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E f f e c t s  o f  E s t r a d i o l  a n d  C o r t t s o l  o n  N e u r a l  

T i s s u e  i n  C u l t u r e  I 

T h e  r e g u l a t o r y  in f luence  of  h o r m o n e s  d u r i n g  t h e  
d e v e l o p m e n t  of t h e  c e n t r a l  n e r v o u s  s y s t e m  h a s  b e e n  
r e l a t ed  to  s e n s i t i v i t y  of specif ic  n e u r a l  s t r u c t u r e s  to  
hormonesZ,  to  c r i t i ca l  pe r iods  of d e v e l o p m e n t  s, a n d  to  
h o r m o n a l  specif ici ty4.  A l t h o u g h  c r i t i ca l  pe r iods  h a v e  
been  es t ab l i shed ,  s e n s i t i v i t y  of specif ic  n e u r a l  s t r u c t u r e s  
to  h o r m o n e s  d u r i n g  d e v e l o p m e n t  requ i res  f u r t h e r  inves t i -  
ga t ion .  

T h e  p r e s e n t  s t u d y  i n v e s t i g a t e s  h o r m o n a l  s ens i t i v i t y  of 
e m b r y o n i c  n e r v o u s  t i ssues  in  cu l tu re .  E x p l a n t s  of cerv ica l  
sp ina l  co rd  a n d  c e r e b e l l u m  f r o m  16-day-o ld  c h i c k  
e m b r y o s  were  used.  T h e  ce rv ica l  sp ina l  co rd  was  r e m o v e d  
f rom t h e  v e r t e b r a l  c o l u m n  b y  m e a n s  of  t h e  ' t o o t h p a s t e  
t u b e '  m e t h o d  oI POMERAT s, a n d  w as  d i v i d e d  i n t o  4 ex-  
p lan t s .  T h e  ce rebe l lum was c u t  h o r i z o n t a l l y  t h r o u g h  t h e  
dorsa l  sur face  a n d  1 e x p l a n t  pe r  ce r ebe l lum was  r emoved .  
T h e  e x p l a n t  c o n t a i n e d  4 - 6  folia a n d  e x t e n d e d  f r o m  t h e  
mo lecu l a r  to  t h e  subco r t i ca l  layer .  

E x p l a n t s  were  w a s h e d  in  EARLE'S b a l a n c e d  sa l t  
so lu t ion  6 a n d  o r i en t ed  on  a t r i a n g u l a r  s ta in less  s teel  
o r g a n  cu l tu re  g r i d L  T h e  v e n t r a l  s ide of t h e  sp ina l  cord  
a n d  t he  mo lecu l a r  sur face  of t h e  ce rebe l lum r e s t e d  a g a i n s t  
t he  grid.  P l a t f o r m s  w i t h  e x p l a n t  ( t  e x p l a n t  p e r  grid) 
were p laced  in  o r g a n  c u l t u r e  d ishes  w i t h  a c e n t e r  wel l  
a n d  a n  a b s o r b e n t  r i ng  (Fa l con  O r g a n  Cu l tu re  Dish) .  T h e  
m e d i u m  was a d d e d  to  t he  c e n t e r  well  of  t h e  o r g a n  c u l t u r e  
d i sh  a n d  d id  n o t  r e a c h  t he  t o p  of t he  p l a t fo rm.  H u m i d i t y  
was  m a i n t a i n e d  b y  s a t u r a t i n g  the" a b s o r b e n t  r ing  w i t h  
d is t i l led  water .  T h e  cu l t u r e  m e d i u m  was  EAGLE'S basa l  
m e d i u m  s w i t h  EARLE'S b a l a n c e d  sa l t  so lu t ion  w i t h  or  
w i t h o u t  ho rmones .  E s t r a d i o l  d i p r o p i o n a t e  a n d  cor t isol  
( hyd roco r t i sone  free alcohol)  were  p r e p a r e d  in aqueous  
suspens ion ,  1 m g / m l  of EAGLE'S bu f fe r  so lu t ion  to  w h i c h  
T w e e n  80 h a d  b e e n  a d d e d  t 

E x p l a n t s  were  c u l t u r e d  a t  35 °C for  24 h ;  t h e  gas  p h a s e  
was  5 %  CO8-95% O~. F r e s h l y  p r e p a r e d  c u l t u r e  m e d i a  
were  e q u i l i b r a t e d  w i t h  t he  gas  p h a s e  p r i o r  to  t r a n s f e r  of 
t h e  exp l an t s .  O r g a n  c u l t u r e  d ishes  were  s t a c k e d  in  t h e  
b o t t o m  p o r t i o n  of unsea l ed  c o n t a i n e r s  (p las t ic  b r e a d  box ,  
v o l u m e  4260 ml) a n d  t h e  gas  was suppl ied  a t  a c o n s t a n t  
f low to  a n  in le t  in  t h e  l id acco rd ing  to  t h e  m e t h o d  of 
LOSTROH 10. 

The  a c t i v i t y  of ace ty l cho l ines t e r a se  (ACHE), t h e  h y d r o -  
lys ing  e n z y m e  of ace ty l cho l ine  (Aeh) ,  a n d  t o t a l  p r o t e i n  

were measu red .  T h e  A C h E  a c t i v i t y  was  m e a s u r e d  color i-  
m e t r i c a l l y  b y  t h e  m e t h o d  of  ELLMA~, COURT NEY, 
ANDRES a n d  FEATHERSTONE I1, a n d  p r o t e i n  b y  t h e  FOLIN- 
LOWRY r e a c t i o n  is. D a t a  were  o b t a i n e d  f r o m  3 exper i -  
m e n t s .  I n  e a c h  e x p e r i m e n t  t h e  fo l lowing  g roups  were  
s t u d i e d :  (1) 6 n o n - c u l t u r e d  ce rebe l l a r  a n d  4 sp ina l  co rd  
e x p l a n t s  f r o m  16-day-old  ch i ck  embryos ,  (2) 6 ce rebe l l a r  
a n d  4 sp ina l  cord  e x p l a n t s  c u l t u r e d  for  24 h on  basa l  
m e d i u m ,  (3) 6 ce rebe l l a r  a n d  4 sp ina l  cord  e x p l a n t s  
c u l t u r e d  for  24 h o n  basa l  m e d i u m  to  w h i c h  e s t r ad io l  
d ip rop iona te ,  50 pg /ml ,  was  added ,  a n d  (4) 6 ce rebe l l a r  
a n d  4 sp ina l  cord  e x p l a n t s  c u l t u r e d  for  24 h on  basa l  
m e d i u m  to  w h i c h  cort isol ,  10/~g/ml,  was  added ,  To  de t e r -  
m i n e  w h e t h e r  A C h E  a c t i v i t y  a n d  p r o t e i n  c o n t e n t  in  
c o n t r o l  a n d  t e s t  e x p l a n t s  d i f f e r e d  s ign i f i can t ly  in  t h e i r  
mean ,  t h e  t t e s t  for  n o n - p a i r e d  d a t a  was  app l i ed  i s  

I n  c e r e b e l l u m  a n d  sp ina l  co rd  e x p l a n t s  c u l t u r e d  for  
24 h on  basa l  m e d i u m  e n z y m a t i c  a c t i v i t y  a n d  t o t a l  p r o t e i n  
decreased  w h e n  c o m p a r e d  to  t h a t  of n o n - c u l t u r e d  t i ssues  
(Table).  A C h E  a c t i v i t y  a n d  t o t a l  p r o t e i n  r e m a i n e d  a t  t h e  
basa l  level  in  sp ina l  cord  e x p l a n t s  c u l t u r e d  on  basa l  
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Acetylcholinesterase activity and protein content of cerebellum ~ and spinal cord • maintained as organ cultures 

Culture medium b Acetylcholinesterase activity/~M AeTCh hydrolysedlmin/g 
wet tissue 

Cerebellum Spinal cord 

Protein content mg/g wet tissue 

Cerebellum Spinal cord 

Non-cultured 5.33 4- 0.24 Q 22.77 ± 1.31 54 4- I 51 4- 3 

Basal 4.27 :[: 0.21 19.74 4- 1.22 48 4- 1 35 :k 4 
(0.001-0.01) a (0.02-0.05) a (0.001-0.01) a (0.001-0.01) a 

Estradiol 5.13 4- 0.26 16.49 q- 2.01 47 q- 2 36 i 4 
(0.01-0.02) e 

Cortisol 5.04 q- 0.23 18.58 zE 2.03 50 4- 2 39 4- 4 
(0.01--0.02) e 

Cerebellar and spinal cord explants were removed from 16-day-old chick embryos and maintained as organ cultures for 24 h. ~ The medium 
was EAGLS'S basal medium with EARLR'S salts. Hormones, when added, were in the following concentrations: estradiol dipropionate, 50/~g/ml, 
cortisol, 10/~g/ml. o Each value represents the mean ~: SE of 18 cerebellar explants and 12 spinal cord explants, a Numbers in parentheses 
are P value for comparison to non-cultured control group, e Numbers in parentheses are P value for comparison to basal medium group. 
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m e d i u m  c o n t a i n i n g  h o r m o n e s  (Table) .  T h e  sp ina l  cord, 
is morpholog ica l ly ,  b iochemica l ly ,  a n d  f u n c t i o n a l l y  
m a t u r e  in  chicks  b y  t h e  16 th  d a y  of i n c u b a t i o n  x4. I t  is 
suggested,  there fore ,  t h a t  m a t u r e  n e u r a l  t i s sue  is n o t  
in f luenced  b y  these  h o r m o n e s .  

A C h E  a c t i v i t y  was  s ign i f i can t ly  h i g h e r  in  ce rebe l l a r  
e x p l a n t s  c u l t u r e d  on  basa l  m e d i u m  c o n t a i n i n g  e s t r ad io l  
or  cor t i so l  t h a n  w i t h o u t  h o r m o n e  a n d  d id  n o t  d i f fer  f rom 
t h a t  in  n o n - c u l t u r e d  16-day-old  ce rebe l l a r  t i s sue  (Table).  
T h e  ce rebe l lum is i m m a t u r e  in  16-day-old  ch ick  e m b r y o s  
a n d  A C h E  does n o t  r e a c h  p e a k  a c t i v i t y  in  ch icks  un t i l  
90 days  a f t e r  h a t c h i n g  ~6. D e v e l o p i n g  e l e m e n t s  of t h e  
c e r e b e l l u m  may ,  the re fore ,  be  h o r m o n e - d e p e n d e n t  for  
t h e i r  g r o w t h  a n d  m a i n t e n a n c e ,  S tud ies  in  t h i s  a n d  o t h e r  
l abo ra to r i e s  h a v e  g iven  ev idence  t h a t  CNS g r o w t h  m a y  
be  s ign i f i can t ly  in f luenced  b y  t h e  p resence  of specific 
h o r m o n e s  is. H o r m o n a l  d e p e n d e n c e  for  b i o c h e m i c a l  m a i n -  
t e n a n c e  of  n e u r a l  e x p l a n t s  c a n n o t  d i r ec t l y  exp la in  
h o r m o n a l  d e p e n d e n c e  of  i n  v i v o  d e v e l o p i n g  sys tems .  
S tud ies  in  v i t ro ,  however ,  m a y  e luc ida te  some of t he  
u n d e r l y i n g  fac tors  i n v o l v e d  in neu ra l  h o r m o n a l  s e n s i t i v i t y  
d u r i n g  d e v e l o p m e n t  17. 

Rdsumd. L ' a c t i v i t ~  ac~ ty lcho l ines t6 ra s ique  e t  la  t e n e u r  
g lobale  en  pro t~ ines  de  f r a g m e n t s  de  ce rve l e t  e t  de  moet le  

d ' e m b r y o n  de  pou le t  de  16 jour s  d i m i n u e  lo rsqu ' i l s  son t  
m a i n t e n u s  e n  c u l t u r e  o r g a n o t y p i q u e  darts  le mi l ieu  
s t a n d a r d  de EAGLg. Apr~s a d d i t i o n  de cor t i so l  ou d 'oes t r a -  
diol  a u  mi l ieu ,  les ca rac t6 r i s t i ques  des  t i ssus  ne  s o n t  pas  
al ter~es p a r  la  mise  e n  cu l tu re .  
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Enhanced Hypoglycaemtc Effect of Exogenous 
Insulin Associated with an Increased Response 

of Adipose Tissue and a Diminished 
Response of the Dtaphral~m in 

'Meal Fed' Rats 

Per iod ic  h y p e r p h a g i a  e v o k e d  b y  i n f r e q u e n t  feeding 
(e.g. t r a i n i n g  r a t s  to  c o n s u m e  t h e i r  da i ly  r a t i o n  w i t h i n  
2 h or  force feeding  t h e m  twice  a d a y  b y  s t o m a c h  tube )  
leads  to  e n h a n c e d  l ipogenesis  ~-5 a n d  m a y  resu l t  in  a n  
inc reased  a m o u n t  of b o d y  fa t  - ' obes i t y  w i t h o u t  over-  
w e i g h t ' S - L  As MAYER 1° h a s  p o i n t e d  out ,  obes i t ies  of 
v a r y i n g  e t io logy  di f fer  g r ea t l y  in  m a n y  fea tures ,  in -  
c lud ing  t h e  response  to  h o r m o n e  a d m i n i s t r a t i o n .  T h u s  
t he  insu l in  s e n s i t i v i t y  or  go ld th iog lucose - t r ea t ed  obese  

mice  was f o u n d  to  be  n o r m a l ,  whe reas  mice  w i t h  t h e  
h e r e d i t a r y  obese  h y p e r g l y c a e m i c  s y n d r o m e  are  e x t r e m e l y  
r e s i s t a n t  e v e n  to  la rge  doses of i n su l in  1~,1~. T h i s  w o r k  was  
u n d e r t a k e n  to  assess t h e  in f luence  of feed ing  pe r i od i c i t y  
o n  t h e  s e n s i t i v i t y  of r a t s  to  exogenous  insul in .  

F e m a l e  W i s t a r  r a t s  we igh ing  150-250 g a n d  fed a 
s t a n d a r d  l a b o r a t o r y  d ie t  a3 were  used,  T h e  a n i m a l s  h a d  
e i t h e r  free access  to  food (controls)  or  were  a l lowed t o  
e a t  o n l y  for  2 h each  d a y  ( f rom 07.00-09.00) ;  t he se  a re  
re fe r red  to  as 'mea l  fed '  r a t s .  All  a n i m a l s  h a d  w a t e r  a d  
l i b i t um.  The  h y p o g l y e a e m i c  ef fec t  of i n su l in  was e s t i m a t e d  
a f t e r  a t  l eas t  5 weeks  of e x p e r i m e n t a l  feeding.  F u r t h e r -  
more ,  t he  g lycogen  c o n t e n t  a n d  in  v i t r o  14COz p r o d u c t i o n  
b y  p a r a m e t r i a l  ad ipose  t i s sue  a n d  d i a p h r a g m  a n d  in-  
c o r p o r a t i o n  of ~4C-U-glucose i n t o  t o t a l  l ip ids  of ad ipose  
t i ssue  was m e a s u r e d  in  o rde r  to  t h r o w  some  l i gh t  o n  t h e  

Table I. The effect of crystalline insulin on blood glucose levcls of control and 'meal fed' rats 

Experimental group Doses of Blood glucose 
insulin initial level 
U/kg body mg]100 ml 
weight 

Blood glucose changes after insulin injection (% of initial level) 

30 • 60 • 120~ 240 ~ 

Control (5) 0.1 82.0 4-4- 3.9 101.4 4- 6.9 b 88.2 4- 5.6 79.0 -t- 3.8 88.3 :t: 5.6 
'Meal fed' (6) 72.0 4- 4.6 92.1 4- 8.8 60.2 4- 6.9 a 74.9 4- 7.2 81.1 4- 6.2 

Control (10) 0.2 91.3 -I- 7.36 76.3 4- 6.5 55.4 4- 5.6 47.1 4- 3,7 70,9:1:3.8 
'Meal fed' (11) 83.7 4- 1.45 55.8 4- 7.7 c 38.0 -4- 2.4 ~ 41.7 2- 3.5 64,5 4- 3.1 

Control (5) 0.4 85.6 4- 3.13 55.9 4- 3.9 56.0 4- 3.6 57.9 4- 4.1 81.9 4- 4.8 
'Meal fed' (5) 92.6 ~ 2.50 48.4 4- 4.6 43.0 4- 1.9 a 47.4 4- 3.9 78.6 4- 3.1 

The figures in parentheses indicate the number of rats in each group. • Min after insulin injection. ~ Mean values 4- standard error of mean. 
Symbols for statistical significance of differences between compared group averages: c (p < 0.05); a (p < 0.02); o (P < 0.01). 


