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E l e m e n t a l  D i s t r i b u t i o n  of Na ,  P,  C1 and K in Different  S t r u c t u r e s  of  M y e l i n a t e d  N e r v e  of R a n a  
esculenta  
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Summary. Measurements  of the  d i s t r ibu t ion  of Na, P, CI and K were pe r fo rmed  in d i f ferent  s t ruc tures  of the  mye l ina ted  
nerve.  Whereas  the  axon shows a typ ica l  intracel lular  d i s t r ibu t ion  p a t t e r n  for Na, C1 and  K, the  in ters t i t ia l  space and  the  
myel in  shea th  show a typ ica l  ext racel lu lar  pa t t e rn .  These measu remen t s  have  d e m o n s t r a t e d  t h a t  Na is p resen t  in the  
myel in  shea th  close to the  node  of Ranvier .  

In  order  to  explain the  mechan i sm of Na+-current  
' ac t iva t ion '  and  ' inac t iva t ion '  dur ing  an act ion po ten t i a l  
in mye l ina ted  nerves,  a new hypo thes i s  (synapse hypo-  
thesis) has  recent ly  been discussed 3, 3. In  this  hypothes is ,  
the  init ial  Na  + inward  cu r ren t  is assumed to  be control led 
by  s t ruc tures  of the  pa ranoda l  region. An essent ial  p a r t  
of th is  hypo thes i s  is t h a t  Na  is s tored  close to  t he  axon 
m e m b r a n e  in the  pa ranoda l  region of a node of lZanvier. 
Ev idence  t h a t  Na is avai lable in sufficient  concen t ra t ions  
in th i s  region is, as yet ,  no t  available.  

In  order  to  ob ta in  some in format ion  abou t  the  electro- 
ly te  d is t r ibu t ion  in d i f ferent  regions of mye l ina ted  
nerves,  e lectron microprobe  analysis  was pe r fo rmed  on 
freeze dried sect ions of frog sciatic nerve  (Rana esvulenta). 
An isolated bundle  of mo to r  fibres was ba thed  for abou t  
20 sec in 20 g/100 ml a lbumin  Ringer ' s  solut ion before 
shock freezing in l iquid p ropane  (-180~ The frozen 
mater ia l  was cut  into sect ions of 1-2 F.m th ickness  using 
a c ryomic ro tome  (Reicher t /Shandon) .  The sect ions were 
t h e n  sandwiched  be tween  2 collodion films and freeze 

dried. Dur ing  sect ioning and freeze-drying,  the  t em-  
pe ra tu re  was  k e p t  below -70~ The analysis of the  
sect ions was pe r fo rmed  using a scanning electron micros-  
cope (Cambridge) to which  an energy  dispersive X - r a y  
de tec to r  (EDAX) was a t t ached .  Sample  areas of 1-10 
Fm 2 were scanned  for 400 sec a t  an accelerat ion vol tage  
of 15 kV and  a beam cur ren t  of 0.5 nA. The X- rays  em- 
mi t t ed  f rom these  areas were analyzed in the  energy  
range be tween  0.6 and 4.0 keV. 

The concen t ra t ions  of Na and  C1 were eva lua ted  by  
compar ing  the  X - r a y  peaks  t rom the  t issue wi th  those  
of the  a d h e r e n t  a lbumin  layer, of known extracel lular  
e lectrolyte  composi t ion.  For  the  o ther  e lements  (P, i<) 
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Energy dispersive X-ray spectra obtained on different structures of a freeze dried frog nerve section together with a schematic view of the 
sites of analysis. 
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where  the  concen t ra t ion  in the  a lbumin  Ringer  is low, 
quan t i f i ca t ion  was per fo rmed  by  compar ing  the  X - r a y  
peaks  of t he  t issue wi th  t h a t  of the  C1 peak  in the  al- 
bumin  layer,  t ak ing  into account  the  expe r imen ta l ly  
de t e rmined  differences in the  X - r a y  yield for equal  con- 
cen t ra t ions  of the  elements .  The Figure p resen t s  5 typ ica l  
X - r a y  spec t ra  t oge the r  wi th  a schemat ic  v iew of a nerve  
fibre sect ion wi th  a node  of Ranvier .  The capi ta ls  in- 
dicate  the  d i f ferent  locat ions of the  scanned  areas on 
which  the  analysis  was performed.  The Table  gives the  
cor responding  coun t  ra tes  for the  charac ter i s t ic  X- rays  
and the  cont inuous  radia t ion.  The spec t rum ob ta ined  
f rom the  a lbumin  layer  (A) shows h igh  Na and  C1 bu t  low 
K and P peaks,  cor responding  to a typ ica l  ext racel lu lar  
pa t t e rn ,  A similar  spec t rum is ob ta ined  in t he  inter-  
s t i t ial  space of the  nerve  (B). In  contras t ,  the  spec t rum 
ob ta ined  in the  axon of a nerve  fiber (C) shows smal l  
peaks for Na and C1, bu t  a large K peak. Compared  to  
cellular spec t ra  f rom o the r  t issues 4, the  P peak  is re- 
la t ively small.  The wet  weight  concen t ra t ions  (mmol/kg 
wet  wt.) c o m p u t e d  using the  a lbumin  layer  as a s t and a rd  
are Na = 90, P = 2, C1 = 84, K = 4 for the  in ters t i t ia l  
space, and  Na  ~ 17, P = 17, C1 = 10, K = 81 for t he  
axon.  The values  ob ta ined  for the  axon are in agree- 
m e n t  w i th  those  de te rmined  by  o ther  m e t h o d s  5. The 

Count rates of the K-ct radiation of Na, P, C1 and K and the 'Brems- 
strahlung' obtained on different structures of a freeze dried frog 
nerve section. 

Na P C1 K 'Bremsstrahlung' 
(counts/sec) 

A) albuminlayer 38.6 3.5 140.2 9.0 198 
B) interstitialspace 25.7 2.2 112.0 6.3 150 
C) axonalspace 5.2 20 .6  14.2 125.9 127 
D) myelin, internodaI 33.5 334.8 82.5  35.2 1142 
E) myelin, close to node 61.6 314.4 234.5 50.0 1275 

spec t ra  ob ta ined  f rom the  myeIin shea th  of the  nerve  
fibre (D, E) are charac te r ized  by  high peaks  of P, C1 and 
Na and a low K peak.  As indica ted  by  the  high back- 
ground radiat ion,  t he  mass  c o n t e n t  of th is  s t ruc ture  ex- 
ceeds several  fold t h a t  of the  a lbumin.  Since the  relat ion 
be tween  the  respect ive  intensi t ies  of t he  character is t ic  
X- rays  ob ta ined  f rom samples  wi th  large differences in 
mass  co n t en t  is no t  known,  a compar ison  of the  myel in 
X - r a y  spec t ra  wi th  the  a lbumin  spec t rum canno t  provide  
reliable quan t i t a t i ve  da t a  for the  e lement -d i s t r ibu t ion  
wi th in  the  myel in  sheath .  Never the less  i t  is obvious 
f rom the  Figure t h a t  the  spec t ra  f rom these  s t ruc tures  
show an extracel lular  p a t t e r n  wi th  high Na, C1 and low 
K peaks.  The very  h igh  P peaks  are cons i s ten t  wi th  the  
high con ten t  of phosphol ip ids  in the  myel in  shea th  s. I t  
I t  should be no ted  t h a t  the  myel in  shea th  close to the  
node  of Ranv ie r  exhib i t s  h igher  peaks for Na  and  CI t h a n  
the  in te rnoda l  one as seen in the  Figure  (D, E). This 
observa t ion  seems to  be a real  effect  and canno t  be ac- 
counted  for by  differences in the  mass  co n t en t  in the  ex- 
cited volumes,  since the  background  radia t ion  in b o t h  
spec t ra  (D, E) is of s imilar  size. 

The presence of a h igh Na concen t ra t ion  in the  myel in  
sheat ,  par t icu lar ly  in t he  pa ranoda l  p a r t  of th is  s t ruc ture  
is cons is ten t  wi th  the  ' synapse  hypo thes i s '  which as- 
sumes a Na s torage in the  pa ranoda l  region of the  node of 
Ranvier .  However ,  these  m e a s u r e m e n t s  do no t  provide 
any  in format ion  abou t  the  s t a t e  of Na p resen t  in the  
myel in  sheath ,  w h e t h e r  it  is bound  or exchangeable .  
Therefore,  the  funct ionaI  significance of th is  Na remains  
uncer ta in .  
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Lower Limit of Cerebral Autoregulation in Normotensive  and Spontaneously  Hypertensive Rats 
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Summary. Cerebral  au toregu la t ion  was examined  in N T R  and  SHR.  The lower blood pressure  l imit  of au toregula t ion  
being 95 m m  Hg  in S H R  was shif ted upwards  f rom 62 m m  Hg  in NTR.  

Cerebral  blood flow is kep t  cons t an t  desp i te  a wide 
range  of cerebra l  perfus ion pressure  in normal  h u m a n s  as 
well as an imals  unde r  normocapnia ,  whereas  the  lower 
l imit  of au toregu la t ion  (the pressure  below which  cerebral  
blood flow decreases) varies depending  on the  hab i t u a l  
blood pressure  level1. In  the  p resen t  s tudy,  we t e s t ed  the  
cerebral  au to regu la t ion  in no rmotens ive  and  spon tane -  
ously hype r t ens ive  ra t s  to f ind w h e t h e r  or no t  t he  lower 
l imit  of au to regu la t ion  is sh i f ted  upwards  in hype r t ens ive  
rats .  

Methods. 6 no rmo tens ive  ra t s  (NTR) and  11 spon tane -  
ously hype r t ens ive  ra t s  (S t tR) ,  weighing f rom 350 to  
400 g, were anes the t i zed  wi th  i.p. amoba rb i t a l  of 10 mg 
per  100 g of b o d y  weight .  T r a c h e o t o m y  was pe r fo rmed ,  

and  the i r  resp i ra t ion  was control led  mechanical ly .  One 
femoral  a r t e ry  was cannu la t ed  for blood pressure  record-  
ing wi th  an e l ec t ro man o me t e r  and for blood sampling.  
Af te r  a midl ine incision of scalp, a small  hollow screw was 
in t roduced  in to  2 m m  anter ior  of the  confluence sinus 
t h ro u g h  a 2 m m  bur r  hole allowing cerebral  venous  blood 
sampling.  Af te r  comple t ing  the  operat ion,  a res t ing  period 
of 30 min was al lowed before the  exper iment .  1/2 ml of 
each ar ter ia l  and  cerebra l  venous  blood was w i t h d r a w n  
anaerobica l ly  for gas analysis  by  I L  m e t e r  of Model 113. 
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