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Effec t  of  N i c o t i n e  o n  t h e  T r a n s m e m b r a n e  P o t e n t i a l  a n d  C o n t r a c t i l i t y  of  I s o l a t e d  R a t  A t r i a  

i t  ha s  been  r e p o r t ed  t h a t  n icot ine  increased  the  up t a k e  
and  release of rad ioca lc ium f rom frog sa r to r ius  ~,~ and  t o a d  
ven t r i cu l a r  muscle  ~. This  would  sugges t  t h a t  n icot ine  
c h a n g e d  t h e  ionic p e r m e a b i l i t y  of cel lular  m e m b r a n e s ,  
wh ich  would  resul t  in recorded  pos i t ive  inot ropic  act ion.  
However ,  t he  effects  ot n icot ine  on the  t r a n s m e m b r a n e  
po ten t i a l s  of cardiac  m e m b r a n e s  are unknown .  The  
p r i m a r y  purpose  of the  p r e sen t  inves t iga t ion  was to  
es tab l i sh  corre la t ions  b e t w e e n  electr ical  and  mechan ica l  
changes  in cardiac  cells unde r  the  inf luence of nicot ine.  

I so la ted  r a t  a t r ia  were  electr ical ly exci ted  a t  a r a te  of 
200 pu l ses /min  in K r e b s - R i n g e r  b i ca rbona t e  med ium.  
M e m b r a n e  po ten t i a l s  and  mechanica l  a c t i v i t y  were  de- 
t e r m i n e d  s imul t aneous ly  using microe lec t rodes  a n d  a 
s t ra in  gauge as p rev ious ly  descr ibed  ~,~. 

The  t i ssue  m e d i u m  was  ae ra t ed  w i t h  a m i x t u r e  of 
95% O,  and  5% CO~, m a i n t a i n e d  a t  30°C and  p H  7.4. 
A c o n s t a n t  diastol ic  t ens ion  of 750 rng was  m a i n t a i n e d  
on  t h e  t i ssue  b y  means  of a m ic rome te r  head.  Micro- 
e lec t rode  p e n e t r a t i o n s  were  m a d e  in to  t h e  endocard ia l  
wall  of p repa red  left  a t r i um in regions  a p p r o x i m a t e l y  
e q u i d i s t a n t  f rom the  s t imu la t ing  electrodes.  

E a c h  e x p e r i m e n t  consis ted  of 4 phases :  (1) a 60 min  
equi l ib ra t ion  period,  (2) a 30 min  per iod  dur ing  which  
cont ro l  records  were  taken ,  (3) a 30 min  per iod  a t  t h e  be- 
g inning of which  the  d rug  was admin i s t e r ed  and  records  
were  t a k e n  a t  3-5 min  in tervals ,  and  (4) a w a s h - o u t  
per iod  dur ing  wh ich  the  d rug  was  rep laced  w i t h  no rma l  
m e d i u m  a n d  t h e  revers ib i l i ty  of t h e  d rug - induced  re- 
sponses  were  recorded .  Nico t ine  Mkaloid ( E a s t m a n  
Kodak)  was  d i lu ted  w i t h  K r e b s - R i n g e r  b i c a r b o n a t e  
m e d i u m  to p rov ide  t h e  fol lowing concen t r a t i ons  : 5 × 10 -s, 
1 × 10 -*, a n d  5 × 10-*M.  

The  responses  of r a t  a t r ia  to  t h e  t e s t  concen t r a t i ons  
of n ico t ine  are  s u m m a r i z e d  in the  Table .  Nicot ine,  
5 x 10-~M, was  w i t h o u t  a n y  s ta t i s t i ca l  s ignif icance on 
a n y  of t he  measu red  charac ter i s t ics ,  whereas  t he  h igher  
concen t r a t i ons  e m p loyed  s ignif icant  changed  a t r ia l  
charac ter i s t ics .  I t  can  be seen t h a t  5 × 10-~M nicot ine  in- 
creased the  ac t ion  po ten t i a l  du ra t i on  and  i ts  inscr ibed 
area. These  effects  usual ly  occur red  wi th in  5 rain af ter  
d rug  admin i s t r a t i on .  I t  was  found  t h a t  t he re  was  a 
paral lel  change  in t he  ac t ion  po t en t i a l  du ra t i on  and  area  
w h e n  c o m p a r e d  w i t h  t h e  deve loped  tens ion .  S u b s e q u e n t  

exchange  of t he  d rug  w i t h  n o r ma l  m e d i u m  resu l ted  in a 
comple t e  r e s to ra t ion  of all  t he  me a s u r e d  charac te r i s t i cs  
to  ini t ia l  con t ro l  values.  

The  effects  of n ico t ine  on the  mechan ica l  ac t iv i t ies  of 
skeleta l  muscle  ~,5,~ a n d  cardiac  muscle  s - n  h a v e  been  
well documen ted .  However ,  the re  are  no pub l i shed  repor t s  
on the  ac t ions  of n icot ine  on the  t r a n s m e m b r a n e  po ten -  
t ials  of cardiac  muscle.  In  t he  p r e s e n t  s t u d y  1 × 10-~M 
nicot ine  changed  the  m e m b r a n e  po ten t i a l s  w i t h o u t  a l ter-  
ing r a t  a t r ia l  cont rac t i l i ty ,  whereas  5 × 10-~M nicot ine  
was  able to  induce  a pos i t ive  ino t rop ic  ac t ion  w i t h o u t  a 
t ime  cor re la ted  ac t ion  on the  res t ing  po t en t i a l  or ac t ion  
poten t ia l .  These  resul ts  would  ind ica te  t h a t  t he  con t rac -  
tile effects  induced  by  n icot ine  were  no t  re la ted  to  changes  
in t h e  res t ing  and  ac t ion  po ten t iM magn i tudes .  I t  has  
been  r e p o r t e d  t h a t  n ico t ine  induced  con t r ac t ion  in frog 
musc le  was  n o t  inh ib i t ed  b y  soaking  the  muscles  in 
R inge r  so lu t ion  in wh ich  T r i s  or sucrose  was s u b s t i t u t e d  
for Na  + ions ~. This  would  sugges t  t h a t  while  n icot ine  m a y  
inf luence m e m b r a n e  ac t iv i ty ,  i ts  ac t ion  m a y  also be  
d i rec t ly  on the  con t rac t i l e  sys tem.  The a p p a r e n t  correla-  
t ion  found  in t he  s tudies  r e p o r t e d  here  was b e t w e e n  the  
ac t ion  po ten t i a l  du ra t ion  and  area  w i t h  t he  cont rac t i l e  
magn i tude .  I t  was  found  t h a t  t he  ac t ion  po t en t i a l  de- 
po la r iza t ion  r a t e  r e ma i n e d  fair ly unchanged .  I t  was sug- 
ges ted  previous ly  t h a t  t he  ra te  of repo la r iza t ion  was  of 
m a j o r  i m p o r t a n c e  in t he  d e t e r m i n a t i o n  of t he  con t rac t i l e  
r esponse  of r a t  a t r ia  s. Whi le  o the r  r e p o r t e d  works  have  
been  conce rned  ma in ly  w i t h  a t t e m p t i n g  to  cor re la te  
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Effect of nicotine on isolated rat  atria 

Parametcrs Control Concentration of nicotine 

5 × 10-SM 10-4M 5 × 10-4M 

0-30 min~ 0-30 rain 0-10 min 10-20 min 20-30 min 

Resting potential, mV 62.5 4- 1.0 b 63.0 -t- 0.8 65 4- 0.8~ 63.5 4- 1.0 66.7 ± 1.3 ~ 67 -I- 1.4 c 
Action potential, mV 71.1:1:1.3 71.5 -4- 1.0 76.4:1: 1.8¢ 73.5 -t- 0.8 80.3 4- 16 78 4- 1.2c 
Action potential duration, msec 43 4- 1.3 43.7 4- 2.0 44.5 4- 1 47.8 4- 1.8 c 51 4- 1.5 ~ 50.4 4- 2 c 
Action potential area, mV-sec 1.8 4- 0.05 1.86 4- 0.01 1.9 4- 0.07 1.98 4- 0.02 e 2.0 4- 0.01 ~ 21 -t- 0.02 
Depolarization rate, V[see 39.1 4- 1.2 40 4- 0.8 39.1 4- 0.2 38 ± 0.8 39 :t= 0.6 40 -t- 0.4 
Conduction time, msee 10.7 ~ 0.3 11 4- 0.2 10.8 4- 0.16 10.2 ~ 0.4 10.5 4- 0.5 11 4- 0.3 
Latent period, msec 20.7 4- 0.6 19.7 4- 0.4 20.3 4- 0.45 20 4- 0.4 19.8 4- 0.6 20 4- 0.5 
Developed tension, mg 347.6 4- 7 350 4- 5 352.1 :t: 4.2 389 4- 6 ° 385 ~ 7 e 378 4- 7 ~ 
Developed tension duration, msec 72.2 :t: 1.2 72.6 4- 1.0 71.6 -_1= 1.0 72 4- 2 72 ~ 1.6 73 4- 2.2 
Developed tension rise time, msec 42 :t: 0.1 42.8 4- 0.5 42.5 4- 0.2 42 4- 1.2 43 4- 0.9 42 4- 1.2 
No. of penetration 321 108 111 38 40 37 
No. of atria 12 4 4 4 4 4 

Reading interval following drug application, b Mean 4- S.E.M. ~ Values were significantly different from control. 
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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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