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s t r a t i f i c a t i on  a p p e a r e d  to be  n o r m a l  in  these  regions.  
Discussion. A l t h o u g h  t he  b e h a v i o r a l  t r a i t  of h e a d  wob-  
b l ing  h a s  genera l ly  been  inc luded  in t h e  s y n d r o m e  of 
a n o m a l i e s  a t t r i b u t a b l e  to  t h e  Lp-gene  is, 13, ear ly  s tud ies  
on  t h i s  m u t a n t  n o t e d  t h a t  t h e  express ion  of wobb l ing  was 
s o m e w h a t  va r iab le ,  in  t h a t  i t  occur red  n o t  on ly  in t h e  
p h e n o t y p i c  he t e rozygo te s  b u t  even  in some s t r a igh t -  
t a i l ed  i nd iv idua l s  wh ich  l a t e r  p roduced  loop- ta i led  off- 
sp r ing  2. Th i s  v a r i a b i l i t y  sugges ted  incomple t e  p e n e t r a n c e  
of t h e  Lp-gene  in t h e  he t e rozygous  cond i t ion  or t he  effect  
of m o d i f y i n g  genes  r educ ing  t he  express ion  of t he  ta i l  
defect .  However ,  in our  wobb l ing  s tock  of L p - m u t a n t s ,  
t h e  h e a d  wobb le  ha s  n o t  been  obse rved  in s t r a igh t - t a i l ed  
ind iv idua ls .  Since b o t h  our  wobb l ing  a n d  n o n w o b b l i n g  
L p - s t o c k s  cons i s t en t l y  show t he  o t h e r  ca rd ina l  cha rac -  
t e r i s t i cs  t yp i ca l  of t he  Lp-defec ts ,  i.e., looped ta i ls  in t he  
h e t e r o z y g o t e s  a n d  ex tens ive  rachischis i s  and  ske le ta l  an-  
omal ies  in t he  h o m o z y g o t e s  (Lp/Lp), t h i s  s t rong ly  suggests  

t h a t  t h e  express ion  of t he  h e a d  wobb l ing  t r a i t  m a y  be  af- 
fec ted  b y  t h e  genet ic  b a c k g r o u n d  on  w h i c h  Lp is found .  
Our  resu l t s  conf i rm those  of V a n  Abee len  and  R a v e n  11, 
w h o  were t i le f i rs t  to  obse rve  t h a t  t he  h e a d  wobb le  
appea r s  to  be  associa ted  w i t h  t he  presence  of en la rged  
ven t r ic les  in t he  ce rebra l  hemispheres ,  s ince  our  n o n -  
wobb l ing  s tock  failed to  e x h i b i t  c o m p a r a b l e  ce rebra l  
defects .  A l t h o u g h  t he  cond i t i on  of the  v e s t i b u l a r  a p p a r a t u s  
was n o t  e x a m i n e d  in our  s tudies ,  ear l ier  i nves t i ga t i ons  
showed  t h a t  t he  ear  a p p e a r e d  to  be  n o r m a l  in  Lp/+- 
i nd iv idua l s  w i t h  head  w o b b l e  s . I t  is of i n t e r e s t  t h a t  
b e h a v i o r a l  s tudies  on  head  wobb l ing  Lp/+-mice h a v e  
also revea led  i m p a i r m e n t  of va r ious  m o t o r  skillsg, 1~ 
F u r t h e r  s tud ies  c o m p a r i n g  locomoto r  skills of our  h e a d  
wobb l ing  and  n o n w o b b l i n g  s tocks  of L p - m u t a n t s  would  
t h u s  seem to be w a r r a n t e d  in o rder  to  cor re la te  m o r e  
closely t i le b r a i n  defect  w i t h  t he  presence  or absence  of 
specific b e h a v i o r a l  deficiencies.  

Number of brains studied from 2 stocks of loop-tail mutant mice 

Agouti Albino 
(head wobbler) (nonwobbler) 
+[+ Lp[+ +/+ Lp/+ 

Female 4 3 3 3 
Male 2 3 3 3 

12 H. Gruneberg, The Pathology of Development. A Study of 
Inherited Skeletal Disorders in Animals, p. 153. Blackwell, 
Oxford 1963. 

13 R. L. Sidman, M. C. Green and S. H. Appel, Catalog of t h e  
Neurological Mutants of the Mouse. Harvard University Press, 
Cambridge 1965. 
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Summary. The  p l a s m a  c o n s t i t u e n t s  c o n t r i b u t i n g  to  osmot ic  pressure  are, in  decreas ing  o rde r :  N a  +, CI-, HCO3-, K +, 
glucose, a m i n o  acids,  u rea  a n d  pro te in .  P l a s m a  osmot ic  pressure  increases  f rom 180 mmoles/1 to 200 mmoles/1 t h r o u g h -  
o u t  d e v e l o p m e n t .  

P l a s m a  osmot ic  pressure  and  i ts  c o n t r i b u t i n g  compo-  
n e n t s  were q u a n t i t a t e d  t h r o u g h o u t  t he  life s p a n  of 
R. c a t e s b e i a n a  in a n  a t t e m p t  to  he lp  e s t ab l i sh  t h e  op t i -  
m u m  cond i t ions  for bu l l f rog  l a rva l  t i ssue  cul ture .  No one  
ha s  succeeded in e s t ab l i sh ing  l o n g t e r m  bul l f rog  l a rvae  
t i s sue  cu l tu re  2, b u t  in  successful  a m p h i b i a n  t i ssue  cul-  
t u r e s  i t  h a s  been  recognized  t h a t  p r o p e r  osmot ic  p ressure  
cond i t i ons  h a d  to be p r e s e n t  3, 4. 
Materials and methods. Tadpo les  were col lected f rom local  
p o n d s  a n d  adu l t s  were b o u g h t  f rom commerc i a l  suppl iers .  
A n i m a l s  were m a i n t a i n e d  in dec lo r ina t ed  t a p w a t e r  a t  
20 + 2~ An ima l s  were a n e s t h e t i z e d  in t r i c ane  m e t h a n e  
su l fona te  (MS-222) a n d  b lood o b t a i n e d  as p rev ious ly  
desc r ibed  s. The  whole  b lood  was cen t r i fuged  to r e m o v e  
b lood  cells and  p l a s m a  s tored  a t  - - 2 0 ~  u n t i l  analysis .  
T h e  t o t a l  osmot ic  p ressure  was d e t e r m i n e d  b y  freezing 
p o i n t  depress ion% T he  i n d i v i d u a l  p l a s m a  c o n s t i t u e n t s  
were m e a s u r e d  w i t h  a n  a u t o a n a l y z e r  ~. P r o t e i n  d e t e r m i n a -  
t ions  were b y  the  L o w r y  m e t h o d .  
Results. I r r e spec t ive  of t he  size or  s t ages  of t he  an imal ,  
t he  h e m a t o c r i t  is a r o u n d  3 0 o  ( table  1). Osmot ic  pressure  
of t he  p l a s m a  increases  g r a d u a l l y  f rom 181 mmoles/1 in 
y o u n g  s tages,  to  a h i g h  of a b o u t  200 mmoles/1 in la te  
s t ages  a n d  a d u l t  ( tab le  1). T he  d i f ference  b e t w e e n  these  
va lues  is s ign i f i can t  a t  t he  5% level. Th i s  increase  can  

also be  ind ica t ed  b y  t h e  p e r c e n t  of an ima l s  which  h a v e  
a n  osmot ic  pressure  of 200 mmoles/1 or more ;  none  h a d  
these  h igh  va lues  a t  s tage X I I I  or lower, 9 %  be tween  
s tages  X V I  a n d  X I X  showed  th i s  h i g h  pressure ,  and  36% 
of s tage  X X  or older  showed  t h e  h i g h  va lues  in  osmot ic  
pressure .  
The  m a j o r  c o n t r i b u t o r  to  osmot ic  p ressure  in  p l a s m a  is 
Na  +, a c c o u n t i n g  for a b o u t  50% of t h e  t o t a l  pressure  
( table  2). D u r i n g  l a rva l  d e v e l o p m e n t  t he  Na+ levels in-  
crease a b o u t  10%, and  whi le  K+ also increases,  i t  a ccoun t s  
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for  less t h a n  3% of t h e  o s m o t i c  p r e s s u r e .  C1- is r e s p o n s i b l e  
fo r  a b o u t  30% of t h e  o s m o t i c  p r e s s u r e  whi le  H C O ~ -  
a c c o u n t s  for  15% or  less. 
T h e  o rgan i c  c o m p o u n d s  did  n o t  c o n t r i b u t e  m a r k e d l y  to  
t h e  t o t a l  o s m o t i c  p r e s s u r e ,  b u t  g lucose  gave  t h e  g r e a t e s t  
p r o p o r t i o n .  A l t h o u g h  t h e  ta i l  d i s a p p e a r s  in la te  m e t a m o r -  
p h o s i s  ( s tages  X X - X X I V )  t h e  a m i n o  acid levels  do  n o t  
s h o w  a m a r k e d  increase .  U r e a  a n d  p r o t e i n  c o n c e n t r a t i o n s  
m o r e  t h a n  d o u b l e  f r o m  the  ea r ly  s t age s  of d e v e l o p m e n t  
(less t h a n  s t age  X) to  t h e  la te  s tages .  
D i s c u s s i o n .  T h e s e  r e s u l t s  agree  w i t h  o t h e r  i n v e s t i g a t i o n s  
w h i c h  s u g g e s t e d  a r ise  in t h e  o s m o t i c  p r e s s u r e  of p l a s m a  
d u r i n g  a m p h i b i a n  d e v e l o p m e n t n ,  1.. A l t h o u g h  p r e v i o u s  
i n v e s t i g a t i o n s  did n o t  s h o w  a c o n t i n u o u s  rise in t h e  
o s m o t i c  p r e s s u r e ,  b y  u s i n g  la rge  s a m p l e  sizes o u r  r e su l t s  
do s h o w  s u c h  a r ise t h r o u g h o u t  d e v e l o p m e n t  ( table  1) a n d  
i n d i v i d u a l  p l a s m a  c o n s t i t u e n t  levels  s u p p o r t  a c o n t i n u o u s  
r ise ( tab le  2). 

As  is t r u e  for  m o s t  v e r t e b r a t e s  x8 t h e  m a j o r  c o n t r i b u t o r s  
to  o s m o t i c  p r e s s u r e  in R: c a t e s b e i a n a  t a d p o l e  p l a s m a  a re  
t h e  i n o r g a n i c  c o n s t i t u e n t s ,  e spec ia l ly  N a  + a n d  C1- ( ta-  
b les  1 a n d  2). A l t h o u g h  N a  + a n d  C1- c o n c e n t r a t i o n s  a re  
h i g h e r  in a d u l t  a n d  la te  l a rva l  a m p h i b i a n s  w h e n  c o m p a r e d  
to  y o u n g  l a r va e  f r o m  t h e  s a m e  species,  t h e y  are  n o t  a s  
h i g h  as  m i g h t  be  e x p e c t e d  b y  t h e  a p p e a r a n c e  of a N a  + 
p u m p  in t h e  sk in  of  a m p h i b i a n s  a f t e r  m e t a m o r p h i c  cli- 

9 J . J .  Just, R. N. Gatz and E. C. Crawford, Jr, Respir. Physiol. 
77, 276 (1973). 

10 J. J. Just  and G. W. Robinson, Comp. Biochem. Physiol. 
(accepted 1977). 

11 M.S. Gordon and V. A. Tucker, J. exp. Biol. d2, 437 (1965). 
12 R.H.  Alvarado and A. Moody, Am. J. Physiol. 218, 1510 (1970). 
13 P . J .  Bentley, Endocrines and Osmoregulation, p. 1. Springer- 

Verlag, New York 1971. 

Table 1. Weight, hematocrit and plasma osmotic pressure of R. catesbeiana 

T-K stages Weight Hematocrit Osmotic pressure 
No. g �9 SE b No. Percent ~ SE b No. mOsmol �9 SE b 

I I - V I I  75 2.95 0.22 74 29.2 0.7 17 181.0 2.4 
X - X I I I  25 9.49 0.73 24 28.5 1.1 24 181.4 2.2 
XVI-XVII  13 20.41 2.49 13 33.9 1.7 11 185.6 3.0 
X V I I I - X I X  37 14.97 0.72 22 28.5 1.2 33 187.6 1.8 
X X - X X I  28 13.28 0.89 18 28.3 1.2 27 195.0 1.3 
X X I I - X X I I I  45 8.74 0.40 15 35.0 1.7 26 200.0' 2.2 
XXIV-XXV 14 8.62 0.76 14 28.4 2.6 16 194.2 3.3 
Adult 4 221.0 27.0 4 35.3 1.8 4 197.8 7.0 

Mean. b One SE of the mean. 

Table 2. Plasma constituents contributing to the osmotic pressure in Rana catesbeiana larvae and adult 

A. Inorganic 
Na + K + C1- HCO-3 e 

T-K stages No. mean~ -t- SE b No. mean -4- SE No. mean 4- SE No. mean 4- SE 

I I - V I I  18 96.1 2.1 18 3.37 0.09 18 60.3 3.3 
X - X I I I  24 98.9 2.0 24 3.15 0.07 24 58.7 2.0 
XVI -XVII  13 103.9 1.8 13 3.37 0.13 13 60.3 2.4 
X V I I I - X I X  33 99.4 1.2 33 3.25 0.09 33 " 56.5 1.5 
X X - X X I  27 103.8 1.3 27 3.33 0.08 27 59.4 1.6 
X X I I - X X I I I  26 108.5 1.4 26 4.13 0.10 26 58.8 1.4 
XXIV-XXV 17 104.7 2.6 17 4.00 0.21 17 59.5 3.1 
Adult 4 103.0 3.1 4 3.95 0.22 4 38.8 5.0 

16~ 8.4 0.8 
18o 14.9 1.2 

9o 22.1 2.7 
4o 24.4 3.5 
6 c 27.6 2.0 

B. Organic 
Glucose Amino acids a Urea Protein * 

I I - V I I  12 2.45 0.25 3 1.21 0.23 11 0.28 0.08 18 0.I8 0.01 
X - X I I I  20 1.53 0.19 2 1.17 0.09 15 0.33 0.05 24 0.18 0.01 
XVI-XVII  13 2.99 0.58 2 1.52 0.10 10 0.38 0.04 13 0.28 0.02 
X V I I I - X I X  30 2.19 0.26 2 2.27 0.15 25 0.44 0.04 33 0.25 0.01 
X X - X X I  25 2.14 0.23 2 2.04 0.28 18 0.58 0.06 27 0.34 0.02 
X X I I - X X I I I  26 2.95 0.22 2 2.00 0.23 22 0.58 0.04 26 0.42 0.02 
XXIV-XXV 17 2.41 0.35 2 1.68 0.08 10 0.43 0.09 17 0.40 0.02 
Adult 3 0.84 0.14 3 0.98 0.03 3 1.39 0.48 4 0.40 0.06 

b �9 Means are expressed as mequiv/1. One SE of the mean. e See Just  et al.~ respectively stages XVII I -XX,  x x I - x X I I ,  XXI I I -XXIV,  x x v  
and adult, dSee Just  and Robinsonl~ to convert rag/1 to mequiv/1 the average mol.wt (140) was used. eTo convert mg/l to mequiv/1 the percent 
mol.wt of albumin (68,000) was used. 
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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 .  

14 E . I . J .  Adolph, Exp. Zool. 47, 179 (1927). 
15 R.E.  Taylor and S. B. Barker, Science 148, 1612 (1965). 
16 T. H. Dietz and R. H. Alvarado, Am. J. Physiol. 226, 764 

(1974). 
17 B.G. Atkinson and J. J. Just, Devl. Biol. d5, 151 (1975). 
18 D.L. Stocum, Devl Biol. 18, 441 (1968). 

Ultrastructural autoradiographic study of !blast cells in the)mouselthymus. 
Interest for radio~eukemia research 
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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 


