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G r o u p  6. An ima l s  e n t e r i n g  h y p o t h e r m i a  w i t h  TE of 
10°C. 

All the  h i b e r n a t i n g  a n i m a l s  were caged  i n d i v i d u a l l y  
a n d  h a d  n e i t h e r  food no r  w a t e r  ava i l ab l e  in  t h e i r  cages. 
' S e m i a r o u s a l s '  d id  n o t  a p p e a r  in  recordings .  

Blood  samples  were t a k e n  b y  h e a r t  p u n c t u r e .  Ana lyses  
were  m a d e  f rom b lood  se rum.  H e m o l y s e d  samples  were  
d iscarded .  Ana lyses  of t h e  N E F A s  were  m a d e  a c c o r d i n g  
to  DOLE 3 ana lyses  of t he  g lycerol  acco rd ing  to  WIELAND 4 

F r o m  t h e  resu l t s  o b t a i n e d  i t  c a n  be  s t a t e d  t h a t ,  in  
n o r m o t h e r m i c  ac t ive  hedgehogs  in  la te  sp r ing  a n d  in 
s u m m e r ,  t he  m e a n  N E F A  level  is v e r y  c o n s t a n t .  I n  la te  
a u t u m n ,  j u s t  before  t he  onse t  of h i b e r n a t i o n ,  t he  level  
h a s  r isen.  I t  is f u r t h e r  on  t h e  rise in  h y p o t h e r m i c  an imals .  
T h e  h i g h e s t  N E F A  level  we h a v e  found  in  t he  a rous ing  
a n d  fu l ly  a roused  a n i m a l s  d u r i n g  t h e  h i b e r n a t i o n  per iod .  
I t  is i n t e r e s t i n g  to  n o t e  t h a t  t h e  I ipoly t ic  a c t i v i t y  is v e r y  
i n t ens ive  even  a t  a b o d y  t e m p e r a t u r e  of + 6 °C m e a s u r e d  
f rom t h e  neck  of t he  an imal .  I t  is obv ious  t h a t  t he  b r o w n  
f a t  of t he  h e d g e h o g  is v e r y  ac t ive  w h e n  t he  a n i m a l s  a w a k e  
f rom the  h y p o t h e r m i c  s ta te .  Accord ing  to  ou r  i nves t iga -  
t ions ,  t h e  b r o w n  f a t  is ab le  to  p rese rve  t he  e n z y m a t i c  
a c t i v i t y  a t  a r e l a t i ve  low b o d y  t e m p e r a t u r e  6. P l e n t y  of 
ene rgy  is re leased  f r o m  t h e  b r o w n  f a t  b y  t h e  a id  oi m i to -  
c h o n d r i a e  a n d  t h e  t e m p e r a t u r e  in i t  increases .  T h e  h e a t  

is d i s t r i b u t e d  to  t he  a n t e r i o r  p a r t  of t h e  b o d y  so t h a t  in  
t h e  a r o u s i n g  a n i m a l  t h i s  becomes  w a r m  soone r  t h a n  t h e  
h i n d  p a r t  of t he  body .  T h e  level  of t he  t o t a l  l ipids in  t h e  
b lood  s e r u m  of t h e  h e d g e h o g  is v e r y  c o n s t a n t  d u r i n g  the  
y e a r  e. 

Zusammen]assung. Es  wird  gezeigt ,  dass  de r  G e h a l t  der  
I re ien  Fet t s~iuren  i m  B l u t s e r u m  des  Igels  w~Lhrend des  
E r w a c h e n s  aus  d e m  W i n t e r s c h l a f  seh r  k r~f t ig  s te ig t .  Die 
L ipo lyse  is t  s c h o n  be i  e ine r  K 6 r p e r t e m p e r a t u r  v o n  + 6 °C 
seh r  be t r / i ch t l i ch .  Das  b r a u n e  F e t t g e w e b e  is t  w/ ih rend  
des  E r w a c h e n s  sehr  ak t iv .  
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Experimental  Production of Chick Embryo 
Neural Tube Opening 'in vitro' 

M e c h a n i s m s  u n d e r l y i n g  t he  p r o d u c t i o n  of c o n g e n i t a l  
m a l f o r m a t i o n s  k n o w n  u n d e r  the  n a m e  of d y s r a p h i a  h a v e  
been  a m a t t e r  for  d iscuss ion  s ince t he  18 th  c e n t u r y  
(GARDNER ~). Severa l  a u t h o r s  h a v e  s tud ied  h u m a n  foetuses  
w i t h  t h e  m a l f o r m a t i o n s  m e n t i o n e d ,  a l t h o u g h  t h e  s t a t e  of 
p r e s e r v a t i o n  of t h i s  m a t e r i a l  was  n o t  su f f i c ien t ly  good to  
p e r m i t  de t a i l ed  analys is .  PATTEN 2 s t ud i ed  3 wel t -pre-  
s e rved  h u m a n  foe tuses  a n d  o b s e r v e d  t h a t  a n  o v e r g r o w t h  
of n e u r a l  t i ssue  was p r e s e n t  in  t he  unc losed  po r t i on .  

An  e x p e r i m e n t a l  ana lys i s  of t he  p r o b l e m  was u n d e r -  
t a k e n  b y  ANCEL a who  p roduced  sp ina  b i f i d a  in ch ick  
e m b r y o s  t h r o u g h  t h e  use of d iverse  d r u g s ;  FOWLER ~ 
o b t a i n e d  s imi la r  r e su l t s  u s ing  m e c h a n i c a l  m e a n s ;  
BRACFIET s succeeded  in i n t e r f e r i ng  w i t h  n e u r a l  t u b e  
closure in  a m p h i b i a n  e m b r y o s  t h r o u g h  t he  use  of severa l  
s u l p h u r - c o n t a i n i n g  subs t ances ,  a n d  Per iL a n d  BRACHET 6 
h a d  o b t a i n e d  s imi la r  resu l t s  u s ing  t he  s ame  s u b s t a n c e s  on  
whole  ch ick  e m b r y o s  m a i n t a i n e d  in v i t ro .  

I n  a p rev ious  work  (ADLER a n d  NARBAITZ 7) We ob-  
se rved  t h a t  sp ina l  cord  po r t i ons  of 44-48  h ch i ck  embryos ,  
w h e n  cu l t u r ed  on  m e d i a  c o n t a i n i n g  r a t  s u b m a x i l l a r y  
g l a n d  e x t r a c t s  (SGE) ,  r eopened  in a s h o r t  lapse  of t i m e  
a n d  a f t e r w a r d s  showed  a n  increased  g r o w t h  of neu ra l  
t i s sue ;  t h e  h is to logica l  p i c tu re  was v e r y  s imi la r  to  t h a t  
obse rved  b y  PATTEN in t he  m a l f o r m e d  foetuses.  Th i s  f ac t  
showed  t h a t  t he  t e c h n i q u e  used b y  us could be  used to  
a n a l y z e  t h e  ac t ion  of s u b s t a n c e s  on  n e u r a l  t ube .  I n  t h e  
p r e s e n t  work  we s t u d y  t h e  ac t ion  on  n e u r a l  t u b e  of S G E  
a n d  2 p ro t eo ly t i e  enzymes .  

Material and methods. W h i t e  L e g h o r n  ch ick  e m b r y o s  
were  used in all  cases. 9 series of e x p e r i m e n t s  were 
made ,  as descr ibed  in t he  Table .  T he  e x p l a n t s  were 
r e m o v e d  a t  s tages  11-13 (HAMBURGI~:R a n d  HAMILTON'S). 
N e u r a l  t u b e s  were sec t ioned  a t  t h e  sp ina l  cord  level ;  ex-  
p l a n t s  were 4 somi tes  long, a n d  t h e  e c t o d e r m  a n d  e n d o d e r m  
were  c u t  l a t e ra l ly  to  t he  e x t e r n a l  l im i t  of somi t e s  (see 
ADLER a n d  NARBAITZT). 

Cul tu res  were  m a d e  fo l lowing t h e  t e c h n i q u e  of WOLFF 
a n d  HAFFEN 9 w i t h  a s l igh t ly  modi f i ed  m e d i u m  ( m e d i u m  
'A', ADLER a n d  NARBAITZV). I n  series 1 -4  u n m o d i f i e d  
s u b m a x i l l a r y  g l a n d  e x t r a c t s  p r e p a r e d  as desc r ibed  in t he  
s a m e  work  were  a d d e d  to t h e  m e d i u m .  S G E  dya l ized  
a g a i n s t  va r ious  changes  of H a n k ' s  so lu t ion  a t  p H  7.4 
a n d  4°C was used in series 5, whi le  S G E  h e a t e d  a t  90°C 
for  10 m i n  was a d d e d  to  m e d i a  in  series 6. These  S G E  
mod i f i ca t i ons  a n d  t h e  u n m o d i f i e d  e x t r a c t s  were  a d d e d  
to m e d i a  in  a f ina l  c o n c e n t r a t i o n  of 0.5 nag 0f p r o t e i n / m l  
be ing  t h e  p r o t e i n  c o n c e n t r a t i o n  of t he  ex t r ac t s ,  de te r -  
m i n e d  fo l lowing t h e  t e c h n i q u e  of LOWRy e t  M. 10 

Two pro teo l i t i c  e n z y m e s  were assayed.  T r y p s i n  (1 : 250, 
Difco) was  a d d e d  to t h e  m e d i u m  in a c o n c e n t r a t i o n  of 
0 .07-0.5  m g / m l ;  p a p a i n  (N.F. ,  Difco) was  used in a 
c o n c e n t r a t i o n  of 0.06 to  0.6 m g / m l .  

Cul tures  were m a i n t a i n e d  a t  37 °C a n d  o b s e r v e d  u n d e r  
a d i s sec t ing  mic roscope  a t  va r ious  in te rva l s .  T h e  e x p l a n t s  
were f ixed in  B o u i n ' s  f lu id  a n d  s u b j e c t e d  to r o u t i n e  h i s to -  
logical  p rocedure s ;  some of t he  e x p l a n t s  were s t a i n e d  
w i t h  t h e  P A S  t echn ique .  An  a p p r o x i m a t e  measu re  of t he  
v o l u m e  of n e u r a l  t i ssue  c u l t i v a t e d  was o b t a i n e d  b y  pro-  
j ec t ion  a n d  d r a w i n g  of t he  10# ser ia l  sec t ions  on  t h i c k  
p a p e r  a n d  we igh ing  t h e  r e su l t i ng  p a p e r  images  (pape r  
weight ) .  

Results. The  f i r s t  series of e x p e r i m e n t s  (see Table)  was  
u n d e r t a k e n  in o rde r  to  d i scover  if t h e  n e u r a l  t u b e  a p e r t u r e  
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produced by SGE and described previously 7 was a revers- 
ible phenomenon. As in the experiments mentioned, after 
6 h of culture some of the explants showed opened neural 
tubes, while after 24 h all of them were widely open. If 
after 6, 12 or 24 h explants were changed to media without  
SGE, neural tubes began to close again; when 72 h of 
culture were completed the aspect of these explants was 
similar to controls. 

In order to gain knowledge on the possible chemical 
nature of the active substance in SGE, 2 additional 
series of experiments were made: SGE maintained its 
action after 24 h dyatisis (series 5), but  logt its act ivi ty  
when heated a t  90°C for 10 rain (series 6). 

Trypsin added to the culture medium (0.07 mg/ml) 
produced the opening of neural tubes on the second day 

The different series of experiments 

Series No. of 1st culture period 2nd culture period 
explants Medium • Duration Medium • Duration 

1 45 A plus SGE 6h A 66 h 
2 45 A plus SGE 12 h A 60 h 
3 45 A plus SGE 24 h A 48 h 
4 430 A plus SGE 6-12-24- 

72 h 
5 90 A plus 24-72 h 

dialysed SGE 
6 60 A plus 24-72 h 

heated SGE 
7 594 A plus Trypsin 2+7.72 h 
8 86 A plus Papain 24-72 h 
9 910 A 6-12-24- 

72 h 

Medium 'A': see composition in ADLER and NARBAITZ 7, 

Explant cultured for 24 h. Medium with submaxillary gland extract. 
PAS-hematoxylin x 380. 

of culture. Neural tissue volume was shown to be higher 
in these explants (paper weight: 2.97 g) than in controls 
(paper weight: 1.64 g) this difference being statistically 
significant. Higher doses of trypsin proved to be toxic 
and produced diverse degrees of lysis and disorganization. 

The addition of papain did not  show any detectable 
action on cultured explants. 

PAS technique permits the intense staining of the basal 
membrane which surrounds the neural tube. Although 
the continuity of this membrane is broken in the zone 
where the neural tube opens, its aspect appears normal 
in both SGE and trypsin-treated explants (Figure). 

Discussion. PATT~N ~ showed tha t  a notable over- 
growth of neural tissue accompanies the opened portions 
of neural tube in dysraphic human foetuses. He  concludes 
that  'myeloschisis may be the result of local overgrowth 
which interferes with its closure'. Nevertheless, FOWLER 4 
produced spina bifida in chick embryos by  opening with 
mechanical means the roof plate of the neural tube, and 
finding tha t  an overgrowth of neural tissue followed the 
aperture. In agreement with this, in our results the 
proliferation of neural tissue was also secondary to tube 
aperture. Although these results obtained experimentally 
in chick embryos cannot be compared exact ly with what  
happens in human foetuses, they  tend to suggest tha t  
overgrowth may  not  be the cause, as PATTEN ~ supposes, 
but  the consequence of neural tube opening. 

On the basis of the histological observation of one 
dysraphic human foetus, LEMIR ~-n proposed tha t  an 
alteration of the neural tube basal membrane may  be 
the initial event  in the genesis of the malformation. 
Although we have again to warn against comparing 
experimental  findings with human pathological facts, we 
must  remember tha t  in our experiments tube opening 
and tissue proliferation occur wi thout  any visible altera- 
t ion of the basal membrane. 

An alteration of neural tube closure has been obtained 
experimental ly in vivo3, ~ and in vi tro s through the action 
of diverse substances. Our experiments differ from all of 
them in the fact that  opening of previously closed neural 
tube, instead of interference with tube closure, is analyzed. 
The results of these types of experiments may be specially 
valuable, taking into account tha t  i t  has been suggested 1 
tha t  human dysraphia may also be the result of secondary 
opening of a closed tube. 

The fact tha t  neural tubes which have been opened by 
the action of SGE close again, and develop normally if 
transfered to normal culture media, indicates tha t  t h e  
extract  produces its action without  affecting definitively 
cell vitali ty.  

The maintainance of SGV action after dyalisis and its 
inactivation by heat  suggest tha t  the active substance 
may  be of proteic nature ~. 

Resumen. La reapertura del tubo neural de embriSn de 
pollo, obtenida , in  vitro ~ mediante la acci6n de extractos 
de glandula submaxilar de rata, o de tripsina, es analizada. 
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