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T a u x  d ' a m i n e s  c6r~bra les  d 'une  s o u c h e  de s o u r i s  t t t r e m b l a n t e s .  

Les  sour is  t r e m b l a n t e s  (**quaking~>) son t  des  m u t a n t s  
p r o v e n a n t  d ' u n e  l ign6e (DBA) de sour is  noi res  x Cl in ique-  
m e n t ,  elles p r 6 s e n t e n t  des  crises convu l s ives ;  la  Ir6- 
quence  des  crises va r i e  d ' u n  a n i m a l  /~ l ' au t r e ,  t eur  sur-  
v e n u e  es t  so i t  a p p a r e m m e n t  spon tan6e ,  so i t  p r o v o q u 6 e  
p a r  u n  s t i m u l u s  sensor ie l  c o m m e  p a r  exemple  la  s imple  
m a n i p u l a t i o n  de  l ' an ima l .  

A l ' e x a m e n  h is to togique ,  les souris  t r e m b l a n t e s  se 
d i s t i n g u e n t  des sour is  n o n  a t t e i n t e s  de  la  m ~ m e  l ign6e 
p a r  u n  i m p o r t a n t  d6f ic i t  en  my~l ine  au  n i v e a u  du  sys t~me 
n e r v e u x  c e n t r a l  ~. Pa ra l l~ l emen t ,  on  obse rve  des  a n o m a -  
lies q u a l i t a t i v e s  e t  q u a n t i t a t i v e s  des l ip ides  c6 r6braux  ~, 3 

Nous  a v o n s  p a r  a i l leurs  d6cr i t  e t  ana lys6  le c o m p o r t e -  
m e n t  de ces souris¢. E n  out re ,  nous  a v o n s  r echerch6  si 
a u x  mod i f i ca t ions  b i o c h i m i q u e s  d~jA d6cr i tes  s 'asso-  
c i a i en t  des  v a r i a t i o n s  des c o n c e n t r a t i o n s  e~r6brales  des  
p r inc ipa le s  a m i n e s  b iog~nes:  no rad r6na l ine ,  d o p a m i n e ,  
5 - h y d r o x y t r y p t a m i n e ,  ac* ty lcho l ine  e t  h i s t a m i n e .  Enf in ,  
nous  a v o n s  r echerch6  u n  6ven tue l  r a p p o r t  e n t r e  ces 
v a r i a t i o n s  e t  la  f rdquence  des  crises observ6es.  

Matdriel et rndthodes. Les souris  o n t  6t6 t r i6es  au  300 
j ou r  e t  r6pa r t i e s  en  2 groupes ,  t r e m b l a n t e s  ou t6moins ,  
selon qu 'e l les  p r 6 s e n t a i e n t  ou n o n  des  t r e m b l e m e n t s  e t  
des crises ton ico-c lon iques  apr~s s t i m u l a t i o n  tac t i le .  El les  
o n t  6t6 sacrif ices en t r e  le 40~ e t  50~ jour ,  les c e r v e a u x  
6 t a n t  i m m ~ d i a t e m e n t  pr61ev6s, ref ro idis  k - -4°C ,  puis  
pes6s. Les  dosages  s u i v a n t s  o n t  6t6 effectu~s:  Sur  u n  
cerveau,  dosage  s i m u l t a n 6  de la  n o r a d r 6 n a l i n e S  la  dopa-  
m i n e  ~ e t  la  5 - h y d r o x y t r y p t a m i n e  ~ (30 souris) .  Sur  u n  
cerveau,  dosage de l ' h i s t a m i n e S  (15 souris).  Sur  u n  g roupe  
de 3 ce rveaux ,  dosage  de  l ' a c6 ty l cho l ine  ~ (30 souris).  
D a n s  le p r e m i e r  groupe,  a v a n t  sacrifice,  on  c o m p t e  le 
n o m b r e  de  crises s p o n t a n 6 e s  de  c h a q u e  sour is  p e n d a n t  
10 min .  

Rdsultats. Les r6su l t a t s  s o n t  ind iqu6s  su r  le Tab l eau .  
Les  c o n c e n t r a t i o n s  c~r6brales  de  no rad r6na l i ne ,  de dopa -  

m i n e  e t  d ' a c 6 t y l c h o l i n e  des  sour is  t r e m b l a n t e s  s o n t  s igni-  
f i c a t i v e m e n t  augment~es ,  a lors  que  les po ids  des  c e r v e a u x  
son t  s i g n i f i c a t i v e m e n t  d iminu6s .  I1 n ' e x i s t e  a u c u n e  cor-  
r61ation e n t r e  l '616vat ion de  ces c o n c e n t r a t i o n s  e t  le 
h o m b r e  de  crises observ6es.  Les  a u t r e s  amines ,  h i s t a m i n e  
e t  5 - h y d r o x y t r y p t a m i n e ,  n e  son t  pa s  modif i6es .  Les  po ids  
corpore ls  des  d e u x  groupes  d ' a n i m a u x  ne  d i f f e ren t  pa s  
s ign i f i ca t i vemen t .  

Discussion. Chez ces souris  de m6me  hge, les po ids  des  
c e r v e a u x  des souris  t r e m b l a n t e s  s o n t  p lus  fa ib les  que  
ceux  des t~moins .  Ce fai r  es t  £ r a p p r o c h e r  des a n o m a l i e s  
cons ta t~es  lo ts  de l ' 6 tude  h i s to log ique ,  absence  de  my6-  
l ine,  d i m i n u t i o n  globale  des l ip ides  c6r6braux.  Les  aug-  
m e n t a t i o n s  observ6es  de l ' a c6 ty lcho l ine  e t  des ca t6cho-  
l a m i n e s  c~r~brales  ne  son t  pas  i n t e r p r 6 t a b l e s  a c t u e l l e m e n t ;  
on  p e u t  c e p e n d a n t  suppose r  qu 'e l les  s o n t  soi t  la  cause,  
soi t  la consequence  des  16sions observ~es.  Une  6 tude  cinS- 
t i q u e  de leurs  v i tesses  de r e n o u v e l l e m e n t  p e r m e t t r a  
6 v e n t u e l l e m e n t  de pr~ciser  l eur  i m p o r t a n c e .  

Summary .  I n  t h e  ' q u a k i n g '  mouse ,  a n  a u t o s o m a l  
recess ive  m u t a n t  c h a r a c t e r i z e d  b y  a def ic iency  ot c en t r a l  
n e r v o u s  s y s t e m  mye l in ,  t he  b r a i n  levels  of 5 -hyd roxy-  
t r y p t a m i n e  a n d  h i s t a m i n e  are  u n c h a n g e d  a n d  t h e  b r a i n  
levels  of n o r e p i n e p h r i n e ,  d o p a m i n e  a n d  ace ty l cho l ine  are  
s ign i f i can t ly  increased.  
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Taux d'amines et poids c6r6braux M =t= Sra des souris DBA, trern- 
blantes ou t6moins 

Souris Souris normales 
* tremblantes, (de m~me souche) 

5-OH tryptamine (vg/g) 0,504 ± 0,021 0,439 ~ 0,036 
Noradrdnaline ([,tg/g) 0,449 4- 0,009 ~ 0,365 :~ 0,007 
Dopamine ([zg]g) 1,320 q- 0,033 ~ 0,974 - i  0,031 
Ac6tylcholine (btg/g) 2,790 ± 0,218 b 2,090 1 0,136 
Histamine (rig/g) 45,8 :j: 4,5 41,5 -t- 3,7 
Poids du eerveau (g) 0,393 -t- 0,005 ~ 0,432 :E 0,002 

• p < 0,001; b p < 0,02. 
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A n  I n v e s t i g a t i o n  o f  N a  E f f l u x  f r o m  t h e  T o a d  O o c y t e  U s i n g  C o l d  S h o c k  as a T e c h n i q u e  

There  is ev idence  t h a t  e t h a c r y n i c  ac id  p roduces  a la rge  
fall  in N a  effIux f rom t h e  oocy te  of t h e  toad ,  Bu[o bz,[o i. 
However ,  t h i s  effect  deve lops  s o m e w h a t  s lowly so t h a t  
e s t i m a t i o n  of i t s  size b y  e x t r a p o l a t i n g  t h e  l a s t  p o i n t s  on  
t h e  cu rve  to  t h e  t i m e  of a p p l i c a t i o n  of t h e  i n h i b i t o r  
resu l t s  in a n  u n d e r e s t i m a t i o n .  T he  s ame  is t r ue  w h e n  t h e  
slopes of t h e  cu rve  before  a n d  a f t e r  a p p l y i n g  e t h a c r y n i c  
ac id  are  compared .  The  pu r pos e  of t h i s  p a p e r  is to  r e p o r t  

t h e  resu l t s  of e x p e r i m e n t s  w i t h  chi l led  oocytes  a n d  show 
t h a t  one  can  a r r ive  a t  a n  e s t i m a t e  of t he  m a g n i t u d e  of 
t h e  i n h i b i t i o n  s i m p l y  b y  r e w a r m i n g  t h e  oocy te  in  t h e  
p resence  of e t h a c r y n i c  acid.  Th i s  p a p e r  also b r ings  fo rward  
ev idence  w h i c h  shows t h a t  t he  a p p l i c a t i o n  of o u a b a i n  in  
a w a r m  e n v i r o n m e n t  to  oocy tes  p r e v i o u s l y  chi l led  a n d  
po i soned  w i t h  e t h a c r y n i c  acid s t i m u l a t e s  t h e  r e s idua l  
eff lux.  
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I m m a t u r e  oocytes  m e a s u r i n g  600-1200 ~zm in d i a m e t e r  
were d issec ted  f r o m  h e a l t h y  female  spec imens  of Bu[o 
bu]o. T h e y  were t h e n  loaded  w i t h  ~NaC1 as desc r ibed  
b y  DICK a n d  LBA ~. Al l  t r ans f e r s  were done  w i t h  a 
b r a k i n g  p i p e t t e  a. C o u n t i n g  of 24Na a c t i v i t y  of t h e  oocy te  
a n d  e f f l uen t  was  ca r r i ed  o u t  as desc r ibed  b y  DICK a n d  
LEA ~ a n d  BITTAR, DICK a n d  FRY l. Chi l l ing  to  0°C was  
ef fec ted  b y  p lac ing  t h e  oocy tes  on  t h e  one  i nch  p h o s p h o r  
bases  in  a m e t M  c h a m b e r  s u r r o u n d e d  b y  ice a n d  me l t -  
wa te r ,  a n d  chi l l ing  to  4°C b y  p lac ing  t h e  c h a m b e r  in  
t h e  b a t h  of a cooler  m a n u f a c t u r e d  b y  G r a n t  I n s t r u m e n t s  

(Cambridge)  Ltd .  B o t h  R i n g e r ' s  so lu t ion  a n d  t he  phos-  
p h o r  bases  were  cooled before  use. 

E t h a c r y n i c  acid was  a g i f t  f r om Dr.  J.  E .  BAER of 
t h e  Merck  I n s t i t u t e  for  T h e r a p e u t i c  Resea rch ,  W e s t  
Po in t ,  P e n n s y l v a n i a ,  USA.  O u a b a i n  was  o b t a i n e d  f rom 
Br i t i sh  Drug  H o u s e s  L td . ,  Poole ,  Dorse t .  

The e//ect o / l o w  temperature on Na e/flux. F i g u r e  1 is 
t h a t  of a t y p i c a l  con t ro l  e x p e r i m e n t  showing  t h a t  a n  
e n v i r o n m e n t a l  t e m p e r a t u r e  of 0°C reduces  the  loss of 
24Na to  v a l u e s  a p p r o a c h i n g  pass ive  levels.  Also s h o w n  
is t h a t  r e w a r m i n g  leads  to  c o m p l e t e  r e s t o r a t i o n  of t h e  
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Fig. 1. Semi-logarithmic plot showing the effect on radio-sodium 
efflux of an environmental temperature of 0°C. Horizontal arrows 
indicate duration of cooling (room temperature ca. 19°C). 
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Fig. 3. The inhibiting effect of 10-~3f ethaerynic acid on Na efflux 
following rewarming of a chilled oocyte. Vertical arrow indicates 
time at which inhibitor was applied. 
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Fig. 2. The effect on Na efflux of an environmental temperature 
of 4°C and 0°C. 

eff lux,  a r e su l t  w h i c h  agrees  w i t h  t h a t  of HODGKIN a n d  
IZEYNES 4 us ing  squ id  g i a n t  axons .  

As i l l u s t r a t e d  b y  F igu re  2 a n  e n v i r o n m e n t a l  t e m p e r a -  
t u r e  of 4 °C causes  a s u b s t a n t i a l  fal l  in  N a  efflux,  l eav ing  
a n  ef f lux  w h i c h  is i n t e r r u p t e d  b y  a t e m p e r a t u r e  of zero. 

The e][ect o] ethacrynic acid on rewarmed oocytes. T h e  
a p p l i c a t i o n  of 1 0 - a M  e t h a c r y n i c  acid to  chi l led oocytes ,  
fo l lowed some 3 h l a t e r  b y  r e w a r m i n g  is found  to  a l m o s t  
c o m p l e t e l y  p r e v e n t  t h e  r e s t o r a t i o n  of N a  ef f lux to  c o n t r o l  
va lues .  Th i s  r e su l t  is i l l u s t r a t ed  b y  F igure  3, I t  will  b e  
seen t h a t  t h e  m a g n i t u d e  of  t h e  i n h i b i t i o n  caused  b y  
e t h a c r y n i c  ac id  is eas i ly  c o m p u t e d  on  t h e  bas i s  of t h e  
c h a n g e  in  eff lux.  

The effect o[ ouabain on rewarmed oocytes poisoned with 
ethacrynic acid. T h e  app l i c a t i on  of 1 0 - * M  o u a b a i n  t o  
r e w a r m e d  oocytes ,  fo l lowing t r e a t m e n t  w i t h  1 0 - ~ M  
e t h a e r y n i c  ac id  a t  0 °C a n d  r o o m  t e m p e r a t u r e  for  m o r e  
t h a n  6 h, p r o m p t l y  ra ises  t h e  N a  eff lux,  as i l l u s t r a t e d  
b y  F igu re  4. Th i s  is in  s t r i k ing  c o n t r a s t  to  t h e  i n h i b i t i n g  

1 E. E. BITTAR, D. A. T. DICK and D. J. FRY, J. Physiol., Lond. 
196, 693 (1968). 

= D. A. T. DIcK and E. J. A, LEA, J. Physiol., Lond. 17d, 55 (1964). 
a H. HOLTER, C. r. Tray. Lab. Carlsberg, s6r. ehim. 24, 399 (1943). 

A. L. HODGKIN and R. D. KEYNES, J. Physiol. 728, 28 (1955). 
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effect  of o u a b a i n  on  unch i l l ed  oocy tes  p r e t r e a t e d  w i t h  
e t h a c r y n i e  ac id  L 

A b o l i t i o n  of a c t i v e  N a  + t r a n s p o r t  b y  a n  e n v i r o n m e n t a l  
t e m p e r a t u r e  of 0 °C is s h o w n  to  b e  r a p i d  a n d  revers ib le .  
These  f ea tu re s  a re  sugges t ive  of a n  enzym i c  process  or  
i n t e r r u p t i o n  of t he  e n e r g y  s u p p l y  to  t h e  N a  p u m p ,  or  
bo th .  T h e  o b s e r v a t i o n  t h a t  a t e m p e r a t u r e  of 4°C fai ls  
to a l m o s t  en t i r e ly  s top  N a  ef f lux  is in  keep ing  w i t h  t h e  
idea  t h a t  cold of th i s  degree  n e i t h e r  c o m p l e t e l y  i n t e r r u p t s  
t h e  N a + - K + - A T P a s e  5, s no r  t he  p h o s p h o r y l a t i o n  of A D P  ~. 

The  N a  eff lux is d r a s t i ca l l y  r educed  b y  e t h a c r y n i c  
acid w h e n  chi l led  oocy tes  are t r e a t e d  suf f ic ien t ly  long  
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Fig. 4. The stimulating effect of 10-4M ouabain on the residual 
efflux following rewarming of a chilled oocyte poisoned with etha- 
crynic acid. Second vertical arrow indicates time at which ouabain 
was applied. 

w i t h  t h e  i n h i b i t o r  before  r ewarming .  T h e  size of t h e  
effect,  r o u g h l y  90% in  t h e  m a j o r i t y  of cases, is com-  
p a r a b l e  t o  t h a t  p r o d u c e d  b y  e t h a c r y n i c  acid w h e n  un -  
ch i l led  oocy tes  a re  t r e a t e d  for  more  t h a n  3 h ~. I t  is 
t h u s  e v i d e n t  t h a t  t h e  use  of cold  shock  is one  s imp le  
way  b y  w h i c h  i n f o r m a t i o n  o b t a i n e d  a t  r o o m  t e m p e r a t u r e  
c a n  be  ver i f ied.  

A puzz l i ng  f ea tu re  of t h e  e x p e r i m e n t s  w i th  o u a b a i n  is 
t h a t  t he  i n h i b i t o r  s t i m u l a t e s  t h e  r e s idua l  ef f lux f rom 
oocy tes  po i soned  w i t h  e t h a c r y n i c  acid before  r e w a r m i n g .  
One m a y  specu la te  t h a t  o u a b a i n  l ike o l igomyc in  s ha s  
t he  power  to  mobi l i ze  t h e  seques te red  f r ac t i on  of N a  in  
t h e  oocyte .  E v i d e n c e  f a v o u r i n g  such  a n  e x p l a n a t i o n  
comes  f rom u n p u b l i s h e d  e x p e r i m e n t s  showing  t h a t  t h e  
N a  ef f lux i n t o  K-f ree  R i n g e r  is f r e q u e n t l y  s t i m u l a t e d  b y  
e t h a c r y n i c  ac id  or  ouaba in .  T h e  k ine t i c s  of N a  ef f lux  
u n d e r  t he se  e x p e r i m e n t a l  c o n d i t i o n s  c lea r ly  i nd i ca t e  t h a t  
t h e  l i b e r a t i o n  of t h e  seques t e red  N a  caused  b y  o u a b a i n  
a n d  e t h a c r y n i c  ac id  leads  to  p a r t i a l  s a t u r a t i o n  of t h e  
p u m p  9. 

Zusammen/assung. Die infolge de r  v e r z 6 g e r t e n  W i r k u n g  
yon  E t h a c r y n s / i u r e  n u t  n~he rungswe i se  e r fassbare  H e m -  
m u n g  de r  A b g a b e  yon  N a  + d u r c h  Oozy t en  de r  K r 6 t e  
(Bu]o bu/o) 1/~sst s ich e x a k t e r  b e s t i m m e n ,  w e n n  die che- 
mi sche  m i t  e iner  T e m p e r a t u r b e h a n d l u n g  k o m b i n i e r t  wird .  
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Effect  of  H e a v y  P h y s i c a l  T r a i n i n g  on  the  C a t e c h o l a m i n e  Conten t  of  the  H e a r t  and  A d r e n a l s  o f  the  
G u i n e a - P i g  

I n  r e c e n t  s tud ies  1,~, a s ign i f i can t  r e d u c t i o n  in h e a r t  
c a t e c h o l a m i n e s  a f t e r  p r o l o n g e d  phys i ca l  t r a i n i n g  h a s  
b e e n  descr ibed .  I n  t h e s e  s tud ies  a c o m p a r a t i v e l y  low 
t r a i n i n g  load  was  used,  f u r t h e r m o r e  t he  a n i m a l s  were  
exerc ised  on ly  3 t i m e s  a week.  I n  t h e  p r e s e n t  s t u d y  t h e  
ef fec t  of a c o m p a r a t i v e l y  i n t ens e  da i ly  t r a i n i n g  p r o g r a m  
on t h e  c a t e c h o l a m i n e  c o n t e n t s  of t h e  h e a r t  a n d  t h e  
ad rena l s  was  s tud ied .  

Materials and methods. Y o u n g  ma le  guinea-p igs  were  
used. T h e  a n i m a l s  were t r a i n e d  on  a t r e a d m i l l  w i t h  
g r a d u a l l y  inc reased  i n t e n s i t y  t h r o u g h o u t  5 m o n t h s .  T h e  
in i t i a l  t r a i n i n g  cons i s ted  of r u n n i n g  for  60 m i n  a t  a speed  
of 22 m / m i n .  I n  t h e  las t  m o n t h ,  t h e  a n i m a l s  h a d  to  r u n  
for  8 0 r a i n  a t  a speed of 37 m / m i n  a n d  a s u b s e q u e n t  
pe r iod  of 15 m i n  a t  a speed  of 57 m/ ra in .  A f t e r  4 days  
rest ,  t h e  a n i m a l s  were  sacr i f iced b y  a b low on  t h e  head .  
T h e  h e a r t  a n d  t h e  a d r e n a l s  were  t a k e n  out ,  c l eaned  a n d  
weighed.  The  n o r a d r e n a l i n e  c o n t e n t  of t h e  h e a r t  was  

e x t r a c t e d ,  as p rev ious ly  desc r ibed  3, a n d  d e t e r m i n e d  
acco rd ing  to  CHANG 4. T h e  a d r e n a l  c a t e c h o l a m i n e s  were  
e x t r a c t e d  ~ a n d  d e t e r m i n e d  acco rd ing  to  EULER a n d  
LISHAJKO ~. T h e  c a t e e h o l a m i n e  va lues  a re  g iven  as  tzg 
free base .  

Results. T h e  resu l t s  are  s h o w n  in t h e  Tab le .  T h e  
t r a i n e d  a n i m a l s  show a s ign i f i can t  inc rease  in h e a r t  ra t io .  
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