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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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Table I. Acetylcholine content of aliquots of a pooled heart extract 
following various treatments 

Treatment Aeetyleholine (bag) Recovery (%) 

None 4.71 • 0.15 
+ 0.8bag Acetylcholine 5.53 -4- 0.26 102 
+ 1.6b~g Acetyleholine 6.15 :c 0.21 90 
+ 2.4 bar Aeetylcholine 6.84 -t- 0.14 89 
pH 10 and boiled 0.43 -~ 0.10 
Aeetylcholinesterase 0.75 4- 0.15 
Acetyleholinesterase alone 0.70 

Values are means • SEIV[ 

Table II. ]3ody weight, heart weight and heart: body weight ratio 

Exercised Controls F ratio 

No. of animals 14 11 

Heart weight (g) 0.733 =: 0.014 0.756 =: 0.022 F < 1 

Body weight (g) 245 • 5.6 241 ~: 6.9 F < 1 

Values are means • SEM 

in l iquid ni t rogen.  The ex t rac t ion  of acetylchol ine  was 
pe r fo rmed  wi th  a solut ion of 85% ace tone  and  15% 1 N- 
formic  acid according  to  TORU and  AI'RISON 9. The 
ex t rac t ion  m e d i u m  was  evapora t ed  to d ryness  wi th in  
15 min  under  reduced  pressure  a t  40 ~ The residue was 
t aken  up in acetic  ac id-wate r  a t  a p H  of 3.8, cent r i fuged at  
38,000 •  for 1 h and  u l t raeen t r i fuged  at  140,000 •  for 
ano the r  hour.  The s u p e r n a t a n t  was u l t ra f i l t r a ted  in 
U l t r a -Th imbles  under  reduced  pressure  (Schleicher and  
Schiill No. 100). In  our hands ,  th is  s tep  was found  to  be 
necessary  in order  to  avoid abe r r an t  h igh e thanol  measure-  
ments .  Tile u l t ra f i l t ra te  was evapo ra t ed  to dryness  a t  
70~ The residue was dissolved in 0.1 ml of wa te r  and 
s u b m i t t e d  to  the  borohydr ide  reac t ion  as descr ibed by  
STAVINOHA and  RYAN10, in order  to  reduce the  acetyl-  
choline to  e thanol .  The e thanol  was assayed by  gas 
ch roma tog raphy .  A Var ian -ae rograph  g a s c h r o m a t o g r a p h  
1200 equ ipped  wi th  a f lame ionizat ion de tec to r  was used. 
The co lumn was a 7-foot s tainless  steel i/s o.d. tube  
packed  wi th  150-200 mesh  P o r a p a k  Q. The n i t rogen  
carrier  gas flow was 40 ml /min  and  the  oven t e m p e r a t u r e  
was 150 ~ The specif ic i ty  for the  acetylchol ine  measure-  
m e n t s  was t e s t ed  by  boil ing the  sample  before the  
borohydr ide  reac t ion  at  p H  10 by  add i t ion  of NH4OH or 
NaOH.  The remain ing  ac t iv i ty ,  a f ter  th is  t r e a t m e n t ,  will 

be refered to  as b lank  or background  ac t iv i ty .  Exper i -  
men ta l  values  will be corrected for th is  and  are r epor ted  
in column 3 of Table  I I I .  In  addi t ion,  some samples  were 
t r ea t ed  at  37~ for 30 min  wi th  acetylchol ines terase  
(Sigma) before the  ul t ra  f i l t ra t ion step.  S ta t i s t ica l  
analysis  of the  da ta  was pe r fo rmed  according to SNE- 
DECORll. Differences were considered s ta t i s t ica l ly  signifi- 
can t  for a p value < 0;05. 

Resulls .  In  Table  I, we shdw the  resul ts  ob ta ined  f rom 
al iquots  of a pooled hea r t  ex t r ac t  following var ious  
t r ea tmen t s .  For  0.8 bag, 1.6 bag and  2.4 bag of acetylehol ine  
added  to a hea r t  ex t rac t ,  the  mean  recovery  was 
respec t ive ly  of 101%, 90% and 89%. The t es t  for 
specificity,  as descr ibed above,  is also indicated.  As seen, 
t he  background  ac t iv i ty  or b lank  is m u c h  higher  when  
t r ea t ed  wi th  acetylchol ines terase .  This  p h e n o m e n o n  was 
previous ly  r epor ted  by  o ther  inves t iga tors  10. As seen in 
Table II ,  hea r t  weights  and body  weights  of exercised and 
contro l  animals  are identical .  The correlat ion coefficient 
of t he  hea r t  to  body  weight  re la t ionship  is 0.998 in the  
controls  and  0.999 in the  exercised animals.  W h e n  this  
re la t ionship  is analyzed by  a covar iance analysis,  it  is 
found t h a t  the  hea r t  weights  are d i f ferent  no t  by  slope 
(F = 1.57) bu t  by  e levat ion  (F  = 5.28). Regress ion lines 
for exercised and contro l  animals  are respec t ive ly  
Y = 220.88 + 2.09 X (er = 30) and  Y = 43.54 + 2.95 X 
(o = 41). According to the  values indica ted  in Table  I I I ,  
we m a y  consider  t h a t  long- te rm exercise produces  a 
s ignif icant  increase in the  to ta l  acetylchol ine  con ten t  
(bag) and acetylchol ine  concen t ra t ion  (bag/g). In  Table I I I  
are also ind ica ted  the  corrected values for the  alkali  
boiled blank.  

Discuss ion .  As shown in Table II ,  the  hea r t  weights  
and  b o d y  weights  of cont ro l  and  expe r imen ta l  an imals  
are identical .  The hea r t  to  b o d y  weight  re la t ion was 
analyzed by  a covar iance analysis.  The e levat ion  being 
s ignif icant ly  higher  in the  exercised animals,  we may  
conclude t h a t  the  hea r t s  of the  exercised animals  are 
re la t ive ly  heavier  when  compared  to  the  control  animals.  
A l though  this  differences m u s t  be ve ry  small, never the less  
the  results  observed  are a t  var iance  wi th  previous  
inves t iga t ions  in which  no differences in the  hea r t  to  body  
weight  re la t ion  could be observed in t he  i n t e r m i t t e n t l y  
exercised animals~, s. W h e n  correc ted  for background  
ac t iv i ty  af ter  boiling sample  in an alkali  solution, t he  hea r t  
acetylchol ine  concen t ra t ions  of the  contro l  animals  as 
de t e rmined  by  g a s ch ro ma t o g rap h y  can easily be compared  

9 M. TORU and M. H. APRISON, J. Neurochem. 13, 1533 (1966). 
10 W. ]3. STAVINOHA and L. C. RYAN, J. Pbarmac. exp. Ther. 150, 

231 (1965). 
11 G. W. SNEDECOR, Statistical Methods (Iowa State University 

Press, Amos 1962). 

Table III. Heart tissu acetylcholine content (bag) and concentration (bag/g) 

Aeetylcholine ( b a g )  Acetylcholine (bag/g) Corrected values �9 ace tylcholine (b~g/g) 

Exercised animals (n = 12) 4.61 4- 0.22 6.27 :L 0.23 5.62 ~- 0.23 
Control animals (n = 11) 3.41 ~ 0.15 4.48 • 0.19 3.91 • 0.19 
Variation (%) + 35 q- 40 + 43 
F ratio 18.95 33.63 33.63 

Values are means i SEM. n = number of animals. ~ The values are corrected for the alkali boiled blank as indicated in Table I, 
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wi th  recen t  b ioassay measu remen t s  12,1a. The sl ight ly 
h igher  values ob ta ined  in our expe r imen t s  could be 
expla ined  by  a more  efficient  ex t rac t ion  procedure  ~. As 
seen in Table I I I ,  chronic exercise induces an increase in 
the  to ta l  acetylchol ine  con ten t  of the  hear t .  Also, the  
hea r t  t issue acetylchol ine  concen t ra t ion  as expressed by  
~zg/g is s ignif icant ly  increased in the  exercised animals.  
Very  probably ,  and  as show:: by  HE~RLtCV: et  aI, ~ t he  
increase of the  acetylchol ine  concen t ra t ion  of the  auricles 
is ma in ly  responsible  for these  result.  In  addi t ion,  
EKSTR6M ~ repor ted  recent ly  t h a t  in chronical ly  exercised 
animals,  the  choline acetyl  t ransferase  ac t iv i ty  of the  
auricles was s ignif icant ly  increased.  Al though  the  exis tence 
of acetylchol ine  bound  to the  m y o c a r d i u m  and  inde- 
p e n d e n t  f rom nerve  t e rmina l s  has  been  reportedlY, it is 
t e m p t i n g  to  suggest  t h a t  the  acetylchol ine  increase in the  
hea r t  reflects an increase of the  p a r a s y m p a t h e t i c  ac t iv i ty  
on the  hear t .  W h e t h e r  the  ac t iv i ty  of the  hea r t  in chroni-  
cally exercised an imals  is main ly  inf luenced by  the  
s y m p a t h e t i c  or p a r a s y m p a t h e t i c  sys t em is still  a contro-  
versial  m a t t e r  a-~ 

Rdsumd. Le t a u x  de l ' ace ty lchol ine  du myocarde  a 6t6 
dos6 par  ch roma tograph ic  en phase  gazeuse chez le rat .  
Chez l ' an imaI  exerc4 le t a u x  de l ' ace ty lchol ine  ~tait  plus 
61ev~ que chez son homologue s4dentaire.  
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N e u r o t u b u l e s  : D i f f e r e n t  D e n s i t i e s  in  P e r i p h e r a l  M o t o r  a n d  S e n s o r y  N e r v e  F i b r e s  ~,2 

According to earlier f indings  in mouse sciatic nerve 8, 
which are subs tan t i a l ly  suppor t ed  by  o ther  authors~, 5, a 
general  rule of inverse re la t ionship  be tween  fibre size and  
dens i ty  of neuro tubules  is well es tabl ished.  In  a previous 
paper% evidence was p resen ted  t h a t  - while  the  above-  
men t ioned  rule is fully val id  - the  dens i ty  of neuro tubules  
is s ignif icant ly  higher  in ven t ra l  (motor) root  f ibres t h a n  
in dorsal  (sensory) root  f ibres of comparab le  d iameter .  
The p resen t  inves t iga t ion  is concerned wi th  the  ques t ion 
of whe the r  these  differences in tubu la r  dens i ty  are also 
p re sen t  in mo to r  and  sensory nerve  fibres d is ta l  to the  
spinal  ganglia and par t icu lar ly  in more  d i s t an t  pa r t s  of 
the  per iphera l  nervous  sys tem.  
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Fig. 1. Comparison of the densities of axonal neurotubules in samples 
of small and large nerve fibres of a cutaneous nerve (black bars) and 
a muscle nerve (white bars) of the rat. Ordinate: number of neuro- 
tubules per square micron of axon cross section (NT/txm2); the 
bars give the mean and the standard deviation of the mean. Abscissa : 
position of the bars according to the mean cross sectional area of the 
axons of each sample; axon cross sections in square microns (ACS/i~m 2) 
were determined by planimetry. 

Methods. 3 albino ra ts  (Sprague-Dawley/320-440 g) 
were f ixed by  perfus ion wi th  cacodyla te-buffered  7% 
g lu ta ra ldehyde  under  n e m b u t a l  anaesthesia .  In 2 animals  
the  dorsal  roots  of L~ were excised in connec t ion  wi th  the  
spinal  ganglia, each wi th  a shor t  s t u m p  of t he  spinal  
nerve.  In  a t h i rd  an imal  the  saphenous  nerve  and  the  
nerve  to the  media l  head  of t he  gas t rocnemius  muscle  
(MGN) were t aken  out  as examples  of a typ ica l  cu taneous  
and  a typ ica l  muscular  nerve.  Pos t f ixa t ion  in OSO4; 
embedd ing  in epon;  double  s ta in ing  of u l t r a th in  sect ions 
wi th  uranyl  ace ta te  and  lead c i t ra te ;  Zeiss EM 9S electron 
microscope.  Micrographs  of comple te  nerve f ibre cross 
sect ions were made  at  s t an d a rd  magni f ica t ion  of • 5000; 
for m o r p h o m e t r i c  measu remen t s  p r in t s  a t  • 15,000 were 
used. Samples  of 22-50 large as well as smal l  d i amete r  
nerve  f ibres of each specimen were evaluated.  The 
following pa rame te r s  have  been de t e rmined  and subjec ted  
to s ta t i s t ica l  analys is :  1. area of cross sect ion (ACS) i n .  
Fm 2 (p lan imet ry  of t he  micrographs) ,  and  2. to ta l  count  
of neuro tubules  per  ACS and calculat ion of the i r  dens i ty  
(number  per  btm ~ of ACS). For  s ta t i s t ica l  analysis  the  
S t u d en t  t - test  was applied.  

Resulls and discussion. Nerve  fibres of the  saphenous  
nerve,  a cu taneous  nerve,  were co mp a red  wi th  those  of t he  
MGN, a mixed  muscle nerve  conta in ing  more  t h a n  50% 
of mo to r  nerve  fibres. The dens i ty  of neuro tubules  was 
s ignif icant ly  h igher  in t he  axons  of saphenous  nerve  
fibres as compared  wi th  those  of the  MGN. These differ- 
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