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T h e  F o r m a t i o n  o f  t h e  F r o n t  P a r t  o f  t h e  
N e u r a l  T u b e  

T h e  t e x t b o o k s  genera l ly  follow t he  ear l ier  desc r ip t ions  
of t he  mode  of f o r m a t i o n  of t h e  f r o n t  p a r t  of t h e  n e u r a l  
tube .  For  ins tance ,  H m  ~ o b s e r v e d  a ros t r a l  a n d  a c a u d a l  
reg ion  of  t h i s  p a r t  of t h e  n e u r a l  tub~,  wh ich  YON KUVF- 
VgR ~ cal led a r c h e n c e p h a l o n  a n d  d e u t e r o e n c e p h a l o n  re-  
spec t ive ly .  T h e  l a t t e r  was  n o t  cons ide red  to  b e  d i s t i n c t l y  
de l imi ted  cauda l ly .  T h e  c o r r e s p o n d i n g  e m b r y o n i c  s t age  
was called t he  ' two-ves ic le -s tage ' .  

As ea r ly  as t h e  17 th  c e n t u r y  a ' t h ree -ves ic l e - s t age '  was  
obse rved  in ch i ck  embryos ,  a r i s ing  acco rd ing  to y o n  
K U V ~ R  b y  d iv i s ion  of t h e  d e u t e r o e n c e p h a l o n  i n to  a 
ro s t r a l  d i l a t ion ,  t h e  m e s e n c e p h a l o n ,  a n d  a c a u d a l  one,  t h e  
r h o m b e n c e p h a l o n .  T h e  a r c h e n c e p h a l o n  or, as  i t  is also 
called,  t h e  p rosencepha lon ,  r e m a i n s  on  t h e  o t h e r  h a n d  
und iv ided .  

T h e  f ina l  s tage  in e x t e r n a l  m o r p h o g e n e s i s  was  de-  
sc r ibed  as a c leavage  of t he  p r o s e n c e p h a l o n  in to  t he  tel-  
e n c e p h a l o n  a n d  t h e  d i e n c e p h a l o n  of t h e  r h o m b e n c e p h a l o n  
i n to  t h e  m e t e n c e p h a l o n  a n d  t h e  m y e l e n c e p h a l o n .  Th i s  is 
t h e  ' f ive-ves ic le-s tage ' .  I t  is l a t e r  t r a n s f o r m e d  t h r o u g h  
cell  m ig ra t i ons ,  cell d i f f e ren t i a t ions ,  a n d  so on. I n  p r in -  
ciple, however ,  t he  d iv i s ion  in to  f ive 'ves ic les '  is st i l l  used,  
even  w h e n  a d u l t  s t ages  are  descr ibed.  

MeN KUPFFER 2 a l r eady  obse rved  a p r i m a r y  t r a n s v e r s e  
b a n d i n g  before  t h e  c losure  of t he  n e u r o p o r e  a n d  a f t e r  t h a t  
a s e c o n d a r y  n e u r o m e r y .  HILL ~ found  a d i s t i n c t  n e u r o m e r y  
in,  for  example ,  l iv ing  s a l m o n  embryos .  

B y  e x a m i n a t i o n  of t h e  on togenes i s  of t h e  n e u r a l  t u b e  in 
e m b r y o n i c  s tages  fo l lowing close u p o n  each  o the r ,  b y  
model  c o n s t r u c t i o n  on  large scale, b y  g raph ic  r econs t ruc -  
t ions ,  b y  sec t ion  series cu t  in  va r ious  d i rec t ions  a n d  b y  
c o m p a r a t i v e  s tudies ,  c o n f i r m a t i o n  of such  neu romer i e s  
was p r o v i d e d  b y  a m o n g  o t h e r s  BERGQUIST ~-7, KXLL~N 
and  LINDSKOG s, SAETERSDAL 9, BERGQUIST a n d  KXL- 
L1~NI0, I1, K.~LLI~N 1:~-1~. L a t e r  these  o b s e r v a t i o n s  were 
con f i rmed  b y  WEDIN 10'17, SVETLOF ls a n d  o thers .  T h e  
t r a n s v e r s e  b a n d i n g  c a n  be  fol lowed r i g h t  to t he  c a u d a l  end  
of t he  n e u r a l  tube .  Th e  n e u r o m e r e s  a p p e a r  p r inc ipa l ly  in 
a ros t ro-cauda l  sequence  (JOHNSON'S, BERGQUIST~°, 
K:~LL~N ~x). Besides  YON KUPFFER'S two  d i f fe ren t  succes-  
s ive n e u r o m e r y  sys tems ,  a t h i r d  n e u r o m e r y  s y s t e m  h a s  
b e e n  d e m o n s t r a t e d ,  w h i c h  a p p e a r s  a f t e r  t h e  o t h e r  two.  
The  t h r e e  phases  of n e u r o m e r y  h a v e  been  cal led p ro -  
n e u r o m e r y ,  n e u r o m e r y  a n d  p o s t n e u r o m e r y  (BERGQUIST 
a n d  KXLL~Nn). T h e y  are  s e p a r a t e d  b y  t he  i n t e r n e u r o -  
m e r i c  p h a s e s  I a n d  I I ,  d u r i n g  wh ich  t h e  t r a n s v e r s e  b a n d -  
ing a p p e a r s  less d i s t i nc t  or is even  qu i t e  ex t ingu i shed .  

D u r i n g  t h e  p o s t n e u r o m e r y  a l ong i t ud i na l  g roup ing  of 
t h e  cell masses  in  t h e  wal l  o~ t he  n e u r a l  t u b e  also appea r s .  
These  a re  t h e  so-cal led H i s - H e r r i c k  l o n g i t u d i n a l  cell 
co lumns .  I n  t h i s  w a y  a s q u a r e d  p a t t e r n  arises.  T h e  single 
squa re s  h a v e  been  cal led ' G r u n d g e b i e t e '  b y  BERGQUlST ~ 
a n d  ' m i g r a t i o n  a reas '  b y  BERGQUIST a n d  KXLLI~N 1°'n. 
These  regions  are l a t e r  spl i t  a n d  b e c o m e  more  compl i -  
ca ted ,  F r o m  t h e m  cell g roups  can  m i g r a t e  d u r i n g  t he  so- 
cal led successive m i g r a t i o n  p h a s e s  I a n d  I I  a n d  b y  degrees  
give r ise  to  cor t ica l  l ayers  or  ce rebra l  nuclei  a t  t h e  s a m e  
t i m e  as  cell d i f f e r e n t i a t i o n  s t a r t s .  

C o n t r a r y  to  t h e  HERRICK ~ a n d  KUHLENBECK 24-~¢ 
school,  wh ich  ana lyses  a t heo re t i ca l  ' B a u p l a n ' ,  BERG- 
QUISTa~ and  BERGQUIST and  KA.LL~2N 11 h a v e  s t ressed  the  
m i g r a t i o n - a r e a - p a t t e r n ,  wh ich  is ba sed  on  e x p e r i m e n t a l ,  
mi to t ic-an~, ly t ic  a n d  c o m p r e h e n s i v e  m o r p h o g e n e t i c  e x a m -  
ina t ions .  

Accord ing  to  SAU:ER ~? m i t o t i c  a c t i v i t y  is to  be  found  
on ly  in t h e  n e u r a l  e p i t h e l i u m  a d j a c e n t  to  t h e  v e n t r i c u l a r  

l u m e n .  Af ter  a suf f ic ien t  n u m b e r  of cells h a v e  been  
fo rmed ,  t h e y  m i g r a t e  l a t e ra l ly  i n to  t h e  wal l  of  t he  n e u r a l  
tube .  A co r re l a t ion  b e t w e e n  mi to t i c  a c t i v i t y  deve lop ing  
in t h i s  m a t r i x  layer ,  t h e  n e u r a l  e p i t h e l i u m  a n d  t he  form 
p a t t e r n  of t h e  n e u r a l  t u b e  was con f i rmed  b y  COGHILL~S. 
BERGQUIST ~* found  t h a t ,  d u r i n g  t h e  m i g r a t i o n - a r e a  phase ,  
so-cal led p ro l i f e r a t ion  fu r rows  on  t h e  ins ide  of t h e  wal l  
of t h e  n e u r a l  t u b e  a re  co r re l a t ed  w i t h  a n  increased  m i t o t i c  
a c t i v i t y  in  t he  n e u r a l  e p i t h e l i u m  close to  t he  n e u r a l  t u b e  
l u m e n  ( the  neurocoel ) .  KKLL~N*I,*~,S° p o i n t e d  o u t  t h a t  in 
n e u r o m e r e  bulges  a h i g h e r  m i t o t i c  f r e q u e n c y  could  also 
be  es tab l i shed .  The  i n t e r n e u r o m i c  phases  showed  a fa l l ing 
m i t o t i c  f r e q u e n c y  (BERGQUIST a n d  KALLENn). T h e  suc-  
cessive m i g r a t i o n  also p rec ludes  a n  inc rease  in t h e  n u m b e r  
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Fig. 1. Diagram of proneuromery, neuromery and postneuromery 
and of the interneuromere phases I and II between them. 
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of mitoses in the neura l  ep i the l ium (BERGQUISTS1). Com- 
pare HAMBURG:ERZ2 HARKMARK~Z SAETERSDAL 9, HUGOS- 
SON 84 and RODEBERG ~5. 

By exposing chick and mouse embryos  to colchicin 
t(:~LL~N ~6,87 ob ta ined  embryos  wi th  mi to t i c  cells ar res ted  
in me taphase  on t h e  ven t r i cu la r  surface of the  neura l  
tube. S imul t aneous ly  a marked  deepening  of the  neuro-  
meric folds and  of t he  prol i ferat ion furrows was ob ta ined  
~ p r o b a b l y  due to  the  accumula t ion  of cells a t  t h e  ven -  
t r icular  surface.  

By  t ime- lapse  f i lming (MENKES 8s, BERGQUI~T 89) both  
aeuromere  phases  and in te rneuromere  phases h a v e  been 
observed in l iv ing chick embryos .  

B y  the  s tudies on prol i fera t ion  pa t te rns ,  t h e  colchicine 
exper iments ,  and the  t ime- lapse  f i lming the  pure ly  mor-  
phologic results  concerning neuromeries ,  i n t e rneuromere  
Phases, migra t ion  areas and success ive  migra t ions  have  
been par t i a l ly  or  en t i re ly  subs tan t ia ted .  The  cause of the 
different  sequences of prol i fera t ion pa t t e rns  is p robab ly  
of induc t ive  na tu re  bu t  its deta i led  cause is unknown.  
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Pig. 2, Neuromeres. 

The  course of morphogenesis  seems to proceed as fol- 
lows: (1) Through  induc t ion  f rom the  chordamesode rm a 
neural  placode is formed.  The  placode forms a neura l  
groove,  which,  when  i t  folds up, is d iv ided  into  t ransverse  
bands  (proneuromeres) ,  which can be followed r ight  in to  
the  caudal  pa r t  of the  neura l  groove.  (2) The  proneuro-  
m e r y  is succeeded by  in te rneuromer ic  phase  I of ve ry  
shor t  durat ion,  dur ing  which the  t ransverse  band ing  ap-  
pears  less p ronounced  or  is t o t a l l y  obl i te ra ted .  (3) The  
in te rneuromer ic  phase  I is succeeded b y  the  mos t  pro-  
nounced t ransverse  banding,  t h e  neuromery, which also 
remains  longest  in t h e  neura l  t ube  and l ike t he  proneuro-  
mery  ex tends  main ly  in a ros t rocaudaI  sequence.  (4) In te r -  
neuromer ic  phase  I I  t hen  occurs in a s imi lar  w a y  to  
in te rneuromer ic  phase I.  This  phase also passes qui te  
rapidly.  (5) The  th i rd  phase of t ransverse  banding,  t h e  
postneuromery, which arises af ter  the  in t e rneuromer ic  
phase I I ,  develops in a ros t ro-caudal  sequence,  bu t  s tops 
in the  cauda l  pa r t  of the  brain,  i6) At  abou t  the  same 
t ime  as t he  pos tneu romery  the  His -Her r i ck  cell co lumns  
arise in the  longi tudinal  direct ion.  T h e y  cross the  post-  
neuromeres ,  g iv ing rise to a squared pa t te rn ,  t he  squares  
of which f r equen t ly  soon divide into  smaller  regions. T h e y  
have  been called migration areas. (7) At  the  s tage  of CNS 
d e v e l o p m e n t  when pos tneuromeres  or migra t ion  areas are  
observed,  v igorous  cell migra t ions  m a y  take  place in t he  
neura l  tube,  The  ]irst migration (migrat ion I) coincides 
wi th  these morphologic  events .  L a t e r  a second cell migra- 
tion (migrat ion II)  can  s ta r t  independen t ly  in some par-  
t icu lar  par ts  of the  embryon ic  brain.  (8) Af terwards  the  
cell masses are  a r ranged  in cor t ical  and nuclear  s t ruc tures  
of the  b ra in  a t  t he  same  t ime  as cell d i f ferent ia t ion ad-  
vances.  (9) The  embryon ic  even t s  f rom p roneu romery  
th rough  the  successive migra t ions  are  correla ted wi th  a 
changing  mi to t i c  ac t iv i ty .  (10) Secondary  vesicles also 
arise in t he  p roneuromere  s tage  as eye di latat ions.  L a t e r  
fu r the r  evag ina t ions  arise as the  hypotha la rn ic  sac, t he  
hemispheres ,  t he  epiphysis ,  t he  opt ic  evaginat ion ,  the  
r e c t u m  and so on. 

A descr ipt ion of ear ly  bra in  morphogenesis  based on 
the  so-called bra in  vesicle  stages does no t  appear  to be 
just if ied.  
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Zusammen/assung. Die Ontogenese  des Zen t ra lnerven-  
sys tems durchl~uf t  drei  frfihe En twick lungsphasen :  Pro-  
neuromerie ,  Neuromer ie  und  Pos tneuromer ie .  D a n a c h  
folgen: distale Zel lmigra t ionen in die Neuralrohrwand. .  
S~mtl iehe Phasen  sind mi t  der Mitosenakt iv i t [ i t  korre-  
liert. 

H. BERGQUIST 

Institutes o / A  natomy and Zoology, University o/ Gothen- 
burg (Sweden), September 12, 1963. 

Fig. 3, Migration area pattern. 
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t~ig. 4. Diagram of the dynamics of the proliferation during early 

CNS ontogenesis, a) HAMBURGER and HAMILTON 40. 
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