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Iodinated compounds in milk after radioiodide administration 

Radioiodide  admin i s t e r ed  to  l ac ta t ing  an i ma l s  appea r s  in h igh  concen t r a t ion  in t he  mi lk  1. In-  
organic  iodide is t he  ma jo r  c o n s t i t u e n t  b u t  p ro t e i n -bound  radioiodine is also found1, 2. In  order  
to  s t u d y  th6  n a t u r e  of th i s  p ro t e i n -bound  fract ion,  r a t s  and  r abb i t s  a t  a b o u t  t h e  t e n t h  day  of 
l ac ta t ion  were in jec ted  s u b c u t a n e o u s l y  wi th  500-750 #c  of carrier-free 1~1I. Milk and  p l a s m a  
s amp le s  were ob ta ined  3 to 4 h la ter  as p rev ious ly  descr ibed 1. Small  a m o u n t s  of th iourac i l  or 
t h i o s u l p h a t e  were added  to  all s amples  i m m e d i a t e l y  a f te r  collection to p r even t  ox ida t ion  of iodide 
and  hence  t he  possibi l i ty  of iod ina t ion  in vitro. Ascend ing  pape r  c h r o m a t o g r a m s  ( W h a t m a n  No. i) 
of b o t h  mi lk  s amples  and  a c i d - b u t a n o l  ex t r ac t s  3 of mi lk  before and  af ter  hydro lys i s  wi th  t r y p s i n  
a t  p H  8.5 were p repa red  in va r ious  so lven ts :  

B u t a n o l - d i o x a n e  s a t u r a t e d  wi th  2 N N H 4 O H  (4:1:5)- 
B u t a n o l  s a t u r a t e d  wi th  2 N acetic acid.  
tert.-Amyl alcohol s a t u r a t e d  wi th  2 N NH4OH.  

C h r o m a t o g r a m s  were a u t o r a d i o g r a p h e d  or  s canned  w i t h  an  a u t o m a t i c  recording s t r ip -counter .  
The  pos i t ions  of carr iers  were d e t e r m i n e d  b y  sp r ay i ng  wi th  PdCI 2 for iodide and  diazot ised 
sn lphani l ic  acid for iod ina ted  a m i n o  acids  4. 

The  on ly  s u b s t a n c e s  identif ied in c h r o m a t o g r a m s  of u n h y d r o l y s e d  sk im mi lk  were iodide 
a n d  a n  iod ine-conta in ing  c o m p o u n d  w h i c h  r e m a i n e d  a t  t he  origin a n d  was  therefore  t h o u g h t  to  
be  protein.  I n  rabb i t s ,  abou t  1 5 % of t he  ac t iv i ty  was  in th i s  f rac t ion  and  in r a t s  a b o u t  4o%,  
which  cor responded  to  t he  p ropor t ion  of t he  to t a l  ac t iv i ty  p rec ip i ta ted  by  io % t r ichloroacet ic  
acid. I n  a r abb i t  t r ea t ed  wi th  th iourac i l  before in jec t ion  of 131I only  iodide was  p r e sen t  in t he  
mi lk  a n d  t he  t hy ro id  gland.  C h r o m a t o g r a m s  of hyd ro lysed  mi lk  did no t  show s ignif icant  a m o u n t s  
of r ad ioac t iv i ty  a t  t h e  origin b u t  two peaks  o the r  t h a n  iodide were observed.  The  larger  of t he se  
was  found  in t h e  pos i t ion  of carr ier  mono i odo t y ro s i ne  (MIT). The  second peak  cor responded  
a p p r o x i m a t e l y  wi th  t he  pos i t ion  of t he  added  carrier  t h y r o x i n e  (T4). No  cons i s t en t  evidence of 
r ad ioac t iv i ty  in t h e  pos i t ions  of carr iers  d i iodotyros ine  (DIT) or 3 ,5 ,3 ' - t r i iodothyronine  (T3) was  
ob ta ined .  P r e p a r a t o r y  c h r o m a t o g r a m s  were r u n  of hyd ro l y sed  mi lk  ex t r ac t s  and  t he  a reas  corre- 
spond ing  to MIT  + D I T  and  T 4 + T 3, e lu ted  and  r e - c h r o m a t o g r a p h e d  bo th  in one and  two  
d imens ions .  

The  ident i f ica t ion of rad ioac t ive  MIT was  conf i rmed b u t  D I T  was  no t  found.  E l n a t e s  f rom 
the  T4/T 3 a rea  did no t  yield t h y r o x i n e  b u t  two  o the r  rad ioac t ive  spo t s  were observed.  The  n a t u r e  
of t he se  s u b s t a n c e s  is u n k n o w n .  C o m p o u n d s  wi th  s imi lar  mobil i t ies  in t he  th ree  so lvents ,  n a m e l y  
3 ,3 ' ,5 - t r i iodothyronine ,  3 ,3 ' -d i iodothyronine ,  t e t r a iodo thyroace t i c  acid, and  t e t r a iodo thy ro -  
propionic  acid, did no t  cor respond  wi th  e i ther  spot .  

These  c o m p o u n d s  are  t h o u g h t  to be fo rmed  in t he  m a m m a r y - g l a n d  t i s sue  or in t h e  mi lk  
in vivo for t h e  following reasons .  F i rs t ly ,  excep t  in t he  case of one ra t  wh ich  received 75 ° mc  
of 1811 and  in wh ich  a smal l  a m o u n t  of a ma te r i a l  (? thyroglobul in)  r ema in ing  a t  t he  origin of 
t h e  c h r o m a t o g r a m s  was  observed,  only  iodide was  found  on c h r o m a t o g r a m s  prepared  f rom p l a s m a  
of t he  e x p e r i m e n t a l  an imals .  Moreover,  even  a f te r  des t ruc t ion  of t he  r a t  t hy ro id  b y  131I, free 
M I T  does no t  appea r  in t h e  blood 5. Secondly,  t he  m o s t  likely source  of t hese  c o m p o u n d s  would  
be  t h e  t hy ro id  gland,  ye t  in one rabb i t  wh ich  was  surgical ly  t hy ro idec tomized  3 days  before 
t h e  a d m i n i s t r a t i o n  of lslI ,  t h e  usua l  c o m p o u n d s  were found  in t he  milk.  Thi rd ly ,  MIT  is k n o w n  
to  h a v e  a re la t ive ly  shor t  half-life in t he  blood and  to be rap id ly  de iod ina ted  af te r  in jec t ion  s. 
Fou r th ly ,  ROCHE et al. h a v e  descr ibed ve ry  s imilar  f indings a f te r  i ncuba t ion  of mi lk  wi th  181I 
in vitro 7. 

The  possibi l i ty  of t he  t r ans fe r  of M I T  or D I T  f rom blood to mi lk  a s s u m i n g  t h a t  t h e y  m i g h t  
pe rhaps  be p re sen t  in blood in such  low concen t r a t i on  as to be unde t ec t ab l e  was  n o t  e x a m i n e d  
di rect ly  b u t  t h a t  of a n o t h e r  c o m p o u n d  (T~) was.  A l ac ta t ing  rabb i t  received 20/~c ( app rox ima te ly  
i #g) of 131I-lahelled T 4 i n t r a v e n o u s l y  a n d  serial  s amples  of mi lk  and  p l a sma  were ob ta ined  over  
t he  n e x t  6 h as descr ibed 1. Slowly increas ing  a m o u n t s  of lSlI were found  in success ive  mi lk  samples .  
At  3 h a f te r  in jec t ion  t h e  level was  equal  to t h a t  in p l a s m a  and  a t  6 h was  1.5 t imes  t h e  p l a s m a  
concen t r a t ion  as  compa red  wi th  t h e  20-30 t i m e s  concen t r a t ion  g rad ien t  observed  as ear ly  as  
45 m i n  af te r  in jec t ion  of radioiodide 1. T he  rad ioac t iv i ty  in t h e  mi lk  in t he  p re sen t  e x p e r i m e n t  
was  t h o u g h t  to be due  to t h e  c o n t a m i n a t i o n  wi th  radioiodide (8 %) of t h e  in jec ted  labelled T 4 
and  to  t h e  progress ive  de iod ina t ion  of T 4 wh ich  is k n o w n  to occur  in t he  r abb i t  s. C h r o m a t o g r a m s  
ind ica ted  t h a t  a l t h o u g h  in t he  p l a s m a  5-15 % of t he  ac t iv i ty  was  iodide and  t h e  res t  t hy rox ine ,  
on ly  iodide and  a smal l  a m o u n t  of M IT  could be  de tec ted  in milk.  

The  conclus ions  d r a w n  f rom these  e x p e r i m e n t s  are t h a t  t he  t r ichloracet ic  acid precipi table,  
non-d ia lysab le  f rac t ion  of t he  r ad ioac t iv i ty  found  in r a t  and  rabb i t  mi lk  a f te r  radioiodide admin i s -  
t r a t i on  represen t s  an  iod ine-conta in ing  p ro te in  (S) which  is fo rmed  in t he  g lands  or in t h e  milk.  
On  enzymic  hydro lys i s  it  yields M IT  and  a t  leas t  two  o ther  labelled c o m p o u n d s  wh ich  do no t  
appea r  to be a n y  of t he  k n o w n  na t u r a l l y  occurr ing  iod ina ted  amino  acids  or the i r  der iva t ives .  
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Similar  f indings  h a v e  been repor ted  p rev ious ly  for t he  r a t  s a n d  t h e  dog* b u t  in r u m i n a n t s  (goat  TM 
a n d  cow 11) on ly  iodide h a s  been obse rved  in t he  mi lk  a f t e r  lSlI admin i s t r a t i on .  No  metabol ica l ly  
ac t ive  c o m p o u n d s  h a v e  been c h r o m a t o g r a p h i c a l l y  de tec ted  in milk.  This  is in a g r e e m e n t  wi th  
p rev ious  resu l t s  based  on  biological t e s t i ng  12. 

The  re la t ive  sca rc i ty  or  absence  of D I T  in t he  presence  of large a m o u n t s  of MIT  in mi lk  
is puzzl ing;  enzymic  de iod ina t ion  of D I T  in t he  b o d y  does no t  appea r  to s top  a t  t he  M I T  s tage  6. 
Fa i lure  to  iod ina te  beyond  t he  M IT  s t age  appear s  to be a more  l ikely exp lana t ion  and  m a y  be 
s imp ly  t he  consequence  of an  excess  of ty ros ine  wi th  respec t  to t he  ava i lab le  iodine. However ,  
it  is of in t e res t  t h a t  an  excess  of M I T  over  D I T  appea r s  to be charac te r i s t i c  of the  iod ina ted  
p ro te ins  fo rmed  by  severa l  " p r i m i t i v e "  or  " a b n o r m a l "  biological iod ina t ing  s y s t e m s  such  as  t he  
l ac t a t ing  b reas t  in vivo, cell-free p r epa ra t i ons  of func t ion ing  m a m m a r y  t i s sue  or t hy ro id  in 
vitrol3,X4, t h e  deve loping  chick t hy ro i d  16, ca r c inomas  of t he  t hy ro id  TM,17 and  cer ta in  a d e n o m a s  of 
t he  t hy ro id  TM. 

T h a n k s  are  due  to  Sir CHARLES HARINGTON, Sc. D., F .R.S. ,  a n d  to Dr.  R.  PITT-RIvERS, F .R.S.  
for t h e  o p p o r t u n i t y  afforded to one of us  (K. B.-G.) to spend  some  t ime  as a gues t  worker  a t  
t he  Na t iona l  I n s t i t u t e  for Medical  Research .  
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Isolation of acetyl peptides from acetylchymotrypsin 
D u r i n g  t he  las t  few yea r s  severa l  pape r s  h a v e  been pub l i shed  on t he  reac t ion  of a - c h y m o t r y p s i n  
wi th  d i i sopropylphosphorof luor ida te  (DFP) .  Th i s  reac t ion  resul ted  in a comple te  inhib i t ion  of t he  
enzymic  ac t iv i ty  and  was  accompan i ed  by  t he  i n t roduc t ion  of t he  d i i sopropy lphosphory l  g roup  in 
t h e  e n z y m e  molecule  ( chymot ryps i n -DP ) .  SCHAFFER et al. 1 h a v e  d e m o n s t r a t e d  t h a t  upon  acid 
hyd ro lys i s  of c h y m o t r y p s i n - D P ,  t he  p h o s p h o r u s  mo i e t y  of D F P  was  p re sen t  in t h e  pep t ide  cha in  
Gly .  Asp .  p h o s p h o  Ser.  Gly. Th i s  sequence  could be e x t e n d e d  to  Gly.  A s p . p h o s p h o S e r .  Gly.  Glu. 
These  resu l t s  were pa r t i a l ly  conf i rmed 2. W e  found  t h a t  upon  pro teo ly t ic  d iges t ion  of c h y m o t r y p s i n -  
D P  a pep t ide  could be isolated wh ich  con ta ined  a d i i sopropy lphosphory l  g roup  s u b s t i t u t e d  to  t he  
h y d r o x y l  g roup  of a ser ine res idue  3-6. The  amino-ac id  sequence  in th i s  pep t ide  was  shown  to  be 
Gly .  Asp-  Ser.  Gly .  Gly.  Pro-  Leu.  These  re su l t s  indica te  t h a t  t he  a t t a c k  of D F P  on t he  e n z y m e  is 
d i rected aga ins t  t h e  h y d r o x y l  of a ser ine res idue  wh ich  is occurr ing  in t he  pep t ide  sequence  
Gly-  Asp-  Ser.  Gly. 

There  is good reason  to  bel ieve t h a t  t h e  si te  on the  e n z y m e  which  combines  wi th  D F P  is 
ident ica l  to  t h a t  pa r t  of t he  e n z y m e  where  s u b s t r a t e  hydro lys i s  is pe r fo rmed  e. Moreover,  it  is 
a t t r a c t i v e  to  consider  re la ted  m e c h a n i s m s  to govern  s u b s t r a t e  hydro lys i s  a n d  inh ib i t ion  by  D F P .  
I n  t he  fo rmer  case a labile a c e t y l - e n z y m e  complex  is a s s u m e d  to be fo rmed  which  b reaks  down 
rap id ly  in wa te r ;  in t he  l a t t e r  case an  ana logous  b u t  s table  e n z y m e - D P  complex  is formed.  These  


