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The fundamental p0:;tulate upon which r e s t s  t h e  value of t h e  a r t i f i c i a l  
radioelements as tracers i s  t h e  fact t h a t  t h e  r a d i o a c t i v e  i s o t o p e  of a s t a b l e  
element differs only  i n  its prope r ty  of  r a d i o a c t i v i t y .  The chemical and physio- 
l o g i c a l  p r o p e r t i e s  of t h e  t w o  forms of t h e  element,  o r  compound, i n t o  which a 
r ad ioac t ive  element my be incorpora ted ,  are i d e n t i c a l  s o  long  as t h e  r a d i a t i o n s  
from t h e  r a d i o a c t i v e  i s o t o p e s  are n o t  s u f f i c i e n t l y  i n t e n s e  t o  produce phys io log ica l  
changes. I n  genera l ,  this l i m i t i n g  f a c t o r  can be avoided i n  most tracer s t u d i e s  
s i n c e  t h e  amounts o f  r a d i o a c t i v e  material required f o r  s t u d i e s  of  this cha rac t e r  
are too  small t o  produce any chemical o r  phys io log ica l  changes by t h e  a c t i o n  of 
t h e i r  r ad ia t ions .  

Three genera l  t echn ic s  have been developed f o r  t h e  use of r a d i o a c t i v e  
i so topes  as t r a c e r s  i n  t h e  b i o l o g i c a l  and medical sc iences :  F i r s t ,  t h e  ass imi la -  
t i o n  of t h e  adminis tered radioelement ,  o r  labelled compound, i t s  d i s t r i b u t i o n  i n  
t h e  t i s s u e s ,  conversion i n t o  o t h e r  compound by t h e  body, and f i n a l l y  i t s  elimina- 
t i o n  may be f o l l a v e d  q u a n t i t L t i v e l y  by d i r ec t  measurement of t h e  r a d i o a c t i v i t y  of 
t he  samples of t i s s u e s  after t h e  removal from t h e  body. Second, t he  s e l e c t i v e  
accumulation of t he  radioa.ctive i s o t o p e s  of a number of e l e n e n t s  and compounds may 
be observed i n  t h e  organs and t i s s u e s  of t h e  i n t a c t  animal o r  human s u b j e c t  by 
measurement of the r a d i o a c t i v i t y  of these s t r u c t u r e s  i n  s i t u ,  Third, t h e  cor re la -  
t i o n  between t h e  d i s t r i b u t i o n  of t h e  r a d i o a c t i v e  element o r  compounj i n  the  t i s s u e s  
t o  t h e i r  microscopic anatomy my be s t u d i e d  by t h e  a i d  of photographic f i l m s .  
This last  mm,tionec! techn5.c i s  usually def ined  as radioautography. 

-- 

The f i r F t  namedtechnic  i s  t h e  most widely employed and is app l i cab le  t o  

For 
a l l  t h e  radio-elements.  
i no rgan ic  compound, o r  m a y  be inco rpora t ed  i n t o  a complex organic  molecule. 
e x m l e ,  radio-?odium i s  i;si:ally adminis te red  as sodium ch lo r ide ,  radio-phosphorous 
as disodium FhosDhEite, radio- iodine as sodium i o d i d e ,  e t c ,  The d i s t r i b u t i o n  o f  
l a b e l l e d  elements o r  compounds i n  t h e  body may bc followed as t h e  t o t a l  content  
of  t he  adminis tered r a d i o a c t i v e  material i n  t h e  var ious  organs,  t i s s u e s  and excreta. 
For exam?le, t h e  rates of  conversion of  adminis te red  radioeleinents t o  va r ious  complex 
compounds by t h e  phys io logica l  processes  of t h e  body may be observed. 
of this p o i n t  i s  the  synt l ies i s  of hemoglobin from i r o n ,  of phosphol ipids ,  nuc le i c  
ac ids ,  and nucleo-proteins from i n o r g a n i c  phosphates ,  and of thyroxin  from iodine.  
I n  s tud ie s  of this chc rac t e r ,  t h e  compound i s  i s o l a t e d  from the t i s s u e s  and i t s  
r a d i o a c t i v i t y  is comareci w i t h  t h e  t o t a l  amount of radio-element o r i g i n a l l y  adminis- 
t e r e d ,  
of  r ad ioac t ive  atoms i n  t h e  rzolecules. 
tagged by synthes iz ing  i t  from radio-su l fur .  
t e r e d  and i t s  f a t e  i n  t h c  body f o l l o v e d  by measuring the  d i s t r i b u t i o n  of rad io-  
a c t i v i t y  from the  r ad io - su l fu r  i n  t h e  tissues, body fluids and exc re t a .  
procedure i t s  conversion i n  the body i n i o  o t h e r  compounds may br: observed. 
comparatively r ecen t  a v a i l a b i l i t y  of  t h e  s,OOO year r ad io i so topes  o f  carbon, C 
has made it poss ib l e  t o  l a3e l  arrino a c i d s ,  carbohydrates ,  d rugs ,  -L- -__l__l hormones, vi tamins,  
p t c . ,  t o  s tudy  t h e i r  metabol ic  p a t b a y s  and f a t e  i 
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The r a d i o a c t i v e  material may be given e i t h m  as a simple 

I l l u s t r a t i v e  

C o q l e x  organic  compounds may be l a b e l l e d  f o r  t r a c e r  s t u d i e s  Q,J t h e  i n c l u s i o n  
For examle, thiamin (v i tamin  31) has been 

The l a b e l l e d  thiamin i s  then  adninis-  

9j t h i s  

Thfi4 , 
t h e  body. 

A second genera l  tecl .nic  Rakes use of t h t  6; b ~ $ J & l . & ~ ! & ~ ~ ~ f % % i o ~  
elements t o  ~35% yenc t r a t ing  zamma rays v h i c h  can throwif@ 
t i s s u e  without s e r i o u s  a t t e n u a t i o n  and which can thus  7%- mcasure 
from t h e  s i t e  of o r ig in .  The presence of t h e  accuqu&&.d rad io-e le  
~art~ic11lar qrgan or tissue under s tudy  i s  detected!  by p l ac ing  a 
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device,  such as a Geiger counter  tube,  over i t  and mcasuring t h e  i n t e n s i t y  of t he  
gamma rays  emit ted from t h e  r a d i o a c t i v e  atoms which have boen s t o r e d  s e l e c t i v e l y  
i n  t h e  t i s s u e .  
i l l u s t r a t e d  i n  t h e  s tudy of t h e  iod ine  metabolism of t h e  thy ro id  gland i n  normal 
and go i t rous  h m n  subjec ts .  The s e l e c t i v e  depos i t i on  of t h e  adminis tered radio-  
i od ine  by t h e  thy ro id  i s  determinod by p l ac ing  a Geiger counter  tubo over t h e  
neck and measuring t h e  i n t e n s i t y  of the gamma rays  emi t ted  from t h e  radio- iodine 
accumulated i n  t h e  thy ro id  t i s s u e .  S incc  by t h i s  method t h e  n e c e s s i t y  of 
removing t i s s u e  f o r  determinat ion of i t s  r a d i o a c t i v i t y  i s  el iminated,  it o f f e r s  
two d i s t i n c t  advantages. 
f low of t h e  l a b e l l e d  olenient o r  compound i n  t h e  same human s u b j e c t  o r  animal 
f o r  a conzidcrable  per iod  of t i m e .  
record of t h e  f a t e  of tho  accumulated r a d i o a c t i v e  atoms o r  molecules. 
it makes poss ib l e  i n  v ivo  tracer s t u d i e s  i n  normal human subjec ts .  

The appl i .cat ion of t h i s  sccond major type  of tracer t echn ic  i s  

F i r s t ,  it enables  t h e  observer  t o  fo l low t h e  ebb and 

The r e s u l t s  t hus  obtained g ive  a continuous 
Secondly, 

- -- 
The t h i r d  t echn ic  mskes use  of t h e  photographic a c t i o n  o f  t h e  r a d i a t i o n s  

from a r t i f i c i a l  radio-elements, by means of' which t h e  d i s t r i b u t i o n  of t h e  
adminis tered l a b e l l e d  eloments o r  compounds I n  t i s s u e s  may bc: inves t iga ted .  
Thin s c c t i o n s  o l  lie i*ad iccc t i l - e  ';issues 2i.c placed c.gainst pb.:lix,gr?.phiz f i l m s .  
A f t e r  .an i n t e r - - n l  o f  t i n e  s l i f f i c i e n t  f o r  c!.dcquatc cxposurer t h e  i ' i l m  i s  removed 
and developed, 
p iece  of deve1c;ped f l l m  (rLdio-autograph) i s  examined undor t h e  microscope. 
areas of darkeiiing i i l  tho f i l m  correspond t o  t h e  reg ions  of -chs t i s s u e s  i n  
which t h e  g r e a t c s t  dopos i t ion  of t h e  rzdio-element hc,s taken p l ~ t ~ 2 .  Thus a 
c o r r e l a t i x i  bcbvc.cn t h e  depcs i t i on  of t h e  l a b e l l e d  element or  compound and 
t h e  h i s t o l o g i c e l  s 5 i - u ~ k ~ ~ e  of t h c  t i s s u e  can be e s t a b l i s h e d j  

The secti .  o:-s,s :'.re sk l ined ,  o.nJ each s e c t i o n  w i t h  i t s  corresponding 
The 
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