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A6 STRACT 

Short-1 i v e d  r a d i o a c t i v e  carbon, C, (T1,2=20 m i n )  was i n c o r p o r a t e d  
11 

i n t o  an e s s e n t i a l  amino a c i d  [ C-methyl] -L-methionine, t o  fo rm a t r u e  

b i o l o g i c a l  aiiiino a c i d  t r a c e r  w i t h  e x t e r n a l  d e t e c t a b i l i t y .  Th i s  was t e s t e d  i n  a 

s tudy  o f  t h e  p h y s i o l o g i c a l  t r a c e r  dynamics i n  a hyperammonaemic p a t i e n t  be fo re  

and a f t e r  a change i n  t h e  d i e t a r y  t rea tmen t .  The p r o t e i n  i n t a k e  was unchanged 

between t h e  two i n v e s t i g a t i o n s  b u t  t h e  energy i n t a k e  was inc reased  f rom 53 t o  

63 k c a l / k g  BU/day. The t r a c e r  r a d i o a c t i v i t y  was g i v e n  p e r  0 s .  I n  t h e  second 

i n v e s t i g a t i o n  a r e l a t i v e  decrease o f  r a d i o a c t i v i t y  i n  t h e  l o w  mo lecu la r  we igh t  

f r a c t i o n  o f  b l o o d  plasma was seen. A l s o  t h e  e x t e r n a l  measurements i n d i c a t e d  a 

h i g h e r  h e p a t i c  r e t e n t i o n  o f  r a d i o a c t i v i t y  i n  t h e  second i n v e s t i g a t i o n  b u t  no 

i nc reased  e x c r e t i o n  o f  t r a c e r .  Th i s  may r e f l e c t  an i nc reased  a b i l i t y  o f  t h e  

l i v e r  t o  u t i l i z e  t h e  incoming me th ion ine  f rom t h e  vena p o r t a .  The hyperammo- 

naemia remained ove r  t h e  second i n v e s t i g a t i o n  b u t  seven months l a t e r  t h e  ammo- 

n i a  c o n t e n t  i n  t h e  b l o o d  was a lmost  no rma l i zed  and t h e  p a t i e n t  had a l s o  ga ined  

3 kg  i n  weight .  The c o r r e l a t i o n  between changes i n  t r a c e r  dynamics and changes 

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

b u t  t h e  i n v e s t i g a t i o n  i n d i c a t e s  t h e  va lue  o f  f u r t h e r  s t u d i e s  i n  t h i s  t o p i c  
u s i n g  " C - l a b e l l e d  amino a c i d s  a l s o  i n c l u d i n g  t h e  use o f  t h e  newly i n t r o d u -  

ced p o s i t r o n  tomographic technique.  It may be p o s s i b l e  t o  develop t h i s  t y p e  o f  

n u c l i d e  techn ique  f u r t h e r  t o  achieve a c l i n i c a l l y  u s e f u l  method o f  o p t i m i z i n g  

t h e r a p e u t i c  reg iments i n  t h i s  t y p e  o f  me tabo l i c  disease. 
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INTRODUCTION 

l l C  i s  a sho r t -1  i v e d  p o s i t r o n - e m i t t i n g  r a d i o n u c l  i d e  y i e l d i n g  511 keV ann i -  

h i l a t i o n  photons which a l l o w s  e x t e r n a l  d e t e c t i o n .  The s h o r t  p h y s i c a l  ha1 f -1  i f e  

o f  "C, 20 minutes,  i m p l i e s  t h a t  t h e  r a d i o a c t i v i t y  can o n l y  be t r a c e d  f o r  

a few hours a f t e r  a d m i n i s t r a t i o n  t o  t h e  s u b j e c t .  I n  a s tudy  per formed on p i g s  

l l C - r a d i o a c t i v i t y  was f o l l o w e d  i n  b lood,  l i v e r ,  muscle and exhaled a i r  

a f t e r  i n t ravenous  a d m i n i s t r a t i o n  o f  [ C methyl 1 -L-methionine (11). When 

t h e  me th ion ine  c o n t e n t  o f  t h e  p i g  f e e d  was changed, responses i n  t h e  measured 

v a r i a b l e s  c o u l d  be shown. The c o n c l u s i o n  f rom t h i s  animal s t u d y  was t h a t  i t  

seems l i k e l y  t h a t  C - l a b e l l e d  me th ion ine  i s  a u s e f u l  t r a c e r  o f  amino a c i d  

metabolism. I n  t h i s  paper t h e  [ C-methyl I -L-meth ion ine used i s  sometimes 

r e f e r r e d  t o  as C-methionine. 

11 
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C-methionine has a l s o  been used i n  t h e  i n v e s t i g a t i o n  o f  l e s i o n s  o f  t h e  
11 

human b r a i n ,  i n  p a t i e n t s  w i t h  phenyl-ketonurea, w i t h  p o s i t r o n  emiss ion tomo- 

graphy ( 2 ) .  Th i s  s tudy  showed a changed uptake o f  C i n  t h e  b r a i n  when 

t h e  p r o t e i n  ba lance was changed. U n f o r t u n a t e l y ,  t h e  data p resen ted  d i d  n o t  

revea l  t h e  ac tua l  changes i n  t h e  p r o t e i n  ba lance.  

11 

Several human i n b o r n  e r r o r s  o f  metabol ism a r e  t r e a t e d  d i e t a r i l y .  Hyperammonae- 

mia ( i . e .  urea c y c l e  d i s o r d e r s  r e s u l t i n g  i n  t o x i c  ammonia l e v e l s  i n  b l o o d )  a re  

t r e a t e d  w i t h  a p r o t e i n - b a l  anced d i e t  (9,4) which decreases t h e  hyperammonaemia 

and t h e  t o x i c  symptoms o f  t h e  me tabo l i c  d isease.  It i s  d i f f i c u l t  b u t  never the-  

l e s s  i m p o r t a n t  t o  keep t h e  p a t i e n t  i n  an a n a b o l i c  c o n d i t i o n  t o  m in im ize  t h e  

r i s k s  o f  hyperammonaemia. Repeated i n v e s t i g a t i o n s  o f  a hazardous na tu re  a r e  

neccesary t o  eva lua te  t h e  p r o t e i n  and energy balance. The aim o f  t h i s  s tudy  

was n o t  q u a n t i t a t i v e l y  t o  desc r ibe  t h e  pa tho logy  b u t  p r i m a r i l y  t o  t e s t  t h e  use 

o f  C - l a b e l l e d  amino a c i d s  f o r  t h e  i n v e s t i g a t i o n  o f  p a t i e n t s  w i t h  n u t r i -  

t i o n a l  d is turbances.  

11 

SUBJECT 

A g i r l  b o r n  1977. From t h e  f i r s t  years o f  l i f e  she chose a p r o t e i n  r e s t r i c t e d  

d i e t  and weaning was ex t reme ly  d i f f i c u l t .  A t  t h e  age o f  2 years she suddenly 

became unconscious and remained so d u r i n g  one day. When she woke up she had a 

c e r e b e l l a r  a t a x i a  f o r  seve ra l  days and improved slow1 y. Ex tens i ve  i n v e s t i g a -  

t i o n s  were per formed and d u r i n g  a ' p r o t e i n  p r o v o c a t i o n '  (1.5 g p r o t e i n / k g  BW) 

f o r  36 hours she developed s igns  o f  i n t o x i c a t i o n  w i t h  a t a x i a  and hyperammonae- 

mia. The amino a c i d s  i n  plasma and u r i n e  d i d  n o t  p o i n t  t o  t h e  exac t  d iagnosis .  

As p a t i e n t s  w i t h  t h i s  k i n d  o f  d isease a r e  v u l n e r a b l e  f rom t h e  m e t a b o l i c  p o i n t  
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o f  view we have d e l i b e r a t e l y  avo ided  f u r t h e r  p rovoca t ions  and b i o p s i e s .  No 

new a t t a c k s  o f  severe hyperarnmonaemia have occured d u r i n g  t h e  t rea tmen t  w i t h  

p r o t e i n  and energy-balanced d i e t .  Howeverythere have been p e r i o d s  o f  t o o  l o w  

energy i n t a k e  r e s u l t i n g  i n  s l i g h t  hyperammonaemia. Dur ing  such a suspected 

p e r i o d  these  i n v e s t i g a t i o n s  were performed. 

The f i r s t  i n v e s t i g a t i o n  was per formed i n  A p r i l  1980 d u r i n g  an i n t a k e  o f  53 

k c a l / k g  BW/day and a p r o t e i n  i n t a k e  o f  0.7 g/kg BW/day. The second i n v e s t i g a -  

t i o n  was per formed one month l a t e r  d u r i n g  an i n t a k e  o f  63 k c a l / k g  BW/day and 

unchanged p r o t e i n  i n t a k e .  

MATERIAL AND METHODS 

11 
Produc t ion  o f [  C-methy l lmeth ion ine 

11 
The r a d i o n u c l i d e  C was produced a t  t h e  Tandem A c c e l e r a t o r  Labora to ry  i n  

Uppsala (TLU). The r a d i o n u c l i d e  was incopora ted  i n t o  t h e  methyl group o f  met- 

h i o n i n e  acco rd ing  t o  (7,8). The p r e p a r a t i o n  was used a f t e r  and 

s t e r i l e  f i l t r a t i o n  th rough  M i l l i p o r e  f i l t e r  (0.22 pm). A n a l y s i s  on a LC r e v e r -  

se phase system (C-18 column w i t h  water/methanol as e l u e n t )  o f  t h e  s o l u t i o n  

o b t a i n e d  showed t h a t  t h e  l a b e l l e d  me th ion ine  was ob ta ined  i n  rad iochemical  

p u r i t y  b e t t e r  t h a n  99.5%. I n  t h i s  i n v e s t i g a t i o n  t h e r e  was no s e p a r a t i o n  o f  t h e  

i n a c t i v e  homocysteine ( a t  most t h e  amount o f  15 mg, i . e .  0.1 mmol i n  t h e  whole 

prepared volume). The s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  l a b e l l e d  me th ion ine  was 

about  370 kBq/mmol(lO mCi/mmol ) as es t ima ted  f rom de te rm ina t ions  o f  t h e  s p e c i -  

f i c  r a d i o a c t i v i t y  o f  t h e [  

pH-adjustment 

11 
C-methyl l i o d i d e  used. 

De tec to rs  and data hand1 i n g  

Samples of b lood,  exhaled CO and u r i n e  were measured i n  a N a I ( T 1 l - c r y s t a l  

d e t e c t o r  o f  w e l l  t ype .  F o r  e x t e r n a l  d e t e c t i o n  c y l i n d r i c a l  NaI(T1 ) - c r y s t a l  

d e t e c t o r s  ( 2 "  * 3 " )  were used t o  d e t e c t  C e x t e r n a l l y  i n  chosen s t r u c t u -  

res.  A l l  d e t e c t o r s  were connected t o  s i n g l e  channel ana lyse rs  s e t  t o  d e t e c t  

511 keV events  ( a n n i h i l a t i o n  photon energy) o n l y .  Counts accumulated f o r  one 

m inu te  were t r a n s f e r r e d  t o  a d a t a  l o g  (Texas S i l e n t  700 Terminal w i t h  c a s s e t t e  

tape  deck) f o r  o f f - 1  i n e  computer e v a l u a t i o n .  

2 
11 

F o r  n o r m a l i z a t i o n  Na " C O  d i s s o l v e d  i n  a wa te r  phantom viewed by  t h e  

e x t e r n a l  was used. A sample f rom t h e  phantom f l u i d  was measured i n  

t h e  w e l l  t y p e  d e t e c t o r  and t h e  r e l a t i v e  s e n s i t i v i t y  o f  a l l  d e t e c t o r s  was thus  

obta ined.  I n  i n v e s t i g a t i o n s  o f  t h e  p a t i e n t  an a l i q u o t e  o f  t h e  r a d i o a c t i v i t y  

2 3  
d e t e c t o r s  
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a d m i n i s t e r e d  t o  t h e  p a t i e n t  was a l s o  measured i n  t h e  w e l l  t y p e  d e t e c t o r .  The 

r a d i o a c t i v i t y  measured by  t h e  e x t e r n a l  d e t e c t o r s  c o u l d  t h e n  be no rma l i zed  t o  

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

observed t i s s u e  volunie and i t s  d e v i a t i o n  f rom c o n d i t i o n s  o f  homogenous d i l u -  
t i o n  i n  t h e  body. The observed r a d i o a c t i v i t y  was c o r r e c t e d  f o r  background, 

r a d i o a c t i v e  decay, d e t e c t o r  e f f e c i e n c y  and dead t i m e  losses .  The s tandard  

e r r o r  o f  t h e  no rma l i zed  va lues was a l s o  c a l c u l a t e d .  

Measurements of r a d i o a c t i v i t y  i n  t h e  i n v e s t i g a t e d  s u b j e c t  

11 
A t  t h e  s t a r t  o f  t h e  measureinents 12 MBq (0.33 mCi) o f  [ C-methyl] m e t h i o n i -  

ne was g i v e n  p e r  0s i n  a g lass  o f  f r u i t  d r i n k  t o  t h e  f u l l y  consc ious p a t i e n t  

weighing 24 kg. Th is  amount o f  t r a c e r  a l l o w e d  measurements d u r i n g  a 2 hour  

pe r iod .  The h i g h  s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  t r a c e r  i m p l i e s  no change i n  t h e  

p h y s i o l o g i c a l  plasma c o n c e n t r a t i o n  o f  meth ion ine.  

B lood samples were taken  f rom a c u b i t a l  v e i n  f o r  t h e  a n a l y s i s  o f  amino a c i d s  

and ammonia as w e l l  as f o r  t h e  measurement o f  r a d i o a c t i v i t y .  A f t e r  measuring 

r a d i o a c t i v i t y  i n  whole b l o o d  t h e  samples were c e n t r i f u g e d  t o  separate t h e  

b l o o d  c e l l s  f rom plasma. Blood plasma was separa ted  i n t o  h i g h  and l o w  molecu- 

l a r  we igh t  f r a c t i o n s  by g e l  chromatography on Sephadex 625 columns (PD-10 
pre-prepared columns , Pharmacia, Uppsal a, Sweden). 

Exhaled a i r  was a t  i n t e r v a l s  sampled by  a scavenger pump connected t o  a modi- 

f i e d  mask o f  n a r c o s i s  ( o n l y  used f o r  a i r  samp l ing ) .  The sampled a i r  was passed 

t r o u g h  a CO absorbant  ( A s c a r i t e ,  Thomas Company, P h i l a d e l p h i a ,  PA, USA) 

which a f t e r  a sampl ing p e r i o d  o f  1-2 minutes was measured i n  t h e  w e l l  t y p e  

d e t e c t o r  g i v i n g  t h e  amount o f  exhaled r a d i o a c t i v i t y  p e r  minute. 

2 

The p a t i e n t  was asked t o  empty t h e  b l a d d e r  b e f o r e  t h e  s t a r t  o f  t h e  measure- 

ments. A f t e r  two hours t h e  u r i n e  produced was c o l l e c t e d  and measured f o r  

r a d i o a c t i v i t y  . 
R a d i o a c t i v i t y  i n  l i v e r  and muscle areas was e x t e r n a l l y  detected.  The l i v e r  and 

t h e  stomach d e t e c t o r s  were s l i t  c o l l i m a t e d  b y  heavy l e a d  s h i e l d i n g  (5 cm t h i c k  

w i t h  a 3 * 0.5 cm s l i t  opening)  and p laced  immediate ly  c l o s e  a n t e r i o r  t o  t h e  

p a t i e n t  who was i n  a h a l f - s i t t i n g  p o s i t i o n .  The t h i r d  d e t e c t o r  was p l a c e d  10 

cm under t h e  upper p a r t  o f  b o t h  l e g s  wa tch ing  these  through a s l i t  c o l l i m a t o r  

opening 1 * 10 cm a t  10 cm d i s tance .  

The des ign  o f  t h e  da ta  c o l l e c t i n g  i s  i l l u s t r a t e d  i n  F i g .  1. 
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F i g .  1. The f i g u r e  i l l u s t r a t e s  s c h e m a t i c a l l y  t h e  main organs concerned, 
r a d i o a c t i v i t y  t r a n s p o r t a t i o n  p a t h  ( b l o o d )  and t h e  d i f f e r e n t  s i t e s  o f  measure- 
ments (SAMPLES + EXT. LET.). The r a d i o a c t i v i t y  was a d m i n i s t e r e d  p e r  0s. When 
e n t e r i n g  t h e  stomach t h e  r a d i o a c t i v i t y  was e x t e r n a l l y  detected.  It was taken  
up f rom t h e  i n t e s t i n e  and t r a n s p o r t e d  i n  t h e  vena o r t a  t o  t h e  l i v e r  where 

d i s t r i b u t e d  t o  o t h e r  organs and was thus  a l s o  d e t e c t e d  ove r  muscle t i s s u e .  
Samples o f  venous b l o o d  were taken  and analysed as w e l l  as samples o f  exhaled 
carbon d i o x i d e  and u r i n e .  

i t  was d e t e c t e d  e x t e r n a l l y .  R a d i o a c t i v i t y  + t a t  escaped f r o m  t h e  l i v e r  was 

R a d i a t i o n  dose t o  t h e  i n v e s t i o a t e d  sub.iect 

11 
The absorbed dose of i o n i z i n g  r a d i a t i o n  f rom C was c a l c u l a t e d  f r o m  phy- 

s i c a l  data on l l C  decay and dynamic data on Se-methionine p u b l i s h e d  

i n  t h e  "MIRD-series" o f  t h e  Journal  o f  Nuclear  Medic ine (3,5,10). These c a l c u -  

l a t i o n s  which were p resen ted  t o  t h e  I s o t o p e  Committee, Uppsala U n i v e r s i t y  Hos- 

p i t a l ,  showed an expected whole body dose o f  2 pGy/MBq (8 mrad/mCi) of 

75 
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C-methionine g i v e n  t o  an a d u l t  man o f  70 kg  Bkl. C r i t i c a l  organs proved 
11 

t o  be l i v e r ,  pancreas, i n t e s t i n e ,  some g lands and stomach. 

RESULTS 

Blood ammonia and we igh t  i nc rease  

A t  t h e  beg inn ing  of t h e  s t u d y  t h e  ammonia l e v e l  i n  b l o o d  was about 165 pmol / l  

(normal va lue  i s  below 70 pmol/l) .  A t  t h e  second i n v e s t i g a t i o n  t h e  i nc rease  i n  

energy i n t a k e  i m p l i e d  o n l y  minor  changes i n  b l o o d  ammonia. However, i n  t h e  

l o n g  te rm f o l l o w  up 7 months l a t e r ,  w i t h  t h e  p a t i e n t  s t i l l  on t h e  same r a i s e d  

energy i n t a k e ,  t h e  b l o o d  ammonia had a lmost  no rma l i zed  (104 p m o l / l I .  There was 

a g a i n  i n  weight  o f  about  3 kg  d u r i n g  these  seven months. 

10 20 30 40 50 60 70 80 
TIME (min) 

F i g .  2. The f i g u r e  shows t h e  t o t a l  plasma r a d i o a c t i v i t y  as a cont inuous 
l i n e  (-1, t h e  low molecu la r  we igh t  f r a c t i o n  -dash-dot-dash' 
( - . - . - I  and t h e  h i g h  mo lecu la r  we igh t  f r a c t i o n  w i t h  broken l i n e s  ( -  
-I. The f i r s t  i n v e s t i g a t i o n  (low energy i n t a k e  l e v e l  I wi th  f i l l e d  
c i r c l e s  ( a )  and t h e  second i n v e s t i g a t i o n  ( i n c r e s e d  energy i n t a k e )  
w i t h  u n f i l l e d  c i r c l e s  ( 0 1 .  
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Trace r  d i s t r i b u t i o n s  

Blood: The r a d i o a c t i v i t y  i n  whole b l o o d  was h i g h e r  i n  t h e  f i r s t  s tudy .  The 

e r y t h r o c y t e  volume f r a c t i o n  was t h e  same i n  bo th  s t u d i e s .  The d i f f e r e n c e  i n  

r a d i o a c t i v i t y  was m a i n l y  due t o  a d i f f e r e n c e  i n  t h e  l o w  m o l e c u l a r  f r a c t i o n  

( F i g .  2 ) .  

Exhaled carbon d i o x i d e  r a d i o a c t i v i t y :  No c l e a r  d i f f e r e n c e  was shown i n  t h e  

two i n v e s t i g a t i o n s ,  a1 though a s l i g h t l y  h i g h e r  r a d i o a c t i v i t y  seemed t o  be 

p r e s e n t  i n  t h e  f i r s t  i n v e s t i g a t i o n .  

U r ine :  No marked d i f f e r e n c e  i n  r a d i o a c t i v i t y  i n  u r i n e  was shown. 

Stomach: The shape o f  t h e  curves showing t h e  emptying o f  t h e  stomach a r e  

a lmost  equal i n  b o t h  s t u d i e s  ( F i g .  3 ) .  

L i v e r :  I n  t h e  second i n v e s t i g a t i o n  t h e  t o t a l  r a d i o a c t i v i t y  i n  t h e  l i v e r  was 

found t o  be h i g h e r  i n d i c a t i n g  an i nc reased  r e t e n t i o n  o f  r a d i o a c t i v e  substance 

( F i g .  3 ) .  
Musc1e:The r a d i o a c t i v i t y  was found t o  be h i g h e r  i n  t h e  f i r s t  s tudy  (F ig .3 ) .  

The r a d i o a c t i v i t y  measured i n  b l o o d  plasma f r a c t i o n s  a r e  shown i n  F i g .  2 .  The 

r a d i o a c t i v i t y  i n  t h e  e r y t r o c y t e  f r a c t i o n  f o l l o w e d  l a r g e l y  t h e  values o f  t o t a l  

plasma. The r a d i o a c t i v i t y  e x t e r n a l l y  de tec ted  over  stomach, 1 i v e r  and muscle 

i s  shown i n  F i g .  3. 

C 
0 .- 

- 

- 

MUSCLE(en1arged 5 times) - 

10 20 30 40 50 60 70 80 
TIME (rnin) 

F i g .  3. The f i g u r e  shows t h e  e x t e r n a l l y  d e t e c t e d  r a d i o a c t i v i t y  ove r  s t o -  
mach, l i v e r  and muscle. The r a d i o a c t i v e  c o n c e n t r a t i o n  measured was 
no rma l i zed  t o  100 a t  c o n d i t i o n s  o f  homogenous d i l u t i o n .  The i n t e r -  
r u p t e d  l i n e  ( -  - )  shows t h e  measurements o f  t h e  f i r s t  i n v e s t i g a t i o n  
( l o w  energy i n t a k e  l e v e l  1. The cont inuous 1 i n e  H shows t h e  measu- 
rements o f  t h e  second i n v e s t i g a t i o n  ( i n c r e a s e d  energy i n t a k e ) .  
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The changes between t h e  two s tudies  a re  summarized in Table 1. 

Table 1. Changes i n  t he  detected r ad ioac t iv i ty  between the  two inves t iga-  
t i ons .  

Measured parameter Change 

Liver i. 

Iviuscl e - 
Blood plasma 

low mol. w. f rac t ion  - 
h i g h  nol.  w. f r ac t ion  0 

Exhal ed carbon dioxide 0 
Urine 0 

UISCUSSION 

The t r a c e r  is  a f t e r  per 0s administration taken u p  via t he  i n t e s t i n e  in to  
t h e  blood and transported i n  t he  vena porta t o  the  l i v e r .  In the  l i v e r  t he  
t r a c e r  is  t o  a l a rge  ex ten t  re ta ined .  The l i v e r  is  the  organ responsible f o r  
t h e  degradation and the  oxidation of methionine. Plasma proteins a re  t o  a 
grea t  ex ten t  synthesized in the  1 iver .  W i t h  who1 e-body autoradiography the  
r ad ioac t iv i ty  accumulation i n  d i f f e ren t  organs has been s tudied  in mice a f t e r  
i . v .  i n j ec t ion  of C-methionine (1 ) .  Radioactivity uptake can then be 
seen in :  l i v e r ,  pancreas, i n t e s t ina l  wall ,  s a l iva ry  glands and bone marrow. 
The external end-compartments urine and exhaled carbon dioxide give informa- 
t i on  on the  momentary excretion (11). Analysis of blood samples gives the  
blood clearance of r ad ioac t iv i ty  and information on the  incorporation in to  
p l  asma proteins . 

11 

Fast l i qu id  chromatography of samples taken can be used t o  determine the  spe- 
c i f i c  r ad ioac t iv i ty  of several low molecular weight compounds including both 
t h e  given t r a c e r  and i t s  main metabolic products ( 6 ) .  This, however, requires 
special  equipment a t  s i t e  t h a t  was n o t  a v a i l i b l e  f o r  t h i s  study. 

11 
The external detection of C i s  dependent on t h e  type of de tec tors  used. 
In t h i s  s t u d y  s ing le  de tec tors  were used because no a l t e r n a t i v e  was ava i lab le .  
Other detection techniques such as positron emission tomography should have 
allowed b e t t e r  determination of the  rad ioac t ive  concentration i n  d i f f e ren t  
organs. Our experience is  t h a t  minor movements gave only s l i g h t  aberrations i n  
t he  detection of r ad ioac t iv i ty  i n  the  l i v e r  and the  per i fe ra l  t i s s u e  (muscle) 
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w h i l e  t h e  measurements froin t h e  stomach were more s e n s i t i v e  t o  d e t e c t o r  

p o s i  t i o n i  ny . 

I n  t h i s  s tudy  t h e  most r e l e v a n t  and r e l i a b l e  r e s u l t  was, however, t h a t  o b t a i -  

ned frori i samples taken  o f  b lood,  u r i n e  and exhaled a i r .  Th i s  i n d i c a t e s  t h e  

va lue  o f  t r a c e r  s t u d i e s  w i t h  C-compounds even w i t h o u t  e x t e r n a l  d e t e c t i o n  

f a c i l i t i e s .  

11 

Homocysteine i s  c l o s e l y  l i n k e d  w i t h  t h e  metabol ism o f  meth ion ine.  The amounts 

g i v e n  were however smal l  (abou t  0.5 mg, 4 nmol). A p o s s i b l e  i n t e r a c t i o n  was 

n o t  eva lua ted  i n  these  s t u d i e s .  The measured parameters may a l s o  be a f f e c t e d  

by  severa l  p h y s i o l o g i c a l  d i f f e r e n c e s  a t  t h e  t i m e  o f  t h e  i n v e s t i g a t i o n s ,  such 

as d i u r n a l  rhythm o r  s t r e s s .  The shape o f  t h e  r a d i o a c t i v i t y  curves i . e .  t h e  

i n i t a l  o f  t h e  l i v e r  uptake, t h e  r a d i o a c t i v i t y  i n  t h e  b l o o d  samples and 

t h e  e l i m i n a t i o n  by exhaled carbon d iox ide ,  i n d i c a t e s ,  however, t h a t  t h e  i n v e s -  

t i g a t i o n s  were performed under s i m i l a r  c o n d i t i o n s .  

phase 

I n  t h e  s h o r t  t i m e  p e r s p e c t i v e  t h e  i nc rease  i n  energy i n t a k e  d i d  n o t  g i v e  t h e  

expected improvement o f  t h e  b l o o d  ammonia. However, seve ra l  months l a t e r  t h e  

b l o o d  amnionia had a1 most normal i zed .  Futhermore t h e  a c c e l e r a t e d  growth d u r i n g  

t h i s  seven-month p e r i o d  as w e l l  as t h e  recove rd  c l i n i c a l  s t a t u s  a r e  c o n v i n c i n g  

s i g n s  o f  t h e  improved n u t r i t i o n  and metabolism. 

11 
The two i n v e s t i g a t i o n s  w i t h  C-methionine show t h a t  d u r i n g  t h e  t o o  l o w  

i n t a k e ,  r e l a t i v e l y  more o f  t h e  t r a c e r  passed th rough  t h e  l i v e r  as l o w  molecu- 

l a r  we igh t  f r a c t i o n  compounds i n  t h e  b l o o d  plasma and reached t h e  muscle. 

A f t e r  t h e  r a i s e d  energy i n t a k e  more o f  t h e  r a d i o a c t i v i t y  was r e t a i n e d  i n  t h e  

l i v e r .  The t r a n s p o r t  compartment i .e. t h e  l o w  mo lecu la r  we igh t  f r a c t i o n  o f  

b l o o d  plasma, con ta ined  l e s s  r a d i o a c t i v i t y  and l e s s  r a d i o a c t i v i t y  was d e t e c t e d  

over  muscle t i s s u e .  ks t h e r e  was an unchanged e l i m i n a t i o n  o f  r a d i o a c t i v i t y  

t h rough  exhaled a i r  and u r i n e  t h e  i nc reased  c o n c e n t r a t i o n  i n  l i v e r  may r e f l e c t  

a more e f f e c t i v e  use o f  t h e  l a b e l l e d  molecule. 

The conc lus ions  a r e  based on two s t u d i e s  on ly ,  neve r the less  t h e  r e s u l t s  c o i n -  

c i d e  f a i r l y  w e l l  w i t h  t h e  l ong - te rm observa t i ons  o f  t h e  p a t i e n t .  Th i s  encoura- 

ges f u r t h e r  s t u d i e s  i n  t h i s  a p p l i c a t i o n  o f  t r a c e r  techniques u s i n g  bio-molecu- 

l e s  l a b e l l e d  w i t h  c .  11 
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