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SUMMARY 

The l a b e l i n g  o f  microspheres w i t h  113mIn, intended as p o t e n t i a l  lung and 

cap i l l a ry -bed  imaging agents, was s tud ied  us ing an EDTA-exochelator t o  s p e c i f i c -  

a l l y  b i n d  indium. 

r e s u l t e d  i n  an unstable preparat ion which p r i m a r i l y  l o c a l i z e d  i n  the  l i v e r  and 

spleen. 

and t h i s  complex then coupled t o  the microspheres, e x c e l l e n t  b ind ing  resul ted.  

S i m i l a r l y ,  complexing o f  113mIn t o  azo-phenyl-EDTA-albumin i n  s o l u t i o n  fo l l owed  

by aggregation, a l s o  y i e l d e d  rad io labe led  p a r t i c l e s  which were r e s i s t a n t  t o  

washing and l o c a l i z e d  over 90% i n  t h e  lung,  immediately upon i n j e c t i o n  t o  r a t s .  

These r e s u l t s  have been r a t i o n a l i z e d  by proposing a mechanism where the  k i n e t i c s  

o f  homogeneous and heterogeneous phase reac t i ons  account f o r  the nature o f  the 

d i f f e r e n t  products formed. The present study, w h i l e  i t  leads t o  b e t t e r  indium 

microspheres and aggregates than recorded i n  the  l i t e r a t u r e ,  above a l l  p o i n t s  

o u t  t o  the  need o f  a b e t t e r  understanding o f  r e a c t i o n  k i n e t i c s  i n  the  prepara- 

t i o n  o f  such radiopharmaceuticals. 

I ncuba t ion  o f  t he  azo-phenyl-EDTA-microsphere with indium, 

When, however, l l l I n  was reacted w i t h  t h e  diazo-phenyl-EDTA i n  so lu t i on ,  

Key Words: Indium, p a r t i c l e s ,  homogeneous/heterogeneous phase reac t i ons  

INTRODUCTION 

There a r e  numerous r e p o r t s  i n  t h e  l i t e r a t u r e  on attempts t o  develop an 

0 1977 by John kiiZeg & Sons, L t d .  
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e f f i c i e n t  method f o r  s p e c i f i c  b i n d i n g  o f  l r s m I n  t o  p a r t i c l e s  t h a t  would l o c a l i z e  

i n  the lung c a p i l l a r i e s  (1-7). 

t he  t ime of synthes is  requi red,  t he  p u r i t y  o f  the f i n a l  product, and the  y i e l d .  

Because none o f  such agents were e n t i r e l y  s a t i s f a c t o r y  f o r  e i t h e r  pe r fus ion  o r  

aerosol v e n t i l a t i o n  s tud ies ,  we decided t o  re-examine t h e  chemistry i nvo l ved  i n  

the preparat ion o f  such indium complexes. 

The problems invo lved  i n  such preparat ions are 

The chemistry o f  Indium t h a t  i s  o f  use i n  the p repara t i on  o f  radiopharma- 

ceu t i ca l s  i s  b a s i c a l l y  l i m i t e d  t o  c h e l a t i o n  (complexing) processes i n  aqueous 

so lut ions.  Ne i the r  n a t i v e  albumin, no r  albumin modi f ied by denaturation, has 

func t i ona l  groups o f  s u f f i c i e n t  complexing s t reng th  t h a t  w i l l  r e t a i n  the indium 

labe l  when i t  i s  i n  Competit ion w i t h  more s p e c i f i c  t r i v a l e n t  metal che la t i ng  

agents, such as t r a n s f e r r i n  i n  blood. The proposal by Goodwin and Sundberg 

(8,9), t h a t  b ind ing of an EDTA [ethylenediamine t e t r a a c e t i c  ac id ]  res idue as an 

"exochelate" t o  a p r o t e i n  would s i g n i f i c a n t l y  increase t h e  s t a b i l i t y  o f  the 

indium-protein chelate, l e d  us t o  attempt t o  apply t h i s  p r i n c i p l e  t o  micro- 

spheres of albumin, and t o  study t h e i r  b i o l o g i c a l  behaviour. 

EXPERIMNTAL 

The human serum albumin (HSA) was a sa l t -poor ,  25% s o l u t i o n  (Hyland Labs.) 

The azo-compound was prepared accord ing t o  Sundberg e t  a1 (9), as described 

below. The microspheres were obta ined from the  3M Co. l l l I n C 1  (MeditPhysics) 

and l l s m I n  was obta ined from a Tin-Indium Generator (New England Nuclear). 

Diazophenyl EDTA 

A s o l u t i o n  o f  t h e  1-(p-benzenediaz0nium)-EDTA("diazopheny1 -EDTA") f l u o -  

borate, con ta in ing  5 pmoles/ml, was prepared as repor ted (9) , w i t h  minor 

mod i f i ca t fon  t o  increase s t a b i l i t y .  

1-(p-aminophenyl )-EDTA, even a t  5°C a t  reduced pressure (0.2mmHg) r e s u l t e d  i n  

s i g n i f i c a n t  decomposition. Th is  cou ld  be avoided by conver t i ng  t h e  amine i n t o  

i t s  f l uobora te  s a l t ,  p r i o r  t o  volume reduct ion.  

Concentrat ion o f  t h e  s o l u t i o n  o f  

A s o l u t i o n  con ta in ing  0.115 m o l e s  p-(aminopheny1)-EDTA i n  45 m l  o f  water 

(prepared as d i r e c t e d  by Sundberg (8) by Raney N i  r educ t i on  o f  t he  nitro-com- 

pound) i s  mixed w i t h  0.5 m i  o f  50% f l u o b o r i c  acid, a t  5°C w i t h  continuous 

s t f r r i n g .  This s o l u t i o n  can be s to red  a t  5OC. The above s o l u t i o n  was concen- 
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t r a t e d  a t  reduced pressure and 5OC t o  5 m l ,  and mixed, over 15 minutes i n  an i c e  

bath, w i t h  1.15 m l  (0.115 mmoles) o f  0.1M NaN02. The r e a c t i o n  was completed i n  

1 hr .  Diazophenyl-EDTA-fluoborate, when s to red  a t  5"C, i s  s tab le  f o r  1-2 weeks. 

Azo-EDTA-Mi crospheres 

With constant  s t i r r i n g  a t  5OC, 3 m l  o f  t h e  above s o l u t i o n  was added drop- 

wise t o  a suspension o f  15 mg o f  HSA microspheres I n  10 m l  borate b u f f e r ,  pH 9, 

con ta in ing  15 mg Tween 80 (po lysorbate 80). The t o t a l  a d d i t i o n  t i m e  was 15 

minutes, and the  pH 9 was maintained by drop-wise a d d i t i o n  o f  0.2N NaOH. The 

r e a c t i o n  m ix tu re  was s t i r red f o r  24 hours a t  5"C, a f t e r  which i t  was ad jus ted  

t o  pH 7 w i t h  0.2N HC1. The microspheres were cen t r i f uged  a t  2000 rpm f o r  10 

minutes and t h e  supernatant removed and washed 3 t imes w i t h  10 m l  p o r t i o n  o f  

co ld ,  d i s t i l l e d  water. The washed azo-EDTA microspheres were suspended i n  

15 m l  d i s t i l l e d  water, con ta in ing  15 mg Tween 80, and s to red  a t  5°C. 

scopic examination o f  t h e  azo-EDTA microspheres shows them t o  have s l i g h t  

y e l l o w  c o l o r ,  w i t h  a number o f  p a r t i c l e s  showing evidence o f  d i s r u p t i o n .  

Micro- 

AZO- EDTA-HSA 

A s o l u t i o n  o f  1-(p-benzenediazonium)-EDTA f l uobora te  con ta in ing  12 umoIes/ml 

was prepared as described above wi:h constant  s t i r r i n g  a t  5°C. 

s o l u t i o n  was added drop-wise t o  10 m l  o f  a 1% s o l u t i o n  o f  HSA i n  0.01M EDTA-0.12 

M NaHC03 a t  pH 8.1. 

The r e a c t i o n  m ix tu re  was then s t i r r e d  for another  hour a t  5°C. The azo-EDTA-HSA 

was p u r i f i e d  by d i a l y s i s  against  0.1M sodium c i t r a t e  b u f f e r ,  pH 6, a t  5OC f o r  

72 hours, w i t h  fresh bu f fe r  used every 24 hours, f o l l owed  by d i a l y s i s  aga ins t  

d i s t i l l e d  water a t  5OC. The f i n a l  s o l u t i o n  was 30 m l  and was s to red  a t  5°C. 

10 m l  of t h i s  

The pH was maintained by drop-wise a d d i t i o n  o f  0.3N NaOH. 

3mIn-Azo-EDTA-Mi crospheres 

With constant  s t i r r i n g ,  1 m l  o f  s o l u t i o n  o f  113mInC13 (1.7 m C i / m l )  i n  0.05N 

HC1, con ta in ing  0.1 m l  o f  1N a c e t i c  ac id ,  was added t o  a suspension of 1 mg o f  

azo-EDTA-microspheres i n  1 m l  acetate b u f f e r ,  pH 6, con ta in ing  1 mg Tween 80. 

The m ix tu re  was adjusted t o  pH 4 w i t h  0.2M Na2HP04, and heated w i t h  s t i r r i n g  a t  

75OC f o r  15 minutes. 

b u f f e r ,  pH 7.2 and 0.9% NaC1, and resuspended i n  0.9% NaCl a t  s p e c i f i c  a c t i v i t y  

o f  2 Mi/ml. 

spheres and the  supernatant f o l l o w i n g  these washings. 

The suspension was ccoled,centr i fuged, washed w i t h  acetate 

Table 1 sumnarizes t h e  a c t i v i t y  d i s t r i b u t i o n  between the micro- 
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111 In-Azo-phenyl -EDTA microspheres 

With constant s t i r r i n g ,  0.1 m l  of 1N a c e t i c  a c i d  i s  added t o  1 m l  o f  

111InCl 

EDTA f luoborate.  

the s o l u t i o n  was cooled t o  5OC. 

15 minutes, drop-wise, t o  a s t i r r e d  suspension, a l s o  maintained a t  5"C, o f  

30 mg HSA microspheres i n  5 m l  bo ra te  b u f f e r ,  pH 9, con ta in ing  10 mg Tween 80. 

The pH 9 was maintained by a d d i t i o n  of 0.2N NaOH. The suspension was s t i r r e d  

a t  5OC f o r  24 hours, the suspension then cen t r i f uged  and the supernatant de- 

canted. The l a b e l i n g  y i e l d  was on ly  19%. 

twice w i t h  10 m l  p o r t i o n s  o f  ace ta te  bu f fe r ,  pH 7.25; 90% o f  t he  a c t i v i t y  r e -  

mained bound. 

s p e c i f i c  a c t i v i t y  o f  60 uCi/O.l m l .  

i n  0.05N HC1, and t h i s  s o l u t i o n  added t o  1 m l  (8  p o l e )  of Diazophenyl- 

A f t e r  5 minutes the pH was adjusted t o  pH 4 w i t h  1N NaOH, and 

The above s o l u t i o n  was added, over a pe r iod  o f  

The labe led  microspheres were washed 

The labe led  microspheres were resuspended i n  0.9% NaCl t o  a 

3mIn( lllIn)-Azo-EDTA-HSA 

2 m l  azo-EDTA-HSA were added t o  2 m l  (3.5mCi) 113mInC13 i n  0.05N HC1, con- 

t a i n i n g  0.1 m l  o f  1N AcOH, and t h e  m ix tu re  adjusted t o  pH 6 w i t h  1N Na,HPO,. 

This  mix ture was subjected t o  TLC on s i l i c a  gel i n  both water:ethanol:15N NH40H 

(125:50:0.1) o r  0.1N HC1 , and a l l  r a d i o a c t i v i t y  appeared associated w i t h  the  

albumin f r a c t i o n .  

13mIn( lllIn)-Azo-EDTA-HSA Aggregates 

The above s o l u t i o n  o f  t h e  113mIn-Azo-EDTA-HSA was heated i n  a conica l  

c e n t r i f u g e  tube a t  100°C f o r  30 minutes w i t h  constant  a g i t a t i o n  and cooled i n  

an i c e  bath. 

added before aggregation, as proposed by Chapman e t  a1 ( 7 )  w i t h  no improvement 

i n  the b i o l o g i c a l  s t a b i l i t y .  The aggregated ma te r ia l  was separated from the 

supernatant by c e n t r i f u g a t i o n  a t  2500 rpm f o r  10 minutes, f o l l owed  by 2 washings 

w i t h  1 m l  po r t i ons  o f  c o l d  (5OC) acetate b u f f e r ,  pH 4. The aggregates were 

then suspended i n  0.9% NaC1, and adjusted t o  the  des i red  s p e c i f i c  a c t i v i t y .  

Microscopic examination o f  p a r t i c l e  s i z e  revealed no p a r t i c l e s  l a r g e r  than 

70 micron. 

S tab i  1 i ty  Studies o f  Labeled Azo-EDTA-HSA-Aggregates 

I n  some cases, 0.06 m l  o f  a ZP(SO,,)~ s o l u t i o n  (30 mg/ml) was 

The r e l a t i v e  s t a b i l i t y  o f  b ind ing  o f  t h e  l a b e l  t o  the azo-EDTA l i g a n d  on 
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either microspheres or aggregates was determined by washing the labeled particles 

with 0.01N HC1, acetate buffer pH 4 or 0.9% NaCl, followed by centrifugation. 

The supernatant and particles were counted and the results a re  presented in 

TabTe 1 ,  as percentage of the original activity retained on the particles. 

Animal Distribution Studies 

Male Sprague-Dawley rats weighing 150-240 grams each were injected intra- 

venously into the ta i l  vein w i t h  50 uCi each of tes t  material and sacrificed by 

cerebral dislocation following heart-bleeding a t  30, 60 and 120 minutes, as well 

as 4 ,  6 and 12 hours post injection. Lungs, spleen, pancreas, adrenals, 

kidneys, thyroid, testes and heart were weighed i n  t o t o  and counted. The l iver 

was weighed in to to  and sampled. 

All samples were counted in a Beckman Biogam Counter for one minute per sample. 

The results obtained are tabulated as organ/blood and % injected/gram. 

Blood, muscle and bone were sampled and counted. 

RESULTS 

Both chelated products, 113mIn-Azo-EDTA-microspheres and 113mIn-Azo-EDTA- 

macroaggregates were tested for their  relative s tabi l i ty  by washing w i t h  either 

0.1N Acetate buffer of 0.01N HC1 and centrifugation. The results, expressed as 

percent of activity retained on the particles are presented in Table 1 .  

obvious from this table t h a t  while the labeled macroaggregates retained about  

99% of their  activity a f te r  repeated washings with acetate buffer, the labeled 

microspheres lose the label easily with remarkable dissociation: 

TABLE 1. 

Wash i ng  Sol u t i on 

I t  i s  

Percent Activity Retained On Particles Following Washings With 
Various Agents 

113mIn-Azo-EDTA 11 3mIn-ko-EDTA 
Mi crospheres Macroassregate s 

Labeling Solution 

0.1N Acetate Buffer, pH 4,  1s t  Washing 

0.1N Acetate Buffer, pH4, 2nd Washing 

0.1N Acetate Buffer, pH 4, 3rd Washing 

0.1N Acetate Buffer, pH4, 4th Washing 

0.01N H C 1 ,  1s t  Washing 

0.01N HC1, 2nd Washing 

0.9% NaCl 

82% 98% 

72% 98% 

66% 98% 

62% 99% 

--- 99% 

50% 88% 

--- 9 3% 

47% 98% 
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The r e s u l t s  o f  the 113mIn-Azo-EDTA-MAA d i s t r i b u t i o n  s tud ies  are presented 

as organ/blood r a t i o s  and f o r  3 organs as percent injected/gram t i s s u e  (Table 21, 

up t o  12 hours a f t e r  i n j e c t i o n  o f  t he  agent. 

page 2, the percent in jected/gram o f  t i s s u e  remained low (<0.2%/9) and d i d  n o t  

change w i t h  time. 

EDTA-MA, up t o  6 hours pos t  i n j e c t i o n  (Table 3).  

o f  the Azo-phenyl-EDTA microspheres chelates t o  both isotopes were a l so  c a r r i e d  

out, and some o f  t h e i r  rep resen ta t i ve  runs are sumnarized i n  Table 3. 

For the o the r  organs l i s t e d  on 

S i m i l a r  d i s t r i b u t i o n  s tud ies  a re  a l s o  g iven f o r  lllIn-Azo- 

Previous d i s t r i b u t i o n  s tud ies 

DISCUSSION 

The l i m i t e d  chemical s t a b i l i t y  o f  t he  indium labe led  micrbspheres t o  re- 

peated washings w i t h  both buf fers  and s o l u t i o n  o f  0.01N H C I  suggests t h a t  the 

indium does n o t  appear t o  be s t r o n g l y  bound t o  t h e  azo-EDTA moiety on the micro- 

spheres. 

(lljmIn)-labeled microspheres i n  r a t s  c l e a r l y  p a r a l l e l  those t h a t  are character- 

i s t i c  o f  t he  d i s t r i b u t i o n  o f  a c o l l o i d ,  e.g. h igh  l i v e r  and spleen uptake. 

add i t i on ,  s i g n i f i c a n t  phys i ca l  i n s t a b i l i t y  o f  t h e  microspheres was observed when 

they were exposed t o  the  coup l i ng  cond i t i ons .  

I n  add i t i on ,  t he  data on b i o l o g l c a l  d i s t r i b u t i o n  o f  such indium 

I n  

Welch (10) had analyzed the  chemistry o f  c a r r i e r - f r e e  indium i n  s o l u t i o n  

and suggested t h a t  two f a c t o r s  should be taken i n t o  account i n  the formation and 

s t a b i l i t y  of indium complexes: 

constant o f  t h e  f i n a l  complex. 

t h e  k i n e t i c s  o f  format ion and the s t a b i l i t y  

I n  apply ing these concepts t o  the p repara t i on  o f  the Indium-azo-phenyl-EDTA 

microspheres, we a l s o  r e l i e d  on the  ace ta te  complex (I) intermediate proposed by 

Welch (10). 

ve r ted  t o  the  acetate complex, and then reacted, a t  pH 7 ,  w i t h  the  azo-phenyl- 

EDTA microspheres. While the format ion of an indium-EDTA complex i n  s o l u t i o n  i s  

r a p i d  and complete, i n  the system described by Welch, the same does n o t  appear t o  

be the  case i n  t h i s  work. 

I n  t h i s  system, the  ind ium i o n  e l u t e d  i n  0.05N HC1 i s  f i r s t  con- 

These f i nd ings  can be r a t i o n a l i z e d  by assuming t h a t ,  i n  the format ion step, 

t h e r e  i s  a compet i t ion between hydroxide formati; (11) and format ion of t he  
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EDTA complex (111). When the azo-phenyl-EDTA i s  i n  homogeneous phase and the 

transfer of indium from the acetate complex t o  the azo-phenyl-EDTA complex pro- 

ceeds rapidly, e.g. k3>k2, whereas when the reaction proceeds i n  a heterogeneous 

phase the rate of the reaction of the EDTA moiety w i t h  i n d i u m  i s  much slower, 

e.g. k2>k3, and formation of the hydroxtde is  favored: 

k2 

k-2 
InA3 + 30H- In(OH), + 3Ac- ( I I )*  

k 3  

k- 3 
InAcB + EDTA 2 In-EDTA t 3Ac- ( I I I )*  

Obviously, each equation is a composite of many steps. (11) 

I t  i s  likely that a two body collision between the small i n d i u m  acetate and 

the large azo-phenyl-EDTA-microsphere i s  kinetically less favorable than the 

collision between the indium acetate complex and the hydroxide ion, both of 

similar size and therefore more diffusible t h a n  the large microsphere. 

sequence of events would lead t o  the formation of an indium hydroxide, which 

would remain in a colloidal form and be stabilized $y deposition on the surface 

of the particulate matter. 

Such a 

This mixture of a colloid and a particle will re-dissociate in the body 

into a radioactive colloid, which separates i tself  from the particle and, as 

any colloid wil l ,  give a h igh  l iver uptake. 

suggests significant solubility of the 113mIn when the microsphere are treated 

w i t h  the 0.05N HC1,  and the biological data, showing high l iver  uptake, are 

consistent with the formation of a colloid on the microsphere surface. 

Both the chemical data, which 

I f ,  however, the azo-phenyl-EDTA residue i s  coupled to  a soluble protein 

such as albumin, the formation kinetics are reversed and I t  i s  indeed the 

13mIn-azo-phenyl -EDTA-a1 bumin complex that is formed i n  preference t o  the 

colloid (8,9). 

phenyl-EDTA-indi um-a1 bumin complex i n  homogeneous phase, followed then by 

Based on these concepts, i t  was logical t o  prepare the azo- 
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aggregation o f  the albumin and format ion o f  a macroaggregate. The chemical 

s t a b i l i t y  data a re  g iven i n  Table 1, and exposure o f  the complex t o  0.05N HC1 

d i d  n o t  r e s u l t  i n  s i g n i f i c a n t  washout o f  indium a c t i v i t y .  Th i s  suggests the 

presence of a s t a b l e  complex. The data on t h e  b io log%ca l  d i s t r i b u t i o n  i n  r a t s  

of t h i s  indium-azo-phenyl-EDTA-MAA i s  given i n  Table 2, and show t h a t  more than 

95% of the i n j e c t e d  a c t i v i t y  i s  l o c a l i z e d  i n  t h e  lung. The presence o f  l ess  

than 0.5% o f  the a c t i v i t y  i n  the l i v e r  o r  spleen suggests near t o t a l  absence of 

any c o l l o i d ,  and the re fo re  absence o f  r e a c t i o n  11. 

Add i t i ona l  support f o r  t he  unfavorable k i n e t i c s  o f  t h e  heterogeneous phase 

reac t i on  i s  o f fered by the p o s i t i v e  b i o l o g i c a l  r e s u l t s  a t t a i n e d  (see l a s t  column, 

Table 3) when indium i s  complexed t o  the  azo-phenyl-EDTA i n  so lu t i on ,  p r i o r  t o  

coupling, and the che la te  i s  coupled subsequently t o  t h e  microsphere. However, 

w h i l e  t h i s  method y i e l d s  a s u i t a b l e  l abe led  microsphere, and supports the post- 

u l a t e d  r e a c t i o n  mechanism, the  product  i s  o f  l i t t l e  s i g n i f i c a n c e  as a p o t e n t i a l  

lung scanning agent because o f  the l ong  p repara t i on  time requ i red  and t h e  r e l a -  

t i v e l y  long l i v e d  rad ionuc l i de  requ i red  therefore.  

however, be o f  i n t e r e s t  t o  p h y s i o l o g i t a l  s tud ies i n  animals where a microsphere 

l abe led  w i t h  a longer  l i v e d  rad ionuc l i de  might  be des i rab le.  

This  p repara t i on  could, 

The r e l a t i v e  s t a b i l i t y  o f  t h e  complex poses a d i f f e r e n t  problem. When the 

indium-azo-phenyl -EDTA-MAA was prepared w i t h  I 1 l I n  and the  complex u t i l i z e d  

severa l  hours (10-15) a f t e r  formation, r e s u l t s  from animal d i s t r i b u t i o n  data 

showed s i g n i f i c a n t  l i v e r  uptakes, although the  chemical s t a b i l i t y  data obtained 

imnediate ly  a f t e r  product  p repara t i on  was good (Table 1). 

I13" In  and were fo rced  t o  u t i l i z e  t h e  s h o r t - l i v e d  radiopharmaceutical agent 

imnediate ly  a f t e r  preparat ion,  very  s a t i s f a c t o r y  r e s u l t s ,  as given i n  Table 2, 

became apparent. 

l o c a l i z e d  i n  the l ung  decreases, w i t h  concomitant l i v e r  and spleen involvement. 

Th i s  suggests b i o l o g i c a l  degradation o f  t h e  ind ium macro-aggregate complex, 

w i t h  indium l i b e r a t e d  both i n  a c o l l o i d  and p o s s i b l y  a t r a n s f e r r i n  bound form. 

The l a c k  o f  s t a b i l i t y  o f  the f i n a l  EDTA azo-albumin complex i s  somewhat more 

d i f f i c u l t  t o  understand, b u t  i t  may be r e l a t e d  both t o  the  s t e r i c  s t r a i n  of the 

molecule and the  r e a c t i v i t y  o f  t h e  EDTA-In complex on the  p a r t i c u l a t e  surface. 

When we switched t o  

I n  add i t i on ,  a few hours p o s t - i n j e c t i o n ,  t h e  r e l a t i v e  a c t i v i t y  
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From a kinetic point of vlew, hydroxide formation i s  a slow process and while 

i t s  s t a b i l i t y  constant is lower than that of EDTA alone, i t  is possible tha t  the 

s t e r i c  s t r a in  of the aggregates resu l t s  i n  a significantly lower s t a b i l i t y  con- 

s t an t  fo r  the indium-azo-phenyl-EDTA-MAA complex. 

undergoing a slow rearrangement t o  the more stable i n d i u m  hydroxide. 

This may resu l t  i n  the indium 

In conclusion, the problems discussed here of the chemistry and bio- 

chemistry of an i n d i u m  complex suggest t ha t  more extensive chemical and 

biological studies o f  these and related systems need t o  be performed t o  gain a 

be t te r  understanding o f  the mechanism involved, and  t o  develop consistent indium 

labeled radiopharmaceuticals f o r  c l in ica l  use. 
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