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Table I. Percentage of sinusoidal cells differentiated into Kupffer cells in the liver of normal and thymectomized rats 
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Normal Thymectomized 

Not injected After 1 dose After 2 doses Not injected After 1 dose After 2 doses 
55.9 ~ 1.22 (6) 55.6 :E 0.71 (5) 56.9 :~ 1.08 (6) 55.3 =E 1.54 (6) 55.9 =E 0,65 (5) 74.8 J= 1.74 (6) 

Numbers are mean values • S.E. The figures in brackets refer to the numbers of animals. 

Table II. Percentage of vitally stained sinusoidal cells in the liver of normal and thymectomized rats injected with trypan blue 

Nozmal Thymectomized 

After 1 dose After 2 doses After 1 dose After 2 doses 
30.2 :~: 0.80 (5) 37.2-I: 1.54 (6) 29.0 • 1.14 (5) 70.3 ~2 2.17 (6) 

Numbers are mean values • S.E. The figures in brackets refer to the numbers of aninlals. 

in  n o t  a b n o r m a l l y  s t i n m l a t e d  rats .  However ,  one con-  
sequence  of t h y m e c t o m y  is an  increase  in d i f f e ren t i a t ion  
u n d e r  the  inf luence  of r epea t ed  s t imul i .  This  is co inc iden ta l  
w i t h  a more  ex tens ive  phagocy t i c  response  of t he  s inus-  
o idal  cells a n d  seems to  a ccoun t  well for  t he  increased 
r a t e  of r e m o v a l  of colloidal  c a r b o n  f rom t he  b lood in 
r a t s  a f t e r  r epea t ed  in jec t ions  of t he  dye  ~. The  change  
obse rved  in t h e  l iver  s inuso ida l  cells m a y  be  r e l a t ed  to  
t h e  changes  caused  b y  t h y m e c t o m y  on haemopoies is ,  
b o t h  in  t h e  spleen a n d  in t h e  b o n e  m a r r o w  2,12,1~. I t  
appea r s  t h a t  t h e  t h y m u s  has  a wide  sp read  inf luence  
u p o n  d i f f e r en t i a t i on  of cells w i t h  m e s e n c h l m a l  po ten-  
t ial i t ies,  also ou t s ide  t h e  l y m p h o i d  organs.  

Riassunto. La  t i m e c t o m i a  n o n  p r ovoca  iperp las ia  del 
s i s t ema  re t ico lo-endote l ia le  nel  l ega to  del ra t io .  T u t t a v i a  

nel  r a t t o  t i m e c t o m i z z a t o ,  so t topos to  Mlo s t imolo  di r ipe-  
t u t e  in iezioni  di b lu  t r ipan ,  la  r i spos t a  fagoc i ta r ia  d a  
p a r t e  delle cellule dei seni  epa t ic i  e la co r r i sponden te  
d i f ferenziaz ione morfologica  in cellule di IZupffer sono 
maggior i  che di no rma .  I1 f enomeno  ~ u n a  r i p rova  del- 
l ' es tesa  az ione del t i m e  sulla d i f ferenziaz ione  delle cellule 
mesenchi lna l i .  
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zH-Vitamin A and Rat Thyroid: Autoradiographic Observations 

As p a r t  of a genera l  s t u d y  of t h e  a u t o r a d i o g r a p h i c  
loca l iza t ion  of 3 I t - v i t a m i n  A a n d / o r  i ts  me tabo l i c  de r iva-  
t ives  in a n i m a l  t issues,  t he  t h y r o i d  g l a n d  was e x a m i n e d .  
Th i s  r e p o r t  p resen t s  a u t o r a d i o g r a p h i c  ev idence  for t he  
presence  of r a d i o a c t i v i t y  der ived  f rom 3 H - v i t a m i n  A in 
t h e  fol l icular  cells a n d  colloid of r a t  t hy ro id .  

Materials and methods. W e a n l i n g  a lb ino  r a t s  of b o t h  
sexes were in jec ted  i.p, w i t h  500 ~g of r e t i n y l - l l ,  12-SH~ 
ace t a t e  (3H-v i t amin  A aceta te) ,  specific a c t i v i t y  - - 2 1 3  
~Ci/mg, p r e p a r e d  as a n  aqueous  d ispers ion  w i t h  15% 
Tween  20. The  an im a l s  were kil led b y  cerv ica l  d i s loca t ion  
4 h a f t e r  in jec t ion .  T he  t h y r o i d  g lands  were r e m o v e d  
a n d  processed for a u t o r a d i o g r a p h s  (ARGs)  b y  2 m e t h o d s :  

a) O r d i n a r y  ARGs.  H a l f  t h e  t h y r o i d  was i m m e d i a t e l y  
f ixed in B o u i n ' s  so lu t ion  and  processed b y  t h e  s t a n d a r d  
his to logic  t echn iques .  Pa ra f f i n  sect ions  a t  4 -6  ~ m  t h i c k  
were cut.  A u t o r a d i o g r a p h s  were p r e p a r e d  us ing  a l iquid  
emuls ion  t e c h n i q u e  s imi la r  to  t h a t  descr ibed  b y  MESSIER 
a n d  LEBLONO1 a n d  were exposed in t o t a l  da rknes s  for 
4 m o n t h s  a t  5~ T he  so lven ts  used in t h i s  p rocedure  
r e m o v e  u n b o u n d  l ipid a n d  wa te r - so lub le  t i ssue  compo-  
nents .  Therefore ,  exposed gra ins  of t he  A R G s  rep resen t  
on ly  t h e  inso luble  labeled c o m p o u n d s  b o u n d  to t h e  t issue. 

b) So lub le - compound  AtRGs. T he  o t h e r  ha l f  of t h e  fresh 
t h y r o i d  t i ssue  was i m m e d i a t e l y  f rozen in  i sopen tane  im- 
mersed  in l iqu id  n i t r ogen  and  f u r t h e r  processed b y  t he  
c r y o s t a t - m i c r o t o m y  t e c h n i q u e  descr ibed b y  APPLETON ~. 

The  A R G s  were exposed in t o t a l  da rkness  for 4 m o n t h s  
a t  - -  25 ~ Since th is  p rocedure  does no t  requi re  t h e  use 
of so lvents  or f ixa t ives  u n t i l  a f t e r  t he  per iod of exposure  
is comple ted ,  t he  exposed  p h o t o g r a p h i c  g ra ins  of these  
A R G s  rep resen t  b o t h  soluble  a n d  insoluble  labeled  m a t e -  
r ia l  p re se rved  in s i tu  in  t h e  t hy ro id .  

Results. Figure  1 i l lus t ra tes  an  o r d i n a r y  A R G  of t he  
t hy ro id .  Sparse ly  sca t t e r ed  r a d i o a c t i v i t y  is seen asso- 
c ia ted  w i t h  the  fol l icular  cells and  an  occasional  gra in  
is p re sen t  a t  t he  e x t r e m e  p e r i p h e r y  of t i le colloid adj acen t  
to  t he  ap ica l  surface of t he  fol l icular  cell. I n  add i t ion ,  
smal l  n u m b e r s  of gra ins  are found  in  t he  s t roma,  especial ly  
in  va scu l a r  channels .  

I n  cont ras t ,  t h e  so lub l e - compound  A R G  of t he  t h y r o i d  
(Figure  2) shows a genera l ly  h ighe r  c o n c e n t r a t i o n  of 
r a d i o a c t i v i t y  associa ted  w i t h  t he  fol l icular  cells and  in 
t he  s t r o m a  as c o m p a r e d  to t h e  o r d i n a r y  ARG.  The  m o s t  
s t r ik ing  fea tu re  of th i s  so lub l e - compound  A R G  p repa ra -  
t i on  is t he  presence  of m a n y  gra ins  d i rec t ly  ove r  t h e  
fol l icular  colloid. 

Discussion. Studies  of t he  r e l a t ionsh ip  be tween  v i t a m i n  
A and  t he  t hy ro id  g land  h a v e  i nd i ca t ed  t h a t  t he  v i t a m i n  A 
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Fig. 1. Ordinary autoradiograph of rat thyroid. Scattered radio- 
activity derived from 8H-retinyl acetate is seen associated with 
follicular ceils and stroma. Stained with hematoxylin and eosin. 
• lOOO. 

s ta tus  of the  an imal  can  influence the  size, weight  and /or  
histological  condi t ion  of the  thyro id  a-~~ For  example ,  
JUNGI~ERR et al. ~ r epor ted  t h a t  t hy ro id  hyperp las ia  
occurred in bull calves as a result  of v i t a m i n  A deficiency. 
In  contras t ,  CARPENTER and SAMPSON s found t h a t  hype r -  
v i taminos is  A produced  thyro id  follicles which  were 
reduced in size, i rregular  in shape  and con ta ined  only  
smal l  amoun t s  of colloid. Despi te  the  appa ren t  relat ion-  
ship, a t t e m p t s  to  demons t r a t e  the  presence  of v i t a m i n  A 
in the  t hy ro id  were no t  successfull. POPPER ~ and  POPPER 
and  GRt~ENBERG 1~ were unable  t o  de tec t  v i t a m i n  A 
fluorescence in r a t  t hy ro id  using f luorescence microscopy 
techniques .  The p re sen t  s t u d y  is the  f i rs t  to  show t h a t  
r ad ioac t iv i ty  der ived f rom 8H-retinyl  ace ta te  m a y  be 
au torad iographica l ly  located in the  follicular cells and  
colloid of ra t  thyro id .  Fur the rmore ,  i t  appears  t h a t  t he  
colloid r ad ioac t iv i ty  is in a re la t ively  soluble form, since 
i t  is seen only  in f reshly  frozen t issue and  is lost  upon  
f ixa t ion  and  wash ing  of the  tissue, while a t  least  a por t ion  
of t he  rad ioac t iv i ty  associated wi th  the  follicular cells 
seems to  be b o u n d  to  the  cells. 

I t  is u n f o r t u n a t e  t h a t  the  results  of the  p resen t  s t u d y  
can do no more  t h a n  locate  r ad ioac t iv i ty  der ived f rom 
injected  v i t a m i n  A and no t  tell  us more  abou t  t he  na tu re  
of t he  substance(s)  i t  represents .  I t  m a y  be t h a t  t he  
r ad ioac t iv i ty  does represen t  ve ry  small  a m o u n t s  of the  
v i t amin  A molecule itself, bu t  i t  is equal ly  as l ikely t h a t  
the  rad ioac t iv i ty  represents  a metabol ic  der iva t ive  of 
the  v i t am in  or only a f r agmen t  of the  original molecule 
or even a to ta l ly  unre la ted  subs tance  to  which  the  3H 
isotope has  been a t t a ched  or has been  exchanged  for 
unlabeled hydrogen .  I n  any  event ,  the  resul ts  of t he  
p resen t  expe r imen t  w a r r a n t  fu r ther  inves t iga t ion  ~8. 

Rdsumd. Des 6tudes au to rad iograph iques  d6mon t r en t  
la pr6sence de radioact iv i t6  dans  lea cellules foliiculaires 

Fig, 2. Soluble-compound autoradiograph of rat thyroid. A higher 
concentration of radioactivity derived from ~H-retinyl acetate is 
seen over follicular cells and stroma. Note particularly, concentra- 
tions of radioactivity over the colloid. Stained with hematoxylin 
and rosin. • 1000. 

et  dans  la colloide de la thy ro ide  du r a t  ~ la suite de 
l ' in ject ion in t rap6r i ton6ale  de l ' ac6ta te  r6tinyl-aH (ac6- 
ta re  de la v i t amine  A). La radioact iv i t6  de la colloYde 
se mani fes te  seu lement  dans  le t issu congel6 v i v an t ;  elle 
d ispara t t  lors de la p r @ a r a t i o n  his tologique ordinaire.  
Pa r  contre,  une  par t ie  de ce t te  radioact iv i t6  res te  li6e 
aux cellules folliculaires, mSme aprgs la p r @ a r a t i o n  
his tologique habi tuel le .  
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Specific Stages of Cellular Response to Homeostat ic  Control During Diethylnitrosamine-Induced 
Liver Carcinogenesis 

After  appl ica t ion  of a carcinogen, a la tency  per iod 
usual ly precedes  tile appearance  of morphologica l ly  
recognizable tumors .  E x p e r i m e n t a l  observa t ions  indi- 
cate  t h a t  th is  preneoplas t ic  per iod is a non-un i fo rm 
in te rva l  which  can be subdiv ided  into specific s tages by  

analyzing the  s tepwise cellular d isor ien ta t ion  f rom organ- 
specific homeos ta t i c  cont ro l  mechanisms .  

E x p e r i m e n t s  were pe r fo rmed  to  ob ta in  ins ight  into 
the  g rowth-behav iour  of preneoplas t ic  cells by  the  com- 
bined appl ica t ion  of au to rad iog raphy  and enzyme histo-  


