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found  b e t w e e n  t h e  3 g roups  for t i s sue  u p t a k e  a n d  n e t  
p o r t a l  t r a n s p o r t  (Table  I I I ) .  

Discussion. I n  t he  absence  of p a n c r e a t i c  l ipase,  MCT 
unde rgo  ex tens ive  hydro lys i s  b y  t he  i n t e s t i n a l  m u c o s a  2. 
However ,  because  t h e i r  m a x i m u m  a b s o r p t i o n  r a t e  is 4- 
fold less t h a n  for  t h e i r  c o n s t i t u e n t  M C F A  9, i t  was  e lec ted  
to  use t he  sod ium sa l t  of oc tano ic  acid. I n i t i a l  e x p e r i m e n t s  
showed  t h a t  t he  p robe  molecule  e x h i b i t e d  t he  t r a n s p o r t  
c h a r a c t e r i s t i c s  of a pass ive ly  a b s o r b e d  s u b s t r a t e ;  as t he  
c o n c e n t r a t i o n  of N a  o c t a n o a t e  was increased,  t h e  r a t e  of 
a b s o r p t i o n  increased  p r o p o r t i o n a t e l y  1~ I n  o rder  to  
min imize  t he  d e t r i m e n t a l  effects  of u n d e r n u t r i t i o n  ~ on  
a b s o r p t i o n  and  more  specif ical ly  on  t h e  a c t i v a t i o n  of 
MCFA ~2, a d e q u a t e  calories were p rov ided  d u r i n g  t he  48 h 
per iod  b e t w e e n  t h e  in i t i a l  surgicaI  p rocedu re  a n d  t h e  
s t u d y  of abso rp t ion .  As a resul t ,  t h e  ave rage  w e i g h t  loss 
was negligible.  

The  d i s a p p e a r a n c e  r a t e  of N a  o c t a n o a t e  f rom t h e  lu- 
m e n  was u n c h a n g e d  in t he  absence  of bi le  for  48 h f rom 
t h e  i n t e s t i ne  of bi le  f i s tu la  a n d  bile d u c t  l iga ted  an imals .  
However ,  t he  fac t  t h a t  N a  was b e t t e r  a b s o r b e d  in t he  
bi le  d ive r t ed  t h a n  in t h e  cho les ta t i c  g roup  t e n d s  to  sup-  
p o r t  ou r  p rev ious  o b s e r v a t i o n s  *, 5. Two m a j o r  res i s tances  
to  t h e  f lux  of l ip id  in to  en t e r ocy t e s  are  now  recognized,  a 
d i f fus ion b a r r i e r  due to  a n  u n s t i r r e d  aqueous  layer  a n d  
t h e  res i s t ance  to  t r a n s l o c a t i o n  t h r o u g h  t h e  cell m e m b r a n e  
i tself  ~a. Since t he  res i s t ance  to  d i f fus ion of oe tano ic  acid 
across t h e  u n s t i r r e d  w a t e r  l ayer  does n o t  r e p r e s e n t  a 
s u b s t a n t i a l  f r ac t ion  of t he  t o t a l  r e s i s t ance  14, t h e  p r e s e n t  
resu l t s  sugges t  t h a t  t h e  p e r m e a b i l i t y  cha rac t e r i s t i c s  of 
t h e  l ip id  m e m b r a n e  to  o c t a n o a t e  were una f fec t ed  b y  t h e  
absence  of bile. I n  c o n t r a s t  to  L C F A  which ,  on  en t e r i ng  
t he  m u c o s a  f rom t h e  lumen,  are  m a i n l y  es ter i f ied  to  

t r ig lycer ides  ~5, a s ign i f ican t  p r o p o r t i o n  of a b s o r b e d  oc ta-  
noic acid,  once ac t i va t ed ,  is oxidized 16. Therefore ,  t h e  
equa l ly  large ne t  p o r t a l  t r a n s p o r t  of ~4CO2 in t h e  3 g roups  
of an ima l s  could sugges t  t h a t  mucosa l  m e t a b o l i s m  of 
o c t a n o a t e  s u b s e q u e n t  to  i t s  t r a n s p o r t  was  u n c h a n g e d .  
However ,  t h i s  i n t e r p r e t a t i o n  m a y  n o t  be  t o t a l l y  va l id  
because  o x i d a t i o n  m a y  go on  in t he  i n t e s t i n a l  l u m e n  a n d  
a c c o u n t  for  a smal l  b u t  s ign i f i can t  % of t he  CO, in t he  
p o r t a l  ve in  ~7 The  n e t  p o r t a l  t r a n s p o r t  of ~*C r a d i o a c t i v i t y  
in  p l a s m a  a n d  t he  c o u n t s  in t he  t i ssue  of t h e  pe r fused  seg- 
m e n t s  were t he  same in t he  3 groups.  Since t he  a b s o r p t i o n  
of o c t a n o a t e  in  l y m p h  is negl igible  ~s, i t  can  be  conc luded  
t h a t  ex t rus ion  f rom the  en te rocy te s  a n d  s u b s e q u e n t  
t r a n s p o r t  were unaf fec ted  b y  b i l i a ry  d ivers ion  a n d  b y  
e x p e r i m e n t a l  cholestasis .  
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The (Na + + K+)-ATPase Activity in Brain of Quaking Mice 
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Summary .  The  (Na+ + K+)- and  Mg2+-dependent  A T P a s e  d i s t r i b u t i o n  in severa l  b r a i n  areas  ha s  been  i n v e s t i g a t e d  
in Q u a k i n g  m u t a n t  mice  cha rac t e r i zed  b y  m y e l i n  deficiency.  A m a r k e d  decrease  of (Na+ + K + ) - A T P a s e  a c t i v i t y  ha s  
been  found  in l imbic  s t ruc tu res ,  h y p o t h a l a m u s  a n d  cerebel lum.  The  Mg~+-dependent  a c t i v i t y  d id  no t  change .  A possible  
i n v o l v e m e n t  of t h e  i m p a i r m e n t  of t h e  (Na+ + K + ) - A T P a s e  a c t i v i t y  in t h e  seizure suscep t ib i l i ty  of th i s  mice is discussed.  

SIDMAN et  ake descr ibed  Q u a k i n g  m u t a t i o n  charac te r i z -  
ed b y  mye l in  def ic iency on  t he  cen t r a l  n e r v o u s  sys tem.  
T h e  disease is a u t o s o m a l  recessive a n d  an i m a l s  c an  sur-  
v ive  for  severa l  m o n t h s .  M u t a n t  mice  can  be  recognized 
a t  a b o u t  t h e  12 th  d a y  a f t e r  b i r t h  a n d  t h e  disease reaches  
i t s  full  express ion  b y  a b o u t  3 weeks. Bes ides  m a r k e d  
t r e m o r  of t h e  h i n d q u a r t e r s ,  ep i lep t ic  f i ts  can  be  induced  
in t he  a d u l t  b y  sensory  s t imu la t ions .  

The re  is a s u b s t a n t i a l  a m o u n t  of d a t a  i n d i c a t i n g  t h a t  
t he  m u t a t i o n  could  be  r e l a t ed  to  a def ic iency of mye l ina -  
t i on  caused  b y  a lower ing  of t h e  r a t e  of syn thes i s  of 
severa l  enzymes  i n v o l v e d  in  b i o s yn t he s i s  of m y e l i n  con-  
s t i t u e n t s a - L  On t he  o the r  h a n d ,  l i t t le  ha s  been  done  on  
t h e  molecu la r  bas is  of seizure suscep t ib i l i t y  in  m u t a n t  
mice. 

I t  was  shown  p rev ious ly  t h a t  slices of h u m a n  epi lept ic  
b r a i n  t i ssue  c a n n o t  t a k e  u p  p o t a s s i u m  no r  e x t r u d e  sod ium 
as well  as n o r m a l  h u m a n  b r a i n  slices s. Moreover ,  sod ium 
a n d  p o t a s s i u m  t r a n s p o r t  seems to  be  i n v o l v e d  in t h e  
m e c h a n i s m  of t h e  a n t i c o n v u l s a n t  ac t ion  of d ipheny l -  

h y d a n t o i n  9. Due to  t h e  work  of SKou e t  al. 1~ an  i d e n t i t y  
ha s  been  e s t ab l i shed  be tween  t h e  sod ium p u m p  a n d  a n  
enzyme,  t he  (Na + + K + ) - A T P a s e  ac t iv i ty .  Thus ,  in t h e  
p r e s e n t  s t u d y  we were conce rned  p r i m a r i l y  w i t h  t h e  

1 Charg6e de Recherche au CNRS. 
2 R. L. SIDMAN, M. M. DICKIE and S. H. APPEL, Science 744, 309 

(1964). 
3 ]~. CONSTANTINO-CECCARINI and P. ~VfORELL, Brain Res. 29, 75 

(1971). 
4 N. M. NESKOVIC, J. X. NUSSBAUM and P. MA~CBEL, Brain Res. 27, 

39 (1970). 
5 N. ~/[. NESKOVlC, L. L. SARLIEVE and P. MANDEL, Brain Res. 42, 

147 (1972). 
6 L. L. SARLIEVE, N. M. NESKOVlC and P..u FEBS Lett. 79, 

91 (1971). 
L. L. SARLIEVE, N. 1~[. NESKOVIC, G. REBEL and P. IV[ANDEL, 
Neurobiology 2, 70 (1972). 

s D. B. TOWER, Epilepsia 6, 183 (1965). 
D. M. WOODBURY, J. Pharmae. exp. Ther. 775, 74 (1955). 

lo j .  C. SKOU, Physiol. Rev. 45, 596 (1965). 



78 Specialia EXPERIENTIA 32/1 

Table I. (Na + + K+)-aetivated and Mg~+-dependent ATPase activities in different areas of control and mutant mice brain 

Area of brain (Na + + K +)-activated ATPase Mg~+-dependent ATPase 

Control Mutant Control Mutant 

Cortex 15.674- 0.29 14.40~ 0.32 b 13.524- 0.33 12.704-4- 0.34 
Limbic structures 15.35 4- 0.40 11.844-4- 0.58 ~ 7.65 4- 0.36 7.944-4- 0.58 
Olfactory zones 17.544- 0.37 17.494- 0.25 11.31 4- 0.11 11.61 4- 0.10 
Cerebellum 16.174- 0.54 12.864- 0.30 o 14.40 4- 0.19 14.164- 0.34 
Hypothalamus 22.93 4- 0.73 19.10 4- 0.64 ~ 12.39-b 0.29 12.78 4- 0.28 
Pons 25.47 + 0.36 23.29 -~ 0.71" 12.36 =~ 0.23 12.99 -/- 0.28 
Medulla 23.45 -- 0.66 24.57 =~ 0.68 9.55 ~ 0.20 10.73 -4- 0.53 

Values are expressed as txmoIes Pi liberated/rag protein/h. Each value is the mean of 8 experiments 4- standard error. ~p < 0.02; bp < 0.01 ; 
cp < 0.001. 

possible i nvo lvemen t  of the  (Na + + K+)-ATPase  ac t iv i ty  
(ouabain sensit ive,  A T P  phosphohydro lase ,  EC 3.6.1.3) 
in the  m arked  t r emor  and  seizure suscept ib i l i ty  ill 
Quaking mice induced by  sensory  s t imula t ions .  

Methods. Animals  used in th is  s t u d y  were  male, 6-week- 
old Quaking mice (Qk/QI~) wi th  cor responding  a p p a r e n t l y  
normal  controls  (Qk/+ or + / + )  purchased  f rom the  
Centre  de S61ection et  d 'E l evage  d ' A n i m a u x  de Labora-  
toire,  Orl4ans-La Source, France .  

The animals  were killed b y  cervical  dislocation.  Dorsal  
cor tex  was peeled off down to  t he  t empora l  r idge and  the  
ven t ra l  cor tex  sepa ra ted ;  the  l imbic s t ruc tures  f rom the  
pericallous area, o l fac tory  s t ruc tures  (bulb, peduncle  and  
tuberculum) ,  hypo tha l amus ,  cerebellum, pons  and  medul -  
la, were also dissected.  I m m e d i a t e l y  a f te r  d issect ion the  
samples  were  frozen on d ry  ice and  t h e n  homogenized  
in twice dist i l led wa te r  (1 ~1/100 tzg we t  tissue) using 
P o t t e r  glass homogenizers .  Homogena t e s  were s tored  
a t  --20 ~ and  processed af ter  24 h. 

In  some exper iments ,  microsomes  isolated f rom bra in  
of normal  and  m u t a n t  mice were used. Bra ins  were  
pooled and homogen ized  in 10 vol. of 0.25 M sucrose 
conta in ing  30 m M  hist idine,  2 m M  Na 2 EDTA,  p H  7.2. 
The s u p e r n a t a n t  ob ta ined  af ter  cen t r i fuga t ion  a t  18,000 
•  for 15 rain was  cent r i fuged a~ 105,000 •  for 60 rain. 

The pel le t  ob ta ined  was resuspended  in twice dist i l led 
water ,  and s tored  a t  --20 ~ till  Used. 

The incuba t ion  m e d i u m  for ATPase  ac t iv i ty  conta ined  
abou t  80-100 vg prote in ,  30 m M  Tvis-HC1 buffer  (pH 

Table II. The effect of inhibitors and heat inactivation on ATPase 
activity of Quaking mice 

Treatment (Na + + K+)-ATPase Mg2+-dependent 
(%) ATPase (%) 

Control Mutant Control Mutant 

100 100 100 100 
PCMB 0.01 mM 8 8 56 54 

0.1 mM 0 0 43 44 

NAF 3.0 mM 10 11 62 61 

50~ 15 min 65 68 63 60 
30 min 53 52 60 58 
60 min 42 39 45 44 

The enzyme preparation was preineubated as indicated in the first 
column. Treatment with PCMB was done essentially as previously 
described 18. 

7.4), 3 m M  A T P  sodium sal t  (Sigma), 3 m M  MgC12, 100 
m M  NaC1 and 20 m M  KC1. One set  of t r ip l ica tes  con ta ined  
1 m M  ouabain  (Sigma). The reac t ion  mi x t u r e  was pre-  
incuba ted  a t  37 ~ for 5 min  before s t a r t ing  the  reac t ion  
wi th  ATP,  and  s topped  af ter  15 mill b y  t h e  addi t ion  of 
t he  same vo lume (1 ml) of TCA 10% (w/v). L ibe ra t ed  
inorganic  phospha t e  was e s t ima ted  in the  s u p e r n a t a n t  
fluid according to  t he  m e t h o d  of GOMORI n.  E n z y m a t i c  
ac t iv i ty  was l inear for t he  15 mill incuba t ion  interval .  
Values were  correc ted  wi th  appropr i a t e  b lanks  for spon-  
t aneous  hydro lys is  of A T P  and  endogenous  Pi  in bra in  
homogena tes .  P ro te in  was measured  b y  the  A T Pase  
act iv i ty ,  which  is inh ib i ted  b y  the  addi t ion  of 1 m M  
ouabain.  Specific ac t iv i ty  of ATPase  is def ined as ~zmoles 
of Pi  l ibera ted/ rag  p ro te in /h  12. 

Results and discussion. As a f i rs t  s tep  we s tud ied  the  
(Na + + K+)-ATPase  and  Mg2+-ATPase d i s t r ibu t ion  in 
7 areas of b ra in  of t he  Quaking mice. Resul ts  p re sen ted  
ill Table  I show t h a t  Mg~+-dependent  ac t iv i ty  is s imilar  
in all inves t iga ted  areas of control  and  m u t a n t  mice. In  
contras t ,  in l imbic s t ruc tures ,  h y p o t h a l a m u s  and  cerebel-  
lum of m u t a n t  mice, we no ted  a h igh ly  s ignif icant  de- 
crease of t he  (Na + + K+)-ATPase  ac t iv i ty ;  a less pro-  
nounced  decrease of sodium p u m p  enzyme sys tem ac t iv i ty  
in cor tex  and  ports is found.  

In  order  to ga the r  some in fo rmat ion  abou t  the  na tu re  
of the  observed reduc t ion  of (Na+ + K+)-ATPase  ac t iv i ty ,  
we s tudied  some proper t ies  of th is  enzyme.  Microsomes 
isolated f rom bra in  of Quaking mice and  the i r  a p p a r e n t l y  
n o rma l  l i t t e rma te  controls  were  used.  

The (Na+ + K+)-ATPase  ac t iv i ty  showed essent ia l ly  
t he  same p H  o p t i m u m  (pH 7.4-8.2) i n b o t h ,  cont ro l  and  
m u t a n t  b ra in  microsomal  fract ion.  The same K m  (1.4 mM)  
for A T P  of b o t h  contro l  and  Quaking b ra in  e n z y m e  has  
been  found.  

The effect  of some inhib i tors  and  t e m p e r a t u r e - i n d u c e d  
inac t iva t ion  of enzyme  ac t iv i ty  are p resen ted  in Table  
II .  p -Chloromercur ibenzoa te  (PCMB), an inh ib i to r  of 
SH-  groups  and  (Na + + K+)-ATPase  1~ and  fluoride, an 

11 G. GOMORI, J. Lab. clin. Med. 27, 955 (1942). 
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inhib i tor  of (Na + + K+)-ATPase  and  act ive  ion t rans -  
port4~, ~5 inh ib i ted  to t he  same e x t e n t  ATPase  ac t iv i ty  
of b o t h  no rma l  and  m u t a n t  mice. The  effect  of hea t  
inac t iva t ion  b y  p re incuba t ion  at  50 ~ for 15-60 min  does 
no t  differ in groups examined .  

The  r a the r  smal l  decrease of the  (Na + + K+)-ATPase  
ac t iv i ty  in Quaking mouse  is no t  suff ic ient  enough  to  
allow a deta i led  compar i son  of t he  proper t ies  of the  en- 
zymes.  In  spi te  of this,  t he  proper t ies  of the  (Na+ + K+)- 
ATPase  seem to be unchanged ,  as shown b y  similar  p H  
op t imum,  similar h e a t  inac t iva t ion  pa t t e rn ,  inh ib i t ion  
b y  PCMB and fluoride of b o t h  control  and m u t a n t  mice 
enzyme,  as well as b y  the  resul ts  on K m  presen ted  in th is  
work.  Crossed incuba t ions  pe r fo rmed  wi th  normal  mouse  
plus J i m p y  (another  myel in-def ic ien t  mu tan t )  b ra in  
h o m o g e n a t e  gave no evidence  of ac t iva t ion  or inhib i t ion  
effects on ATPase  ac t i v i t y  (unpublished) .  Hence,  de-  
crease of tt{e (Na + + K+)-ATPase  ac t iv i ty  here o b s e r v e d  
is more  p robab ly  re la ted  to  t he  q u a n t i t y  of the  enzyme  
present .  

The m o s t  ev iden t  fea ture  of m u t a n t s  is t r e m o r  re- 
cognized a t  abou t  the  12th day  af ter  b i r th ,  the  exac t  
na tu re  of which  has  n o t  been  clarified. Prev ious  s tudies  
which  have  been  done  on bra in  adrenergic  t r a n s m i t t e r s  
c o n t e n t  ~6 and  t u rnove r  ~7 indica ted  an accelera ted dop-  
amine  metabol i sm.  

Imp a i r ed  t r a n s p o r t  of sod ium and  po ta s s ium in epi- 
leptic  b ra in  t issue was previous ly  d e m o n s t r a t e d  s. 
According  to  WOODBURY is, t he  sod ium p u m p  enzyme is 
involved in t he  act ion of an t iconvuls ive  drugs.  We 
repor t  a decrease of t he  (Na + + K+)-ATPase  ac t iv i ty  in 
some areas of b ra in  of Quaking  mouse  which  p resen t s  
seizures af ter  s l ight  s t imula t ion .  The inborn  error  of th is  
myel in  def ic iency in mice concerns  t he  synthes is  of t he  
myel in  cons t i tuen ts .  I t  seems diff icult  to  include d i rec t ly  
t he  def ic iency of t he  sodium p u m p  enzyme  in the  genet ic  
d e t e r m i n e d  inborn  error.  I t  seems r a the r  l ikely t h a t  t he  
reduc t ion  of (Na + + K +) ac t iva ted ,  ouaba in  sensi t ive 
ATPase  ac t iv i ty  in some areas of the  bra in  of m u t a n t  mice 
is a secondary  phenomenon ,  like the  changes  in adrenergic  
sys t em observed main ly  in older  mice ~7. The  mechan i sm 
under ly ing  the  i m p a i r m e n t  of (Na + + K+)-ATPase  
a c t i v i t y  is unde r  inves t iga t ion  19. 
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Summary. The acute  admin i s t r a t i on  of morphine ,  alcohol or dopamine  resul ts  in a p ronounced  suppress ion of t he  
convuls ions  p roduced  b y  alcohol in mice. The suppress ive  act ion of mo rp h i n e  on alcohol w i t h d r a w a l  in the  mouse  
a p p a r e n t l y  is no t  a p r o d u c t  of morph ine  in toxica t ion ,  b u t  r a the r  to  some o ther  specific in te rac t ion  be tween  alcohol 
and  morph ine  in t he  cent ra l  nervous  sys tem.  The conclusion suggest  t h a t  dopamine  m a y  p lay  a s igni f icant  role as a 
modu la to r  in convuls ions  p roduced  dur ing  alcohol wi thdrawal .  

I n  spi te  of p rev ious  research 8-s the re  is increasing 
evidence for a re la t ionsh ip  be tween  opia te  and  alcohol 
add ic t ion  ~-". There  are repor t s  of cross- tolerance be tw een  
morph ine  and  alcohol 10, b lockade  of e thano l  dependence  9 
and narcosis  ~1 in mice  and  there  are repor t s  of increased 
to lerance for m o r p h i n e  in mice 12 and  ir~ some h u m a n  
alcoholics t h a t  have  been  h a b i t u a t e d  to  alcohol ~3. There  
is ev idence  for a connec t ion  be tween  v o l u n t a r y  con- 
sumpt ion  of morph ine  and  alcohol s. I t  has  been  found 
t h a t  a h igh  % of opia te  addic ts  t h a t  have  g radua ted  
f rom drug free t he rapeu t i c  communi t i e s  become alcoholics 
five years  la ter  ~4 and  m a n y  opia te  addic ts  have  h a d  
earl ier  p rob lems  wi th  alcohol dr ink ing  and  of ten  t ake  
large a m o u n t s  of alcohol when  narcot ics  are no t  avail-  
able ~s, ~6. A s t ra in  of ra t s  bred  for h igh  opia te  consump-  

t i o n  was found  to  d r i n k  more  alcohol t h a n  a s t ra in  bred  
to  ingest  l i t t le  morphine~L C 57 B L  mice are known  to  
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