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osmot ic  G A B A  s, i t  s eemed  p e r t i n e n t  to  c o m p a r e  t h e  
effects  o t  these  two subs tances  on  t h e  w a t e r  c o n t e n t  of 
t he  b ra in  using a sens i t ive  radio- iso topic  m e t h o d .  

Tr i t i a ted  w a t e r  (SHOH, specific rad ioac t iv i ty ,  25 mC/g, 
New E n g l a n d  Nuclear  Corp.) was in jec ted  i.p. (in 0.9% 
NaC1) in a dose of 0.1 ~zC/g of fas ted  mouse.  Mice were  
sacrif iced a t  var ious  t imes  a f te r  admin i s t r a t i on  of the  
SHOH, and  homogena t e s  of b ra in  (above the  level of the  
cotliculi, a n d  no t  inc luding the  cerebel lum) were  p repa red  
in 80% e thano l  solut ion (v]v) and  cen t r i fuged ;  rad io-  
ac t iv i ty  was d e t e r m i n e d  in a l iquots  of the  resu l t ing  super-  
n a t a n t s .  Resu l t s  shown  in t he  Table  indica te  t h a t  SHOH 
exchanges  v e r y  rap id ly  w i t h  b ra in  w a t e r  and  t h a t  a large 
a m o u n t  of t he  r ad ioac t iv i ty  r emains  in t he  b ra in  5 h af ter  
in ject ion.  In  t he  Table  i t  is shown  also t h a t  i.p. in jec t ions  
of hype r -o smot i c  G A B A  and  DL-ct-alanine (1M solut ions  
in 0.9% NaC1; 25 mmoles /kg) ,  g iven 30 min  before sacri-  
f icing the  animals ,  p roduce  a s igni f icant  d e h y d r a t i o n  of 
t h e  bra in .  

These  resul ts  s u p p o r t  fu r the r  t h e  f ind ing  s t h a t  t h e  
m e c h a n i s m  of t he  an t i - convu l san t  e f fec t  of h y p e r - o s mo t i c  
t r e a t m e n t s  is re la ted  to  the  bra in  d e h y d r a t i o n  produced ,  
and  no t  to  a specif ic  ' i nh ib i to ry '  ac t ion of GABA.  Al though  
i t  seems l ikely t h a t  t he  hyper -osmot i c  f luid in jec ted  
causes  a loss of w a t e r  f rom o the r  t issues as well as f rom 
brain,  due to  t he  increased osmola r i ty  of t he  se rum 
which  occurs  s, i t  is t h o u g h t  t h a t  t he  an t i - convu l san t  ef fect  
is re la ted  ma in ly  to  t he  loss of b ra in  water .  I t  is sugges ted  
t h a t  DL-~-alanine, a subs t ance  wh ich  does n o t  exe r t  
p o t e n t  i nh ib i t o ry  ac t ions  on CNS neurones,  ac ts  b y  a 
m e c h a n i s m  s imi lar  to  t h a t  of  GABA in p ro t ec t ing  aga ins t  
convuls ions  when  admin i s t e r ed  as an  hype r ton i c  solut ion b. 

Rdsumd. Ut i l i san t  une  t echn ique  rad ioac t ive  avec le 
SHOH, nous  avons  mon t r6  que les in jec t ions  i.p. des solu- 
t ions  h y p e r o s m o t i q u e s  de l 'acide ? - a m i n o b u t y r i q u e  et  de 
DL-m-alanine, d e s h y d r a t e n t  de mani~re  s ignif ica t ive  les 
ce rveaux  des  souris, 
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1 rain none 297.7 ± 13.44 (8) 
5 min none 541.9 ~ 9.44 (8) 
5 h none 482.4 4- 3.16 (8) 
5 h GABA • 433.8 4- 10.31 (8) b 
5h  DL-cx-ALA ~ 461.7=[= 3.6~ (8) b 

24h none 287.8 4- 6.87 (16) 

~Hyper-osmotic treatments (25 mmoles/kg) were given i.p. 30 min 
before sacrificing animals. These values are to be compared with the 
5 h untreated control value. Means ~ standard errors; numbers of 
mice in parentheses; bindicates a p-value <0.001 with respect to 
controls (Student's t-test, one-tailed). 
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Apparent  Act ivat ion Energy  of the Nerve  I m p u l s e  Conduct ion  1 

I n  th i s  c o m m u n i c a t i o n  we ca lcula te  t h e  a p p a r e n t  act i-  
v a t i o n  energy  of t he  nerve  impulse  p ropaga t ion ,  as ex- 
p ressed  b y  the  t e m p e r a t u r e  dependence  of t he  conduc t ion  
ve loc i ty  in t he  nerve  fibres.  We  call  th i s  act ivat ior l  ene rgy  
' a p p a r e n t ' ,  for we do no t  refer, as is usual ly  done,  to  a 
chemica l  react ion,  b u t  to  a complex  phys ico-chemica l  
process,  the  nerve  impulse  p ropaga t ion ,  cons idered  as a 
whole,  

The  sp read  of t h e  exc i t a t ion  a long the  ne rve  f ibre  
obv ious ly  m e a n s  the  t r ans i t ion  of ce r ta in  phys ica l  s t ruc-  
tu res  f rom a ' r es t ing '  to  an  ' ac t ive '  s t a t e ;  i t  is l ikely t h a t  
these  s t ruc tu re s  are  located  in t h e  axon  m e m b r a n e .  F r o m  
th is  po in t  of view, t he  p ropaga t i on  of the  ac t ion  po ten t i a l  
appea r s  to  be associated,  a t  a molecular  level, w i th  t rans i -  
t ions  of ce r ta in  macromolecu la r  c o m p o n e n t s  of the  nerve  
fibre. There  is some evidence  tha t ,  dur ing  the  ac t ion  
po ten t ia l ,  some v ib ro ro ta t iona l  t r ans i t ions  of t he  p ro t e in  
macromolecu les  t ake  p lace  in t he  axon  m e m b r a n e  ~. E v e n  
neg lec t ing  t h e  concre te  na tu r e  of t h e  t r a n s f o r m a t i o n  and  
the  macromolecu les  w h i c h  unde rgo  it ,  f rom a phys ico-  
chemica l  p o i n t  of view, t he  ne rve  impulse  p ropaga t ion  
impl ies  t he  ' t r a n s f o r m a t i o n '  of  some c o m p o n e n t s  f rom a 
ce r t a in  s t a t e  1 (rest ing s ta te)  to  ano the r  s ta te  2 (act ive 
s tate) .  I t  t h u s  appear s  t h a t  t he  conduc t ion  ve loc i ty  of t he  
ne rve  impulse  represen ts ,  or a t  least  is p ropor t iona l  wi th ,  

t h e  t r a n s f o r m a t i o n  ra te  of t h e  c o m p o n e n t s  f rom s ta te  1 
in to  s t a t e  2. 

The  ac t iva t ion  ene rgy  (E) of th is  ' r eac t ion '  is g iven b y  
the  we l lknown Arrhenius '  formula3:  E = -- R (~(ln k)/  
d(1/T)), where  k is the  ra te  c o n s t a n t  and R, T have  the i r  
usual  meanings .  

The  conduc t ion  veloci ty,  t h a t  is the  ra te  of the  reac t ion  
1 --> 2, is : v ---- k .  C[,.  C[, ,,., where  c 1, c~ ... are t he  ' concen-  
t r a t i ons '  of the  c o m p o n e n t s  undergo ing  t h e  t r a n s i t i o n  
1 -+ 2, and  v 1, v 2 are  t he  s to ich iomet r ic  coeff icients .  As:  
(~v/~T) = (6k/6T), we can  wr i te :  E = -- R (6(In v)fiS(1/T)). 
Using f ini te  d i f ferences  ins tead  of  d i f ferent ia ls ,  a f t e r  a few 
s imple  opera t ions  we ob ta in :  E .m R ( T  1 T , / ( T , - - T 1 )  ) In 
(v2/vl). Here Vl and  v 2 are t he  conduc t ion  velocit ies for 
the  absolu te  t e m p e r a t u r e s  T 1 and  T 2. The  Celsius t e m p e -  
r a tu res  are no ted  w i t h  tl, t 2. 

1 This paper is based on an investigation in progress which will be 
submitted by D.-G. MARGINEANU in partial fulfilment of the re- 
quirements for a Doctoral Degree in Biophysics under the leader- 
ship of Prof. Dr. V. VAS~LESCU. 
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EYRING and E. M. EYRINO, Modern Chemical Kinetics {Reinhold, 
New York 1963). 
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Table I. 

Specialia 

Table II. 

EXI~ERIENTIA 27/11 

Myelinated fibre Unmyelinated fibre 
q t~ 

H ~ * H a- Edt dJHd~t Eit ZI i~ Edt zJHdt Eit A it 

15 20 9.33 8.75 25.72 25.14 11.06 10.48 11.83 11.25 
20 25 7.54 6.95 14.20 13.61 12.19 11.60 11.47 10.88 
25 30 4.65 4.05 12.05 11.45 8.56 7.96 12.46 11.86 
30 35 4.30 3.69 10.22 9.61 3.48 2.87 16.32 15.71 

t 1 t~ E I EII ZIH~ AH~I 

12 16 20.84 21.00 20.27 20.42 
16 20 17.72 17.I5 17.14 16.57 
20 24 14.31 20.42 13.72 19.83 
24 28 12.03 18.10 11.43 17.50 
28 32 9.50 16.85 8.90 16.14 
32 36 6.95 17.23 6.33 16.62 

"With t h e  a b o v e  f o r m u l a  we ca l cu la t ed  t he  a c t i v a t i o n  
ene rgy  E,  us ing  t h e  e x p e r i m e n t a l  d a t a  4,~ w h i c h  give t h e  
t e m p e r a t u r e  d e p e n d e n c e  of t h e  c o n d u c t i o n  ve loc i ty .  T h e  
a c t i v a t i o n  ene rgy  represen t s ,  genera l ly  speaking ,  t h e  
necessa ry  a m o u n t  of ene rgy  for a couple  of molecules  to  
r e a c t ;  in  t he  case cons idered  here,  E r ep re sen t s  t he  neces- 
s a ry  ene rgy  for  t he  t r a n s i t i o n  1 -+ 2 of a s ingle  m e m b r a n e  
c o m p o n e n t .  A t  t h e  s ame  t i m e  i t  is useful  to  ca lcu la te  t h e  
t h e r m o d y n a m i c a l  p a r a m e t e r s  : zIG*, z IH*,  AS* .  These  are  
r e spec t ive ly  t he  a c t i v a t i o n  free energy,  e n t h a l p y  a n d  
e n t r o p y  of t h e  process,  as de f ined  in t.he abso lu t e  r a t e  
t h e o r y  8. 

The  a c t i v a t i o n  e n t h a l p y  is :  ZIH* - - E - - R T  a n d  we 
sha l l  use:  A H *  m E - - R  ( (T  1 + T~)/2). 

I n  o rde r  to  ca lcu la te  A S *  a n d  AG* i t  is necessa ry  to  
k n o w  the  va lues  of t h e  r a t e  c o n s t a n t  k, w i t h  a v iew to  
o b t a i n  b y  e x t r a p o l a t i o n  t h e  i n t e r c e p t  on  t h e  o r d i n a t e  
of t h e  c u r v e :  k = / ( T ) .  Bu t ,  w i t h o u t  e l a b o r a t i n g  a c e r t a i n  
h y p o t h e s i s  on  t h e  concre te  n a t u r e  of t h e  c o m p o n e n t s  
w h i c h  u n d e r g o  t h e  t r a n s i t i o n  1 -~ 2, one  c a n n o t  de f ine  
t h e  r a t e  c o n s t a n t  of t he  n e r v e  impu l se  p r o p a g a t i o n .  As  
t h i s  is b e y o n d  t he  scope of t h i s  note ,  we sha l l  r e s t r i c t  
ourse lves  to  ca lcu la te  on ly  E a n d  A H * .  

Results. T a b l e  I c o n t a i n s  t h e  E a n d  ZIH* values ,  calcu-  
l a t ed  w i t h  t h e  d a t a  of FRANZ a n d  IGGO 4, f igures  11 B a n d  
11C, for  m y e l i n a t e d  a n d  u n m y e l i n a t e d  fibres,  i so la ted  
f rom ca t  s a p h e n o u s  nerve .  T he  i ndex  dt m a r k s  t h e  va lues  
c o r r e s p o n d i n g  to  dec reas ing  t e m p e r a t u r e s  a n d  it  t hose  for  
inc reas ing  t e m p e r a t u r e s .  I n  b o t h  t he  Tab les  I a n d  I I ,  E 
a n d  A H *  are  expressed  in kca l /mole .  

T a b l e  I I  c o n t a i n s  t h e  E a n d  A H *  va lues  cMcula ted  w i t h  
t h e  d a t a  of PAINTAL ~, F i g u r e  4, conce rn ing  t he  c o n d u c t i o n  
ve loc i ty  in  m y e l i n a t e d  f ibres  i so la ted  f rom ca t  v a g u s  
nerve .  The  indices  I a n d  I I  r evea l  t h a t  t h e  va lues  corres-  
p o n d  r e spec t ive ly  to  a n  impu l se  a n d  to  a second impu l se  
app l ied  i m m e d i a t e l y  a f t e r  t h e  abso lu t e  r e f r a c t o r y  pe r iod  
of t h e  f i rs t .  

T h e  poss ib le  sources  of e r rors  w h i c h  a l t e r  t h e  va lues  
ca lcu la ted  b y  us a re :  a) t h e  i n h e r e n t  e r ro rs  of t h e  expe-  
r i m e n t a l  m e a s u r e m e n t s ,  b) e r rors  i n t r o d u c e d  b y  t h e  use  
of t h e  d a t a  f rom t h e  g r a p h s  a n d  c) u t i l i s a t i on  of  a p p r o -  
x i m a t i o n s  a d m i t t e d .  All  these  poss ible  e r rors  are,  however ,  
m u c h  u n d e r  t h e  d i f ferences  b e t w e e n  t h e  ca l cu l a t ed  values ,  
so t h a t  t h e y  do  n o t  a f fec t  t h e  fo l lowing conclus ions .  

Conch,sions and discussion. 1. I n  a l l  t h e  eases, t h e  
a p p a r e n t  a c t i v a t i o n  ene rgy  of t he  ne rve  i m pu l s e  p r o p a -  
g a t i o n  is no t  i n d e p e n d e n t  of t e m p e r a t u r e ,  as  cons ide red  in 
chemica l  k inet ics ,  b u t  shows genera l ly  a n  a p p r o x i m a t e l y  
l i nea r  decrease  as t h e  t e m p e r a t u r e  increases .  Th i s  f ac t  
suggests  a c e r t a i n  l ab i l i za t ion  in t he  s t r u c t u r e  of t h e  
m e m b r a n e  c o m p o n e n t s  wh ich  unde rgo  t he  t r a n s i t i o n  
1 -+ 2, p roduced  b y  t h e  t e m p e r a t u r e .  Th i s  poss ib le  labi l i -  
z a t ion  seems to  be  r a t h e r  i m p o r t a n t ,  because  in a r a n g e  
of on ly  20°C, t he  a c t i v a t i o n  ene rgy  a n d  e n t h a l p y  decrease  
s o m e t i m e s  as m u c h  as 50% of t he  in i t i a l  va lues .  

2. W i t h  respec t  to  t h e  a p p a r e n t  a c t i v a t i o n  ene rgy  of 
t he  ne rve  impu l se  p ropaga t i on ,  t he  di f ferences  b e t w e e n  
t he  m y e l i n a t e d  a n d  u n m y e l i n a t e d  f ibres  of t h e  same  n e r v e  
are  smal le r  t h a n  those  b e t w e e n  t h e  m y e l i n a t e d  f ibres  of 
2 d i f fe ren t  ne rves  f rom the  s ame  a n i m a l  species. Th i s  fac t  
agrees  wel l  w i t h  t h e  v iew t h a t  t he  molecu la r  m e c h a n i s m  
of the  impu l se  p r o p a g a t i o n  is essen t ia l ly  the  s ame  in t he  
two  k inds  of fibres.  

3. W h e n  a second impu l se  is app l i ed  i m m e d i a t e l y  a f t e r  
t he  abso lu t e  r e f r a c t o r y  per iod  of a f i r s t  one, t h e  a c t i v a t i o n  
ene rgy  of t h e  second  is less d e p e n d e n t  on  t e m p e r a t u r e  
t h a n  t h a t  of t h e  f i rs t  impulse .  A poss ib le  e x p l a n a t i o n  
would  be  t h a t  t h e  p r o p a g a t i o n  of t h e  second impu l se  t a k e s  
p lace  in a s t r u c t u r e  w h i c h  is a l r e ady  labi l ized to  some 
ex t en t .  

T h e r e  are some v e r y  p r o m i s i n g  t heo re t i c a l  a t t e m p t s  to  
a p p r o a c h  t h e  exc i t ab l i l i t y  of t h e  biological  m e m b r a n e s ,  
cons ide r ing  t h a t  t h e y  cons i s t  of o l igomer ic  f u n c t i o n a l  
s n b u n i t s  w h i c h  unde rgo  c o n f o r m a t i o n a l  t r a n s i t i o n s  ~, 7 I n  
t h i s  p a p e r  we d id  n o t  cons ider  the  concre te  n a t u r e  of t h e  
s u b u n i t s  a n d  t h e i r  c o n f o r m a t i o n a l  t r ans i t i ons .  I t  is, 
however ,  n o t e w o r t h y  t h a t  t he  ca l cu la t ed  va lues  for  E 
a n d  ZIH* co r r e spond  to  1 mole  of such  un iden t i f i ed  func-  
t i o n a l  subun i t s .  As t h e  ene rgy  of t h e  h y d r o g e n  b o n d  is 
a b o u t  4.5 kcal /mole ,  t h e  d a t a  ca l cu la t ed  b y  us sugges t  
t h a t  d u r i n g  t h e  ne rve  impu l se  p ropaga t i on ,  t he  s t r u c t u r a l  
mod i f i ca t ions  w h i c h  t a k e  place  are  equ iva len t ,  f rom a n  
energe t i ca l  p o i n t  of view, w i t h  t he  b r e a k - d o w n  of 1 to  4 
h y d r o g e n  b o n d s  pe r  f u n c t i o n a l  subun i t .  

Rdsumd. On d6f in i t  la n o t i o n  d '6nerg ie  a p p a r e n t e  d ' ac t i -  
v a t i o n  de la t r a n s m i s s i o n  ne rveuse  e t  on  calcule  les va leu r s  
de l ' e n t h a l p i e  d ' a c t i v a t i o n  de ce processus.  Les r & u l t a t s  
son t  d iscut6s  p a r  r a p p o r t  au  m 6 c a n i s m e  mol6cula i re  de 
la conduc t ion .  
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