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Enlarged Ventricles in the Cerebrum of Loop-Tail Mice 

T h e  chief  p r o b l e m  in b e h a v i o u r  genet ics  is to  c lar i fy  
t h e  m e c h a n i s m s  t h r o u g h  wh ich  t h e  g e n o t y p e  d e t e r m i n e s  
t he  b e h a v i o u r a l  p h e n o t y p e .  The  s t u d y  of s ingle-gene 
effects,  p a r t i c u l a r l y  in n e u r o m u s c u l a r  m u t a n t s ,  offers 
good o p p o r t u n i t i e s  for  t r a c i n g  these  i n t e r m e d i a t e  p a t h -  
ways.  A b o u t  100 m u t a t i o n s  w i t h  neuro logica l  effects  a re  
k n o w n  in  t h e  house  mouseK The  gene t ics  a n d  phys ica l  
d e v e l o p m e n t  of loop- ta i l  mice  h a v e  b e e n  dea l t  w i t h  b y  
GRONEBERG ~,a. H e t e r o z y g o u s  a n i m a l s  a re  c h a r a c t e r i z e d  
b y  tw i s t ed  ta i l s  a n d  b y  w o b b l y  h e a d  m o v e m e n t s .  Screen-  
ing  va r ious  b e h a v i o u r a l  c o m p o n e n t s  in  a d u l t  a n d  n e o n a t e  
mice,  VAN ABEELEN 4's ha s  obse rved  defec t ive  m o t o r  
f u n c t i o n s  in  L p - m u t a n t s ,  sugges t ive  of i m p a i r m e n t  of 
e x t r a p y r a m i d a l  sys tems .  U n t i l  now, no  a b n o r m a l i t i e s  in  
t h e  b r a i n s  of h e t e r o z y g o t e s  h a v e  been  descr ibed  x. W e  now  
p r e s e n t  f ind ings  on  s t r u c t u r a l  a b e r r a t i o n s  in  t h e  te len-  
c e p h a l o n  (endbra in )  of he t e rozygous  loop- ta i l  mice, viz. 
e n l a r g e m e n t  of t h e  ven t r i c l e s  a n d  d e f o r m a t i o n s  of sur-  
r o u n d i n g  p a r t s  of t h e  b ra in .  

Experimental.  Our  sub j ec t s  c ame  f rom 2 n o n - i n b r e d  
s tocks  segrega t ing  a t  t he  Lp-locus .  T h e i r  ages  va r i ed  
b e t w e e n  5 a n d  15 weeks.  The  m u t a n t  g roup  (Lp /+)  com- 
pr i sed  4 females  a n d  5 males ,  t h e  con t ro l  g roup  2 females  
a n d  6 males .  Due  to  i n c o m p l e t e  p e n e t r a n c e  of ta i l  twis t s  3, 
t he re  is a c h a n c e  t h a t  t h e  con t ro l  g roup  did  n o t  cons is t  
en t i r e ly  of + / +  an imals .  Of 3 controls ,  t h e  g e n o t y p e s  
were  a sce r t a ined  gene t i ca l ly ;  possibly,  t he  r e m a i n i n g  5 
i nc luded  a n  un iden t i f i ed  m u t a n t .  W e  c o m p a r e d  f ron ta l  
b r a i n  sec t ions  m a d e  a p p r o x i m a t e l y  p e r p e n d i c u l a r  to  the  
base  of t h e  skull ,  a n d  h o r i z o n t a l  sec t ions  a b o u t  para l le l  to  
t h e  base  of t h e  skull ,  all  10 /z th ick .  Fo r  t h i s  purpose ,  
who le  b r a i n s  were  f ixed in  fo rma l in  a n d  e m b e d d e d  in  
p a r a f f i n ;  t h e  sec t ions  were  s t a i n e d  acco rd ing  to  t h e  
m e t h o d  of KLUVER a n d  BARRERA 6. 

Results. Cauda l  to  t h e  t e l encepha lon ,  we did  n o t  d e t e c t  
a n y  di f ferences  b e t w e e n  m u t a n t s  a n d  no rma l s .  I n  t h e  
e n d b r a i n ,  however ,  all  Lp -mice  b u t  2 showed  v e r y  wide  
l a t e ra l  ven t r i c l e s  ( somet imes  on ly  un i l a te ra l ly )  a n d  a 
la rge  v e n t r i c u l u s  i m p a r  as well. All  con t ro l s  h a d  n o r m a l  
n a r r o w  vent r ic les .  Since t h e  overa l l  size of t h e  hemi -  
spheres  of t he se  m u t a n t s  a p p e a r e d  no rma l ,  t h i s  m a r k e d  
i n t e r n a l  h y d r o c e p h a l u s  c an  be  expec t ed  to  inf luence  t h e  
size, form,  or  loca t ion  of va r ious  b r a i n  regions.  As is 
e v i d e n t  f rom the  F igure  (B), t he  c a u d a t e  nuc leus  - p u t a -  
m e n  complex  is s l igh t ly  de fo rmed  a t  t he  med ia l  marg in ,  
a n d  t h e  sep ta l  area,  p a r t i c u l a r l y  t h e  nuc leus  la te ra l i s  
sept i ,  is c lear ly  ma l fo rmed .  T h e  co rpus  ca l losum a n d  t h e  
co r t ex  seem to  be  r educed  in some places.  The  h ippo-  
c a m p a l  s t r u c t u r e  n o t  on ly  t u r n s  o u t  to  be  s o m e w h a t  de-  
formed,  b u t  is also d i sp laced  in a c a u d a l  d i rec t ion .  Never -  
theless,  t h e  c o n n e c t i o n  b e t w e e n  h i p p o c a m p u s  a n d  forn ix  
r e m a i n s  i n t ac t ,  because  t h e  f imbr i a  h i p p o c a m p i  is elon- 
ga ted .  W e  fai led to  f ind  a n y  d e g e n e r a t i o n  of n e r v o u s  
t i ssues  w i t h i n  t h e  a f fec ted  p a r t s  of t h e  b ra in .  

Discussion. F r o m  t h e  f ind ing  t h a t  2 o u t  of 9 Lp -mi ce  
d id  n o t  e x h i b i t  t h e  b r a i n  anoma l i e s  desc r ibed  above ,  i t  
a p p e a r s  t h a t  p e n e t r a n c e  of t h i s  t r a i t  is incomple te ,  wh ich  
is a lso t r u e  for  t h e  ta i l  tw i s t s  a n d  t h e  rock ing  h e a d  m o v e -  
m e n t s .  T h e  ta i ls  of t he se  2 m u t a n t s  were  k inked ,  b u t  a t  
t h e  t i m e  t h e  sec t ions  were  m a d e  i t  was  u n k n o w n  w h e t h e r  
t h e y  h a d  s h o w n  chorea t i c  m o v e m e n t s  or  no t .  A t  a n y  ra te ,  
all  m u t a n t s  in  w h i c h  h e a d - s h a k i n g  to  a m a r k e d  degree  
was obse rved  also h a d  a b n o r m a l  b r a in s ;  t he  2 t r a i t s  are  
p r o b a b l y  d i rec t ly  re la ted .  

T h e  c a u d a t e  nuc leus  a n d  t h e  p u t a m e n  are i n v o l v e d  in 
t he  r e g u l a t o r y  func t i ons  of t he  e x t r a p y r a m i d a l  m o t o r  
sys tem.  Therefore ,  t h e  de fec t ive  m o t o r  func t ions  a n d  t h e  
cho rea  found  in  Lp-mice  m a y  be  t r a c e d  b a c k  to t h e  dis- 

Horizontal brain sections of (A) a wild-type mouse and (B) a loop- 
tail mouse. V.I., Ventrieulus lateralis; C., Cortex; C.c., Corpus callo- 
sum; N.l.s., Nucleus lateralis septi; N.c., Nucleus caudatus; F.h., 
Fimbria hippocampi; H., Hippocampus. Note wide ventricles and 
malformed brain structures in (B). 
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tu rbed  deve lopmen t  of these parts .  The  rhinencephal ic  
deformat ions  migh t  affect  emot iona l  de t e rminan t s  of 
thei r  behaviour .  

One migh t  argue t h a t  the  widening  of the  te lencephal ic  
ventr ic les  in m u t a n t s  is due to increased pressure of the  
cerebrospinal  fluid. However ,  t he  th i rd  and  four th  ven-  
tricles appeared  to  be  unaf fec ted  by  this.  In  v iew of the  
fact  t h a t  we did no t  observe any  prol i fera t ion of the  
chorioid plexuses,  nor  any  obs t ruc t ions  wi th in  the  ven-  
t r icular  sys tem,  the  p rob lem of the  u l t imate  cause of t he  
distension of the  la tera l  vent r ic les  needs fur ther  invest iga-  
tion. 

Rdsumd. Les souris h6t6rozygotes a p p a r t e n a n t  A la 
m u t a t i o n  , l oop - t a i l ,  (Lp) pr&sentent une  hydroc6phal ie  

in terne  du t61enc6phale. Jusqu ' ic i ,  ce t t e  anomal ie  ainsi 
que  les torsions de la queue  e t  l 'osci t lat ion de la t~te  qui  
l ' a ccompagnen t  n ' a v a i e n t  pas 6t6 6tudi6s en d6tail. Nous  
avons  constat6  que  par  sui te  de l '61argissement des ven-  
t r icules enc6phaliques,  les s t ruc tures  c6r6brales qui  les 
en tou ren t  sont  r6duites,  d6form6es ou d6plac6es. Ces aber-  
ra t ions  neuro-ana tomiques  j e t t e n t  de la lumi~re sur les 
pe r tu rba t ions  du c o m p o r t e m e n t  observ6es chez ces 
mutan t s .  

j .  H. F. VAN ABEELEN 
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Organogenes i s :  P r o l o n g e d  Differentiat ion and Growth  of T o o t h  P r i m o r d i a  on the Chick Chor io -  
Allantoic Membrane 

The capac i ty  for embryon ic  organ pr imord ia  to differ- 
en t i a te  independen t ly  can be tes ted  by  isolat ion f rom the  
in si tu e n v i r o n m e n t  and  t r ansp lan ta t ion  to an  ar t i f icial  
mil ieu sui table  for deve lopment .  The  chick chorio-al lan-  
toic  m e m b r a n e  (CAM) provides  a versa t i le  hos t  site for 
the  ma in tenance  and fur ther  d i f ferent ia t ion of numerous  
embryonic  organs 1-3. One such organ, the  t oo th  organ 
pr imord ium,  p resumab ly  arises as a resul t  of epi thel io-  
mesenchymal  in teract ions .  U p o n  enter ing  the  t e rmina l  
s tages of ear ly  pos tna ta l  d i f ferent ia t ion the  odontogenic  
cells in i t ia te  the  synthesis  of specific species of fibrous 
proteins  which  are  invo lved  in t he  fo rmat ion  of ex t ra -  
cel lular  organic  matr ices .  

Severa l  inves t iga t ions  have  indica ted  how roden t  molar  
xenografts ,  t r ansp lan ted  f rom the  hos t  organism and 
grown on the  CAM, advanced  fur ther  deve lopmen ta l ly  
t h a n  those grown in v i t ro  4-~. Usual ly,  t r ansp lan ta t ion  of 
organ  p r imord ium on the  CAM can be accomplished so 
t h a t  the  graf t  is ma in ta ined  for 10 cont inuous  days  of 
incubat ion.  This  s tudy,  however ,  has  prolonged t h a t  
period of d e v e l o p m e n t  by  cul tur ing  t oo th  organ pr imord ia  
for m a n y  more  days  of un in t e r rup ted  incuba t ion  by  re- 
t r ansp lan ta t ion  to  new CAM sites. The  u t i l i ty  of the  re- 
t r ansp lan ta t ion  me thodo logy  has been successfully used 
and demons t ra t e s  s ignif icant  po ten t ia l  for prolonged in- 
ves t iga t ion  of d i f ferent ia t ion and growth.  

Materials and methods. Donor  tissues. E m b r y o s  were 
ob ta ined  by  caesar ian sect ion f rom Wis ta r  rats.  The  morn-  
ing of the  vagina l  p lug d iscovery  was counted  as day  0. 
Maxi l lary  molar  organ pr imord ia  were dissected f rom 19 
day  embryos  (Figure 1). Dissect ion of the  mola r  pr imor-  
d ium was ini t ia l ly  accompl ished by  procedures  previous ly  
described s. We  modif ied this t echn ique  to  exclude any  
in t e rmed ia t e  t r e a t m e n t  of the  donor  tissues af ter  observ-  
ing an increased graf t  su rv iva l  as a resul t  of p lacing the  
excised p r imord ium i m m e d i a t e l y  on the  CAM. 

Controls  were prepared  for each l i t ter  of 19 day  embryos  
to establ ish the  chronological  ver i f ica t ion for the  s tage of 
deve lopment .  R a n d o m l y  selected maxi l lae  were f ixed and  
serial ly sect ioned for this  purpose.  

Method  of CAM-graft ing.  Aus t ra  Whi t e  (Australop 
× Whi te  Leghorn  9) e m b r y o n a t e d  hen ' s  eggs were in- 

cuba ted  for 8 days  a t  37.5 °C. On  the  e igh th  day  of in- 
cuba t ion  the  ma jo r  branches  of t he  vi te l l ine b lood vessels 
were de te rmined  by  candl ing and appropr i a t e ly  recorded.  

The  hosts  were prepared  for CAM graf t ing by  procedures  
prev ious ly  described 9. The  shell surface was cleansed wi th  
alcohol pr ior  to cu t t ing  a 5 × 5 m m  window above  the  
region previous ly  de te rmined  for the  si te of graf t ing.  U p o n  
e levat ion  of the  shell  window, the  ad jacen t  shell mem-  
brane  was incised and the  under ly ing  chorionic epi thel ia l  
layer  was exposed.  Fol lowing exp lan ta t ion  the  shell was 
re-posi t ioned and sealed wi th  paraffin.  Each  hos t  was 
re tu rned  to  the  incuba to r  wi th  t he  graf t  facing downward  
for the  first  24 h of incubat ion  ; a procedure  which al lowed 
the  weight  of the  hos t  to faci l i ta te  the  adap t a t i on  of the  
graft .  Thereaf ter ,  each egg was tu rned  twice dai ly  and 
candled.  The  v iab i l i ty  of the  chick e m b r y o  was used as 
the  cr i ter ion for assessing graf t  survival .  

i 

Fig. 1. The molar primordium explant immediately following excision 
from the donor 19-day rat embryo. Stained with hematoxylin and 
eosin. X 65. 
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