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Chapter 23. The Current S t a t u s  of I ron  Chelat ion Therapy 

Robert W. Grady and Anthony C e r a m i ,  The Rockefe l le r  Univers i ty ,  N . Y . ,  N .Y .  

While i r o n  f e f i c i e n c y  is  well-known and i s  i n  f a c t  t h e  lead ing  cause 
of anemia i n  man, t he  pa tho log ica l  accumulation of excess  i r o n  is a l s o  
widespread. 
i r o n  (primary hemosiderosis) o r  from t r ans fus ion  therapy (secondary hemo- 
s i d e r o s i s ) .  
t h e  tha lassemia  syndromes (alpha and b e t a )  are much more common. These 
too  a r e  gene t i c  d i so rde r s ,  t h e  de fec t  being an imbalance i n  t h e  syn thes i s  
of t h e  a lpha  and b e t a  cha ins  of hemoglobin r e spec t ive ly .  P a t i e n t s  a f f l i c t -  
ed wi th  e i t h e r  of t h e  la t ter  syndromes s u f f e r  from an anemia which ranges 
from very  mild t o  l i f e  th rea ten ing .  
blood t r ans fus ions  t o  those  ch i ld ren  whose anemia is  severe .  Worldwide, 
i t  is  est imated t h a t  3 m i l l i o n  people  show c l i n i c a l l y  s i g n i f i c a n t  manifes- 
t a t i o n s  of thalassemia.  Beta-thalassemia is most common throughout t h e  
Mediterranean bas in  and t h e  Middle East whereas a lpha-thalassemia i s  pre- 
va l en t  i n  t h e  Far  East. The geographical  d i s t r i b u t i o n  i s  s i m i l a r  t o  t h a t  
of malaria sugges t ing  t h a t ,  as i n  t h e  case of s i c k l e  cel l  anemia, t h e  
heterozygotes  o r  gene carriers are somewhat p ro tec t ed  a g a i n s t  t h e  ma la r i a  
p a r a s i t e .  
populat ion.  

I ron  accumulation r e s u l t s  from hyperabsorpt ion of d i e t a r y  

While primary hemochromatosis is a r a t h e r  rare g e n e t i c d i s e a s g  

I t  i s  necessary t o  g ive  f requent  

$n some a r e a s  he te rozygotes  make up as much as 30% of t h e  

The accumulation of i r o n  is due t o  t h e  f a c t  t h a t  man l a c k s  a physio- 
l o g i c a l  means of exc re t ing  t h i s  metal .  The amount of i r o n  present  i n  t h e  
body i s  regula ted  s o l e l y  by absorp t ion .  This  unusual r egu la to ry  mechanism 
probably a rose  as a r e s u l t  of t h e  need t o  conserve t h i s  e s s e n t i a l  n u t r i e n t  
f o r  i t  i s  r e l a t i v e l y  d i f f i c u l t  t o  o b t a i n  from t h e  d i e t  due t o  t h e  extreme 
i n s o l u b i l i t y  of most environmental  i ron .  The a c q u i s i t i o n  of t h i s  element 
is  a problem common t o  v i r t u a l l y  a l l  b i o l o g i c a l  organisms. 
mul t i tude  of complex mechanisms f o r  s eques t r a t ion ,  t r a n s p o r t  and s t o r a g e  
of i r o n  which have been developed by m i c  o es and p l a n t s  so  a s  t o  compete 

Hence t h e  

e f f e c t i v e l y  f o r  t h a t  which is a v a i l a b l e .  0 
I n  man, i r o n  is  s to red  i n  va r ious  t i s s u e s  a s  e i t h e r  f e r r i t i n  o r  

hemosiderin. F e r r i t i n  is  a p r o t e i n  c o n s i s t i n g  of 24 subun i t s  arranged i n  
t h e  form of a s h e l l  about a co re  of p r e c i p i t a t e d  i r o n  oxides .  That which 
is  c a l l e d  hemosiderin is be l ieved  t o  e aggrega tes  of f e r r i t i n  which has 
been p a r t i a l l y  d iges ted  by lysosomes.8 Storage of excess i r o n  is neces- 
s a ry  t o  prevent  i t s  i n i t i a t i o n  of f r e e  r a d i c a l  r e a c t i o n s  wi th in  t h e  body. 
I n  i r o n  overload,  however, de novo s y n t h e s i s  of f e r r i t i n  is unable t o  
completely p r o t e c t  t i s s u e s  from ce l l  damage and subsequent f i b r o s i s .  Par- 
t i c u l a r l y  noteworthy are t h e  progress ive  f i b r o t i c  changes i n  t h e  l i v e r ,  
hea r t  and endocrine organs of iron-overloaded p a t i e n t s .  Most un t rea ted  
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tha lassemic  p a t i e n t s  d i e  of ca rd iac  complicat ions dur ing  t h e  f i r s t  o r  
second decade whi le  t hose  wi th  un t r ea t ed  primary hemochromatosis d i e  i n  
t h e i r  f i f t i e s ,  p r imar i ly  of l i v e r  f a i l u r e .  

The c l i n i c a l  management of p a t i e n t s  wi th  primary hemosiderosis  c a l l s  
f o r  venesec t ion  a t  r e g u l a r  i n t e r v a l s  u n t i l  body s t o r e s  r e t u r n  t o  normal. 
The removal of one u n i t  of blood (500 ml) causes  t h e  l o s s  of 250 mg of 
i ron .  Phlebotomy of p a t i e n t s  w i th  secondary hemochromatosis is  obviously 
precluded s i n c e  these  p a t i e n t s  are a l r eady  anemic and i n  f a c t  r e q u i r e  
blood t r ans fus ions  every few weeks f o r  t h e  maintenance of l i f e .  P a t i e n t s  
on chronic  blood t r a n s f u s i o n  programs accumulate i r o n  a t  t h e  ra te  of 15  
t o  25 mg pe r  day and t h u s  would be expected t o  have an excess  of approxi- 
mately 100 g by t h e  age of 20. U n t i l  such t i m e  as i t  is  p o s s i b l e  t o  treat  
t h e  primary d e f e c t  of tha lassemia ,  therapy  w i l l  most l i k e l y  depend upon 
chronic  t r ans fus ions .  Accordingly,  t h e  development of an e f f e c t i v e  phar- 
macological  means of inducing i r o n  exc re t ion  i s  necessary as ad junc t ive  
therapy.  During t h e  p a s t  20 yea r s ,  s e v e r a l  compounds have been i d e n t i f i e d  
as p o t e n t i a l l y  u s e f u l  i ron-che la t ing  drugs and are a t  d i f f e r e n t  s t a g e s  of 
development. Recently,  t h e  Nat iona l  I n s t i t u t e s  of Heal th  has  noted t h e  
need f o r  more e f f i c a c i o u s  drugs and has  i n i t i a t e d  a program t o  sc reen  and 
eva lua te  i r o n  che la to r s .  Two complementary b i o l o g i c a l  sc reening  proce- 
du res  are being u t i l i z e d  i n  t h e  sea rch  f o r  new drugs ,  an i n  v i t r o  tech-  
nique us ing  Chang l i v e r  cells8 and an i n  v ivo  assay  employing hypertrans-  
fused rats.9 

The compounds t h a t  have been s tudied  t o  d a t e  are p r imar i ly  those  
having func t iona l  groups found i n  n a t u r a l  products .  These inc lude  hydrox- 
amic a c i d s  and d e r i v a t i v e s  of 2,3-dihydroxybenzoic ac id .  These moie t i e s  
possess  a high a f f i n i t y  f o r  f e r r i c  i ons  render ing  compounds h ighly  selec- 
t i v e  f o r  t h i s  metal both i n  v i t r o  and i n  vivo. B r i e f l y  w e  s h a l l  d e s c r i b e  
t h e  cu r ren t  s t a t u s  of t h e  i r o n  c h e l a t o r s  which have been i d e n t i f i e d  as 
having p o t e n t i a l  t he rapeu t i c  u se fu lness .  

-- -- 

DF 

Desferrioxamine - Desferrioxamine (DF) is  a hexadentate  i r o n  c h e l a t o r  
which i s  produced by t h e  microbe Streptomyces p i lo sus .  
amic ac id  groups occupy a l l  s i x  si tes i n  t h e  oc t ahedra l  coord ina t ion  
sphere  of i ron .  The binding cons tan t  of t h i s  l igand  i s  1031 r e f l e c t i n g  
t h e  very  h igh  a f f i n i t y  of t h e  hydroxamate moiety f o r  f e r r i c  ions .  When 
eva lua ted  i n  cu l tu red  Chang c e l l s ,  DF is a b l e  t o  prevent  t h e  incorpora t ion  
of i r o n  i n t o  f e r r i t i n  and can induce t h e  mob i l i za t ion  of i r o n  from pre- 
loaded f e r r i t i r1 . l '  Moreover, DF causes  t h e  exc re t ion  of s i g n i f i c a n t  amounts 
of i r o n  when adminis tered i n t r a p e r i t o n e a l l y  t o  hypertransfused r a t s . 9  In  
s p i t e  of t h i s ,  however, t h e  in t ramuscular  i n j e c t i o n  of DF i n t o  i r o n  over- 

The t h r e e  hydrox- 
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loaded p a t i e n t s  is  incapable  of p u t t i n g  them i n t o  nega t ive  i r o n  balance.  
Furthermore, t h e  i n j e c t i o n s  are poorly t o l e r a t e d  by t h e  p a t i e n t s  and t h e i r  
pa ren t s  and thus  t h i s  mode of therapy has been v i r t u a l l y  abandoned. 
r e su  gence of i n t e r e s t  i n  desferr ioxamine occurred i n  1974 when Barry e t  
a l . l f  repor ted  t h a t  t h e  p e r s i s t e n t  u se  of intramuscular  DF-therapy over  a 
7-year per iod decreased t h e  r a t e  of i r o n  accumulation i n  tha lassemic  pat-  
i e n t s .  Reevaluation of DF centered  on maximizing i t s  e f f e c t i v e n e s s  v i a  
a l t e r n a t i v e  r o u t e s  of adminis t ra t ion .  It had been observed by Smith12 
t h a t  maximum ur ina ry  exc re t ion  of i r o n  occurred when DF was given as a 
slow intravenous in fus ion .  This  occurs  f o r  two reasons.  F i r s t ,  a l though 
an iron-overloaded p a t i e n t  has  massive amounts of i r o n  i n  h i s  body s t o r e s ,  
most of t h i s  i r o n  is  unavai lab le .  A t  any given t i m e ,  t h e r e  is  only a 
small pool of i r o n  which is a c c e s s i b l e  t o  low molecular  weight c h e l a t o r s .  
When i r o n  i s  removed from t h i s c h e l n t a b l e p o o l ,  i t  i s  r e f i l l e d  r e l a t i v e l y  
slowly from s i tes  of i r o n  s torage .  Second, t h e  c i r c u l a t i n g  h a l f - l i f e  of 
DF i s  only 76 minutes,13 t h u s  a s i g n i f i c a n t  po r t ion  of t h e  c h e l a t o r  is  
excre ted  without i r o n  due t o  p r i o r  d e p l e t i o n  of t h e  c h e l a t a b l e  i r o n  pool.  
A t  t h e  time of Smith's observa t ion ,  t h e  i m p r a c t i c a l i t y  of adminis te r ing  DF 
as a continuous in fus ion  precluded eva lua t ion  of t h i s  mode of therapy.  Re- 
cen t  advances i n  t h e  development of p o r t a b l e  in fus ion  pumps have now made 
t h i s  poss ib l e .  While i n j e c t i o n  of a s i n g l e  i . m .  dose of DF induces t h e  
e l imina t ion  of 14 t o  26 mg of i ron ,  cont inuous i .v .  admin i s t r a t ion  of t he  
same dose over 24 hours l eads  t o  t h e  exc re t ion  of 74 mg of i r o n ,  c lose  t o  
t h a t  expected on s to i ch iomet r i c  grounds.14 
obtained upon cont n u s  subcutaneous in fus ion  of DF t o  tha lassemics  on an 
ou tpa t i en t  b a s i s .  Extended c l i n i c a l  eva lua t ion  of t h i s  mode of admin- 
i s t r a t i o n  is c u r r e n t l y  underway t o  determine i f  DF-therapy can s i g n i f i -  
c a n t l y  de lay  o r ,  hopefu l ly ,  prevent  t h e  pa tho log ica l  changes a s soc ia t ed  
wi th  i r o n  overload. 

A 

S imi la r  r e s u l t s  have been 

Attempts t o  inc rease  t h e  s i z e  of t h e  che la t ab le  pool  a v a i l a b l e  t o  DF 
have centered  upon t h e  use  of pbarmacolo i ca l  doses  of a sco rb ic  a c i d .  
was noted by Bothwell and h i s  co-workersf7 t h a t  iron-overloaded p a t i e n t s  
who had concomitant scurvy showed a decreased response t o  DF. 
t i o n  of a sco rb ic  ac id  d rama t i ca l ly  increased  t h e  magnitude of t h e  response.  
Ascorbic ac id  therapy  has  a l s o  been shown t o  inc rease  u r i n a r y  i r o n  excre- 
t i o n  i n  tha lassemic  p a t i e n t s  t r e a t e d  wi th  DF.18,19 
a d v i s a b i l i t y  o f  adminis te r ing  DF and a sco rb ic  ac id  t o  iron-overloaded 
p a t i e n t s  has  been questioned both  c l i n i c a l l y  and t h e o r e t i c a l l y .  
ca rd iac  t o x i c i t y  has  been noted i n  s e v e r a l  p a t i e n t s  placed on t h i s  reg-i- 

pool of che la t ab le  i r o n  i n  t h e  presence of excess a sco rb ic  ac id  s i n c e  
f e r r i c  a sco rba te  is w e l l  known as an i n i t i a t o r  of f r e e  r a d i c a l  r eac t ions .  
Thus, most workers are now recommending t h a t  p a t i e n t s  be r e p l e t e  w i th  
a sco rb ic  ac id  whi le  discouraging its use  i n  pharmacological doses .  Never- 
t h e l e s s ,  a means of i nc reas ing  t h e  s i z e  of t h e  c h e l a t a b l e  pool  i n  a s a f e  
manner would be  a u s e f u l  ad junc t  t o  c h e l a t i o n  therapy.  

2,3-Dihydroxybenzoic Acid - 2,3-Dihydroxybenzoic ac id  (2,3-DHB) has  been 
shown t o  be a p o t e n t i a l l y  u s e f u l  o r a l l y  e f f e c t i v e  i ron-che la t ing  a ent. '  
Many na tura l ly-occurr ing  i r o n  c h e l a t o r s  a r e  conjugates  of 2,3-DHB. 83-25 I n  

It 

Administra- 

On t h e  o t h e r  hand, t h e  

Apparent 

Moreover , t h e r e  is  j u s t i f i a b l e  concern about i nc reas ing  t h e  

22 
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2,3-DHB 

t h e  case  of t hese  conjugates ,  both v i c i n a l  hydroxyls p a r t i c i p a t e  i n  i r o n  
binding whi le  i n  t h a t  of 2,3-DHB i t s e l f ,  mixed complexes may form a t  phy- 
s i o l o g i c a l  pH invo ing both hydroxyls o r  t h e  carboxyl group and t h e  
ad jacent  hydroxyl." The o r a l  admin i s t r a t ion  of 2,3-DHB t o  iron-overload- 
ed r a t s  promotes t h e  exc re t ion  of u r i n a r y  i r o n  i n  a dose dependent fash ion .9  
Prel iminary c l i n i c a l  t r i a l s  i n  p a t i e n t s  wi th  beta-thalassemia showed t h a t  

i r o n  exc re t ion  ranged from 1.4 t o  19  mg pe r  day fol lowing o r a l  adminis t ra-  
t i o n  of 2,3-DHB.27 
t h e r e  is  evidence which sugges ts  t h a t  i t  may r e f l e c t  t h e  a b i l i t y  of a 
g iven  person t o  t ransform 2 3-DHB i n t o  a more a c t i v e  me tabo l i t e  which has  
n o t  a s  y e t  been i d e n t i f i e d . A  Also of no te  is  the  f a c t  thgf  t h e  r o u t e  of 
i r o n  exc re t ion  induced by 2,3-DHB d i f f e r s  i n  r a t  and man. I n  t h e  r a t ,  
i r o n  exc re t ion  is  v i a  t h e  u r i n e  whereas i n  man, only f e c a l  exc re t ion  of 
i r o n  is  e leva ted .  A spec ie s  d i f f e r e n c e  i s  a l s o  observed i n  t h e  case  of DF 
which promotes predominantly f e c a l  excre t ion  i n  r a t s  and u r ina ry  exc re t ion  
i n  man. The b a s i s  f o r  such spec ie s  d i f f e r e n c e s  i s  unknown. 

The cause of t h i s  v a r i a b i l i t y  is  not  known al though 

C l i n i c a l  s t u d i e s  t o  d a t e  suggest  t h a t  o r a l  adminis t ra t ion  of 2,3-DHR, 
l i k e  t h e  i . m .  admin i s t r a t ion  of desferr ioxamine,  is not  capable  of keeping 
p a t i e n t s  i n  nega t ive  i r o n  balance but  r a t h e r  i s  use fu l  i n  r e t a r d i n g  t h e  
rate of i r o n  A t  presen t ,  i t  appears  t h a t  slow subcutan- 
eous in fus ion  o f  DF is  t h e  only p r a c t i c a l  way of achieving i r o n  balance i n  
t h e s e  p a t i e n t s .  
f r e e  r a d i c a l  scavenger . A s  noted above, t h e  t i s s u e  degenerat ion observ- 
ed i n  i r o n  overload is  be l ieved  t o  r e s u l t  from f r e e  r a d i c a l  mediated 
damage t o  ce l lu la r  components. Evidence f o r  t h i s  r e s i d e s  i n  t h e  f a c t  t h a t  
l i po fusc in ,  which a r i s e s  v i a  t h e  polymerizat ion of unsa tura ted  l i p i d s ,  is 
commonly observed i n  t h i s  d i ~ e a s e . ~ o  Howeyfr, a l though 2,3-DHB is q u i t e  
e f f e c t i v e  i n  scavenging r a d i c a l s  i n  v i t r o ,  
s t r a t e  decreased r a d i c a l  damage i n  p a t i e n t s  who received 2,3-DHB f o r  a 
per iod  of one year.28 Nevertheless ,  t h e  ad junc t ive  use  of f r e e  r a d i c a l  
t rapping  agen t s  should decrease  t h e  pathology a s soc ia t ed  wi th  i r o n  over- 
load ,  thus  e f f o r t s  t o  f i n d  more e f f e c t i v e  agents  seem warranted.  

Anothgj proper ty  of 2,3-DHB i s  its a b i l i t y  t o  act  as a 

i t  was not  p o s s i b l e  t o  demon- 

The f a c t  t h a t  2,3-DHB is o r a l l y  absorbed makes i t  extremely attrac- 
t i v e  f o r  use  i n  those  p a r t s  of t h e  world where t h e  cos t  of d a i l y  parenter -  
a1 adminis t ra t ion  of a drug i s  p roh ib i t i ve .  
e f f i c a c y  of 2,3-DHB have no t  been successfu l .  I n  a series of s t r u c t u r a l  
analogues 
p ~ u n d . ~ ~ , ~ ~  
s i n g l e  2,3-DHB moiety and hence a r e l a t i v e l y  low binding constant  f o r  

A t t e m p t s  t o  improve t h e  

none w a s  found t o  be more e f f e c t i v e  than t h e  parent  com- 
However, s i n c e  most of t h e s e  d e r i v a t i v e s  contained only a 
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i ron ,26  a series of compounds conta in ing  m u l t i p l e  2,3-DHB m o i e t i e s  is  
being prepared i n  t h e  hope of i nc reas ing  e f f i c a c y  whi le  main ta in ing  o r a l  
e f f e c t i v e n e s s  . 

0 

0 

R A  

Rhodotorul ic  Acid - Rhodotorul ic  ac id  (RA) is  a quadr iden ta t e  hydroxamic 
ac id  produced by t h e  yeas t  Rhodotorula pi l imanae.  When t h i s  organism is  
grown 38 i r o n  d e f i c i e n t  medium, i t  produces i n  excess  of 1 g of RA pe r  
l i t e r .  
myces p i l o s u s .  Thus, i f  c l i n i c a l l y  u s e f u l ,  RA should be much more econom- 
i c a l  than  DF. On a weight b a s i s ,  i t  i s  more than  2 times as e f f e c t i v e  
as desfer r ioxamine  a t  inducing i r o n  e x c r e t i o n  i n  hyper t ransfused  rats 
fol lowing i . p .  a d m i n i s t r a t i ~ n . ~ ~  Unfor tuna te ly ,  l i k e  DF, rhodo to ru l i c  
ac id  is  not  o r a l l y  absorbed, hence i t  must be given p a r e n t e r a l l y .  It  
d i f f e r s  from t h e  formercompound,however, i n  t h a t  i t  i s  r e l a t i v e l y  insolu-  
b l e  i n  water. This  proper ty  may prove advantageous.  RA i s  a good candi- 
d a t e  f o r  admin i s t r a t ion  as an in t ramuscular  o r  subcutaneous depot .  Admin- 
i s t e r e d  i n  t h i s  f a sh ion ,  t h e  drug would be expected t o  d i s s o l v e  a t  a r a t e  
more n e a r l y  matching t h a t  a t  which the  c h e l a t a b l e  i r o n  pool is  rep le t ed .  
Pharmacokinetic s t u d i e s  i n  dogs have reygaled t h e  presence  of RA i n  plasma 
up t o  12 hours  a f t e r  an i . m .  i n j e c t i o n .  
t h e  r ap id  l o s s  of DF ( h a l f - l i f e  76 minutes)  fo l lowing  admin i s t r a t ion  i . m . 1 3  
I n  t h e  absence of an e f f e c t i v e  o r a l  c h e l a t o r ,  t h e  a v a i l a b i l i t y  of a repos- 
i t o r y  p repa ra t ion  would e l imina te  t h e  n e c e s s i t y  of p o r t a b l e  i n f u s i o n  pumps 
as a means of d e l i v e r i n g  a s u f f i c i e n t  amount of drug t o  p l a c e  p a t i e n t s  i n  
i r o n  balance.  
underway. 36 

This  is  more than  5 0 t i m e s t h e  amounL of DF produced by St rep to-  

This  c o n t r a s t s  sha rp ly  wi th  

C l i n i c a l  eva lua t ion  of rhodo to ru l i c  a c i d  is c u r r e n t l y  

CH2COOH / CH2COOH 
I \ 

NCH2 CH2-N-CH2CH2N 
/ \ 

HOOC CH2 CH2COOH 

HOOC CH2 

DTPA 

Ethylenediamine Der iva t ives  - The in t ravenous  admin i s t r a t ion  of d ie thylene-  
t r i aminepen taace t i c  ac id  (DPTA) was found t o  be more e f f e c t i v e  than  des fe r -  
r ioxamine i n  promoting i r o n  exc re t ion  by b e t a - t h a l a s s e m i ~ s . ~ ~  The drug i s  
not  s p e c i f i c  f o r  i r o n ,  however, causing s i g n i f i c a n t  exc re t ion  of magnesium. 
This ,  t oge the r  wi th  s i d e  e f f e c t s  inc luding  c h i l l s ,  f e v e r ,  nausea,  vomiting 
and l o c a l i z e d  pa in  a t  t h e  i n j e c t i o n  s i t e ,  has  l ed  t o  abandonment of i t s  
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$HNHCH~CH~ NHCH 
HOOC AOOH 

EHPG 

Another analogue, ethylenediamine-N,N'-bis-(o-hydroxyphenylgl c ine )  
39 (EHPG), is  more selective and possesses  a higher  a f f i n i t y  f o r  i ron .  

Nearly 20 years  ago, t h i s  compound was adminis tered t o  several i ron-  
overloaded p a t i e n t s  and found t o  promote i r o n  excre t ion .40  
t h e  work w a s  not  followed up u n t i l  r e c e n t l y  when EHPG was f o  
most e f f e c t i v e  i r o n  c h e l a t o r  i n  a sc reen  of p o t e n t i a l  drugs." Of 
p a r t i c u l a r  i n t e r e s t  is t h e  f a c t  t h a t  t h i s  compound is  o r a l l y  absorbed. 
I n  f a c t ,  an o r a l  dose of EHPG i s  more than 75% as e f f e c t i v e  a s  an equiva- 
l e n t  i n t r a p e r i t o n e a l  dose when administered t o  hypertransfused rats. 36 
Fur ther  c l i n i c a l  s t u d i e s  a r e  c l e a r l y  warranted. 

Unfortunately 
d t o  be t h e  

HO' '0 H 

CHA 

Cholylhydroxamic Acid - 
a f f i n i t y  f o r  f e r r i c  ions .  A s  noted above, n e i t h e r  DF nor RA is  o r a l l y  
absorbed and hence they  must be  g iven  pa ren te ra l ly .  The eva lua t ion  of a 
number of n a t u r a l  and s y n t h e t i c  analogues has revealed t h a t  most such 
compounds are not  absorbed from t h e  gut.32,33 The only o r a l l y  e f f e c t i v e  
compound found t o  d a t e  i s  cholylhydroxamic a c i d  (CHA). When eva lua ted  i n  
iron-overloaded rats, cholylhydroxamic ac id  i s  as e f f e c t i v e  as an equiva- 
l e n t  p a r e n t e r a l  dose of d e s f e r r i o x a ~ i n e . ~ ~  Presumably CHA a n t s  as a b i l e  
ac id  and i s  t ranspor ted  t o  t h e  liver v i a  t h e  en te rohepa t i c  c i r c u l a t i o n .  
The i r o n  c h e l a t e  would then  be expected t o  exi t  v i a  t h e  b i l e .  I d e a l l y ,  a 
non-absorbable i r  n che la to r  i n  t h e  d i e t ,  such a s  a t ann in  o r  a polymeric 
hydroxamic ac idY4 '  would then remove t h e  i r o n  from t h e  c h e l a t e  and al low 
t h e  CHA t o  be  recycled.  Pharmacological s t u d i e s  of t h i s  cGmpound a r e  now 
i n  progress  a s  w e l l  as a s y n t h e t i c  program aimed a t  developing c h o l i c  ac id  
d e r i v a t i v e s  having more than  one hydroxamate moiety. 

The hydroxamic ac id  moiety has  an unusual ly  h igh  

36 

I n  conclusion,  t h e  development of drugs f o r  t h e  purpose of che la t ing  
i r o n  is  necessary i f  t h e  sequelae of t r ans fus ion  therapy a r e  t o  be avoid- 
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chemists .  Hopeful ly ,  i n  t h e  y e a r s  t o  come, an  armamentarium of c h e l a t i n g  
a g e n t s  w i l l  b e  a v a i l a b l e  which w i l l  a l l o w  p a t i e n t s  w i t h  i r o n  over load  t o  
remain i n  i r o n  b a l a n c e ,  f r e e  of t h e  compl ica t ions  which c u r r e n t l y  l e a d  t o  
t h e i r  e a r l y  demise. 

The r a t i o n a l  des ign  of such a g e n t s  i s  now a c h a l l e n g e  t o  medic ina l  
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