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changes  in r e s t i ng  or  ac t ion  p o t e n t i a l  m a g n i t u d e s  w i t h  
deve loped  t e n s i o n  x2-~*. 

T h e  precise  m e c h a n i s m  of d r u g  ac t ions  c a n n o t  be  de te r -  
m i n e d  t h r o u g h  t h e  use  of a n  e lec t r ica l  a p p r o a c h ;  b u t  
specific in fe rences  m a y  be  d r a w n .  These  would  b e  t h e  
r e l a t i onsh ip s  b e t w e e n  f lux s tud ies  a n d  con f igu ra t i ons  of 
t he  a c t i o n  po t en t i a l s .  I n  t h e  p r e s e n t  s t u d y  t h e  o b s e r v e d  
fac ts  sugges t  t h a t  n i co t ine  m a y  a l t e r  c o n t r a c t i l i t y  b y  
changes  in t h e  d u r a t i o n  of t he  ac t ion  po ten t i a l ,  wh ich  
impl ies  a l t e r a t i o n s  in  p o t a s s i u m  fluxes.  

Zusammen[assung. Die W i r k u n g e n  y o n  N i k o t i n  au f  die 
K o n t r a k t i l i t / i t  u n d  die M e m b r a n p o t e n t i a l e  des R a t t e n -  

a t r i u m s  w u r d e n  u n t e r s u c h t .  N i k o t i n  (5 X 10 -4M)  e r h 6 h t e  
g le ichzei t ig  die en twicke l t e  S p a n n u n g  sowie die D a u e r  
u n d  Fl~iche des  A k t i o n s p o t e n t i a t s .  E i n  m6g l i che r  Z u s a m -  
m e n h a n g  d i e s e r / ~ n d e r u n g e n  m i t  de r  e r h 6 h t e n  K o n t r a k -  
t i l i tXt  wi rd  d i sku t i e r t .  
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Inf luence of Prenata l  X - R a d i a t i o n  on Brain  Lipid 

P r e n a t a l  X - r a d i a t i o n  m a r k e d l y  a l t e r s  t h e  f u n c t i o n a l  
d e v e l o p m e n t  of t he  c e n t r a l  n e r v o u s  s y s t e m  L His to log ica l  ~ 
a n d  b iochemica l  a s tud ies  in  r a t s  h a v e  s h o w n  t h a t  exposu re  
to  X - r a d i a t i o n  a t  14 d a y s  of g e s t a t i o n  increases  t he  pro-  
l i fe ra t ion  of glial  cells in  t h e  deve lop ing  b r a i n  of t h e  off- 
spr ing .  Since glial  cells are  i m p l i c a t e d  in t he  m y e l i n a t i o n  
of t he  CNS 4, a l t e r a t i o n s  in  glial  cell n u m b e r  m a y  affec t  
the  process  of m y e l i n a t i o n ,  which ,  in t u r n ,  would  inf lu-  
ence  CNS d e v e l o p m e n t .  

T h e  p r e s e n t  s tudy ,  there fore ,  was  des igned  to  inves t i -  
ga te  in  t he  r a t  t h e  effects  of p r e n a t a l  X - r a d i a t i o n  on  b r a i n  
l ipids  a n d  cerebros ides ,  w h i c h  are  t h e  c o m p o n e n t s  of t h e  
m y e l i n  shea th .  

E i g h t  p r e g n a n t  L o n g - E v a n s  r a t s  were  exposed  to  a 
s ingle dose of 100 R w h o l e - b o d y  X - r a d i a t i o n  a t  14 d a y s  of 
ges t a t ion .  T h e  p r e g n a n t  a n i m a l s  were  p laced  in i n d i v i d u a l  
o p e n - e n d e d  cy l indr ica l  luc i te  c o n t a i n e r s  a n d  were r o t a t e d  
on  a m o v a b l e  p l a t f o r m  80 cm f rom t h e  X - r a y  source,  a 
P i c k e r  180 kV, 15 m A  X - r a y  t h e r a p y  u n i t  u s ing  0.5 m m  
Cu a n d  1.0 m m  At fi l ters.  T he  dose ra te ,  19 R/ ra in ,  was  
m e a s u r e d  in a i r  b y  m e a n s  of a V i c t o r e e n  condense r  R-  
m e t e r  w h i c h  was p laced  ins ide  t he  luc i te  c o n t a i n e r  a t  t he  
level  of t h e  a n i m a l ' s  body .  I n  o rde r  to  e l i m i n a t e  a n y  
changes  due  to  m a t e r n a l  s t ress  o t h e r  t h a n  X - r a d i a t i o n ,  8 
p r e g n a n t  a n i m a l s  were  s h a m - i r r a d i a t e d  for  t h e  s ame  
l e n g t h  of t i m e  a n d  se rved  as  cont ro ls .  A t  del ivery ,  t h e  
l i t t e r s  of X - i r r a d i a t e d  r a t s  were s imi la r  in  n u m b e r  a n d  size 
to  t hose  of cont ro ls .  

The  a n i m a l s  were  sacr i f iced b y  d e c a p i t a t i o n  a t  t i m e  
per iods  of 9, 12 a n d  16 d a y s  a f t e r  b i r t h .  T he  whole  b r a i n  
was  i m m e d i a t e l y  r emoved ,  d issec ted  free of grossly v is ib le  
b lood  vessels,  b l o t t e d  free of m o i s t u r e  a n d  weighed.  T h e  
ce rebra l  co r t ex  a n d  d i e n c e p h a l o n  m i d b r a i n  were t h e n  dis- 
sec ted  a n d  weighed.  W a t e r  c o n t e n t  in samples  of these  
s t r u c t u r e s  was  d e t e r m i n e d  b y  d r y i n g  a t  104°C u n d e r  
v a c u u m  for 4 days.  

L ip ids  were  e x t r a c t e d  f rom samples  of ce rebra l  co r t ex  
a n d  d i e n c e p h a l o n  m i d b r a i n  w i t h  2 :1  c h l o r o f o r m ] m e t h a -  
nol,  acco rd ing  to  t h e  m e t h o d  of FoLcH e t  al. L L ip ids  ex -  
c lud ing  gangl ios ides  were  d e t e r m i n e d  g rav ime t r i ca l ly .  
Va lues  for  l ip ids  were expressed  as  rag /100  m g  of w e t  

and Cerebros ide  Content  in D e v e l o p i n g  Rats  

t issue.  T h e  m e t h o d  desc r ibed  in ROUSER e t  al.  ~ for  t h e  
f r a c t i o n a t i o n  of b r a i n  t ipids  on  Flor is i l  c o l u m n s  was  
a d a p t e d  for  sma l l  a m o u n t s  of l ipids.  Two  c o m p o n e n t s  of 
t he  ce rebros ide  molecule,  ga lac tose  a n d  sph ingos ine ,  were  
ana lysed .  F o r  the  i so la t ion  of ga lac tose  a n d  sph ingos ine  
t he  c o l u m n  e luan t s  wh ich  c o n t a i n e d  the  ce rebros ide  were 
s u b j e c t e d  to  ac id  hyd ro lys i s  7,s. Sph ingos ine  was  de te r -  
m i n e d  b y  the  m e t h o d  of LAUTER 9 a n d  ga lac tose  was de-  
t e r m i n e d  b y  t h e  o rc ino l - su lphur ic  acid r eac t i on  x°. T h e  
ga lac tose  c o n t e n t  of t h e  s ample  was r ead  d i rec t ly  f rom a 
s t a n d a r d  cu rve  a n d  was  mul t ip l i ed  b y  4.66 to  give t he  
a c t u a l  v a l u e  of t he  cerebros ides .  A m e a n  mo lecu l a r  we igh t  
of 846 was  used  for  t h e  ca l cu l a t i on  of cerebros ides .  Va lues  
for ce rebros ides  were expressed  as mg /100  m g  of l ipid.  

To d e t e r m i n e  w h e t h e r  t h e  p a r a m e t e r s  m e a s u r e d  in con-  
t ro l  a n d  i r r a d i a t e d  r a t s  dif fer  s ign i f i can t ly  in t h e i r  means ,  
t he  t - t es t  for n o n - p a i r e d  d a t a  was app l i ed  tl. 

B o d y  we igh t s  of p r e n a t a l l y  X - i r r a d i a t e d  r a t s  d id  no t  
differ  f rom those  of con t ro l  r a t s  a t  a n y  of the  age per iods  
s tud ied  (Table  I), w h e r e a s b r a i n  we igh t s  of i r r ad i a t ed  r a t s  
were  m a r k e d l y  lower  c o m p a r e d  to  cont ro l s  a t  all age 
per iods  (Tab le  I). No di f ferences  were obse rved  in t h e  
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Table I. Effects of prenatal  X-radiation~ on body and  brain weights and % water of developing rats  

EXPIgRIENTIA 24/3 

Age: days Groups Body weight Brain weight % water 
after birth (g) (g) 

Cerebral Diencephalon 
cortex midbrain 

9 Control 18 4- 0.5 b 0.847 4- 0.006 88.71 4- 0.43 88,50 ~ 0.25 
Irradiated 20 4- 0.7 0.621 4- 0.020 87.99 4- 0.24 87.84 =L 0.27 

( <  0.001) ° 

12 Control 27 4- 1 1.023 4- 0.014 86.37 4- 0.13 87.04 4- 0.15 
Irradiated 30 ~ 2 0.795 :{= 0.25 86.40 4- 0.10 87.11 -t- 0.15 

( <  0.001) 

16 Control 43 4- 3 1.229 4- 0.016 83.90 4- 0.07 83.29 -4- 0.40 
Irradiated 43 ~: 2 0.922 -4- 0.047 84.11 4- 0.13 82.66 4- 0,20 

( <  0.001) 

100 R whole-body X-radiation was delivered to pregnant  rats  at 14 days of gestation, b Mean 4- S.E. * Numbers in parentheses are P-  
values for comparison to control. 

Table II. Effects of prenatal  X-radiation~ on lipids and cerebrosides of developing rats  

Age: days Groups Lipids b Cerebrosides 
after bir th (mg[100 m g  wet tissue} (mg]100 mg  lipid) 

Cerebral Dieneephalon Cerebral Diencephalon 
cortex midbrain cortex midbrain 

9 Control 2.93 4- 0.06 e 3.39 4- 0.05 1.01 4- 0.10 1.65 4- 0.10 
Irradiated 2.93 4- 0.05 3.26 -4- 0.08 1.28 -t- 0.21 2,56 -4- 0.01 

( <  0.001) a 

12 Control 3.56 :t: 0.04 4.05 -t- 0.03 0.85 4- 0.06 3.11 4- 0.08 
Irradiated 3.65 :]: 0.03 3.99 -4- 0.02 0.87 -4- 0.10 4.00 4- 0.20 

( <  0.01) 

16 Control 4.17 4- 0.07 5.22 4- 0.11 1.77 4- 0.25 6;69 4- 0.17 
Irradiated 4.18 4- 0.07 4.99 4- 0.08 2.09 + 0.18 7.67 q- 0.34 

( <  0.05) 

s 100 R whole-body X-radiation was delivered to pregnant  ra ts  a t  14 days of gestation, b Lipids include total lipids minus  gangliosides. 
= Mean 4- S.E. a Numbers  in parentheses are P-values for comparison to control. 

p e r c e n t a g e  o f  b r a i n  w a t e r  b e t w e e n  e x p e r i m e n t a l  a n d  c o n -  
t r o l  a n i m a l s  ( T a b l e  I).  

T h e  c o n c e n t r a t i o n  o f  l i p i d s  i n c r e a s e d  w i t h  a g e  in  b o t h  
t h e  c e r e b r a l  c o r t e x  a n d  t h e  d i e n c e p h a l o n  m i d b r a i n  i n  a l l  
a n i m a l s  ( T a b l e  II) w i t h  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  
c o n t r o l  a n d  i r r a d i a t e d  a n i m a l s  a t  a n y  o f  t h e  a g e s  s t u d i e d  
(Table II). T h e  c o n c e n t r a t i o n  o f  c e r e b r o s i d e s  i n  t h e  d i -  
e n c e p h a l o n  m i d b r a i n  w a s  s i g n i f i c a n t l y  h i g h e r  i n  i r r a d i a t e d  
r a t s  t h a n  i n  c o n t r o l s  a t  a l l  a g e s .  I l l  t h e  c e r e b r a l  c o r t e x ,  
t h e  i n c r e a s e  i n  c e r e b r o s i d e  c o n c e n t r a t i o n  a m o n g  i r r a -  
d i a t e d  a n i m a l s  w a s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  c o m -  
p a r e d  t o  c o n t r o l s ,  y e t  t h e  % o f  i n c r e a s e  in  t h e s e  a n i m a l s  
a t  16 d a y s  w a s  a p p r o x i m a t e l y  t h e  s a m e  a s  t h a t  o b s e r v e d  
in  t h e  d i e n c e p h a l o n  m i d b r a i n  of  i r r a d i a t e d  r a t s .  S i n c e  t h e  
s u b c o r t i c a l  s t r u c t u r e s  u n d e r g o  r a p i d  m y e l i n a t i o n  b e t w e e n  
10 a n d  15 d a y s  a f t e r  b i r t h  1~, t h e  c e r e b r o s i d e - e l e v a t i n g  
e f f e c t s  o f  X - r a d i a t i o n  w o u l d  b e  m o r e  p r o m i n e n t  i n  t h e s e  
C N S  a r e a s .  T h e  d i f f e r e n t i a l  e f f e c t  o f  X - r a d i a t i o n  o n  t h e  2 
b r a i n  s t r u c t u r e s ,  t h e n ,  is  a t t r i b u t e d  t o  t h e i r  r e s p e c t i v e  
s t a g e  o f  d e v e l o p m e n t  a t  t h e  t i m e  o f  m e a s u r e m e n t .  

T h e  i n c r e a s e d  s e n s i t i v i t y  o f  t h e  d e v e l o p i n g  C N S  t o  
e l e c t r i c a l  s t i m u l a t i o n  a f t e r  p r e n a t a l  X - r a d i a t i o n  h a s  b e e n  
a t t r i b u t e d  p r e d o m i n a n t l y  t o  t h e  l o w e r i n g  o f  t h e  t h r e s h o l d  
o f  s u b c o r t i c a l  s t r u c t u r e s  x, t h o s e  b r a i n  s t r u c t u r e s  i n  w h i c h  
a m a r k e d  i n c r e a s e  i n  c e r e b r o s i d e  c o n c e n t r a t i o n  w a s  
f o u n d .  S i n c e  c e r e b r o s i d e s  a r e  m e m b r a n o u s  c o m p o n e n t s ,  

c h a n g e s  i n  t h e i r  c o n c e n t r a t i o n  m a y  be  r e g a r d e d  a s  o n e  o f  
t h e  f a c t o r s  u n d e r l y i n g  a l t e r a t i o n s  i n  C N S  a c t i v i t y  13. 

Rdsumd. L o r s q u e  d e s  r a t s  s o n t  i r r ad i6 s  p a r  d e s  r a y o n s  X 
a u  14e j o u r  d e  la  g e s t a t i o n ,  le c o n t e n u  e n  c 6 r 6 b r o s i d e s  d u  
c o r t e x  c 6 r 6 b r a l  e t  d u  d i e n c 6 p h a l e  e s t  p l u s  61ev6 q u e  c h e z  
les  t 6 m o i n s .  O r  il  e s t  b i e n  c o n n u  q u e  ce  t r a i t e m e n t  e n -  
t r a £ n e  d ' u n e  p a r t  u n e  p r o l i f 6 r a t i o n  g l i a le  e t  d ' a u t r e  p a r t  
u n e  a u g m e n t a t i o n  d e  l a  s e n s i b i l i t 6  d u  s y s t 6 m e  n e r v e u x  
c e n t r a l  £ u n e  s t i m u l a t i o n  61ec t r ique .  L a  p o s s i b i l i t 6  d ' u n e  
r e l a t i o n  e n t r e  c e s  p h 6 n o m 6 n e s  e s t  d i s c u t ~ e .  
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