
Journal of Labelled Compounds and Radiopharmaceutieals-Vol. X V I I I ,  No. 3 

SYNTHESIS OF INDIUM-111 MESOPROTOPORPHYRIN IX 

K .  14. Leea and  A .  G .  i4arshallb’c 
Department of Chemistry, University of B r i t i s h  Columbia 
Vancouver, E . C . ,  Y6T 1W5 CANADA 

SUMMARY 

Indium-11 1 mesoprotoporphyrin IX has been prepared by 
ref luxing s u i t a b l e  proportions of InC13, sodium a c e t a t e ,  
and mesoprotoporphyrin IX in g l a c i a l  a c e t i c  acid.  The 
labeled metal loporphyri n i s  s u f f i c i e n t l y  water-sol uble 
f o r  use as a scanning agent ,  and can a l s o  be incorporated 
i n t o  heme apoproteins f o r  perturbed gamma-gamma 
angular cor re la t ion  measurements. 
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INTRODUCTION 

The need f o r  a wa te r -so lub le ,  indium-111 l a b e l e d  p o r p h y r i n  has become 

i n c r e a s i n g l y  e v i d e n t .  F i r s t ,  i t  i s  w e l l - e s t a b l i s h e d  t h a t  v a r i o u s  po rphy r ins  

a r e  taken up by lymph nodes and n e o p l a s t i c  t i s s u e s  ( 1 - 9 ) ,  based p r i m a r i l y  on 

obse rva t i on  o f  f l uo rescence  o f  t h e  (meta l  - f r e e )  p o r p h y r i n .  

t e r i z e  t h i s  t u m o r - l o c a l i z a t i o n  u s i n g  r a d i o - l a b e l e d  po rphy r ins  have however 

l a r g e l y  f a i l e d  (e.g., r e f .  l o ) ,  due t o  l a c k  o f  s u i t a b l e  i so topes ,  presence o f  

chemical  i m p u r i t i e s ,  and chemical  d i f f i c u l t y  o f  prompt n t r o d u c t i o n  o f  t h e  

r a d i o - l a b e l  i n t o  t h e  p o r p h y r i n .  Second, indium-111 has near -op t ima l  p h y s i c a l  

p r o p e r t i e s  f o r  use i n  tumor-scanning: conven ien t  h a l f - 1  f e  ( 2 . 8  da),  s imp le  

decay scheme w i t h  few s i d e  p roduc ts ,  and emiss ion  o f  two gamma r a y s  i n  h i g h  

p r o p o r t i o n  (173 keV a t  87%; 247 keV a t  9 3 % )  t o  g i v e  about  180 u s e f u l  photons 

pe r  100 d i s i n t e g r a t i o n s  f o r  ready  d e t e c t i o n  by r e c t i l i n e a r  scanners as w e l l  

as t h e  Anger s c i n t i l l a t i o n  camera system (11 -14 ) .  However, w a t e r - s o l u b l e  

i nd ium complexes s t a b l e  under p h y s i o l o g i c a l  c o n d i t i o n s  a r e  scarce .  I n  , 

f o r  example, i s  u n s t a b l e  i n  wa te r  except  a t  a c i d  pH. A l though  t h e r e  have 

been scanning a p p l i c a t i o n s  w i t h  indium-111 (15,16), i n  which t h e  i nd ium i s  

che la ted  by an EDTA (ethylenediaminetetraacetate) group t o  wh ich  has been 

a t tached  a chemica l l y  f u n c t i o n a l  p r o t e i n - b i n d i n g  reagent ,  such agents a r e  

r a t h e r  d i f f i c u l t ,  expensive,  and t ime-consuming t o  p repare  and as a r e s u l t  

a r e  n o t  y e t  w i d e l y  used. 

A t tempts  t o  charac-  

+3 

Several  i nd ium po rphy r ins  have been syn thes ized,  and t h e  f i r s t  c r y s t a l  

s t r u c t u r e  o f  an i n d i  um po rphy r in ,  a,@ ,y16-tetraphenylporphinatoindium( I11 ) 

c h l o r i d e ,  has j u s t  been r e p o r t e d  (17) .  

w a t e r - s o l u b l e  po rphy r ins ,  p r o t o p o r p h y r i n  I X  i t s e l f  i s  n o t  s u i t a b l e  because 

o f  i t s  r e a c t i v e  ( t o  l i g h t  o r  a i r )  v i n y l  s i d e  c h a i n s .  

However, o f  t h e  r e a d i l y  a v a i l a b l e  

We t h e r e f o r e  s e l e c t e d  
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mesopro toporphyr in  IX, 1, f o r  i n c o r p o r a t i o n  o f  t h e  indium-111 r a d i o - l a b e l .  

A l l  chemical  procedures were f i r s t  t e s t e d  u s i n g  c o l d  indium, and t h e  p r o -  

cedure  m o d i f i e d  somewhat f o r  p r e p a r a t i o n  o f  t h e  r a d i o - l a b e l e d  i nd ium 

p o r p h y r i  n (see be1 ow). 

C H 2 C H Z C O O H  t H Z  C H Z C  O O W  

MESO- PROTOPORPHYRIN I X ,  I 

C H Z C H 2 C O O H  LH2 C H 2 C O O H  

355 

INDIUM MESO-PROTOPORPHYRIN I X ,  2 - 



356 

RESULTS AND DISCUSSION 

K. M. Lee and A .  G.  Marshall 

The usua l  method f o r  p r e p a r i n g  i nd ium mesopro toporphyr in  I X ,  2, i s  t o  

r e f l u x  a l a r g e  excess o f  i nd ium w i t h  t h e  p o r p h y r i n  (see Exper imen ta l ) .  

However, such a method i s  n o t  a p p l i c a b l e  toward syn thes i s  o f  indium-111 

mesopro toporphyr in  I X  (In:MPP), because t h e  s p e c i f i c  a c t i v i t y  o f  t h e  f i n a l  

p roduc t  would be t o o  low.  The search  f o r  optimum r e a c t i o n  c o n d i t i o n s  was 

t h e r e f o r e  conducted u s i n g  c o l d  ind ium,  by  v a r y i n g  t h e  r e f l u x  t ime,  t h e  p ro -  

p o r t i o n  o f  h o t  t o  c o l d  ind ium,  and t h e  r e l a t i v e  amount o f  1. 
V i s i b l e  a b s o r p t i o n  spec t ra  p r o v i d e  a conven ien t  means f o r  m o n i t o r i n g  

t h e  r e a c t i o n  progress  (see F i g .  1 ) .  

t h e  a-band o f  1 i nc reases  markedly,  a long  w i t h  a hypochromic s h i f t  f r om 

592 nm t o  573 nm. I n  a d d i t i o n ,  t h e  6-band s h i f t s  f r o m  548 nm t o  536 nm. 

On f o r m a t i o n  o f  2_, t h e  i n t e n s i t y  of  

A n a l y t i c a l  t h i n - l a y e r  chromatography ( t l c )  was used t o  check t h e  p u r i t y  

o f  t he  indium p o r p h y r i n  p roduc t .  The b e s t  s o l v e n t  system f o r  development o f  

t h e  chromatograms was found t o  be a 2 : l  m i x t u r e  o f  to luene/methano l .  

sp ray ing  agent  i s  r e q u i r e d  t o  see t h e  spo ts ,  s i n c e  b o t h  t h e  s t a r t i n g  m a t e r i a l  

and p roduc t  a r e  i n t e n s e l y  c o l o r e d . ]  

a t  t h e  o r i g i n  and t h e  1n:MPP mig ra tes  upward. 

[No 

W i t h  t h i s  s o l v e n t  system, t h e  MPP remains 

The f i n a l  p rocedure  gave ( c o l d )  1n:MPP p roduc t  i n  h i g h  p u r i t y ,  and was 

used t o  p repare  indium-1l l :MPP. I d e n t i c a l  p rocedures  can o b v i o u s l y  be used 

t o  syn thes i ze  113mIn:MPP, wh ich  may be o f  more d i r e c t  c l i n i c a l  va lue ,  s i n c e  

'13% i s  a v a i l a b l e  f rom t h e  sma l l  c y c l o t r o n s  l o c a t e d  a t  many h o s p i t a l s .  

S i m i l a r l y ,  i t  shou ld  be p o s s i b l e  t o  p repare  indium-111 p r o t o p o r p h y r i n  I X  by 

t h e  same procedure .  The s p a r i n g  aqueous s o l u b i l i t y  o f  1n:MPP suggests t h a t  

i t  i s  d e s i r a b l e  f i r s t  t o  d i s s o l v e  t h e  indium-1l l :MPP i n  d i l u t e  base (ca .  0.01 

N NaOH) f o l l o w e d  by 1 0 - f o l d  d i l u t i o n  w i t h  b o r a t e  b u f f e r  ( ca .  pH 9 )  b e f o r e  

c l i n i c a l  i n j e c t i o n .  F i n a l l y ,  i t  i s  p o s s i b l e  t o  r e c o n s t i t u t e  indium-111 :MPP 

i n t o  apomyoglobin ( o r  o t h e r  heme a p o p r o t e i n s )  e i t h e r  f o r  c l i n i c a l  use o r  

f o r  p e r t u r b e d  angu la r  c o r r e l a t i o n  s t u d i e s  i n  v i t r o  o r  i n  v i v o ,  as w i l l  be 

r e p o r t e d  e l  sewhere (18 ) .  
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F i g u r e  1. V i s i b l e  a b s o r p t i o n  s p e c t r a  (Cary 14)  o f  meso-pro toporphyr in  I X  
( l e f t )  and ind ium mesopro toporphyr in  I X  ( r i g h t )  i n  f o r m i c  a c i d .  

EXPERIMENTAL 

Non- rad ioac t i ve  i nd ium mesopro toporphyr in  I X  (1n:MPP). 

A l though  mesopro toporphyr in  I X  (MPP) i s  commerc ia l l y  a v a i l a b l e ,  i t  was 

much cheaper t o  produce i t  f rom f e r r i - p r o t o p o r p h y r i n  I X  by a p rocedure  

e s s e n t i a l l y  t h e  same as t h a t  o f  T a y l o r  (19) .  

o b t a i n e d  f rom Strem Chemicals, Inc.; p a l l a d i u m  o x i d e  (PdO.xH20) f rom Matheson 

Coleman & B e l l ;  f o r m i c  a c i d  (90%) f rom F ishe r ;  ammonia f rom A l l i e d  Chemical 

Canada, L td . ;  ammonium a c e t a t e  f rom EICB; sodium t a r t r a t e  AR f rom M a l l i n k r o d t ;  

i nd ium c h l o r i d e  ( InC l3 ,  anhydrous, u l t r a p u r e )  f rom A l f a ;  reagen t  g l a c i a l  

a c e t i c  a c i d  f rom A l l i e d  Chemical; s i l i c a  g e l  (70-140 mesh) f o r  column 

chromatography f rom Macherey, Nagel & Co., Germany. 

F e r r i - p r o t o p o r p h y r i n  I X  was 

I n  a 250 m l  one-necked round-bot tom f l a s k  f i t t e d  w i t h  a r e f l u x  condenser, 

i nd ium c h l o r i d e  (0.148 g )  and meso-pro toporphyr in  I X  (0.200 g)  were heated  t o  

b o i l i n g  i n  g l a c i a l  a c e t i c  a c i d  (160 m l )  c o n t a i n i n g  sodium a c e t a t e  (0.717 9 ) .  

The r e a c t i o n  was p r o t e c t e d  f rom l i g h t  by aluminum f o i l ,  and a l l owed  t o  r e f l u x  

f o r  44  h r .  Progress  o f  t h e  m e t a l l a t i o n  process was mon i to red  spec t roscop ic -  
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a l l y  by the disappearance of the v i s i b l e  spectrum (Fig.  1 )  of meso-proto- 

porphyrin IX. 

minimal volume. Addition o f  water t o  the  warm, concentrated so lu t ion  gave a 

copious p r e c i p i t a t e  of br ight-red 1n:MPP. The s o l i d  was c o l l e c t e d ,  washed 

with water, and dr ied  over p e l l e t s  o f  sodium hydroxide i n  vacuo. Analytical 

t l c  was used t o  check t h e  p u r i t y  o f  1n:MPP ( s e e  Resul t s ) ,  using Eastman 

chromatogram sheets  of  s i l i c a  gel with f luorescent  i n d i c a t o r .  

The so lu t ion  was concentrated on a r o t a r y  evaporator t o  a 

The crude 1n:MPP was pur i f ied  by f i r s t  dissolving the  product (100 mg) 

in minimal methanol, followed by chromatography on a 62 x 1 .6  cm column of 

s i l i c a  gel packed in  toluene. The column was e lu ted  with toluene/methanol 

( 2 : l ) .  1n:MPP e lu ted  f i r s t ,  followed by unreacted MPP and impur i t ies .  All 

f r a c t i o n s  were checked spectroscopical ly  and by t l c .  

removed i n  vacuo t o  recover the  br ight-red 1n:MPP. 

Indium-111 mesoprotoporphyrin IX (In-111:MPP). 

The so lvent  was 

All manipulations with indium-111 were c a r r i e d  out behind an improvized 

lead sh ie ld  ( 3  mm t h i c k )  making an enclosure 50 x 50 x 40 cm, i n  a fume hood. 

A Picker Model 642081 Labmonitor was used f o r  determining rad ia t ion  l e v e l s ,  

es t imat ing sample a c t i v i t y ,  and checking f o r  contamination. Because of the 

conveniently shor t  h a l f - l i f e  of indium-111, a l l  contaminated glassware a n d  

so lu t ions  could simply be s tored  in  the  lead enclosure unt i l  de tec tab le  

r a d i o a c t i v i t y  had disappeared. Indium-111 was obtained commercially as  

c a r r i e r - f r e e  

ch lor ide ,  from Medi-Physics Corp., Emeryville, Cal i forn ia .  

InC13 i n  aqueous so lu t ion  containing 0.45% t o  0.9% sodium 

I n  a 25 ml round-bottom f l a s k  f i t t e d  with a re f lux  condenser, MPP ( 6  mg), 

cold InCl3 (2.3 mg), sodium a c e t a t e  (9.1 mg) were combined in  g l a c i a l  a c e t i c  

acid (6 ml) and s t i r r e d  vigorously. "'InCl3 (1.1 ml s o l u t i o n ;  2 . 2  mCi) was 

in jec ted  i n t o  the  reac t ion  mixture, which was then refluxed f o r  6-7 hr [a 

s h o r t e r  re f lux  time of 3 hr i s  s u f f i c i e n t  when h i g h  s p e c i f i c  a c t i v i t y  i s  not 



Synthesis of Indium-I I 1  Mesoprotoporhyrin ZX 359 

requ i red ] .  The s o l u t i o n  was then concen t ra ted  t o  min imal  volume by evapor- 

a t i o n .  A d d i t i o n  o f  c o l d  de ion i zed  water  t o  the  warm, concentrated s o l u t i o n  

produced a b r i g h t - r e d  p r e c i p i t a t e  which was washed repea ted ly  w i th  c o l d  

wa te r  and a i r - d r i e d .  No a t tempt  was made t o  p u r i f y  t he  product ,  s i n c e  

e s s e n t i a l l y  a l l  (>99%) o f  t h e  indium-111 was conver ted t o  t h e  complex. 

The o v e r a l l  procedure can thus be completed i n  about 0.1 o f  one h a l f - l i f e  

o f  t h e  indium-111 decay, f o r  n e g l i g i b l e  l o s s  i n  t o t a l  a c t i v i t y .  
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