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Table II. The influence of artificial ventilation on pH and Pa CO~ in the phrenieotomized rabbits 
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During the artificial ventilation which coincides with the 
respiratory frequency and tidal volume of the spontaneous 
breathing 

The increase of the volume of the pump which was need to 
normalize pH and Pa CO s 

Volume of the pump Frequency of the pump pH Pa CO~ Volume of the pump Frequency of the pump pH Pa CO s 
(ml) (mm Hg) (ml) (mm Hg) 

Mean 12.0 46.0 7.24 48.5 22.5 46.0 7.28 38.0 

SD •  •  -t-0.01 4-3.5 
n =  10 

See the glossary of abreviations in Table I. 

b a s i s  of  n o m o g r a m s .  P e r h a p s  t h e i r  d e m a n d  d e p e n d s  o n  
t h e  d e c r e a s e  of  t h e  l u n g  c o m p l i a n c e  a n d  a l v e o l a r  h y p o -  
v e n t i l a t i o n  e v o k e d  b y  p a r a l y s i s  of  t h e  r e s p i r a t o r y  m u s c l e s .  

2. T h e r e  a r e  s o m e  a t t e m p t s  to  p r e v e n t  b r e a t h l e s s n e s s  
b y  m e a n s  of  a b l o c k  of t h e  p h r e n i c  n e r v e s  2. A s  is s t r e s s e d  
b y  t h e  a u t h o r s  t h e r e  w a s  o n l y  a p a r t i a l  d i a p h r a g m a t i c  
p a r a l y s i s  a f t e r  t h e  b lock .  I t  m a y  be  t h o u g h t  t h a t  in  t h e  
c a s e  of  t o t a l  p a r a l y s i s  of  t h e  d i a p h r a g m ,  t h i s  m e t h o d  m a y  
e v o k e  a q u i t e  c o n t r a r y  r e s u l t .  

The electrical activity from intercostal inspiratory muscles (the thin 
lines - integral activity of the same muscle). A) while the frequency 
and the volume of the respiratory pump coincides with the sponta- 
neous breathing. Before phrenicotomy. B) the size of the artificial 
respiration remains the same as in A. After phrenieotomy strong 
increase of the electrical activity. C) While the volume of the respi- 
ratory pump was increased from 10 ml to 20 ml. The electrical 
activity is normalized. 

B b l B O J I b I .  HeCMOTp9 Ha HcKyCCTBeHH0e c0xpaHeHHe 
HopManbHO.~ :t6r0qH0~ BeHTHJI~L1HH~ (1)peHHKOTOMHH BbI3bI- 
aaeT y Kp0~KOB pea~oe yBe~uqeHHe H a n p ~ e H H ~  CO s B 
Kp0BH. ~ J ~  B0CCTaHOBneHH~ H0pManbH0rO n a n p ~ e H a a  
C02 He06x0/IHM0 3HaqHTeJ1bH0 yBeJINqHTb ~F0qHy~O BeH- 
"rHJI~ILHO. ~THM IIOBHJIHMOMy 0~%fiCHfleTCYt TO, qTO ~OJIbHMe 
c napaJmqom RBIxaTeJIbHblX MbIIIItl Tpe6ymT y B e a g q e n u g  
JI~r0qH0~ BeHTHJIHIIHH, 3HaqUTe~bH0 lIpeBocxo/~gIIIe~ Hop- 
ManbHym. 
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Age-Dependent Changes in (Na, K)-ATPase Activity in Brains of Mice Susceptible to Seizures 

Mice  of  t h e  D B A  s t r a i n ,  s u s c e p t i b l e  t o  a t I d i o g e n i c  
s e i zu re s ,  h a v e  c o n v u l s i o n s  a t  t h e  age  of  30 d a y s  w h e n  
t h e y  a r e  e x p o s e d  to  h e a t ,  w h e r e a s  m i c e  of t h e  C57 s t r a i n  
do  n o t  1. S i n c e  D B A  m i c e  do  n o t  h a v e  c o n v u l s i o n s  w i t h  
e l e v a t e d  t e m p e r a t u r e  a t  20 or  a t  40 d a y s ,  t h e y  s e e m  to  
be  a m o d e l  of  f eb r i l e  c o n v u l s i o n s  i n  h u m a n s  1, a n d  i n t e r e s t  
a t t a c h e s  t o  f e a t u r e s  t h a t  d i s t i n g u i s h  t h e m  f r o m  t h e  
s e i z u r e - r e s i s t a n t  C57 s t r a i n .  C u r i o u s l y  e n o u g h  t h e  f i n d i n g s  
of  ABOOD a n d  GERARD ~ h a v e  n e v e r  b e e n  c o n f i r m e d  t h a t  
b r a i n s  of  D B A  m i c e  h a v e  l ower  A T P a s e  a n d  a l o w e r  
P / O  r a t i o  t h a n  t h o s e  of  C57 m i c e  a t  t h e  a g e  of s e i zu r e -  
s u s c e p t i b i l i t y  b u t  n o t  b e f o r e  or  a f t e r .  T h e  a u t h o r s  c o u l d  
n o t  t h e n  d i f f e r e n t i a t e  t h e  f o r m  of  A T P a s e ;  i t  is n o w  

k n o w n - - t h a t  A T P a s e  a c t i v i t y  in  b r a i n  is l a r g e l y  in  t h e  f o r m  
a c t i v a t e d  ~by N a +  a n d  1K+, i.e. (Na,  K ) - A T P a s e  a. 

F o r  t h i s  r e a s o n  I s t u d i e d  A T P a s e  a c t i v i t y  in  m i c r o s o m a l  
m e m b r a n e s  of  b r a i n s  of  DTBA m i c e  a t  t h e  age  o f  su s -  
c e p t i b i l i t y ;  30 d a y s ;  a n d  b e f o r e  a n d  a f t e r ,  a t  20 a n d  60 
d a y s .  T h e  r e s u l t s  we re  c o m p a r e d  w i t h  t h o s e  o f  n o n -  

1 L. HERTZ, A. SCHOUSBOE, B. FORMBY and M. LENNoz-BUCHTHAL, 
Epilepsia 75, 619 (1974). 

s L. G. ABOOD and R. W. GERARD, in Biochemistry o] the Developing 
Nervous System (Ed. H. WAELSCH; Academic Press, New York 
1955). 
J. C. SKOU, Biochim. biophys. Acta 58, 314 (1962). 
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ATPase activity of brain microsomes from DBA and C57 mice 

EXP~RIENTIA 31]3 

Strain Age (Na, K)-ATPase activity P Total ATPase activity 
(days) 

(~xmole/h/mg protein) (~mol/h/mg protein) 

P 

DBA 30 8.9 J: 0.8 19.1 ~ 1.8 
C57 30 18.5 ~: 1.2 % 0,001 27.5 ~: 2.6 < 0.001 
DBA 60 18.4 ~ 0.8 27.6 ~ 1.2 
C57 60 17.9 :j: 2.8 N.S. 26.8 ::t: 0.9 N.S. 

Mean values of 5-7 individual experiments are ~ S.E. of the mean. P gives the significance of the difference between DBA and C57 mice. 
N.S., not significant. 

suscept ib le  C57 mice. The  an i m a l s  h a d  n e v e r  had  a 
convu l s ion  a n d  h a d  neve r  been  sub jec ted  to loud  sound  or 
to  hea t .  

I n  b ra ins  of 30-day-old animals ,  a c t i v i t y  of (Na, K)-  
A T P a s e  in D B A  mice  was hal f  t h a t  in  mice  of t h e  C57 
s t r a in  a n d  t o t a l  A T P a s e  was less b y  a t h i r d  (Table).  
A t  20 days,  (Na ,K) -ATPase  a c t i v i t y  was nea r ly  the  same 
in t he  two s t ra ins ,  and  the re  was no difference a t  the  
age of 60 days.  The re  was no  dif ference be t w een  the  
s t r a in s  in  Mg-ATPase .  

The  m e t h o d  of assay  is descr ibed  in full~. Briefly,  
whole  hemisphe res  were homogen ized  in i sotonic  sucrose 
con ta in ing  5.0 m M  p h o s p h a t e  bu f f e r  (pH 6.0) a n d  1.0 m M  
E D T A .  The  s u p e r n a t a n t  a f te r  c en t r i f uga t i on  a t  10,000 g 
for 20 rain,  was  recen t r i fuged  a t  100,000 g for 30 ra in  and  
t he  s ed imen ted  mic rosomal  m e m b r a n e s  were washed  and  
suspended  in dist i l led water .  (Na, K ) - A T P a s e  a c t i v i t y  was 
d e t e r m i n e d  as t o t a l  A T P a s e  a c t i v i t y  m i n u s  ouaba in -  
insens i t ive  Mg-ATPase  ac t iv i ty .  T he  fo rmer  was measu red  
in an  i n c u b a t i o n  m e d i u m  con ta in ing  1.0 m M  MgC12, 
120 m M  NaC1, 20 m M  KC1 a n d  30.0 m M  his t id ine ,  HC1 
buffer  (pH 7.0), a n d  t he  l a t t e r  in a co r re spond ing  m e d i u m  
p r e p a r e d  w i t h o u t  NaC1 a n d  KC1 a n d  c o n t a i n i n g  1.0 m M  
ouaba in .  10 vg of m i c r o s o m a l  m e m b r a n e  p r o t e in  was 
p r e i n c u b a t e d  (15 min,  30~ w h e n  (y-P82)ATP (specific 
ac t iv i ty  950 mCi /mmole)  was  added  to give a f inal  s u b s t r a t e  
c o n c e n t r a t i o n  of 1.0 m M .  Ino rgan i c  pa~ was e x t r a c t e d  as 
p rev ious ly  descr ibed  4, a n d  r a d i o a c t i v i t y  c o u n t e d  b y  l iquid  
sc int i l la t ion.  The  specific e n z y m e  a c t i v i t y  is expressed  as 
~mole of A T P  h y d r o l y z e d / h / m g  pro te in .  

O t h e r  neu rochemica l  f ind ings  in b r a i n s  of t he  same 
an ima l s  1 m a y  well  be  due to  t he  defici t  in  (Na, K ) - A T P -  
ase : lower c o n c e n t r a t i o n  of K +, of K + - a c t i v a t e d  release of 
GABA,  a n d  of u p t a k e  of O 2 in b ra ins  of D B A  mice a t  t he  
age of suscept ib i l i ty ,  b u t  no t  before  or after .  The  l a t t e r  
f ind ing  is also cons i s t en t  w i t h  A~OOD a n d  GERARD'S 2 
r epo r t  of a def ici t  in ox ida t i ve  p h o s p h o r y l a t i o n  a t  t he  
t i m e  of suscep t ib i l i ty  to  seizures. 

I n  conclusion,  t h e  a l t e r a t i ons  in  (Na, K ) - A T P a s e  
a c t i v i t y  p o i n t  to  a gene t ica l ly  d e t e r m i n e d  a g e - d e p e n d e n t  
defici t  in  t he  b r a i n  w i t h  r e s u l t a n t  ionic and  me tabo l i c  
changes  t h a t  seem to a c c o u n t  for suscep t ib i l i t y  to  
seizures in  mice  5. 

Zusammen[assung. Nachweis ,  dass  in  Geh i rnen  30 Tage 
a l t e r  fiir aud iogene  Kr / impfe  anfgl l iger  M~use ( S t a m m  
DBA)  die A k t i v i t ~ t  der  (Na, K ) A T P a s e  gegeni iber  n i c h t  
Anf~tlligen ( S t a m m  C57) s ign i f ikan t  v e r m i n d e r t  war .  
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Heart T i s sue  Acetylchol ine  in Chronical ly  Exerc ised  Rats  1 

The  two divis ions  of t he  a u t o n o m i c  ne rvous  sys t em 
con t ro l ing  t he  a c t i v i t y  of t he  h e a r t  were shown to h a v e  a 
modif ied  t o n n s  in t he  chron ica l ly  exercised ra t .  TIPTO~ 
a n d  TAYLOR e r epo r t ed  v a g o t o n y  in t he  a th l e t i c  h e a r t  and  
HERRLICH et  al. 3 found  a n  increase  of ace ty lcho l ine  
c o n c e n t r a t i o n  in t he  aur ic les  of t r a i n e d  ra ts .  "Moreover, 
severa l  au tho r s  h a v e  shown  t h a t  chronic  exercise also 
decreases  t he  s y m p a t h e t i c  ne rvous  a c t i v i t y  of t he  h e a r t  4-6 
Whi l e  p rev ious  ev idence  was p r e sen t ed  b y  us t h a t  
l ong - t e rm  exercise is r e la ted  to a reduced  h e a r t  ca techol-  
a m i n e  c o n c e n t r a t i o n  7,s, i t  now  seemed a p p r o p r i a t e  to  
i nves t i ga t e  f u r t h e r  w h e t h e r  in  our  chron ica l ly  t r a i n e d  
r a t s  t he  decreased  ca t echo l amine  concen t r a t i ons  was 
accompan ied  b y  a n  increase  of t he  chol inergic  t r a n s m i t t e r .  

Methods. Male W i s t a r  r a t s  were exercised i n t e r m i t t e n t l y  
for  a 3 m o n t h  per iod  a t  500 m / h  as descr ibed p rev ious ly  v 
A t  t h e  end  of the  t r a i n i n g  period,  t he  an ima l s  were 

sacrif iced b y  decap i t a t i on .  W i t h i n  30 sec, t he  h e a r t  was 
excized, washed  in iCecold saline,  b l o t t e d  a n d  p lunged  in 
l iquid  n i t rogen .  The  frozen h e a r t  was  weighed  a n d  g round  
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