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INTRODUCTION 

When Sven U l l b e r g  i n  the beginning o f  the 1950’s s t a r t e d  h i s  Ph.D. thes i s  

work a l l  determinat ions o f  the p e n i c i l l i n  concentrat ion i n  organs o f  the li- 

ving organism were done by m ic rob io log i ca l  I n  h i s  attempt t o  i n -  

ves t iga te  the f a t e  o f  p e n i c i l l i n  i n  v i vo  U l l be rg  t r i e d  d i f f e r e n t ,  by then 

r e l a t i v e l y  new methods. He produced rad io labe l l ed  p e n i c i l l i n  by growing the 

p e n i c i l l i n  producing f u n g i  i n  a rad ioac t i ve  ( 3 5 S  ) growth medium. A f te r  a h i -  

n i s t r a i o n  o f  t h i s  l a b e l l e d  p e n i c i l l i n  t o  experimental animals measurements o f  

p e n i c i l l i n  concentrat ions i n  d i f f e r e n t  organs were then performed w i t h  Geiger- 

M h l e r  technique and autoradiography o f  sec t ions  from excised organs. A prob- 

lem with which i s  a 

water so lub le  substance, may be dissolved when prepar ing the h i s t o l o g i c a l  sec- 

t i o n s  used. To be able t o  make a d i r e c t  comparison o f  the  r a d i o a c t i v i t y  i n  

d i f f e r e n t  organs Sven U l l b e r g  elaborated a method (31 which makes i t  poss ib le  

t o  simultaneously 

gans i n  the body without r i s k i n g  leakage o f  water so lub le  substances. The d i f -  

f i c u l t  p rese lec t i on  o f  organs which - f o r  p r a c t i c a l  reasons - usua l l y  has t o  

be done i s  thus needless. 

techniques. 

t r a d i t i o n a l  autoradiography i s  the f a c t  t h a t  p e n i c i l l i n ,  

l o c a l i z e  a r a d i o a c t i v e  substance i n  p r a c t i c a l l y  a l l  the  or- 

DESCRIPTION OF THE TECHNIQUE 

The technique can b r i e f l y  be described as fo l l ows  (4): Af ter  admin i s t ra t i -  

on o f  the rad ioac t i ve  substance the animals are s a c r i f i c e d  a f t e r  d i f f e r e n t  

s u r v i v a l  t imes by an anaesthet iz ing agent. Their  bodies are immediately f rozen 

i n  a mixture o f  hexane and s o l i d  carbon d iox ide  and then sect ioned i n  a speci- 

a l  microtome a t  =: -2OOC. To be able t o  handle the l a r g e  t i ssue  sect ions a p ie -  

ce o f  Scotch tape i s  pressed onto the block before sect ioning. I t  i s  poss ib le  

t o  take sec t ions  from animals up t o  the s i ze  o f  e.g. a newborn p i g  by t h i s  

technique. A f t e r  f reeze-drying the sect ions they are pressed against  a photo- 

graphic emulsion. A f t e r  exposure the sec t ions  are  separated from the f i l m s  and 

the f i l m s  are developed t o  v i s u a l i z e  the blackening caused by the rad ioac t i ve  
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s u b s t a n c e  i n  t h e  d i f f e r e n t  o r g a n s .  a u t o r a d i o g r a m s  are 
shown i n  F ig .  1. 

s o l u t i o n  t o  t h e  problem is  as i n g e n i o u s  as s imple .  The who: 
l e  body a u t o r a d i o g r a p h y  as i n t r o d u c e d  by U l l b e r g  h a s  been i n c r e a s i n g l y  used i n  
o u r  d e p a r t m e n t s  b u t  a l s o  i n  many l a b o r a t o r i e s  i n  p r a c t i c a l l y  a l l  p a r t s  
o f  t h e  world.  The p i o n e e r  work i n c l u d e d  s e c t i o n i n g  t h e  specimens i n  a f r e e z e -  
room ( -2OOC)  which meant t h a t  f u r  coats and g l o v e s  were n e c e s s a r y  equipment .  
Some improvements o f  t h e  t e c h n i c a l  d e t a i l s  when h a n d l i n g  t h e  embedding of  t h e  
spec imens  and t h e  s e c t i o n i n g  h a s  been i n t r o d u c e d  d u r i n g  t h e  y e a r s .  The i n t r o -  
d u c t i o n  o f  a c r y o s t a t e  w i t h  a s p e c i a l l y  d e s i g n e d ,  heavy microtome h a s  faci-  
l i t a t e d  t h e  work c o n s i d e r a b l y .  The deve lopmen ta l  work for an a u t o m a t i c  sec- 
t i o n i n g  machine has  l a t e l y  been s u c c e s s f u l  and a p r o t o t y p e  f o r  t h i s  pu rpose  
is now t e s t e d  a t  t h e  depa r tmen t  o f  Toxico logy ,  Uppsala  U n i v e r s i t y .  

Examples o f  whole body 

Sven U l l b e r g ’ s  

o t h e r  

F i  . 1 Whole body a u t o r a d i o g r a m s  from mice i n j e c t e d  w i t h  3sS-promethazine ( A )  
+S-hydroxyethyl p romethaz ine  ( 5 ) .  White areas co r re spond  t o  h i g h  amounts 
of r a d i o a c t i v i t y .  Note t h e  d i f f e r e n t  u p t a k e  of t h e  compounds i n  t h e  b r a i n ,  
which e x p l a i n s  why s u b s t a n c e  (B) d i d  n o t  c a u s e  d r o w s i n e s s  when used  f o r  e .g .  
a l l e r g i c  r h i n i t i s  (2 ) .  

USE OF THE TECHNIQUE 
F o r  r e f e r e n c e s  e x e m p l i f y i n g  t h e  u s e  o f  t h e  t e c h n i q u e  t h e  r e a d e r  is r e f e r r e d  

t o  (4), where an e x t e n s i v e  b i b l i o g r a p h y  of a p p l i c a t i o n s  is p u b l i s h e d .  The most 
a p p a r e n t  a d v a n t a g e  o f  t h e  whole body a u t o r a d i o g r a p h y  t e c h n i q u e  as a s c i e n t i f i c  
t o o l  is t h a t  it o f f e r s  a d e t a i l e d ,  b u t  a l s o  comple t e ,  view o f  t h e  d i s t r i b u t i o n  

o f  an i n j e c t e d  compound i n  a l l  t h e  t i s s u e s  of t h e  body. T h i s  fact f a v o u r s  t h e  
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p o s s i b i l i t y  t o  make unexpected d i s c o v e r i e s  and a l s o  c o n t r i b u t e s  t o  s u g g e s t i o n s  
f o r  f u r t h e r  research. The method is a l s o  e x t e n s i v e l y  used f o r  r o u t i n e  scree- 
n ing  work i n  t h e  pharmaceutical i n d u s t r y .  The combination of Ullberg’s  method 
w i t h  o t h e r  techniques  has t o  l a r g e  e x t e n t  c o n t r i b u t e d  t o  e l u c i d a t i n g  the mech- 
anisms of  a c t i o n s  f o r  many endogenous subs tances  as well as the p r i n c i p l e  f o r  
c e r t a i n  pharmacological  and t o x i c o l o g i c a l  effects .  As an example can be men- 
t i o n e d  t h e  s t u d i e s  which gave t h e  explana t ion  why two a n t i -  
h i s tamines  (promethazine and hydroxyethyl  promethazine)  i n f l u e n c e d  t h e  slee- 
ping per iod  a f te r  barbiturate a d m i n i s t r a t i o n  i n  d i f f e r e n t  ways (Fig.  1). An 
impor tan t  ques t ion  when s tudying  the d i s t r i b u t i o n  of  a n t i b i o t i c s  is the con- 
c e n t r a t i o n  i n  the s i t e  of  t h e  i n f e c t i o n ,  e.g. t h e  a b i l i t y  t o  p e n e t r a t e  the 
membrane of  an encapsula ted  abscess .  The condi t ion  f o r  3 5 S - p e n i c i l l i n  i n  t h i s  
c o n t e x t  is shown i n  Fig. 2. 

au toradiographic  

Abscess membrane 

Abscess content  

Fig.  2 Autoradiogram showing the d i s t r i b u -  
t i o n  of r a d i o a c t i v i t y  i n  two 30 day o l d  ab- 
scesses after in t ravenous  i n j e c t i o n  of  3 5 ~ -  
p e n i c i l l i n  i n t o  a mouse. White areas re- 
p r e s e n t  high amounts of r a d i o a c t i v i t y . P e n i -  
c i l l i n  p e n e t r a t e s  the abscess membrane and 
a r e l a t i v e l y  high c o n c e n t r a t i o n  is seen 
immediately i n s i d e  the membrane. The con- 
c e n t r a t i o n  is then diminished towards the  
c e n t e r  of t h e  abscess  ( 3 ) .  

From the  t o x i c o l o g i c a l  p o i n t  of  view r e t e n t i o n  of a s u b s t a n c e  i n  a c e r t a i n  
tissue may be of  i n t e r e s t .  The prev ious ly  n o t  known, s t r o n g  accumulation of  
t e t r a c y c l i n e s  i n  bone and teeth,  which was observed by whole body a u t o r a d i -  
ographic  s t u d i e s  i n  1956 has  c o n t r i b u t e d  t o  the understanding of the s i d e  ef- 
fects r e p o r t e d  regard ing  f o e t a l  growth and malformations of the enamel i n  the 
deciduous teeth when us ing  these a n t i b i o t i c s  i n  pregnant  i n d i v i d u a l s .  

To be able t o  e v a l u a t e  the a u t o r a d i o g r a p h i c  image i n  a q u a n t i t a t i v e  way 
d i f f e r e n t  methods have been t r ied.  Simple systems us ing  ’ i s o t o p e  staircases’, 
t i n y  photo cells  and advanced systems w i t h  computerized image a n a l y s i s  have 
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been used. Whole body sect ions have a lso  been used f o r  p a r a l l e l  i nves t i ga t i ons  

such as quan t i t a t i on  and radiochemical ana lys i s  o f  pieces punched out from the 

d i f f e r e n t  t i ssues  i n  the sect ions.  Histochemical methods have been adjusted t o  

whole body sect ions i n  attempts t o  f u r t h e r  exp la in  the mechanism o f  ac t i on  i n  
r e l a t i o n  t o  an au torad iograph ica l l y  found l o c a l i z a t i o n ,  e.g. enzyme i n h i b i -  

t i on .  Substances with f luorescence o f  t h e i r  own (e.9. t e t racyc l i nes  and cer- 

t a i n  mycotoxins) have been i d e n t i f i e d  d i r e c t l y  i n  whole body sec t ions  by u l t r a  

v i o l e t  rad ia t i on .  By using a spec ia l  dry mounting technique whole body sec- 

t i o n s  and photographic emulsions can be permanently mounted t o  enable a more 

prec ise  l o c a l i z a t i o n  o f  the  r a d i o a c t i v i t y  t o  spec ia l  types o f  c e l l s  (’semi 

micro technique’) (Fig. 3) .  When i n t e r p r e t i n g  the autoradiograms i t  i s  impor- 

t a n t  represent the o r i g i n a l  substance 

as w e l l  as rad io labe l l ed  metabol i tes.  As an example can be mentioned tha t  the 

r a d i o a c t i v i t y  i n  Fig. 3 i n  the adrenal cortex represents only 10 % o f  un- 

changed cho les te ro l  according t o  p a r a l l e l  radiochromatographic studies.  The 

m a j o r i t y  o f  14C represents d i f f e r e n t  cho les te ro l  es te rs  which are  the storage 

forms f o r  the s t a r t i n g  ma te r ia l  f o r  synthesis o f  c o r t i c a l  s t e r o i d  hormones. 

t o  remember t h a t  the r a d i o a c t i v i t y  can 

Glomerular  zone Fasc icu lar  zone 

Ret icu la r  zone Medu I la 

Fig.  3 D F t a i l  o f  ’semi microauto- 
radiogram (whole body sec t ion  and 
photographic emulsion permanently 
mounted together )  from a mouse in- 
j ec ted  intravenously with “C-cho- 
l e s t e r o l  and s a c r i f i c e d  a f t e r  four 
days. Black areas correspond t o  h igh  
amounts o f  r a d i o a c t i v i t y .  The rad io -  
a c t i v i v t y  i s  conf ined t o  only one 
c e l l  type layer  o f  the cortex (Zona 
fasc i cu la ta )  (1). 

Whole body autoradiography imp l i es  t h a t  rad io labe l l ed  substances are a t  

hand. I n  the l a t e  1950’ there  were no t  too  many l a b e l l e d  pharmacolgical or 
t o x i c o l o g i c a l  substances ava i lab le .  Beside the  b iosyn thes is  o f  l a b e l l e d  sub- 
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s t a n c e s  Ul lberg  and h i s  coworkers s p e n t  much time f o r  'chemical'  l a b e l l i n g  of 
i n t e r e s t i n g  compounds by exchange r e a c t i o n s  ( t r i t i u m ,  i o d i n e  exchange etc.). 
To p o s s i b l y  improve the a u t o r a d i o g r a p h i c  r e s o l u t i o n ,  an inventory  o f  rad io-  
n u c l i d e s  w i t h  s u i t a b l e  low energy r a d i a t i o n  was made i n  c o l l a b o r a t i o n  w i t h  the  
Royal Technical  Col lege i n  Stockholm. Severa l  o f  these r a d i o n u c l i d e s  were suc- 
c e s s f u l l y  a p p l i e d  i n  b i o l o g i c a l  experiments .  Also very s h o r t - l i v e d  r a d i o n u c l i -  
des  such as "F (ha l f - l i fe  110 min.) have been used f o r  b o t h  whole body auto-  
radiography and t h e  above mentioned 'semi micro technique ' .  I n t e r e s t i n g  are 
a l s o  t h e  t o  use the  very same s e c t i o n  f o r  l o c a l i z a t i o n  of ''Ca 
as well as "F by using their  d i f f e r e n c e s  i n  h a l f - l i v e s .  

S e v e r a l  v o l a t i l e  subs tances  have been s t u d i e d  by a s o f i s t i c a t e d  method. Af- 

ter f r e e z i n g  t h e  whole animal ,  t he  specimens are k e p t  a t  -8OOC and after saw- 
i n g  t h e  block i n t o  two p a r t s  a t  dry  ice tempera ture  the 'ha lves '  are p laced  
a g a i n s t  X-ray films and exposed whi le  k e p t  a t  the same low temperature .  By 
t h i s  method it is p o s s i b l e  t o  l o c a t e  q u i t e  many v o l a t i l e  subs tances  as well as 
their label led m e t a b o l i t e s .  When s e c t i o n s  prepared i n  t he  t r a d i t i o n a l  way are 
then exposed, only t h e  n o n - v o l a t i l e  label led material is v i s i b l e  i n  the auto-  
radiograms. After e x t r a c t i o n  w i t h  d i f f e r e n t  s o l v e n t s  re-exposure of  t h e  secti- 
ons can r e v e a l  i f  firmly (covalen t ly?)  bound m e t a b o l i t e s  a r e  p r e s e n t .  

dur ing  pregnancy and tox ico logy  e v a l u a t i o n  of 
compounds p o s s i b l y  e f f e c t i n g  pregnant  women many c o n t r i b u t i o n s  have been 
achieved through t h e  good r e s o l u t i o n  of whole body autoradiography making it 
p o s s i b l e  t o  trace subs tances  i n  organs o f  the growing f o e t u s .  

The whole body autoradiography technique  has a l s o  been very u s e f u l  f o r  f i n -  
ding s u i t a b l e  subs tances  w i t h  s e l e c t i v e  l o c a l i z a t i o n  f o r  d i a g n o s t i c  and/or 
t h e r a p e u t i c  u s e s  i n  connect ion w i t h  n e o p l a s t i c  diseases. Subs tances  w i t h  spe-  
c i f i c  l o c a l i z a t i o n  t o  c e r t a i n  may be l a b e l l e d  w i t h  y-emit t ing i s o t o -  
pes f o r  such  purposes. Lately the  use  of s h o r t - l i v e d  p o s i t r o n  e m i t t i n g  n u c l i -  
des i n  connect ion w i t h  p o s i t r o n  emission tomography (PET) has a l s o  i n c r e a s e d  
the  need f o r  f i n d i n g  s u b s t a n c e s  w i t h  s e l e c t i v e  l o c a l i z a t i o n s .  

p o s s i b i l i t i e s  

I n  connect ion with drug use 

t i s s u e s  

CONCLUSION 
That t h e  whole body autoradiography technique  is st i l l  r e l e v a n t  and up t o  

date wi th in  biomedical research is shown by its e x t e n s i v e  use (a lone  and i n  
combination w i t h  o t h e r  methods) i n  f i e l d  of pharmacology and toxicology.  
The i n t r o d u c t i o n  of  PET has a l s o  given c u r r e n t  i n t e r e s t  t o  the p o s s i b i l i t i e s  
t o  f i n d  d i s t i n c t ,  s p e c i f i c  l o c a l i z a t i o n s  f o r  which the whole body au toradio-  
graphy is  st i l l  t h e  u n r i v a l l e d  method. 

t h e  
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