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Dif ferences  in cerebra l  m o r p h o l o g y  in 2 s t o c k s  of m u t a n t  m i c e  h e t e r o z y g o u s  for  the  l o o p - t a i l  
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Summary. A d u l t  loop- ta i l  he t e rozygo te s  (Lp/+) f rom a s tock  of Lp-mice  which  c o n s i s t e n t l y  fail  to  show head  wobb l ing  
e x h i b i t  n o r m a l  b r a i n  m o r p h o l o g y  w i t h  respec t  to  size an d  shape  of l a t e ra l  ven t r i c les  and  n e a r b y  nuclei.  Loop- ta i l  
he t e rozygo te s  f rom a h e a d  wobb l ing  s tock  of Lp-mice  show e n l a r g e m e n t  an d  d e f o r m i t y  of the  l a te ra l  ventr ic les .  

The  loop- ta i l  (Lp) m u t a n t  mouse  ha s  been  t he  su b j ec t  
of severa l  s tud ies  conce rned  w i t h  morpho log ica l  m a n i -  
f e s t a t ions  of t he  gene in t he  he t e rozygous  and  h o m o z y g o u s  
cond i t ions  2-8. Loop- ta i l  h o m o z y g o t e s  (Lp/Lp) show an  
ex tens ive  fa i lure  of t he  neu ra l  t u b e  to close as well  as 
ax ia l  ske le ta l  abnorma l i t i e s .  Since h o m o z y g o t e s  die a t  
b i r th ,  s tud ies  on  b e h a v i o r a l  m a n i f e s t a t i o n s  of t he  gene 
h a v e  been  conf ined  to t he  he t e rozygous  cond i t ion  
(Lp/+) ~,1~ Of i n t e r e s t  ha s  been  t he  f ind ing  t h a t  loop- 
ta i l  he t e rozygo te s  wh ich  d i sp lay  a wobb l ing  of t h e  h e a d  
also show a b n o r m a l i t i e s  in  t he  l a te ra l  ven t r i c les  a n d  
n e a r b y  nucle i  of t he  ce rebra l  hemi sphe re s  11. 
I n  our  colony, t he  Lp-gene  is on  2 d i f fe ren t  genet ic  
backg rounds .  One genet ic  s tock  has  been  der ived  f rom 
m u t a n t  Lp a n i m a l s  o b t a i n e d  f rom the  J a c k s o n  L a b o r a t o r y  
(hereaf te r  t e r m e d  ' agout i ' ) ,  and  t he  Lp -he t e rozygo t e s  of 
th i s  g roup  show the  cha rac t e r i s t i c  head  wobble.  The  o t h e r  
s tock  consis ts  of d e s c e n d a n t s  f rom a loop- ta i l  s tock  of 
a lb ino  mice  o b t a i n e d  o r ig ina l ly  f rom Dr  K a t h r y n  Ste in  
a t  M o u n t  Ho lyoke  College; in our  colony,  these  a lb ino  
L p - m u t a n t s  do n o t  show a d i s t i nc t i ve  h e a d  wobble .  In  
v iew of t he  poss ible  assoc ia t ion  b e t w e e n  head  wobb le  
a n d  ce rebra l  p a t h o l o g y  11, loop- ta i l  he t e rozygo te s  f rom 

Fig. 1. Portion of horizontal brain section of Lp-heterozygote (Lp/+) 
from nonwobbling stock. Note narrow ventricle, V. H hippocampus. 
x52. 

b o t h  m u t a n t  s tocks  in our  co lony were s tud ied  grossly 
a n d  microscopica l ly  for ev idence  of ce rebra l  defects ,  
p a r t i c u l a r l y  in  t h e  l a t e ra l  ven t r i c les  a n d  n e a r b y  nuclei.  
Materials and methods. F e m a l e  a n d  male  a d u l t  n o r m a l  
( 4 / + )  a n d  loop- ta i l  he t e rozygo te s  (Lp/4),  of t h e  h e a d  
wobb l ing  agout i  l ine a n d  n o n w o b b l i n g  a lb ino l ine were 
selected for h is to logica l  s tud ies  on  t h e  bra in .  T h e  an i ma l s  
r a n g e d  in age f rom 11 weeks to 24 weeks. E a c h  whole  
b r a i n  was r emoved ,  f ixed in formal in ,  e m b e d d e d  in 
p a r a p l a s t ,  an d  sec t ioned  a t  10 ~ m  in t h e  hor i zon ta l ,  
t r a n s v e r s e  or s ag i t t a l  p lane .  P a r t i c u l a r  care was t a k e n  
in o r i en t ing  each  b r a i n  so as to  avo id  obl ique  sect ions.  
T h e  sect ions  were s t a i n ed  w i t h  h e m a t o x y l i n  a n d  eosin 
or  cresyl  v io le t - luxol  fas t  blue.  T h e  t ab le  s u m m a r i z e s  
t h e  n u m b e r s  a n d  types  of b r a i n s  used in th i s  s tudy .  
Results. I n  t h e  n o n w o b b l i n g  a lb ino  s tock  of loop- ta i l  
mice, no  gross d i f ferences  could be  seen in t h e  size or 
e x t e r n a l  m o r p h o l o g y  of t h e  b ra in  f rom females  or males  
of he t e rozygous  loop- ta i l  (Lp/+) a n d  h o m o z y g o u s  n o r m a l  
( + / 4 )  ind iv idua ls .  N e i t h e r  could a n y  obvious  d i s to r t ions  
in  t h e  size a n d  shape  of t h e  ven t r i c les  be de t ec t ed  in 
compar i sons  of microscopic  sect ions  of t h e  Lp/+-  a n d  
+ / + - b r a i n s .  T h e  l a t e ra l  ven t r ic les  of t h e  Lp/+-brains 
showed t h e  n a r r o w  sl i t - l ike  a p p e a r a n c e  typ ica l  of n o r m a l  
b r a i n s  (figure 1). The  a d j a c e n t  nuclei ,  sep ta l  a rea  a n d  
h i p p o c a m p u s  also a p p e a r e d  to be  no rma l .  
I n  t h e  h e a d  w o b b l i n g  agou t i  s tock  of loop- ta i l  mice, t he  
b r a i n s  of the  he t e rozygo te s  (Lp/+) l ikewise showed .no  
gross di f ferences  in  size or e x t e r n a l  m o r p h o l o g y  f rom 
those  of t h e  h o m o z y g o u s  n o r m a l  ( + / + )  ind iv idua ls .  
However ,  t h e  microscopic  sec t ions  revea led  t h a t  in t he  
c e r e b r u m  t h e  l a t e ra l  ven t r i c les  of t h e  Lp/+-brains were 
en la rged  a n d  d i s t o r t e d  (figure 2). In  m o s t  cases, these  
defects  occur red  b i l a te ra l ly ,  a l t h o u g h  in one Lp/+-brain 
on ly  one l a te ra l  ven t r i c l e  was affected.  I n  some cases, 
t h e  t h i r d  ven t r i c l e  was  also s l igh t ly  enlarged.  D i s to r t i ons  
were  l ikewise e v i d e n t  in  t h e  overa l l  shape  of t h e  sep ta l  
a rea  a n d  h i p p o c a m p u s  in t h e  Lp/+-brains of t h e  head  
w o b b l i n g  stock,  p r e s u m a b l y  due  to t h e  e n c r o a c h m e n t s  of 
t h e  en la rged  vent r ic les .  His to logica l  d i f f e r en t i a t i on  and  

Fig. 2. Portion of horizontal brain section of Lp-heterozygote (Lp/+) 
from wobbling stock. Note enlarged ventricle, V. H Hippoeampus. 
• 50. 
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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 
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A quanti tat ive  analys i s  of p l a s m a  o s m o t i c  pressure  dur ing  m e t a m o r p h o s i s  of the bul l frog,  
R a n a  c a t e s b e i a n a  1 

J o h n  J. Ju s t ,  R. Spe rka  a n d  Susan  S t r ange  

T. H. Morgan School of Biological Sciences, University o] Kentucky, Lexington (Kentucky 40506, USA), 
16 March 1977 

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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