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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-  
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chemis t ry  to serial sections of the  l iver  dur ing the  pre- 
neoplast ic  p e r i o d .  The  model  chosen was the  die thyl-  
n i t rosamine- indueed h e p a t o m a  of the  rat.  By  feeding 
5 nag d ie thy ln i t rosamine  (DEN) per  kg dai ly  in the  
dr ink ing  water ,  hepatocel lu lar  carc inomas can be pro- 
duced wi th in  140-160 days ~. Long before the  appearance  
of hepatomas,  character is t ic  changes of the  enzymat ic  
pa t t e rn  of the  l iver  are seen. Abou t  the  40th day of 
feeding the  carcinogen, deficiencies of glucose-6-phos- 
phatase  and adenosine t r iphosphatase  ac t iv i ty  appear  
in c i rcumscribed groups of hepa tocytes  2, 3. Since, in ful ly 
developed hepatocel lular  carcinomas, glucose-6-phospha- 
tase ac t iv i ty  is, as a rule, much  diminished 4-6, i t  can be 
assumed t h a t  the  cells of the  deficient  areas are precursors 
of h e p a t o m a  cells. This  reasoning by  analogy was sub- 
s tant ia l ly  conf i rmed by  observat ion  of fur ther  develop-  
ment .  These early changes of pa renchymal  l iver  cells 
dur ing D E N  feeding faci l i ta te  precise analysis of the  
g rowth-behav iour  of prospect ive  t umor  cells dur ing the  
first stages of carcinogenesis. Mitosis is ex t remely  rare 
in these areas 7. No th ing  is known as ye t  about  the  control  
of prol i fera t ion  and its dependence on homeos ta t ic  
regulat ion.  

One clear-cut  example  of the  influence of homeos ta t ic  
regulat ion is the  regenera t ion  of the  l iver  af ter  par t ia l  
hepa t ec tomy  s. Wi th in  a ve ry  short  t ime  the  loss of 
p a r enchyma  is compensa ted  by  excessive prol i ferat ion 
of the  remain ing  l iver  tissue 9, ~0. This  fact  suggested a 
s tudy  of such influences as migh t  act  on prol i fera t ion 
in enzyme-def ic ient  areas in the  par t ia l ly  resected l iver  
of D E N - f e d  animals.  Repor t s  on ~che influence of par t ia l  
h e p a t e c t o m y  on t u m o r  growth deal  w i th  la ter  stages of 
carcinogenesis xx- ~5. 

E v e r y  10 days f rom the  s tar t  of D E N  feeding unt i l  the  
130th day,  2 rats  were injected wi th  t r i t i a ted  thymidine .  
The  substance was given i.p. 7 t imes  at  in terva ls  of 6 h, 
the  dose per  in ject ion being 100 ~xC ( thymidine-6-H s, 
specific ac t iv i ty  5 C/mM,  Radiochemica l  Centre Amersh-  
am). Like cont inuous infusion of the  label, this leads 
to a comple te  labell ing of all  cells in D N A  synthesis  
dur ing the  exper imenta l  period. Concurrent ly  wi th  D E N -  
fed non-hepa tec tomized  rats, 3 DEN- fed  rats  every  10 
days  af ter  s ta r t  of feeding were par t ia l ly  hepatec to-  
mized ~6, and inject ions of t r i t ia ted  thymid ine  were given 
to t h e m  at  in tervals  of 6 h 7 t imes  be tween  20 and 56 h 
af ter  par t ia l  hepa tec tomy.  All animals  were sacrificed 

4~ &fret ~the last  inject ion.  Serial sections of the  l iver  
(5 ~m) were prepared  a t  - - 2 0 ~  in a cryostat .  Sub- 
sequent  sections were used for the  de te rmina t ion  of 
glucose-6-phosphatase and adenosine t r i phospha t a se~L  
and for the  au to rad iogram (stripping fi lm K o d a k  A R  10). 
By  this method,  changes in enzyme ac t iv i ty  m a y  be 
topographica l ly  correlated wi th  changes in D N A  syn- 
thesis ac t iv i ty  wi th  great  accuracy.  

W i t h  un t rea ted  controls the  labell ing index of hepato-  
cytes was 0.48% after  7 repea ted  inject ions of thymidine ,  
Par t ia l ly  hepa tec tomized  control  animals,  not  t rea ted  
wi th  D E N ,  showed a labell ing index of l iver  paren-  
chymal  ceils of 92%, a va lue  agreeing wi th  the  results  
of cont inuous  infusion of t r i t ia ted  t hymid ine  ~s. 

As early as 10 days af ter  the  s tar t  of D E N  feeding, 
character is t ic  changes are seen in the  growth  fract ion 
af ter  par t ia l  hepa tec tomy.  In  congruent  serial sections, 
the  act ivi t ies  of glucose-6-phosphatase and adenosine 
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Fig. 1. Group of adenosine triphosphatase 
deficient hepatocytes adjacent to the central 
vein (arrow) of the liver lobule after feeding 
diethylnitrosamine. 
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t r i p h o s p h a t a s e  are mos t  d i s t inc t  a r o u n d  t h e  po r t a l  field, 
b u t  fall  off t owards  t he  lobu la r  center .  I n  t he  au to rad io -  
g r a m  the  cells s y n t h e t i z i n g  D N A  are r e s t r i c t ed  to  t h e  
areas  of h ighes t  e n z y m a t i c  ac t iv i ty .  W i t h i n  a b r o a d  
fr inge a r o u n d  t he  cen t r a l  vein,  D N A  s y n t h e t i z i n g  pa ren-  
c h y m a l  l iver  cells are  comple te ly  a b s e n t  19. This  i nh ib i t i on  
of e n z y m a t i c  a c t i v i t y  a n d  D N A  syn thes i s  is reversible .  
W h e n  feeding w i t h  t he  ca rc inogen  is s topped,  t he  labe l l ing  
index  rises. 

Af te r  a b o u t  40 days  of feeding DEN,  t he  sha rp ly  
c i rcumscr ibed  areas  of comple te  e n z y m e  def ic iency become  
p r o m i n e n t  (Figure 1). U n t i l  a b o u t  t he  90 th  day  a f t e r  
t he  s t a r t  of D E N  feeding, t he  t r i t i a t e d  t h y m i d i n e  label l ing  
i ndex  in these  areas  of e n z y m e  def ic iency is no t  signifi- 
c a n t l y  h ighe r  t h a n  in t he  s u r r o u n d i n g  p a r e n c h y m a .  
H e n c e  t he  loss of e n z y m e  a c t i v i t y  as shown  b y  his to-  
c h e m i s t r y  does no t  i m m e d i a t e l y  coincide w i t h  t h e  be- 
g inn ing  of p ro l i fe ra t ion  of these  cells (Figure 2). 

Surpr i s ing ly  enough,  t h e  cells regain,  s imu l t ane o u s l y  
w i t h  t he  loss of e n z y m e  ac t iv i ty ,  t he i r  ab i l i ty  to  r e spond  
to h o m e o s t a t i c  regula t ion ,  a l t h o u g h  t h e y  are largely  
s i t u a t e d  in lobu la r  a reas  no longer  r e spond ing  to  a 
g r o w t h  s t imu lus  du r ing  D E N  feeding. Af te r  p a r t i a l  
h e p a t e c t o m y ,  however ,  nea r ly  all  cells of t he  enzyme-  
def ic ien t  areas  are label led (Figure 3). The  g r o w t h  frac- 
t ion  is a b o u t  90~o, equa l l ing  a l m o s t  t he  g r o w t h  f r ac t ion  
of l iver  cells in t h e  v ic in i ty  of t h e  p o r t a l  field. Those  l iver  
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Fig. 2. Thymidine-H a labelling index (percent labelled liver paren- 
chymal cells) of gluc0se-6-phosphatase and adenosine triphosphatase 
deficient cell groups at different intervals after start of feeding DEN 
(abscissa). Tritiated thymidine injected 7 times at intervals of 6 h. 
Animals sacrificed 4 h after last injection of thylnidine. Closed 
circles: labelling indices of animals partially hepatectomized 60 h 
before sacrifice. Open circles: Labelling indices without partial 
hepatectomy. 

Fig. 3. Cryostat serial sections of rat liver 60 days after start of 
feeding 5 mg DEN/kg/day and 60 h after partial bepatectomy. 
Animals injected 7 times at intervals of 6 h with tritiated thymidine 
prior to sacrifice. In congruent areas adjacent to the central veiu 
(arrows) cells deficient in glucose-6-phosphatase (a) and adenosine 
triphosphatase (b) show in the autoradiogram (c) of the subsequent 
section a high tritiated thymidine labelling index after partia 
hepateetomy. Figures a arid b slightly eounterstained with hemalaun. 

19 H.  RABES, R.  HARTENSTEIN a n d  P. SCHOLZE, Z. Krebsforsch .  
73, 239 (1970). 
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cells wh ich  m a y  be  r ega rded  as p rospec t ive  t u m o r  cells 
show, un t i l  t h e  90 th  day,  b u t  l i t t l e  pro l i fe ra t ion ,  n o t  
exceeding  t h a t  of t he  res idua l  p a r e n c h y m a ,  if t he re  is 
no special  g r o w t h  s t imulus .  Ye t  if a g r o w t h  s t imu lus  is 
p rov ided  b y  pa r t i a l  h e p a t e c t o m y ,  t h e i r  p ro l i f e ra t ion  
becomes  e x t r a o r d i n a r y  (Figure 2). 

The  phase  of induc ib le  p ro l i f e ra t ion  in t he  enzyme-  
def ic ien t  l iver  cell g roups  is followed b y  a n o t h e r  charac-  
t e r i s t i c  pe r iod :  E n d o g e n o u s  p ro l i f e ra t ion  s t a r t s  g r adua l l y  
in some enzyme-de f i c i en t  a reas  even  w i t h o u t  a n  addi-  
t i ona l  g r o w t h  s t imulus ,  whi le  o t h e r  a reas  of def ic iency 
lag b e h i n d  in th i s  deve lopmen t .  In  some enzyme-de f i c i en t  
cell g roups  t he  labe l l ing  i ndex  rises above  40% the  100th  
to  120th d a y  a f t e r  s t a r t  of D E N  feeding,  whereas  i t  is 
on ly  a b o u t  5% in o the r  def ic ien t  areas.  F r o m  the  120ttl  
to  130th  d a y  onwards  t h e  labe l l ing  indices  rise more  
s teep ly  (Figure  2). 

S i m u l t a n e o u s l y  w i t h  t h e  rise of endogenous  prol i fera-  
t ion,  t he  i nduc ib i l i t y  of D N A  syn thes i s  a f t e r  p a r t i a l  
h e p a t e c t o m y  is lost. On t h e  130th  day,  t he  labe l l ing  index  
of e n z y m e  def ic ient  areas,  even  a f t e r  pa r t i a l  h e p a t e c t o m y ,  
is no t  s ign i f i can t ly  h ighe r  t h a n  w i t h o u t  p reced ing  l iver  
resect ion.  These  f ind ings  sugges t  t h a t  in  t he  course of 
carc inogenes is  l iver  p a r e n c h y m a l  cells become  capab le  
of endogenous  p ro l i f e ra t ion  in t h e  same  degree as t h e y  
lose t h e i r  d e p e n d e n c e  on  higher ,  o rgan  specific, homeo-  
s ta t i c  con t ro l  mechan i sms .  

T r a n s f o r m a t i o n  of a p rospec t ive  t u m o r  cell i n to  an  
a u t o n o m o u s  h e p a t o m a  cell would,  in  v iew of these  
f indings,  be  comple t ed  on ly  a f t e r  a p ro longed  per iod  of 
l a tency ,  w h e n  t h e  cell has  passed  t h r o u g h  t he  fol lowing 
phases :  1. Pe r iod  of w e a k e n i n g  of t he  ac t iv i t i es  of 

g lucose -6 -phospha tase  a n d  adenos ine  t r i p h o s p h a t a s e  
a c t i v i t y  of a c i n o cen t r a l  h e p a t o c y t e s  co inc iden t ly  w i t h  
loss of ab i l i ty  to  p ro l i fe ra te  even  a f te r  o rgan  specific 
s t i m u l a t i o n  of growth.  2. Per iod  of comple t e  loss of t he  
ac t iv i t i e s  of g lucose-6-phoSphatase  an d  adenos ine  t r i -  
p h o s p h a t a s e  w i t h i n  c i r cumscr ibed  ac inocen t r a l l y  localized 
groups  of hepa tocy tes ,  co inc iden t ly  w i t h  r e t u r n  of ab i l i t y  
to  prol i fera te ,  b u t  for  a l m o s t  all  h e p a t o c y t e s  of t he  
enzyme-de f i c i en t  cell g roups  on ly  a f t e r  specific s t imula -  
t i on  b y  p a r t i a l  h e p a t e c t o m y .  3. Pe r iod  of a u t o n o m o u s  
p ro l i fe ra t ion  of these  enzyme-de f i c i en t  cells w i t h o u t  a n  
a d d i t i o n a l  g r o w t h  s t imulus ,  a c c o m p a n i e d  b y  a loss of 
response  to o rgan  specific h o m e o s t a t i c  control .  ~ 

Zusammen/assung.  Die L a t e n z p e r i o d e  bin z u m  Auf-  
t r e t e n  D i a e t h y l n i t r o s a m i n - i n d u z i e r t e r  H e p a t o m e  is t  in  
3 spezif ische Pe r ioden  zu u n t e r t e i l e n :  H e m m u n g  der  
Leberze l lp ro l i fe ra t ion ;  E n z y m v e r l u s t  m i t  g le ichze i t ige r  
I n d u z i e r b a r k e i t  der  P ro l i f e ra t ion  d u r c h  par t ie l le  Hepa -  
t e k t o m i e ;  a u t o n o m e  Pro l i f e ra t ion  m i t  Ver lus t  der  Sti-  
m u l i e r b a r k e i t  d u r c h  par t ie l le  H e p a t e k t o m i e .  
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Varia t ion  b e t w e e n  Spec i e s  in the  I n n e r v a t i o n  of I n t r a - T e s t i c u l a r  B l o o d  V e s s e l s  

The  i n n e r v a t i o n  of t he  tes t ic le  in  m a m m a l s  is sparse,  
a n d  cons iderab le  differences  h a v e  been  r epo r t ed  in i ts  
e x t e n t  and  d i s t r i b u t i o n  in a n u m b e r  of c o m m o n  labora-  
t o r y  species l-v. I n  pa r t i cu la r ,  t h e  occurrence  of ne rves  
to  i n t r a - t e s t i c u l a r  b lood  vessels and  t h e i r  p a t t e r n  of 
d i s t r i b u t i o n  appea r s  to  be  v e r y  va r i ab l e  1,6,~, desp i te  
phys io log ica l  ev idence  for t he  ex is tence  of ne rvous  p a t h -  
ways  wh ich  can  af fec t  t he  t e s t i cu la r  circulat ionS.  

The  i n t r a - t e s t i c u l a r  s y m p a t h e t i c  i n n e r v a t i o n  of r a t s  
(Wis ta r  s t ra in) ,  r a b b i t s  (F lemish  Giants) ,  guinea-pigs,  
ca ts  a n d  dogs has  been  e x a m i n e d  b y  f luorescence micro-  
scopy. Test ic les  were o b t a i n e d  f rom 5 m a t u r e  an ima l s  of 
each  species a f t e r  t h e y  h a d  been  a n a e s t h e t i z e d  w i t h  
e the r  or H a l o t h a n e ,  and  t r a n s v e r s e  and  l ong i t u d i n a l  
sec t ions  were p r e p a r e d  b y  t he  m e t h o d  of FALCK a n d  
OWMA~ 9 for t he  d e m o n s t r a t i o n  of ca t echo lamine -con-  
t a i n i n g  ne rve  fibres. 

Green-f luorescent ,  s o m e t i m e s  b e a d e d  ne rve  f ibres  were 
seen to form a m o d e r a t e l y  dense  p lexus  a r o u n d  t h e  m a i n  
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Fig. 1. Rat. Lack of fluorescent, sympathetic nerve plexus around Fig. 2. Rabbit. Fluorescent nerve 'fibres forming a plexus around 
major intratesticular artery. • 100. an artery deep in the testis. • 100. 


