
C. Kremer-0, R .  Lebn", D. Gambinon, S. Cartesic,", C. Ures", 

E. Savicl", E. Campos*, E. Kremer". 

*CAtedra de Rad i oqu imica 

"Cltedra de Quirnica Inorgdnica 

Facultad de Quirmica, Gral. Flares 2124 

Universidad de la Repdbl ica, Montevideo, Uruguay. 

SUMWRY 

Two groups of carnpounds: arninoacids (glutamic acid, 
g 1 ut ami ne, g 1 yci ne, 1 ysi ne) and arni nes (et hy 1 ened i am i ne, 
d iethy 1 enet r i amine, o-phenant rol i ne, o-phenylened i ami ne) have 
been labelled with oPnTc by means of a solid phase reduction 
using fine powdered zinc a5 reducing agent. In all. cases 
radiochemical purity in excess of 90% was obtained, with no 
evidence of colloid format ion. Label 1 ing yields were variable 
depending on the ligand used. The results show that the method 
presented allows to label with p 9 m T ~  some mctlecoles for which the 
use of conventional techniques is not feasible. 

Key words: P9mTc-aminoa~ 

zinc as reducing agent. 

ds, P-nTc-amirses, sol id phase reduct on, 

INTRODUCTION 

The preparation o f  PPmTc-label led radiopharmaceut icals 

generally requires the initial rediict ion o f  pertechnetate anion 

followed by reaction with a complexing agent. Choice of the 
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r e d u c i n g  a g e n t  is r n a i n l y  1 i r n i t e d  t o  r ton- toxic ,  w a t e r - s o l u b l e  

s p e c i e s  w h i c h  d o  n o t  r e s u l t  irt a p p r e c i a b l e  a rnounts  of I I r n T c -  

c o l l o i d  for rna t  ion (1 ,  2). 

T h e  m a j o r i t y  of t h e  r a d i o p h a r m a c e u t  ical compounds  a r e  

l a b e l l e d  w i t h  =='"TC u s i n g  s t a n n o u s  c h l o r i d e  as r e d u c i n g  a g e n t .  

However, i ts use p r e s e n t s  t w o  rnain problerns :  a x i d a t  i o n  a n d  

h y d r o l y s i s .  I t  h a s  b e e n  d e m o n s t r a t e d  ( 3 )  t h a t  t h e  p r e s e n c e  o f  

o x y g e n  i n  t h e  m i x t u r e  of r e a c t i o n  interferes w i t h  t h e  r-educt  i o n  

o f  wwmT~OZ,  o x i d a t i n g  t h e  S n ( I 1 )  to S n f I V ) .  n l s o ,  t h e  S n ( I 1 )  

c o u l d  h y d r o l y s e  i n  a q u e o u s  s o l u t i o n  e v e n  a t  pH v a l u e s  l o w e r  t h a n  

t h o s e  cornrnonly u s e d  f o r  l a b e l 1  irrg ( 4 ) .  

I n  a d d i t i o r t  to t h e s e  p r o b l e r n s  TcDD f c w r n a t i o n  acts irt a 

cornpet i t  i v e  way t u  t h e  p r a d u c t  ion of t h e  complex ,  p a r t i c u l a r l y  i n  

t h e  case o f  weak c h e l a t i n g  a g e n t s .  I t  w a s  r - e p o r t e d  t h a t  a t  pH 4 

or h i g h e r ,  t h e  Sn ( I1 )  ion a n d  t h e  r e d u c e d  IBrnTc p r e c i p i t a t e ,  

p r o d u c i n g  a c o - c o l l o i d  (51. T h i s  r e s u l t s  i n  p r o d u c t s  c c f  l o w  

r a d i a c h e m i c a l  p u t - i t y .  M a r e o v e r ,  forrnat i o n  of s i d e  p r c ~ d u c t 5  rnay 

o c c u r ,  t h u s  a f f e c t i n g  t h e  b i o l a g i c a l  d i s t r i b u t i o n  o f  t h e  l a b e l l e d  

p r o d u c t .  

T h e  p r o b l e r n s  d e s c r i b e d  a b o v e  h a v e  b e e n  f o u n d  i n  t h e  

l a b e l l i n g  w i t h  S n l I I )  o f  diar t i i r tes  (6) a n d  g l u t a r n i c  a c i d  1 7 ) ,  

l i g a n d s  of l o w  c h e l a t i n g  power. I t  is c o n c l u d e d  t h a t  f o r -  t h e s e  

l i g a r t d s  a new r e d u c i n g  a g e n t  s h o u l d  b e  f o u n d ,  w i t h  l o w e r  

s o l u b i l i t y  irt t h e  r e a c t i o n  media .  T h i s  would  d e c r e a s e  t h e  

c o n c e n t r a t  ion o f  t h e  i o n s  r e s p o n s i b l e  f o r  t h e  p r o d u c t  i o n  o f  

c o l l o i d a l  s p e c i e s .  

Beyond t h e  R a d i o p h a r m a c y  area,  z i n c  has b e e n  u s e d  by some 

i n v e s t i g a t o r s  to o b t a i n  \ -educed f o r r n s  of R e  a n d  T c  !a,?&). I n  t h i s  

way, z i n c  w a s  u s e d  f o r  t h e  d e p o s i t  i o n  nf m i c r o q n a n t  i t  ies cef 

r e d u c e d  T c  f r o r n  TcO; a5 s t a r t i n g  material ,  e i t h e r  i n  a c i d  0.r' 

b a s i c  media  ( 1 0 )  a5  w e l l  a5 f o r  t h e  T c O e  s y n t h e s i s  (11). 

With t h i s  i n  mind,  a s o l i d  p h a s e  l a t e l l i r t g  t e e h n i q u e  h a s  
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b e e n  d e v e l o p e d ,  w h e r e  a m i x t u r e  of PPmTcOZ a n d  l i g a n d  is e x p o s e d  

to z i n c  powder. 

I n  o r d e r  to v e r i f y  t h e  f e a s i b i l i t y  of t h i s  t e c h n i q u e  a n d  t o  

e s t a b l i s h  optirnurn l a b e l l i n g  c o n d i t i o n s  , t w o  d i f f e r e n t  series of 

1 i g a n d s  w e r e  c h o s e n .  B o t h  of thern i n c l u d e d  camplexi rcg  a g e n t s  of 

v e r y  d i f f e r e n t  l i g a n d  c a p a b i l i t y .  

EXPERIMENTRL 

Fl preliminary s t u d y  w a s  d u n e ,  i n  o r d e r  t o  d e t e r m i n e  which  

v a r i a b l e s  h a d  ta b e  t a k e n  i n t o  a c c o u n t  to o b t a i n  t h e  o p t  irflal 

l a b e l l i n g  c o n d i t i c m s  f o r  b o t h  t y p e s  af  c o r n p l e x e s  s t u d i e d ,  QQmTc- 

a r n i n o a c i d s  a n d  wPmTc-amirces. G f ract  iorlal factor ia l  d e s i g n  (13) 

showed t h a t  t h e y  are: number  of r n o l e r s  of c h e l a t i r e g  a g e n t  (re), 

reaction volurne ( V ) ,  i n i t i a l  pH (pH,), reactiorc t i r n e  (t,-), arnount 

o f  z i n c  a n d  l Q m T c  a c t i v i t y .  

General  l a b e l  1 i n q  t e c h n i q u e  

T o  a r n i x t u r e  ctf an a q u e o u s  s o l ~ i t i o n  of t h e  c h e l a t i r e g  a g e n t  

( n  r n a l e s  i n  V ml a t  pH,) a n d  carrier free QpmTc g e n e r a t o r  e l u a t e  

(370 to 540 MHq (10  t o  20 m C i ) i n  a rnaxirciuni volurne of 1 ml), 2OO 

mg of iircc powder  w e r e  a d d e d .  

T h i s  r n i x t u r e  w a 5  a l l o w e d  tcl react for  t,. rnircutes, s t i r r i n g  

cwc a V o r t e x  m i x e r  f o r  a p e r i o d  not less t h a n  20 r n i n u t e s  a n d  

f i l t e r e d  throc igh  a rnernbrane f i l t e r  (0.22 prfl p o r e  s i z e ) .  T h e  

c o r l d i t  ions rl, V, pH,, a n d  t,. w e r e  a d j u s t e d  for e a c h  l i g a n d  u s i n g  

o n e  a f  t h e  f o l l o w i n g  m e t h o d s :  f ract ional  f a c t o r i a l  d e s i g n  or 

i n d e p e r ~ d e n t  a n a l y s i s  of t h e  i n f l u e n c e  of e a c h  v a r i a b l e .  

C o n d i t i o n s  were c h a n g e d  u n t i l  r a d i o c h e m i c a l  p u r i t y  e x c e e d e d  

902, i n  a reac t  i o n  t i r n e  not mcwe t h a n  60 m i n u t e s .  T h e s e  w e r e  

c u n s i d e r e d  Gpt i r n a l  c o n d i t i o n s .  
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Rad i o c h e r n i c a l  p u r i t y  w a s  t e s t e d  by  c h r o m a t o g r a p h  ic methods .  

For t h e  d e t e c t  ion of 99mTcOG a n d  Q9mTcOe , a s c e n d i n g  p a p e r  

chrornatctgraphy w a s  p e r f o r m e d  o n  Whatrnan N" 1 p a p e r  u s i n g  acetone 

a n d  0. '3% soditurn c h l o r i d e  a s  d e v e l o p i n g  s o l v e n t s .  

The  R r  v a l u e s  o b t a i n e d  w i t h  o - p h e n y l e n e d i a m i n e  and u- 

p h e n a n t r o l  i r e  c o r n p l e x e s  l e d  to t h e  s e a r c h  f o r -  new c h r c m a t o g r - a p h i c  

s y s t e r n s  which  would a l l o w  us t c E  d i f f e r e n t i a t e  t h o s e  c o r n p l e x e s  

f r c m  wWmTcOl. a n d  e P m T ~ O p  r e s p e c t i v e l y .  

S u p p o r t  rnedium S o l v e n t  

P a p e r  acetone 

P a p e r  5a 1 i n e  

p a p e r  HIUOH:~%OH:H~O 
(2: 1: 1 )  

TLC E t  OH : to 1 u e n e  
(1:1) 

R r  v a l u e s  
- 

Tc-complex T c O Z  T c O e  

0. 0 0. 3-1. it 0. 0 

0. 8-1. 0 0. 7-0. 8 0. 0 

0. 3-1. 0 0. 541. 6 0. Cl 

0. <I 0. 5-0. 6 0. 0 

~ - -  

I n  t h e  case  o f  9BMT~-c~-pheny1endiamine, r a d i o c h e m i c a l  p u r i t y  

w a 5  c h e c k e d  by t h i n  l a y e r  r a d i c ~ e h r ~ o m a t u g r - a p h y  on si 1 ica g e l  Mei-.c)i. 

60F 254 ( s o l v e n t :  e t h a n o l  : t o l u e n e  ( 1  :I) ) .  F o r  99r*'Tc--c~- 

p h e r m r l t r o l  i n e ,  t h e  c h o i c e  w a s  a c , c e n d i n g  p a p e r  chrrr,rnatogi-aphy 

(Whatman N"1) w i t h  b u t a n a 1 : a c e t i c  a c i d : w a t e r  ( 2 : l : l )  as 

d e v e l o p i n g  s o l v e n t  (see T a b l e  I). 

RESULTS QND DISCUSSION 

P r e v i o u s  s t u d i e s  show t h a t  t h e  rnechani5r1i i n v o l v e d  i n  t h e  

p r a c e s s  c,f c t b t a i n i n g  t h e  carnplex i m p l i e s  a f i r s t  i -educt  ior i  s t e p  

f r o m  T e O t  t o  TcO=, w h i c h  would f u r t h e r -  react w i t h  t h e  l i g a n d  

(14). The O=Tc=O s t r t - i c t i - i r e  is e s p e c i a l l y  s u i t a b l e  to c o o t - d i n a t e  
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w i t h  b i d e r r t a t e d  l i g a n d s ,  f a r r n i n g  t h e  f i n a l  cctmpound w i t h  

c o o r d i n a t i o n  rrurnber 6, h a v i n g  t w o  Q X O  gr-oups i n  t r a n s  p o s i t  i o n .  

For t h i s  r e a s u r r  b i d e n t a t e d  a r n i n o a c i d s  a n d  a r n i n e s  w e r e  c h o s e n  to 

s t u d y  t h e  p o s s i b i l i t i e s  o f f e r e d  by t h i s  method.  

P r e l  i rnir lary e x p e r i e n c e s  5hnur t h a t  i t  is ccwivenient t o  r e a c h  

t h e  c tp t imal  c o n d i t i o n s  of r e a c t i o n  i n  t w o  s t a g e s .  D u r i n g  t h e  

first one, an a d j ~ 5 t e r n e n t  of t h e  n, t,, a n d  pH, v a r - i a b l e s  is 

d o n e ,  i n  o r d e r  t o  r e a c h  a r a d i o c h e m i c a l  p u r i t y  riot l o w e r -  t h a n  

30X, u s i n g  react ion t irnea s h o r t e r  t h a n  60 minutes. D u r i n g  t h e  

s e c o r ~ d  s t a g e ,  t h e  react i o n  v o l u m e  is c h a n g e d ,  k e e p i n g  t h e  

1 igarrd c o n c e n t r a t  iorl c o r r s t a n t  a n d  t h e  m a x i r n i i r n  v a l u e  of l a b e l  1 i n g  

y i e l d  ! p e r c e n t a g e  o f  a c t i v i t y  e l l u t e d  t h r o u g h  t h e  f i l t e r )  is 

d e t e r m i n e d .  T a b l e  I I s h o w s  f o r  suroe p a r t i c u l a r  cases, t h e  

i n f l u e n c e  cef t h e  d i f f e r e n t  v a r i a b l e s  t h a t  a f fec t  t h e  v a l u e  o f  

- -_ -- 
T a b l e  11. Inf l I . t ence  o f  t h e  v a r i a b l e s  o n  t h e  r a d i m c h e m i c a l  

pisr i t y .  

r a d  i cchern. 
Corn p a  1-i nd n i m o l e s )  Vlml)  pH, t , . lmini  p u r i t y < % )  

x 1 0 5  I * )  (**) - -- 

r a d  i ccherni ca 1 p w  i t y o b t a i n e d .  

e t h y 1 e n e d  i a r n  i n e  
et h y  1 e n e d  i arn i n e  
et hy  l e n e d  i arrii n e  

d i et hy  1 enet r i arrii ne 

g 1 y c i ne 

d i e t  h y  1 enet r i arn i n e  

d i e t h y 1 e n e  t r i arn i n e  
d i et h y  1 e n e t  r i an1 i n e  

g 1 yc i rre 
9 1 yc i n e  

3 
3 

45 
15 
15 

1 40 
1 40 
36 
36 
36 

30 
4 0 
3 0 
1s 
30 
30 
30 

48 
48 

48 

62 
77 
38 
37 
56 
33 
83 
3 0 
82 
82 

Rlt t7ough t h e  amount c t f  z i n c  is c o n s i d e r e d  as  a v a r i a b l e  to 

be t a l i e n  i n t o  a c c a u n t  tc. d e t e r m i n e  t h e  o p t i m a l  l a b e l l i n g  

c u r r d i t . i u n s ,  i t 5  rnaE.5 i s  rnantair led a t  2 3 0  rlig i n  a l l  cases aft .er  

beiwtg a d j u s t e d  f o r  t h e  l a b e l l i n g  of g l u t a r n i c  a c i d  (12 ) .  Under  

._____ 

*) pH dcaes r u t  remain c o n s t a n t  dwr-irrg t h e  react i o n .  

u*) Mean v a l u e s  of at l ea s t  f i v e  e q u i v a l e n t  e x p e r i e n c e s .  
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s i r n i  l a r  c o n d i t  i o n s ,  smaller amounts  of z i n c  d e c r e a s e  

r a d i o c h e m i c a l  p u r i t y .  

I n  o r d e r  t o  o b t a i n  a p p r o p i a t e  v a l u e s  for f u r t h e r  q u a l i t y  

c o n t r o l  by b i o d i s t r i b u t  i a n  s t u d i e s ,  **mTc a c t i v i t y  is 

rna in ta ined  be tween 370 MBq (10  mCi) and 540 MWq (20 rnCi)  i n  no  

rliure t h a n  1 m l .  

Fln i n c r e a s e  i n  number of r n o l e s  o f  l i g a n d  f a v o r s  t h e  

f o r m a t i o n  o f  t h e  carnplex (see e t h y l e n e d i a m i n e ,  T a b l e  11). T h i s  

v a r i a b l e  is e s p e c i a l l y  i m p o r t a n t  i n  t h e  c a s e  o f  weak  c h e l a t i n g  

a g e n t s .  However, maximum 1 igand  c c w c e n t r a t  i o n  is 1 i rn i ted  by its 

t o x  i c dose .  

With r e g a r d  t o  t h e  i n f l u e n c e  o f  i n i t i a l  pH i n  t h e  sys t em,  i t  

is i m p o r t a n t  to pctint out t h a t  a pH i n c r e a s e  f a v o r s  f o r m a t i o n  o f  

z i n c  hydrox ide ,  l ower ing  metallic z i n c  e f f e c t i v e  s u r f a c e .  

Having i n  mind t h e  mechanism p roposed  f o r  t h e  react ion ,  i t  

is n o t  c o n v e n i e n t  t o  w a r k  a t  v e r y  l o w  pH v a l u e s ,  wich c a n  p r e v e n t  

t h e  f o r m a t i o n  of TcOp. F o r  t h e  s t u d i e d  compc~unds, a n  i n c r e a s e  i n  

pH p r o d u c e s  b e t t e r  c o n d i t i o n s  f o r  t h e  react i a n ,  b e c a u s e  i t  

d i m i n i s h e s  t h e  c o n c e n t r a t i o n  o f  p r o t o n a t e d  f o r m s  o f  t h e  l i g a n d .  

T h i s  e v i d e n c e  l e a d s  to t h e  c o n c l u s i a n  t h a t  t h e  b e s t  pH,= f o r  

l a b e l l i n g  i n  e a c h  case r e s u l t s  from a compromise be tween t h e s e  

f a c t u r s .  The v a l u e s  found f o r  g l y c i n e  are  a c lear  example  o f  t h i s  

f a c t .  

Rs f a r  a5  t h e  react i o n  t i r n e  is conce rned ,  its i n c r e a s e  is 

fo l lowed  by a h i g h e r  r a d i o c h e m i c a l  p u r i t y .  T a b l e  I 1  shows t h i s  

i n f  1 uence  f o r  e t h y l e n e d i a m i n e  and d i e t h y l e n e t r i a r n i n e .  

Chromatograph ic  c o n t r o l s  show t h a t  e v e n  i n  t h o s e  e x p e r i e n c e s  

i n  which l o w  r a d i a c h e m i c a l  p u r i t i e s  a r e  clbtairled, t h e r e  a r e  no 

a p p r e c i a b l e  amounts  of T c  d e t e c t e d  i n  c o l l o i d a l  form. T h i s  is 

a l s o  v e r i f i e d  by e l e c t r o p h o r e s i s  (14, 15) - 
Once t h e  r a d i a c h e m i c a l  p u r i t y  and react icwc t i r n e  a re  set 

w i t h i n  a c c e p t a b l e  v a l u e s ,  a s e c ~ n d  s t a g e  is per formed chang ing  
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Compound 

react i o n  volume i n  o r d e r  t o  o p t  i rn ize  label 1 i n g  y i e l d .  For 

i n s t a n c e ,  i n c r e a s i n g  t h e  volume by a factar a f  t h r e e ,  a f i v e f o l d  

i n c r e a s e  o f  l a b e l l i n g  y i e l d  is o b t a i n e d .  

The summary o f  o p t i m a l  c o n d i t i o r t s  f u r  t h e  s t u d i e d  l i g a n d s ,  

p r e s e n t e d  i n  T a b l e  111, a l l o w s  a n  e v a l u a t i o n  o f  t h e  p o s s i b i l i t i e s  

o f f e r e d  by t h i s  l a b e l l i n g  method. 

r a d  iochern. l a b e l l i n g  
p u r i t y ( % )  y i e l d  ( Z )  

~~ 

T a b l e  111. Opt imal  c o n d i t i o r ~ s  o f  t h e  *wmTc- labe l l i ng  
d i f f e r e n t  s u b s t r a t e s .  

Cornpound l 
et hy 1 ened  i arn i n e  
d i et hy l e rce t r  i a r n i  rte 
o-phenan t ro l  i n e  
o-phenyled i amine  
L(-) g l u t a r n i c  a c i d  
L( - )  g lu ta rn ine  
L(+)  l y s i n e  
g 1 y c i  n e  

n (moles) 
x 104 

t, 
(min)  

4.5 
14.0 
3.7 
2.2 
4.5 
4.1 
4.5 
4.5 

3.0 10.0 
3.0 4.5 
3.0 4.5 
3.0 1.5 
6.0 3.5 
3.5 3.0 
5.5 5.3 
6.5 4 .1  c 

30 
30 
30 
45 
45 
60 
50 
45 

f i n a l  

3.5 
8. 0 
7.2 

I n  e v e r y  case, r a d i o c h e m i c a l  p u r i t i e s  are h igh ,  b e i n g  

i r r e l e v a n t  t h e  c a p a c i t i e s  a5 l i g a n d  of t h e  amirte or t h e  

arninoacid (see T a b l e  IV. ). 

et hy 1 ened  i am i n e  
d i e t  h y l e n e t  r- i  arnirte 
a - p h e n a n t r o l  i n e  
o-phenyl ened  i arnine 
L( - )  g lu ta rn i c  a c i d  
L ( -) g 1 u t  arrii ne 
L(+)  l y s i n e  
g 1 y e  i rte 

38 
33 
36 
30 
30 
'35 
30 
9 0 

33 
13 
20 
12 
23 
12 
1 1  
16 

I 

E l c t t  icwt y i e l d s  a re  u s u a l l y  lctw, b e c a u s e  art i m p o r t a n t  

f r a c t i o n  of t o t a l  a c t i v i t y  re rna ins  a d s o r b e d  ort z i n c  powder 

s u r f a c e .  H e s t  results a r e  o b t a i n e d  w i t h  e t h y l e n e d i a m i n e  among 

arnines and w i t h  g l u t a r n i c  a c i d  w i t h i n  t h e  aminoac ids .  I t  is wor thy  
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to n o t e  t h a t  t h e  forreet-, b e c a u s e  o f  i ts  s i z e  a n d  molecular- s h a p e ,  

a n d  t h e  

l a b e l 1  i n g  

s t a b i l i t y  

t h e  elut  

1 i g a n d s .  

t h e  f i r m  

l a t t e r ,  b e c a u s e  of i ts  a n i o n i c  c h a r a c t e r  a t  o p t  irilal 

c o n d i t  iorts, f o r r n  T c  c o r n p l e x e s  of h i g h  therrnodynaroic  

However, i t  is n o t  p o s s i b l e  to:, r e l a t e  i n  a s i m p l e  way 

o n  y i e l d s  a n d  c a p a c i t y  of d i f f e r e n t  cornprtunds to act a5 

T h e r e  a r e  s e v e r a l  v a r i a b l e s  t h a t  a l s o  h a v e  i n f l u e n c e  an 

result, i n c l u d i n g  l i g a n d  c o n c e n t r a t i a n  arid pH csf 

l a b e l  1 i n g .  

Having  i n  raind to d e i / e l o p  f u t u r e  s t u d i e s  ctn t h e  e f f e c t s  of 

l l g d n d  s i z e ,  l i p o p h i l i c i t y  a n d  pKa o f  t h e  l i g a r r d s  c o r r e l a t e d  w i t h  

t h e  biodistribi-it inn of t h e  g Q n l T c - l a b e l l e d  arnines ,  p r - e l i r n i n a r y  

s t u d i e s  w i t h  t h e  s i m p l e s t  rnernber- of t h e  g r o u p  (99n'Tc- 

e t h y l e n e d i a r n i n e )  were made. T h i s  corliplex is c l e a r e d  f r n m  t h e  

b l o o d  rnairlly by r e n a l  a c c u m u l a t i o n  a n d  e x c r e t  i u n .  I t  i s  a l s o  

o b s e r v e d  h e p a t i c  u p t a k e  a n d  b i  1 i a r y  e x c r e t i o n ,  i n  a less 

p e r c e n t a g e .  The  d i a g n a s t  ic p o t e n t i a l  of t h i s  g r o u p  o f  ganlTc 

cornplexes  w i l l  b e  i n v e s t i g a t e d  i n  a future. 

The b i o d i s t r i b u t i o n  p r o f i l e  i n  arlimals a n d  t h e  p o s s i b i l i t i e s  

of i n  .viva a p p l i c a t i o n s  h a v e  b e e n  t e s t e d  for 3'3mTc l a b e l  l e d  

a r n i n n a c i d s .  S o r n e  ctf t h e m  h a v e  b e e n  a s s a y e d  i n  n c ~ r m a l  rnice and  

w i 5t ar b i a d  i st r i b u t  1 c t r l  

p r m f i l e s .  I t  is d i s c u s s e d  i.rI d e t a i l  f o r  g l u t a r n i c  a c i d  11-1 a 

p r e v i u u 5 .  p a p e r  ( 1 4 ) ,  t o g e t h e r  w i t h  s t a b i  1 i t y  and  t o x i c i t y  tect.c. 

as w e l l  as c l i n i c a l  s t u d i e s  i n  humans. 

?-at 5. 1) i f f e r e n t  arn i n o a c i  d s  shcsw B i r l i i  1 ai, 

CONCLUSIONS 

For the  t w o  grolups o f  mcglecules  s t u d i e d ,  b o t h  C a p a b l e  c*f 

a c t i r t y  as b i d e n t a t e  1 iga.rlds, t h e  sol i d  p h a s e  l a b e l  1 ipry tech.rIiqi.ie 

u s i n g  z i n c  a5 r e d u c i n g  a g e n t  results ir, Q3r8'T~ coriip1e:xec w i t h  

r>adi~:dierr1ical pcir-ity i n  excess $of 30%. T h e s e  compoi.inds, d i  Ff i c u l t  

t n  l a b e l  by c n n v e n t i o n a l  t e c h n i q u e s ,  are f'ormed i n  t h i s  way f r - - e e  

c*f c c ~ l l o i d a l  components. The  methc#d u s e d  is u s e f u l  as arI 
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a l t e r n a t i v e  l a b e l  1 i n g  t e c h n i q u e ,  m a i n l y  to s y n t h e t  ise c o m p l e x e s  

f o r -  w h i c h  t h e  u s e  o f  c o n v e n t i o n a l  t e c h n i q u e s  is not f e a c i b l e .  
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