  0.3 % appeared i n  t h e  feces. The chromatograph ica l  a n a l y s i s  r e v e a l e d  un- 

changed 1311-pHOBDPNH2. 

1311-pHOBDPNH2 d isappeared v e r y  r a p i d l y  f rom t h e  b lood  poo l .  The d i s t r i b u t i o n  i n t o  

t h e  two compartments bone and u r i n e  occured somewhat f a s t e r  t han  99mTc-di phospho- 

n a t e  complexes ( 4 ) .  The r e t u r n  o f  a c t i v i t y  i n t o  t h e  b l o o d  v i a  the  c o n t r i b u t i o n  o f  

1311-pHOBDPNH2 i n  e r y t h r o p o e s i s  c o u l d  n o t  be  observed. T h i s  behav iou r  s tood  i n  

c o n t r a s t  t o  t h e  observed b l o o d  c e l l  dep ress ion  a f t e r  a p p l i c a t i o n  o f  32P-phosphate 

and 32P-HEDP. The l a t t e r  wh ich  i s  s t r u c t u r a l l y  r e l a t e d  t o  benzy l  i dened i  phosphona- 

t e s  thus  rep resen ts  a l s o  a p o t e n t i a l  32P-phosphate source ,  s i n c e  l i b e r a t i o n  of  
32P-phosphate may occu r  by  o x i d a t i v e  i n  v i v o  c leavage o f  t h e  P - C  bonds. The same 

cleavage r e a c t i o n  i n  1311-pHOBDPNH2 would,however,lead t o  m e t a b o l i t e s  c o n t a i n i n g  

t h e  1311-pHO-benzylidene group wh ich  do n o t  p a r t i c i p a t e  i n  b lood  c e l l  f o rma t ion .  

The h i g h  a f f i n i t y  o f  13'I-pHOBDPNH2 t o  bone metastases was proved by s c i n t i g r a p h y .  

The a c t i v i t y - t i m e  k i n e t i c s  o v e r  a l e s i o n  compared t o  normal bone a re  shown i n  t h e  

F igu re .  The h i g h  ta rge t /non  t a r g e t  r a t i o  o f  6.3 a f t e r  24 h r  and 10.1 a f t e r  450 h r  

were f a r  above t h e  r a t i o s  e v e r  o b t a i n e d  w i th  99mTc-di phosphonate complexes. The 

e f f e c t i v e  h a l f  l i f e  i n  t h e  metas tases  appeared t o  be enhanced compared t o  t h e  e f -  

f e c t i v e  h a l f  l i f e  i n  normal bone. They were 186.7 h r  ( m e t a s t a t i c  v e r t e b r a )  and 

145.8 h r  ( r e f e r e n c e  v e r t e b r a ) .  The b i o l o g i c a l  h a l f  l i f e s  must be a t  l e a s t  i n  t h e  

o r d e r  o f  magnitude o f  t h a t  observed w i t h  t h e  t o t a l - b o d y  r e t e n t i o n  measurements i n  

r a t s .  F i r s t  p a l l i a t i v e  t h e r a p i e s  w i t h  1311-pHOBDPNH2 were p romis ing :  1 t o  3 days 

a f t e r  a p p l i c a t i o n  of 6 - 12 mCi  1311-pHOB!JPNH2 we observed p a i n  r e l i e f  i n  f o u r  o u t  

o f  f i v e  t r e a t e d  p a t i e n t s .  
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Reaction Scheme 1 

DCN H3P03 2. 1 - H20 PBrj/ D i  oxan/50°C QCG$:'' 
HO 

' 
HO 

Reaction Scheme 2 ( 1311-pHOBDPNH2) 

1311-/103-/~c1 
pHOBDPNH2 w 1311-pHOBDPNH2 

Table TISSUE DISTRIBUTION OF 1311-pHOBDPNH, I N  SD RATS 

Time ( h r )  F. Diaph. Femur Blood H e a r t  Lung Spleen L i v e r  Kidney 

2 7 3 l  256 4 2 l o  
(107-293) (200-306) (3-12) (2 -4)  (7-19) 

196 264 0 0 2 

278 281 0 0 1 
24 (107-305) (202-269) (1-3)  

96 (133-321) (172-316) (0 -2)  
291 278 0 0 1 

lg2 (102-310) (132-249) ( 0 - 2 )  

215 212 0 0 1 
384 (119-304) (148-242) (0-1) 

3 '  
(3-6) 

6 40 
(5-9) (36 -45 )  

4 2 1  

8 14 
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9 5 
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(5 -9)  (10-16) 
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