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m a x  1~,14,15. The re  is no  d ras t i c  increase  in these  ions 
because  t he  gills, t h e  o rgans  respons ib le  for ion accumula -  
t i on  m e c h a n i s m  in tadpoles ,  are degene r a t i ng  s imu l t a -  
neous ly  w i t h  t he  acqu i s i t i on  of t he  skin t r a n s p o r t i n g  
m e c h a n i s m s  g, l~,lL The  t h i r d  m o s t  a b u n d a n t  inorgan ic  
c o m p o n e n t  is HCO s-  ( tab le  2). C a r b o n a t e  is i m p o r t a n t  
phys io log ica l ly  because  i t  c o n t r i b u t e s  s ign i f ican t ly  to  t he  
increase  in osmot ic  p ressure  ( tables  1 a n d  2). An  increase  
in HCO 3- in t he  b lood  occurs  as t h e  gills degene ra t e  a n d  
t h e  lungs  beg in  to func t ion ,  r e su l t ing  in h igher  levels of 
CO, levels in t he  b lood  9. 
A l t h o u g h  some organic  c o n s t i t u e n t s  do  increase  d u r i n g  
m e t a m o r p h o s i s ,  t h e y  do n o t  c o n s t i t u t e  a m a j o r  p r o p o r t i o n  
of t he  increase  in p l a s m a  osmot ic  pressure ,  because  no  
more  t h a n  6% of t he  t o t a l  osmot ic  pressure  o r ig ina tes  
w i t h  organic  c o n s t i t u e n t s  ( tab le  2). T he  changes  in indi-  
v i d u a l  c o n s t i t u e n t s  (i.e., glucose, a m i n o  acids, urea)  all  
p o i n t  to  t he  fac t  t h a t  a d u l t s  were u n d e r n o u r i s h e d  on  
a r r i v a l  f rom commerc i a l  suppl iers .  
B y  a d d i n g  t he  m e a s u r e d  p l a s m a  c o n s t i t u e n t s  in  all  s tages  
t he  p e r c e n t  of t he  t o t a l  osmot ic  pressure  ( table  1) con-  

t r i b u t e d  b y  these  c o n s t i t u e n t s  was  de t e rmined :  The  
m e a s u r e d  p l a s m a  c o n s t i t u e n t s  a c c o u n t  for a n  ave rage  
96% of t he  t o t a l  p l a s m a  osmot ic  pressure  a t  all  t i m e  
per iods  s tudied ,  r a n g i n g  f rom 90% (adult)  to  102% 
(stages X X I V - X X V ) ,  i n d i c a t i n g  no  m a j o r  c o n t r i b u t o r  
was over looked.  
B y  c o m p a r i n g  a m p h i b i a n  cu l tu re  2 a n d  a m p h i b i a n  p l a s m a  
osmot ic  pressure  13, i t  is e v i d e n t  t h a t  excep t  for one is, 
successful  cu l tu res  were ach ieved  w i t h  med ia  wh ich  was 
e i the r  h y p o t o n i c  or isotonic  to  p la sma .  The  i n f o r m a t i o n  
p r e s e n t e d  here  no t  on ly  pe rmi t s  t h e  choice of p r o p e r  
osmot ic  pressure  for in  v i t ro  s tud ies  of t adpo l e  t issues,  
b u t  also ident i f ies  t h e  m a j o r  c o n s t i t u e n t s  necessa ry  for 
t he  media .  
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Summary. U l t r a s t r u c t u r a l  a u t o r a d i o g r a p h i c  s tudies  of mouse  t h y m i c  b l a s t  cells a f t e r  H3  T d r  in j ec t ion  show t h a t  t h e i r  
f ine nuc lea r  s t r u c t u r e  is r e l a t ed  to t h e i r  pos i t ion  in t h e  cell cycle. The  v a r i a t i o n s  in  t h e  compos i t i on  of t he  s u b c a p s u l a r  
b l a s t  cell p o p u l a t i o n  d u r i n g  r a d i a t i o n - i n d u c e d  leukemogenes i s  ind ica te  k ine t ic  changes  in t h y m i c  lymphopoies i s ,  
wh ich  are  p r o b a b l y  due  to  t h e  oncogenic  process.  

Mur ine  t h y m i c  l y m p h o m a s  i nduced  b y  i r r ad i a t i on  re su l t  
f r om tile neop las t i c  t r a n s f o r m a t i o n  of some l y m p h o i d  
s u b c a p s u l a r  b l a s t  cells b y  a n  o n c o r n a v i r u s  1. U l t r a s t r u c -  
t u r a l  i nves t i ga t i ons  h a v e  revea led  t he  morpho log ica l  
h e t e r o g e n e i t y  of t h i s  popu la t ion .  Accord ing  to  t he  nuc l ea r  
s t ruc tu re ,  3 cell aspec ts  c an  be  d i s t ingu i shed :  l y m p h o -  
blas ts ,  r i ng - shaped  nucleolus  (RSN) cells and  X-cel ls  ~ 
(figure). The i r  re la t ive  p r o p o r t i o n  var ies  d u r i n g  t he  
successive phases  of a t r o p h y  a n d  r egene ra t i on  w h i c h  
precede  t he  d e v e l o p m e n t  of l y m p h o m a  3, 3. In  o t h e r  models ,  
i t  h a s  been  s h o w n  b y  us ing  r a d i o a u t o g r a p h i c  a n d  cy to-  
chemica l  m e t h o d s  t h a t  t h e  f ine s t r u c t u r e  of t he  nuc leus  
can  be  r e l a t ed  With t h e  pos i t ion  of t he  cell in the  cycle 4. 
I n  order  to  con t ro l  w h e t h e r  a s imi la r  e x p l a n a t i o n  can  be  
p roposed  for t h e  t h y m i c  b l a s t  popu la t ion ,  we h a v e  in-  

v e s t i g a t e d  b y  u l t r a s t r u c t u r a l  r a d i o a u t o g r a p h y  t he  in- 
c o r p o r a t i o n  of H 3 - t h y m i d i n e  (H3 Tdr)  in  t he  n o r m a l  
t h y m u s .  
Material and methods. 35-day-old  female  C57 B L  mice 
are  in j ec ted  w i t h  9 ~tCi/g of H 3 - t h y m i d i n e  (spec. act .  
5 Ci/mM). An ima l s  are sacr i f iced 15, 30, 60 a n d  120 min  
later .  T h y m u s  is f ixed for  e lec t ron  mic roscopy  ~. 1000-A 
t h i c k  sect ions  of s u b c a p s u l a r  zone are  p u t  on  f o r m v a r  
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Labelling index of thymic subcapsular blast cells at various delays after a H3 Tdr injection 

Blast cells Lymphoblasts X-cells Ring-shaped 
nucleolus cells 

Percentage in the blast 100 58.8 -4- 5.8 22.0 4- 3.7 19.0 :t: 4.3 
cell population 

15 rain 49.5 4- 7.1 58.35 -t- 8.35 77.5 -4- 2.5 23.02 :t= 4.3 
30 min 78.5 4- 1.14 78.3 -4- 1.4 88.7 -t- 11 33.3 ~ 9.6 Labelling index 

after H3 Tdr 60 min 74.3 ~ 3.5 57.1 -4- 5.4 90.2 4- 3.8 32.7 :t: 3.2 
120 min 73.6 4- 4.98 70.3 4- 1.6 100 60.5 4- 5.5 

8 h 38.0 4- 5.9 43.0 4- 4.1 42.6 4- 7 35.0 4- 3.5 
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Ultrastructural micrographs of radioautography performed 30 min 
after H3 Tdr injection. X 8500. 
a Typical lymphoblasts with compact nucleolus and few abundant 
dense chromatin. 
b Ring-shaped nueleolus cell with concentric disposition of granular 
and fibrillar components around a fibrillar centre, -+. 
c X-cells with irregularly distributed dense ehromatin and compact 
nucleolus, -+. 
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coa ted  200 mesh  grids. I l ford  L4 emuls ion  is p u t  ove r  
t h e  gr ids  w i t h  a loop. Af te r  a 6 -8-week  expos i t ion  t ime,  
grids are deve loped  w i t h  4 %  Ro d i n a l  8 min ,  s top b a t h  
30 sec a n d  Acidof ix  for  10 min.  Af te r  washing ,  sec t ions  
are c o n t r a s t e d  w i t h  u r a n y l  a c e t a t e - l e a d  c i t ra te .  A t  t he  
EM301 Phi l ips  e x a m i n a t i o n ,  a b o u t  1000 s u b c a p s u l a r  
l y m p h o i d  cells of each  t h y m u s  are n u m e r a t e d  an d  t he  
labe l l ing  i ndex  of l y m p h o b l a s t s ,  r i ng - shaped  nucleolus  
cells a n d  X-cells  is ca lcu la ted .  
Results.  Hal f  of t h e  whole  t h y m i c  b las t  cell p o p u l a t i o n  
is label led  15 mi n  a f t e r  H3  T d r  in j ec t ion  (table).  A 
' p l a t e a u '  is r eached  a f te r  30 min .  A s imi lar  s i t ua t ion  is 
obse rved  for t h e  l y m p h o b l a s t s  t h e  labe l l ing  index  of 
which  increases  f rom 58.3 to  73 .8% b e t w e e n  15 a n d  30 
rain.  T h e  smal l  v a r i a t i o n s  obse rved  l a t e r  on  are n o t  
s t a t i s t i ca l ly  s ignif icant .  More t h a n  90% of X-cells  h a v e  
i n co rp o ra t ed  t h e  r ad ioac t ive  p recursor  d u r i n g  the  30 min  
fol lowing t h e  in jec t ion .  Af te r  2 h, all  these  X-cells  are 
labelled.  The  evo lu t ion  of t h e  r i ng - shaped  nucleolus  cell 
l abe l l ing  i ndex  is qu i te  d i f fe ren t :  du r ing  t h e  f irst  h, on ly  
30% of t h e m  h a v e  i n c o r p o r a t e d  t r i t i a t e d  t h y m i d i n e .  
However ,  1 h l a t e r  on, t h i s  l abe l l ing  i ndex  is doubled .  
A t  8 h, t h e  labe l l ing  index  of t h e  d i f fe ren t  ana lyzed  cell 
aspec ts  are v e r y  s imi la r  an d  r ep re sen t  a b o u t  400/0. 
Discussion.  The  labe l l ing  i ndex  of the  whole  g roup  of 
b l a s t  cells conf i rms  t h e  n u m e r o u s  inves t iga t ions  w h i c h  
ind ica t e  t h a t  th i s  p o p u l a t i o n  h a s  a h i g h  pro l i fe ra t ive  
capaci tyS,  e. As t h e  l y m p h o b l a s t s  r ep re sen t  the  m a j o r i t y  
of t h e  t h y m i c  b l a s t  cells, i t  is c lear  t h a t  t he i r  labe l l ing  
i ndex  h a s  a m a j o r  inf luence  on  t h e  pe rcen t age  of label led  
blas ts .  B o t h  indexes  are s imi la r  in our  mate r ia l .  
The  va lues  o b t a i n e d  for t h e  r ing - shaped  nucleolus  cells 
a n d  t h e  X-cells  are i n c o m p a t i b l e  w i th  t h e  hypo thes i s  
t h a t  these  cells c o n s t i t u t e  ce l lu lar  en t i t i es  which  would  
be  able  to  pass  t h r o u g h  all  cycle phases .  The i r  t yp i ca l  
nuc lea r  u l t r a s t r u c t u r e  cha rac t e r i zes  p r o b a b l y  t he i r  place 
in a def in i te  p a r t  of t h e  cycle. 
The  h i g h  labe l l ing  i ndex  of X-cel ls  impl ies  t h a t  these  
b las t s  are n e a r l y  a lways  in S-phase.  On t h e  con t r a ry ,  
t h e  r a t h e r  low index  of r i n g - s h ap ed  nucleolus  cells suggests  
t h a t  m a n y  b l a s t  cells h a v e  t h i s  pecul ia r  nuc leolar  s t ruc-  
t u r e  w h e n  t h e y  are ou ts ide  S. H o w ev e r  i t  is imposs ib le  
a t  t h e  p r e s e n t  t ime  to d e t e r m i n e  t h e i r  precise pos i t ion  
in t h e  cycle. I f  we accep t  t h e  va lues  genera l ly  a d m i t t e d  
for  t h e  d u r a t i o n  of t h e  cycle phases  in l ympho id  b l a s t  
cells 5, ~, m a n y  h y p o t h e s e s  can  be  p roposed ;  on ly  the  m o s t  
l ikely ones will be  discussed.  
I f  r i ng - shaped  nucleolus  cells co r respond  to  cells wh ich  
pass  f rom t h e  en d  of G 1 to  S, a progress ive  decrease  of 
the i r  labe l l ing  i ndex  would  be  expec ted .  I f  these  cells 
were in t h e  midd le  of S-phase,  t h e i r  labe l l ing  index  would  
s t ay  n e a r l y  c o n s t a n t .  The  increase  of t h e  label l ing  i ndex  
we h a v e  obse rved  b e t w e e n  t h e  f i rs t  an d  the  2nd h rules o u t  
t h e  b o t h  possibi l i t ies .  On t h e  con t r a ry ,  t h e  v a r i a t i o n s  
we h a v e  found  could be  exp l a ined  if i t  is a s sumed  t h a t  
t h e  r l ng - shaped  nucleolus  cells are  a t  t h e  end  of S a n d  
in G 2. This  h y p o t h e s i s  would  i m p l y  t h a t  in some b l a s t  
cells, t h e  d u r a t i o n  of G~ is longer  t h a n  normal ly .  (In 
pro l i f e ra t ing  l y m p h o i d  cells, G 2 is e s t i m a t e d  to las t  45 min.)  
Our  va lues  are also cons i s t en t  w i t h  the  pos i t ion  of r ing-  
shaped  nucleolus  cells f rom t h e  end  of S to  t h e  b e g i n n i n g  
of G1. This  h y p o t h e s i s  could also exp la in  n o t  on ly  t he  
increase  of t h e  labe l l ing  index,  b u t  i ts  doub l ing  b e t w e e n  
the  f i rs t  an d  t h e  2rid h, since m a n y  cells would  h a v e  u n -  
dergone  mitosis .  
The  cells labe l led  8 h a f t e r  t h e  a d m i n i s t r a t i o n  of t h e  
r ad ioac t ive  p recurso r  are necessar i ly  der ived  f rom those  
wh ich  h a v e  i n co rp o ra t ed  t h y m i d i n e  d u r i n g  t h e  f irst  h. The  
43% of X-cel ls  label led  a f t e r  these  8 h are necessar i ly  
in t h e  S-phase  of a second cell  cycle. 


