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Discussion. ' P a r a l y m p h a t i c '  p a t h w a y s  devo id  of a n  
e n d o t h e l i a l  l in ing  a n d  l y m p h  vessels  t h a t  p l a y  a v i t a l  
role in  t h e  f lu id  c i r cu la t ion  of  i n t r a c r a n i a l  s t ruc tu res ,  
c a n  r ead i l y  be  v i sua l i zed  b y  m e a n s  of a n  i n t r a c i s t e r n a l  
i n j ec t ion  of l ip iodol  u l t ra f lu id .  

Accord ing  to DAVSON I ' t h e r e  is no  free passage  of f lu id  
f rom the  pe r i -op t i c  s u b a r a c h n o i d  space  in to  t he  r e t i n a l  
t issue,  t he  l a t t e r  space be ing  a p p a r e n t l y  sea led  off a t  t h e  
l a m i n a  c r ib rosa ' .  

Our  s tud ies  d i sp rove  t h i s  v iew a n d  s u p p o r t  t h e  idea  ~ 
t h a t  c o n j u n c t i v a l  a n d  o r b i t a l  l y m p h  vessel.s, t a k i n g  p a r t  
in the  f luid c i r cu la t ion  of t he  eyeba l l  p roper ,  are  in  d i r ec t  
c o m m u n i c a t i o n  w i t h  t h e  i n t r a c r a n i a I  f lu id  c i rcu la t ion .  
T h e  poss ib i l i t y  of a r t i f a c t s  in  t h e  a b o v e  s tud ies  c an  
c o m p l e t e l y  be  exc luded .  

L a m i n a  c r ib rosa  das  freie E i n d r i n g e n  e iner  F l t i ss igkei t  
aus  d e m  p e r i o p t i s c h e n  S u b a r a c h n o i d e a l r a u m  in  da s  
R e t i n a l g e w e b e  zu v e r h i n d e r n .  Auf  G r u n d  de r  beschr ie -  
b e n e n  Befunde ,  welche  die M6gl i chke i t  y o n  K u n s t p r o -  
d u k t e n  m i t  S i che rhe i t  ausscht iessen ,  v e r t r e t e n  die A u t o r e n  
d e n  S t a n d p u n k t ,  dass  die Lymphgef / i s se  d e r  B i n d e h a u t  
u n d  de r  O r b i t a  m i t  d e m  i n t r a k r a n i a l e n  Fl i i ss igkei tskre is -  
l auf  in d i r e k t e m  Z u s a m m e n h a n g  s tehen .  
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Zusammen/assung. ~ P a r a l y m p h a t i s c h e ~  B a h n e n  sowie 
LymphgefXsse,  welche  im F l i i s s igke i t skre i s lauf  de r  i n t r a -  
k r an i a l en  S t r u k t u r e n  eine wich t ige  Rol le  spielen,  k 6 n n e n  
im T i e r v e r s u c h  d u t c h  i n t r a z i s t e r n a l  in j iz ie r tes  L ip iodol  
u l t r a f lu id  da rges t e l l t  werden .  N a c h  DAVSON x sche in t  die 
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T h e  C o n t e n t  of  N o n - E s t e r i f i e d  Fa t ty  A c i d s  and 
Glycero l  in the  B l o o d  of  the  H e d g e h o g  D u r i n g  the  

H i b e r n a t i o n  P e r i o d  1 

The  per iodic  s p o n t a n e o u s  a rousa l s  of hedgehogs  d u r i n g  
t he  w i n t e r  2 give a good o p p o r t u n i t y  to  i n v e s t i g a t e  t h e  
in f luence  of t he  b o d y  t e m p e r a t u r e  u p o n  t h e  c o n t e n t  of 
non-es te r i f i ed  f a t t y  acids ( N E F A )  a n d  glycerol  in  t h e  
b lood  of t h e  h e d g e h o g  (Erinaceus europaeus L.). 

T h r o u g h o u t  t h e  w i n t e r  t h e  hedgehogs  m u s t  l ive  on  
food rese rves  - f a t  depos i t s  - w h i c h  t h e y  h a v e  b u i l t  up  in  
t h e i r  bodies .  A t  leas t  in  h i b e r n a t i n g  ( h y p o t h e r m i c )  
an imals ,  t h e  RQs  are  those  of l ipids.  

F o r  d e m o n s t r a t i o n  of t h e  changes  r e l a t e d  to t h e  h ibe r -  
n a t i o n  cycle (to t he  pe r iod i c i t y  of h i b e r n a t i o n )  in  mid -  
w i n t e r  ( late J a n u a r y )  t he  6 fo l lowing g roups  were c r ea t ed  
on  t he  basis  of c o n t i n u o u s l y  m o n i t o r e d  b o d y  t e m p e r a t u r e  
record ings  v i a  t h e r m o c o u p l e s  i m p l a n t e d  s.c. in  t he  in te r -  
s capu l a r  reg ion  2. 

G r o u p  1. A n i m a l s  a t  a b o u t  t h e  m i d d l e  of t h e i r  h y p o -  
t h e r m i a  pe r iod  f rom 4 - 5  d a y s  in  deep  h y p o t h e r m i a .  
B o d y  t e m p e r a t u r e  (TB) less t h a n  1 °C h i g h e r  t h a n  p reva i l -  
ing a m b i e n t  t e m p e r a t u r e  (TA) in  a cold a n i m a l  r o o m  (TA 
c o n s t a n t l y  a t  4.2 :k 0.5 °C). 

G r o u p  2. S p o n t a n e o u s l y  a rous ing  an i m a l s  w i t h  a b o d y  
t e m p e r a t u r e  of 6 °C ( the rmocoup le s  i m p l a n t e d  s.c. in  t he  
i n t e r s c a p u l a r  region).  

G r o u p  3. S p o n t a n e o u s l y  a rous ing  an imals .  TB has  
r eached  15 °C w h e n  ana lyzed .  

G r o u p  4. ' F u l l y  a roused  a n i m a l s ' :  as a r e su l t  of t h e  
s p o n t a n e o u s  a rousa l  process  t he  r ecorded  TB h a d  r eached  
i t s  ' n o r m a l '  level.  

G r o u p  5. A n i m a 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  TB of 
20 °C. 

I Dedicated to Prof. H. MISLIN on the occasion of his 60th birthday. 
2 R. KRISTOFFERSSON and A. SolvIO, Suomal. Tiedeakat. Toim. 

A IV, 80, 1 (1964). 

The content of non-esterified fatty acids and glycerol in the blood of 
hedgehogs. Means 4- SE (and number of animals) are presented. 

NEFA Glycerol 
meq/1 I~M/ml 

0.396 4- 0.039 
(51 

Animals awake in late 
summer (7.IX) 

Animals awake in late 
autumn (27.-29.X) just 
before the onset of 
hibernation 

Hypothermic animals in the 
beginning of hibernation 
(1.XI-16.XI) 

Group l. In deep hypothermia. 
Late January 

Group 2. 'Arousing'. Tr~ + 6 °C. 
Late January 

Group 3. 'Arousing'. TB + 15 °C. 
Late January 

Group 4. 'Fully aroused 
animals'. 
Late January 

Group 5. Entering hypothermia. 
TB + 20°C. 
Late January 

Group 6. Entering hypothermia. 
TB + 10°C. 
Late January 

Animals awake in late spring- 
summer (18.V-11.VI) 

Animals awake in summer 
(16.VI-8.VII) 

0.492 4- 0.034 
(6) 

0.555 4- 0.040 
(6) 

0.659 4- 0.053 
(7) 

1.381 4- 0.057 
(71 

1.156 4- 0.102 
(7) 

0.993 4- 0.074 
(7) 

0.517 4- 0.042 
(7) 

0.613 4- 0.057 
(7) 

0.412 4- 0.024 
(13) 

0.399 4- 0.034 
(lO) 

0.306 4- 0.031 
(s) 

0.208 :J::: 0.019 
(5) 

0.187 4- 0.005 
(6) 

0.333 4- 0.039 
(6) 

1.440 4- 0.210 
(4) 

0.436 4- 0.043 
(7) 

0.228 4- 0.036 
(4) 
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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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R. ADLER and R. NAR~AITZ, J. EMBRYOS. exp. Morph. 14, 281 
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8 V. HAMBUROER and H. L. HAMILTON, J. Morph. 88, 49 (1951). 
9 ET. WOLFF and K. HAFF~N, Tex. Rep. Biol. Med. lO, 463 (1952). 
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